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TraIveling-wave tube
Electron tube used for the generation

of microwave frequency radiation or for
ampliflcatlon at ultra-high frequencies, the
operation of wihich depends on the Inter-
action of a beam of electrons with an
electromagnetic wave,

The history of microwave technology
is a history of progressive advances in the
techniques used to generate and amplify
microwave frequencies. Flrst came the
triode, at the threshold of the microwave

region, followed by the magnetron and
other crossed-field devices. Then the
klystron, and today the traveling-wave
tube (TWT).

It would be difficult to imagine

present-day microwave technology w;th-
oLt! the lwT and lT\/VT amplifier (T\/VTA).
No other devices can match the ll/VT's
unique combination of bandwidth and gain.
From electronic warfare to space explora-
tion to the relaying of home-video signals,
the l1/VT has expanded the microwave
horizon. And the Hughes organization has
been at the forefront of each of these
TWT developments.

The purpose of this Handbook is
to present an overview of todays TV\/T
technology and the Hughes products
which can be used to implement this
technology. It is` in a sense, both a history
and a prophecy. It will tell you where we
are, and point the way toward new ll/VT
innovations and applications -at Hughes
and in your own development laboratory.



Glossary of Terms

AM/PM conversion
A term used with microwave tubes.

Defined as the "amplitude modulation/

phase modulation converslon',' and
is the change in phase angle of the
output PF voltage produced by variations
in Input signal level, usually expressed

in degrees/dB.

Anode
1. A posltively charged electrode

to which the main stream of electrons flow.
2. In a gridded vacuum tube, it ls called a

plate. 3. In a cathode-ray tube, the anodes
are connected to a positive potential
source. The anodes concentrate and
accelerate the electron beam for focusing.

Average power
1. A value of power equal to the time

Integral of the instantaneous peak power
divided by the time of the integration.
2. In clrcuits containlng reactance and
resistance, the current and voltage values
may, at any instant, be of the same or
different polarity. Depending on this con-
dition the Instantaneous power (EXI) will

have a positive or negative slgn. The
average power will be the net value taken
over a cycle. Thls net power is due to the
resistance present in the clrcuit.

Backstreaming
A condition in which a portion of the

electron beam is reflected from the
collector and travels "backward" toward
the electron gun. This is an undeslrable
effect, dlstorting the primary electron beam
and any modulatlon that may be present.

Backward wave oscillator
Abbreviated BWO. A wideband

voltage tunable oscillator related to a
traveling-wave tube in somewhat the
same way that a klystron oscillator is
related to a klystron amplifier,  It uses a
broadband circuit similar to a T\/\/T  Internal
feedback exists because the BF energy
travels in a direction opposlte to that of the
electron stream.

Body/helix protection
Any combination of clrcuit elements

from a simple resistive network to a
complex "crow-bar' device, designed to

prevent damage to the ll/\/T slow-wave
structure as the result of arcing or
unusually high intercept current.

Cathode
A negatively charged electrode

which emits electrons.

Cathode loading
The current density at the emitting sur-

face of the cathode -usually expressed
in amperes per square centimeter.

Collector
1. The output element of a vacuum

tube that dlssipates (or collects) the
unconverted energy in the electron beam
as thermal energy  lt performs the same
function as a plate in a standard vacuum
tube  2. In a transistor, the element which
"collects" the current generated at the

junctlon between the emltter and the base.
The collector is the output element in
a transistor and performs the same func-
tion simllar to the plate ln a vacuum tube

Contra-wound helix
A slow-wave structure where two

helices, wound in opposite dlrectlons, are
superimposed Into a single structure. This
circuit offers substantlally higher power
than a conventional hellx wlth some sacrl-
fice of bandwidth

Control grid
An electrode mounted between the

cathode and the anode of a tube to
contr6l the flow of electrons  An appro-

priate negative voltage (with respect to the
cathode) reduces the electron flow (beam
current) to zero or cut-off and an appro-

prlate posltive voltage allows current to
flow. This electrode is usually some sort
of mesh structure,

Coupled-cavity tube
A ll/\/T with a slow-wave structure

made up of a number of "cavltles" elec-
trically coupled by means of coupling
holes or slots  Thls circuit ls capable of
very high-power operation.

Crossed-field device
A high-vacuum electron tube in

which a direct, alternating or pulsed vol-
tage is applied to produce an electric field

perpendicular both to a static magnetic
field and to the direction of propagation of
a radio-frequency delay line. The electron
beam Interacts synchronously with a slow
wave on the delay line.

Current density
The number of electrons per unit

area. Usually expressed as amperes per
square centimeter.

Depressed collector
Applying a negative potentlal (with

respect to the tube body or "ground")
to the collector to slow the electron beam
velocity in the region of the tube output
coupler. Thls provides better synchronism
near the output with the result that more

power can be extracted from the beam,
thus, Improving the converslon efficiency
of the device.

Dispenser cathode
A cathode that is not coated.

A matrix-like structure which, when heated,
continuously supplies emission materlal
to the surface.

Dispersion
A term used to describe changes

in phase velocity of an F3F wave with
respect to frequency

Drift tube
A section of metal tubing, held at

a fixed potential that forms a drift space
where the electron beam is unaffected
by external forces.

Drive
A term to jndjcate the F]F input or

F]F signal to an electronic device.

Dual-mode
Any device havlng more than one

set of operating parameters, i.e., a l1/\/T
operating in both a low-power CW mode
and a high-power pulse mode.

Dynamic range for linear operation
The ratio of maximum input power

producing 1  dB or less of gain
compression to the reference noise level
of the TVA

Earth station
A surface-mounted transmitter or

receiver designed to communicate to or
via a satellite.  Mobile earth stations can
be vehicle mounted -land or sea.

ECCM (Electronic counter-
counter-measures)

That sector of electronic warfare
dealing with the neutralization of an
unfriendly /ar77rr7t'r7g device.
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ECM (Electronic counter-measures)
That sector of electronic warfare

dealing with the neutralization of an
unfriendly cyetecf;'or7 device.

Efficiency
The ratio of BF power output to

dc power input.

Electron
The smallest known negatively

charged stable particle. It has a charge
of 1.602 x 10~19 coulombs, and all electric
charges are presumed to be integral mul-
tiples of thls number Electrons constitute
the extra-nuclear structure of atoms, and
hence are present in all matter. High speed
electrons emitted during radioactive decay
are called beta rays. Electrons released
from a negatively charged electrode by
the action of heat, llght, ions or Intense
electrical fields constitute cathode rays.

Equalizers
A passive device providing selective

loss over an operating band such that
the net gain matches a required profile.

EPC (Electronic power conditioner)
A sophisticated power supply/

modulator usually associated with space-

qualified lVIAs.

ESM (Electronic support measures)
That dMslon of EW involving actions

to search for, intercept, locate and identify
radiated electromagnetic energy for the

purpose of threat recognition.

Focus electrode
An element which is part of the

electron gun that is used to focus the
electron beam.

Folded-waveguide ciroujt
See Coupled-Cavity.

Frequency designations
An "officially" (FCC, DOD, etc.)

approved alphabetic designatlon for a
range of frequencies. See Figure 1.

Gain
The ratio of output voltage, current

or power to the input voltage, current or

power respectively in an amplifier stage,
receiver or system. Usually expressed
in decibels.
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Getler
A device which, when activated,

absorbs gasses within an electron tube.

Grid
An electrode mounted between the

cathode and the anode of a radio or elec-
tronic tube to control the flow of electrons
from cathode to anode. The grid electrode
may be either a cylindrical shaped ring
or wire screen or a spiral of wire through
which electrons can readily move.

Group delay
The distortlon that results from the

phase shift of a transmitted signal through
a device is a nonllnear function of fre-

quency. Areas of interest are linear delay,
parabolic delay and the ripple component.

Linear delay is the difference in
nanoseconds of delay between the ends
of the specified bandwidth, Parabolic delay
is the center frequency distance in nano-
seconds between two defined frequency
points within the specified bandwidth,
divided by the square of the 1 /2 band-
width  in MHz.  Ripple ls the maximum

peak-to-peak variation in nanoseconds
of the test data curve about the smoothed
curve prepared.

Harmonic drive
The inclusion of phase-conditioned

harmonic power in the `nput PF signal
to reduce harmonic capture and improve
efficiency at the low end of the operating
band of a lVI

Harmonic interaction
The effect of the harmonic content

of the BF Input signal on the beam
modulation. This is generally undesirable
and usually reduces the fundamental

power output.

HPA (High Power Amplifier)
Usually refers to a subsystem used

in Satellite Ground Terminal applicatlons.

I ntercepling grid
A control grid that is not mechanically

shielded from the cathode and, thus, inter-
cepts some electrons when a positive
potential is applied.

I nter-digital line
A slow-wave structure composed

of a comb-like structure with alternate
segments being connected together
at one end, remaining segments con-
nected together at the opposite end.

I nterfering mode
A higher order mode which, when

excited, detracts from or distorts the signal
ln a transmission system.

I ntermodulation distortion
1.  Impairment of fidelity resulting from

the production of frequencies that are the
sum of, and the difference between,
frequencies contained in the applied
waveform, 2, When a signal containing two
or more frequencies is applied to the input
of a nonlinear device, the output consists
of waves having the original frequencies

plus additional new frequencies. These
new frequencies are the result of inter-
modulation distortion in the nonlinear
device. Undesirable in audio amplifiers
and microwave tubes such as klystrons
and traveling-wave tubes.

Isolation filters
A passive device or network which

isolates a circuit or device from the effects
of connected or surrounding circuits
or devices.
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Jammer
An active Electronic Counter-

Measures (ECM) device desjgned to deny
intelligence to unfriendly detectors.

Klystron
A microwave tube which operates

on the pnnciple of velocity modulation.
Klystrons are designated as reflex klystron
oscillator, two-cavity klystron oscillator and
multi-cavity klystron amplifier. In each case
electrons are bunched in a cavity gap to
create oscillations or amplify microwave
energy ln the case of a multi-cavity
klystron  amplifier.

Loss buttons
ln coupled-cavity lT\/VT's, a patented

method for inserting frequency selective
loss in order to inhibit the excitation of
higher order modes.

Magnetron
A microwave oscillator tube of

special design containing a cathode and
anode (or resonant cavities) in which a
constant magnetic field modifies the
space charge distribution and the current
voltage relations. Under the action of the
BF voltages across the resonators and the
axial magnetic field, the electrons from
the cathode form a bunched space
charge cloud that rotates around the tube
axis exciting the cavities and maintaining
the BF voltages.

Metal-ceramic
A term applied to the vacuum tight

seal, usually a braze joint, between a
ceramic structure and a metal structure.

Mode interference
See "interfering mode'.'

MultLmode
Having the capability of operating

with more than a single set of parameters
-see "Dual Mode'.'

MultLoclave
Capable of operating satisfactorily

over a frequency range of 2 or more
Octaves.

Multipactor
A term to denote an electron-BF

field interaction in which the electrons take
energy from the F]F fields and give up this
energy to the surface on which the elec-
trons are collected.  Initially electrons are
supplied by field emission but the number

is increased by secondary emjssjon.
In microwave tubes, multipactor is

generally considered to be an undesirable
effect and can occur across cavity or
drift tube gaps, in output waveguides or
Involving the ceramic output window.
It ls detected by observing the output

power as it is increased until multjpactor
occurs, at which point the BF power stays
constant. On high power tubes, there will
be heating of the surface involved.

Multi-stage collector
A collector with several segments,

each segment being "depressed" more
than the preceeding segment. This
further enhances the collection efficiency
thus the overall efficiency of the device.

Noise figure
1.  Indicates the ratio of signal-to-noise

on the input of a device to signal-to-noise
on the output. It is important because it
indicates the amount of noise the amplifier
contributes to the signal and it is an abso-
lute indicator of the sensitivity of the

device. It is usually expressed in dB, and
is abbreviated NF.  2. The noise figure of
a network is defined as the ratio of the total
noise power available at the output port
when the Input termination is at 2900  K to
that portion of the total available output
noise power engendered by the input
termination and delivered to the output
via the primary signal channel.

Noise power
1. The noise generated by a device or

tube, measurable at the output port, with
the input terminated and without a driven
signal.  Ideally, the output power should be
measured using a bandpass filter in order
to define the bandwidth properly. Usually
symbolized by N.Po and measured jn
milliwatts or dBm. 2. A term given to a
calculated noise figure and symbolized
a NF. Thls measurement ls only an approxi-
mate method since it is restricted to
several limitations. However, jt serves as
a useful method jn obtaining noise figures
when elaborate noise measurement
equipment is not available. It is defined
as NF = 114 + NPo ~ G -BW where NPo
is the measured noise power out of the
device, G js the gain in dB and BW ls the
bandwidth in dB (referred to 1  MHz).

Non-interoepting grid
A control grid that is mechanically

shielded from the cathode by a "shadow
grid" in such a way that no electrons are

intercepted when a positive (with respect        |i/
to cathode) voltage ls applied, to the
control grid.

Outgassing
A term used to describe the emission

of various gasses from heated metal
surfaces during the processing and test-
ing of thermionic devices.

Overdrive
An Input signal level greater than

that required for saturation, resulting in
decreasing output power.

Peak power
1. The power at the maximum of

a pulse of power excluding spikes. 2. The
output power, averaged over a carrier
cycle, at the maximum amplitude that can
occur with any combination of signals
to be transmitted

Perveance
1. A numerical constant representa-

tive of the cathode to anode spacjng
inside a vacuum tube. 2. A quantity which
represents saturation current which can
flow in a vacuum tube of given geometry.
For any shape, the saturation current
is proportional to the three-halves power
of the applied potential. The perveance
is the constant of proportionaljty.  It is
symboljzed as K and is expressed as

K= EIT Or  I  =  K(E)3/2

Phase linearity
A term referring to the degree of

deviation from a straight line of the phase-
versus-frequency characteristic of a
device.

Phase tracking
The closeness or similarity of the

phase characterlstjc of a number of
devices. This is an Important considera-
tion when power combining two or more
devices.

Phase velocity
Indicates the transit time of a given

signal as it travels along the axis of the
F}F circuit in relation to the electron beam.
It is the product of frequency and wave-
length. May not be equal to the free space
velocity of radiation.

Power curve
A plot of output power versus

frequency.
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a   PPM (Periodic permanent Magnet)
A term describing a method of focus-

ing a TWT where permanent magnets of
opposr[e polarity are placed side by side
along the length of the tube.

Pulse compression
A matched fllter technique used

to discriminate against signals which do
not correspond to the transmitted signal.
Used in radar systems for Improved
detection capability.

Pulse-up ratio
The ratio, usually expressed in dB,

between the CW power level and the

pulse-power level In a Dual-Mode devlce.

ill

ZiEB

Radar
Acronym for radlo detectlng and

ranging. A system where a relatively high-
frequency radio pulse is used to bounce
a signal off a dlstant object. The direction
and time of response give the location
of the object.

Redundancy, automatic
ln a communications system, a

feature whlch automatically switches
to a standby unit in the event of a failure.

Resonant cavity
A short piece of waveguide of adjust-

able length, and terminated at either or
both ends with a metal piston, an Iris
diaphram` or some other wave-reflecting
devlce.  It can be used as a filter, a coupler
between guides of different diameters and
as an impedance network corresponding
to those used in radio cjrcuits, or mlcro-
wave tubes such as klystrons.

Ring-bar tube
A TVVT with a slow-wave structure

composed of ring-like segments con-
nected by straps or "bars'.I Thls devlce
ls capable of higher power levels than
a conventlonal helix tube at a significant
reduction  in  bandwidth.

Saturated power output
A term used to describe that point

on the power output versus power input
characteristic where an increase in input

power does r)of produce an increase
in output power.

_~      Screengrid
A grid structure placed between the

control grld and anode to shield the control

grid from electrostatic lines from the
anode. In a multl-mode electron gun the
element used to control beam current from
the edge of the cathode.

Serrodyne
A term describing the linear trans-

lation of the phase of a slgnal on the helix
of a T\/VT by a linear sawiooth waveform
being applied to the helix.  It is important
because it indicates a property of a helix
that enables it to operate as a single side-
band frequency translator.

Shadow grid
A grid structure placed between the

cathode and control grid and electrically
connected to the cathode. This element
shlelds the control grid from  Interception.

Singl®stage colleetor
A term referring to a conventional

collector~ may be simply grounded or
depressed (see "depressed collector').

Slow-wave cirouit
Any structure which "slows" the

effective axial veloclty of an F3F wave in
order to maintain synchronism between
that wave and an electron beam.

Slow-wave structu re
A microwave propagating structure

called a helix ln one type of a traveling-
wave tube. See slow Wave Circuit.

Spherical diode
A two element (cathode and anode)

structure built in such a manner as to
duplicate the spherical geometry of the
cathode in a typical electron gun. Used
for evaluation and analysis of electron and
analysis of electron gun deslgns and for
realistic cathode life testing.

Tapered termination
A gradual increase ln the amount

of loss applied to a slow-wave structure
to control  reflections withln a T\/VT

Tapered velocity
A change in the pitch of a helix or

helght of a cavity  to effectlvely change the
veloclty of the F]F wave. This is done to
maintaln synchronlsm between the F]F
wave and the electron beam.

Tetrode
A Thermionic device having four

elements usually a cathode, control grid,
screen grid, and anode.  In multi-mode
TWTs, a term descrlblng the electron gun

(cathode, shadow grid, control grid and
screen grid).

Time-in circuitry
A combination of circuit elements

designed to actuate after the lapse of
a certain period of time. Commonly used
to apply high voltage to a tube following
an appropriate warm-up time after appli-
cation of heater voltage.

Transfer ourve
1. The family of curves for various

values of plate voltage in which plate cur-
rent is plotted as a function of control grid
voltage. 2. Specifically with regard to micro-
wave tubes, a curve or family of curves in
which input drive power ls plotted as a
function of output power in an amplifier or

system at a fixed beam voltage. Some-
times referred to as a gain-curve.

Triode
A three element thermionic device

composed of a cathode, a control grid and
an anode.

TR limjter
A Transmit/ F]eceive switching device

which limits the amount of power trans-
mitted. Usually employed as a F]eceiver

protect device in a F]adar system.

TWT (Travel i ng-wave tu be)
A microwave tube of special design

uslng a broadband circuit ln which a beam
of electrons interact continuously with a

guided electromagnetic field to amplify
microwave frequencles.

TWTA(Traveling-waveLtube-amplifier)
A combination of power supply,

modulator, and traveling-wave tube usually

packaged in a common enclosure.

Uplink/downlink
Upllnk refers to the transmission

of Intelligence to a satellite while downlink

refers to the re-transmission to a ground
statlon.

Vaouum envelope
Any structure containing or capable

of containing a high vacuum environment,
Usually refers to the "body" structure
of a thermionic tube.

Velocity resynchronization
Any method for changing the axlal

velocity of an F]F wave to Improve the
synchronism between that wave and
an electron beam.
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The Hughes/TWT Connection
The ll/VT is not a new device.

Its remarkable capabjlitjes, and some of its

potential appllcations, have been known
for more than thirty years. It was invented
dunng the latter part of World War 11  by an
Austrian refugee, Dr Pudolf Kompfne|
while working on microwave tubes for the
British Admi.ralty.

The ll/VT was not utilized during that
war and remained an experimental labora-
tory device until the first practical tube was
developed by J. R. Pierce and L M. Field
at the Bell Telephone Laboratories (BTL)
in 1945. The first details were published
in the mE Transactions for February,1947.

From 1945 to 1950, most of the
development work was done at BTL and
Stan ford University. By present-day
standards, these efforts were relatively low
key. BTL, in particular, was interested in the
ll/\/T because of Its potential application
in the communication field.

Meanwhile, the mllltary services had
other potential applications in mind -
radar and electronic countermeasures.
The development of radars during World
War 11 had been rapidly followed by the
development of countermeasure tech-
niques to deceive and jam them. The
evolution of new radars has, therefore,
been par[ially the result of a continuous

need to stay ahead of any new counter-
measure tactics which might compromlse
the radar's effectiveness (and vice versa).
The trend jn search radar for example, has
been toward much higher powers and
toward new technlques which would have
the effect of Increasing visibility even while
being jammed. A good anti-jamming radar
must be able to shift frequency over a
wide bandwidth quickly to avoid dwelling
at the jammers source frequency.

Similarly, the trend in ECM has been
toward wide bandwidth system capabilities
where the jammer amplifies wideband
noise, or may deceptively retransmit the
hostile radar pulse to offset the radar's
ability to determine the target's position
or track.

Since wlde-frequency bandwidths
are essential to the employment of all
these tactics, an amplifying device
capable of broad operating ranges with
sufficient gain, output power and efficiency
was needed. The T\/VT was found to be
Ideally suited for the task, and the military
deserves credit for funding many of the
early advances in T\/VT development.

Much of this advance-technology
work was done at Hughes. In the late
1950's, with the future of the TVVT as a key
element in a number of application areas
assured, a small group of scientists, engi-
neers and skilled technical support people
who had been Involved in T\/VT research
throughout Hughes were brought into one
organjzation. The organization later
became the Electron Dynamics Division,

which now has an establjshed reputatjon
as a leader in the development and

production of military and commercial
TWTs, T\/VTAs and related subsystems.

Some of the earliest successes for
Hughes TVVTs were in the area of space
applications. Hughes space ll/\/Ts and
TWTAs have been used in scientific
experiments, manned missions, and com-
munication applications by both military

and commercial customers. Early pro-

grams included Syncom, the ATS series,
the Intelsat series and, more recently,
domestic communication satellites both
here and abroad. To meet the requirements
for future space programs, such as
DSCS-Ill, Intelsat V Space Shuttle,
TDF3SS, and the domestic communication
satellites, these devices continue to be
developed and refined. This work is
advancing the state-of-the-art in areas
of longer life, lighter weight, higher effi-

ciencies and frequencies, and smaller size.
Hughes TVVTs are also meeting the

expanding customer requirements in other
application areas, such as radar, electronic
countermeasures, ground terminals and
microwave instrumentation. In all of these
fields, on-going programs for further

product refinement and basic research
continue to produce devices and sub-
systems of the most advanced designs.
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The basic form of the ll/VT has
changed very little since its invention by
F]  Kompfner in 1944, although the per-
formance of these devices today is orders
of magnitude better in all attributes.

Ampllficatlon in a l1/\/T is attained
by causlng an electromagnetic F]F wave
to travel along a propagating structure in
close proximity to an electron beam, as
indicated in  Figure 2.

At the left of this simplified diagram

is an electron gun assembly. The gun
cathode, when heated, emits a continuous
stream of electrons. These electrons are
drawn through the anode and are then
focused into a tight, narrow tubular beam
by a magnetic field and thereby made to
travel inside the helix for the length of the
tube, and eventually are dissipated in the
form of heat ln the "collector"

At the same time that the cylindrical
electron beam is moving along the length
of the tube axis, the desired PF signal
is fed onto a "slow-wave" structure
consisting, in this case, of a tightly wound
wire called a helix. The F]F energy travels
along the hellx wlre at the velocity of light.
However, because of the helical path, the
energy progresses along the axial length
of the tube at a considerably lower axial
velocity, determined primarily by the pitch
and diameter of the helix.

The phase velocity of the BF wave,
or the speed at which the energy is
moving along the length of the tube, is
made slightly slower than the velocity of
the electron beam. The near-synchronism
results in a continuous interaction between
the electron beam and the F3F signal.
Some of the electrons jn the beam are
slowed by the PF field, while others are
accelerated.

As the "velocity-modulated" elec-
trons move down through the helix they
form bunches. These bunches, in turn,
overtake and interact with the slower helix
PF wave, surrendering dc energy to it.
The result is an exponential amplification
of the PF signal by the time it reaches the
output coupler Single TVVTs have been
built with power gains of more than
10,000,000 (70 dB).

Controlling the beam
The electron gun functlons like the

lens in a projector. The objective is to get
as much electron current flowing within as
concentrated a beam as possible without
distortlon. Good gun design js extremely
Important since it is the source of electrons
for the beam. A wide varlety of gun
designs have been developed by Hughes
in an effort to provide better electron
beams that can be readily adapted to new
lVItypes.

an anode which effectively provides the
accelerating field for the electrons. Figure
3 shows a typical gun in cross-section.

Life and reliability of the end product

are largely dependent upon the design
and type of cathode material used. Many
different types of cathode materials have
been used as electron emitters, but two
have generally become standard. The first
is an oxide type with a nickel base and a
barium/strontium coating. The second is
a dispenser type which typically has an
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F.igure 2 -Simplified TWT schematic.
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F.igure 3 -A typical grid-controlled
electron gun includes a support structure,
heater, cathode grid, focus electrode and
anode.

Most ll/\/T guns also Include control

grids to make it possible to turn the elec-
tron beam on and off rapidly with a much
smaller voltage swing than is required
when the cathode voltage is modulated.

The typical grid-controlled gun has
six main elements -the gun shell or
support structure, which is usually ceramic;
the heater; the cathode or electron emitter;
a control grid; a focus electrode to aid in

proper formation of the electron beam ; and

emitting surface consisting of porous
tungsten through which barium is
dispensed from a base material impreg-
nated with a mixture of barium-calcium
aluminates. A varlatlon of this type of
cathode, known as M-type cathode, is
coated with a porous layer of osmium to
lower the work function and allow a lower
operating temperature.

A second type of dispenser cathode
is the coated particle cathode (CPC)
which, as the name suggests, is a
structure made up of specially coated

particles bonded to a nickel support.
The choice of a specific cathode

material is dependent upon the required
beam power (current density) and is a
function of indMdual tube design.

Variations on the helix
Although there are many types of

helix structures, most are based upon
Kompfners original helix design -still the
widest bandwidth structure available.
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Figure 4 illustrates the princlpal

component parts of a typical metal-
ceramic helix l1/\/T  ln the Illustration, the
metal-ceramic envelope and PPM
focuslng structure can be seen ln the
central portion of the photograph. The flnal
assembly Incorporating the balance of the

package parts, can be seen in Figure 5.
Figure 6 demonstrates the kind of

performance characterlstics that can be
achieved wlth this type of slow-wave
circuit. The extremely broadband

performance is ensured by the hlghly
accurate tolerances held dunng the hellx-
wlnding process. This accuracy ls
essential to the process of interaction
between the electron beam and the
superimposed F3F wave.

For example, in a 1,500 volt electron
beam, the electrons travel at 1 /13th the
speed of light. Since the BF signal is
carried by the helix at about the speed of
light, the resulting linear ratio of the helix to
the beam must approximate 13:1.

In Its basic form, the helix is generally
restricted to devices having power outputs
of less than 3,000 watts. A number of
configurations derived from the basic helix
structure have been explored at Hughes,
therefore, in an attempt to extend its

properties to provide even higher output
powers. Early among these was a scheme
of using two helices wound in opposite
directions. This device, known as a
contra-wound helix, extends the useful
range of operating voltages up to the 20 to
70 kv range and allows larger transverse
dimensions at a given frequency range.

The reason the peak~power capa-
bility of helix tubes is usually restricted to
about 3 kw output power js that their
circuit characteristics are susceptible to
"backward-wave" oscillations when the

operating voltage exceeds 10 kv
One solution to this problem is the

ring-bar tube, which has dlstinctly different
circuit properties and is not subject to
backward-wave oscillations. Fling-bar
TV\/Ts are generally designed for voltages
in the 12 kv to 30 kv range, wlth peak-

power levels in order of 10 kw to 20 kw
With suffi.ciently high voltages, peak-power
output levels can be in excess of 100 kw

Another signiflcant T\/VT development
in recent years has been the utilization
of basic waveguide mode resonators,
coupled together by means of capacitive
or inductive apertures to provide either

a fundamental forward- or backward-wave
circuit. The circuit, developed by Hughes,
ls known as the coupled-cavity circuit.
It is also described as a folded-waveguide
circujt since its structure resembles
a waveguide folded up in accordian-like
fashion.

The coupled-cavity structure effec-
tively slows the BF energy to allow Its
synchronization with the electron beam -

just as in the case of the helix.
The original coupled-cavity struc-

tures provided frequency bandwidths on
the order of 10 to 15%. F3ecently, however
methods have been developed for
increasing the bandwidth to 40% and
more. Tubes utilizing this circult have been
built to produce several hundred kilowatts
of peak power at S-through Ku-bands
with up to 60 dB gain.

F.iqure 4 -658H Traveling-wave tube with major package parts.

Flqure 5 -Assembled helix TWT
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The inter-dlgital  line is also a version

of the coupled-c)avity circuit and has found
extensive use in low and medium power
amplifiers ranging up to one kw peak-

power output with gains of about 30 dB.
All of these variations on the helix TV\/T

are described in detall in Section 5.

Comparison with the klystron
At the input of the TWT circuit, the

PF signal  level is quite low and the result-

ing modulation of the electron beam is
simHar to that of the Input cavity of a
klystron. In the case of the T\/\/T however,
the circuit is nonresonant and the wave
actually propagates with the same speed
as the electrons in the beam.

The initial effect on the beam is that
a small amount of velocity modulation later
translates to current modulation, which
then induces an F{F current in the circuit

causing amplification -assuming the

proper phase relationships are maintained.
The major difference between this

mechanism and that of a klystron is that
the ll/VT Interaction is contlnuous over the

entire length of the circuit rather than
occurring at the gaps of a few resonant
cavitles. This continuous interaction is the
result of a propagating wave, whereas
in the klystron the wave does not propa-

gate.  In fact, in the klystron there is
generally no coupling between any of the
cavities except that afforded by the
modulation of the electron stream.

The question can be asked, however,
whether any real difference exists between
a very narrowband T\/VT and a broadband
klystron -both of which can indeed

possess the same bandwidth perform-
ance. The answer ls that in a true klystron,
the wave does r7or propagate. Each cavlty
operates independently and in complete
isolation from all other cavities. There are
exceptions to this rule in the form of hybrid
conflguratlons in which the pure klystron
concept is significantly modified. But these
cases do not alter the basic distinctions
between the two devices.

Obviously, then, the slngle most

powerful attribute of the T\/VT is bandwidth.
Although there are applications for T\/VTs

where the bandwidth requirement is very
small, by and large the primary impetus
for their continued development has been
applications where the bandwidth is 10

percent or more of the center frequency.
Another advantage intrinslc in the

ll/\/T amplification process is that
extremely large gains in the neighborhood
of 60 dB can be realized with little sacri-
fice ln bandwidth or any of the other
desirable properties of the l1/VT design.

Because the gain-bandwidth product
is not the result of an unpleasant tradeoff,
as is often the case in other microwave
amplifiers, there is no reason to be limited
by any such figure of merit.  Instead, the

gain of a ll^/T is an exponential function
of the interaction length. Each incremental
increase in length produces the same
incremental increase in gain. This means
that measured in decibels, the gain is
directly proportional to length, which gives
the T\/\/T a distinct advantage over
crossed-field amplifiers, for which the gain
dependence on length is much less
favorable.

F.iqure 6 -Output Power, 658H
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A Choice of Types

Historically, the first circuit to be
Investigated by B. Kompfner in 1944 was
the simple helix, which proved to be the
mainstay of the T\/VT Industry 25 years later.

Obviously this circuit must possess
some outstanding advantages to have
persisted so long jn such a commanding
position. Probably its simplicity appealed
to Kompfner and led him to utilize it in  his

broadband modulation experiments, since
at that time the available techniques for
fabrication and assembly of vacuum com-
ponents were crude and primitive com-
pared to those of the present art.

The early investjgators of this elegant
circuit probably djd  not fully realize that
almost all of the theoretical measurement
standards would show that the helix was
far superior to hundreds of other propa-

gating structures which were to be investi-
gated during the formative years of ll/VT
development. In retrospect it is easy to
appreciate the basic physical reasons
which have given the helix its unchal-
lenged position of leadership, but ln the
beginning, many hoped that the very first
circuit candidate could be superseded
by something much better

Simple first-order considerations
of the interaction process between an
electron stream and a propagating electro-
magnetic wave suggest that the following

properties determine a fi'gure of merit for
the particular circuit being evaluated:

• Minimum stored energy in the

propagating wave
• Maximum axial electric field in the

region of the electron beam
• Constant phase velocity

(no dispersion)
• No interfering modes

The last property is one which must be

qualified since jt is highly dependent upon
the specific design under consideration,
but in general the helix possesses a very
manageable mode structure that is indeed
superior to almost all other substitutes.

The dispersion characteristic of the
helix is probably the single most signifi-
cant property that has caused this circuit
to find such acceptance for broadband
application. ECM systems and broadband
test equipment demand an octave or
more of good performance from a lT\/VT
to provide maximum coverage in a
single ampllfier

Widest bandwidth
No circuit has ever rivaled the helix

in bandwidth capability, and most do not
come close in this department. It behaves
very much like a single wire above a

ground plane, propagating a TEM mode.
Such a circuit is, of course, completely
nondjspersive. Since the helix is much
more complicated than a single wire over
a ground plane, it does not provide
infinite bandwidth and does exhibit mode
interference-at a very well-defined point
where the circumference is exactly one-
half the wavelength of the propagating
frequency.

Since the helix geometry does not
involve large opposed metallic surfaces,
the stored energy for a given power level
is naturally quite low. Almost any con-
ceivable alternative to the helix employs
more massive metal surfaces, which
provide an equivalent capacitance for the
storage of energy and a lowering of this
figure of merit.

The helix also provides a very con-
venient electric-field configuration. Inside

the structure the field is somewhat con-
stant (it does vary) over the cross section
of the pencil beam which is generally
utilized as the energy source.  It is difficult
to imagine another geometry with the
same natural uniformity in this regard.
Most alternative cjrcuits do not provide,
therefore, as strong an Interaction between
the electric field and the beam.

Analytically, this parameter is referred
to as the circuit impedance even though
it relates to the electrlc fleld which  is
available for interaction with the electron
beam and is, therefore, not the same
Impedance as is generally employed in
ordinary microwave circuit investigations.

Mechanical advantages
Aside from purely electrical con-

siderations, the helix is almost Ideal from
a mechanical viewpoint. It lends itself to
simple fabrication technjques which are
highly precise. And it can be accurately
assembled in structures which fit well with
the rest of the ll/VT package. Circuit

symmetry is essential jf an elegant design
is desired at a reasonably low cost.

The first heljx l1/VTs constructed
jn the late 1940's were characterized by
their fragility and very low thermal capacity.
As a consequence, their early develop-
ment was directed primarily towards
low-power applications where the signal

power was a few watts or less. These
devices were tempermental and short-
lived because of the poor techniques
of design and construction.

Today, by contrast, helix-type TWTs
are quite capable of delivering several
kilowatts of CW power at S-band and
C-band over an octave of frequency
coverage. The lifetime and reliability of
many examples exceed most other types
of active mlcrowave sources. In short, this

generic device has advanced in capabllity
by orders of magnitude as a result of 25

years of sustained high-level development
efforts by the major TWT manufacturers.

Helixlderived lVls
To create suitable high-power beams

for the generation of more than 5 kw of

peak F3F power it is almost mandatory
to utilize beam voltages jn excess of
10 kv-assumlng a conventional T\/VT
design approach is to be employed.

Above 10-kv beam velocities, how-
ever, the pure helix js a poor circuit for
traveling-wave interaction because of its
electric-field characteristlcs. Historically,

therefore, investigators have proceeded
in two separate directions, both of which
have proved successful jn their efforts to
develop suitable T\/VT clrcuits for use
above 10 kv

The first attempts concentrated on
a modification of the simple helix circuit
by employlng another helix coincident
with the first, but wound with a reversed

pitch. This came to be known as the
contra-wound helix, and later versions
were designated as the ring-bar circuit.
Figure 7 illustrates these geometries.

It can be shown from simple circuit
conslderations that the phase velocity
of these two conflgurations is going to
be much higher than a simple helix, and
consequently synchronous beam voltages
far in excess of 10 kv should be realizable.

10
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This is, in fact, the case. And many
successful T\/VTs have been developed
using this structufe in the peak-power
range of 5-200 kw at frequencies through
Ku-band and higher.

The basic assembly is almost
identical to that of a conventional hellx
tube in that the RF structure is supported
on ceramic rods inside a long tubular
barrel. Unfortunately, the thermal capacity
of such a circuit ls not much different from
that of the simple helix, so the ultimate
average power capability ls restricted to
roughly the same numbers for a given
frequency and a given size.

Ring-barlrms
Ring-bar ll/VTs can conceptually

be considered as structures derived from
multlple helix circuits -in particular, the
twin crosswound helix.

The ring-bar circult has, however,
significantly higher interaction impedance
than a helix, and is thus capable of more
efficient beam power conversion and
larger gain per wavelength.

Such tubes also exhibit superior
BF-stability with respect to backward-
wave oscillations (BWO), compared to
helix tubes, and are therefore capable of
operating at higher voltages, as well as
of producing higher peak-power levels.
They are also capable of handling larger
average PF power loads, and thus they
frequently use nonlntercepting gridded

guns rather than interceptlng (single)
gridded guns characteristlc of high-
power helix tubes.

Unlike most helix tubes, the band-
width of a ring-bar tube is generally limited
to about 10% to 20%. As a result, the
ring-bar design finds Its most frequent
appllcation ln radar systems. typical is
the Hughes 8729H prototype ring-bar
ll/VT with performance characteristics
summarized in FIgures 8 and 9.
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F-igurel -(a) F?ing-and-bar type contra-wound  helix. (b) Two-tape contra-wound helix.

F.iqure 8 -Peak output power of ring-bar  tube 8729H.

F.igure 9 -Saturated gain for ring-bar tube 8729H.
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CoupledlcavityTWTs
The second basic approach to high-

power circui.ts-other than variations on
the helix -has been far more popular
because of its many distinct advantages
and tremendous flexibility. It represents
a complete departure from the helix
concept both in its electrical behavior
and mechanical configurations.

The best generic description is a
high-power filter circuit with bandpass
characteristics, a form of traveling-wave
circuitry which was first considered
at the very beginnings of the technology
in the 1940's.

Any repetitive series of lumped LC
elements constitutes a propagating filter-
type circuit, and the techniques for
synthesizing these circuits are well estab-
IIshed in the art. Almost any phase charac-
teristic desired can be realized if the proper
LC elements are selected. The real test
comes when one tries to transform these
choices into a practical mechanical
structure that can be fabricated and
assembled in accordance with accepted
vacuum-tube techniques.

The early attempts at thls task
resulted in some very Interesting museum

pieces, which probably consumed
thousands of man-hours of fruitless labor
These were rejected because they lacked
simplicity and symmetry, which would
have made them practical from the view-

point of cost and flexibHity.  Probably as
a result of these frustrating endeavors, the
real objectives were properly identified
and the main thrust proceeded in a direc-
tion which satisfied the basic requirements

of a good  universal filter-type circuit.
All of this early work culminated

in the discovery and development of the
coupled-cavity circult, which now consti-
tutes the fundamental building block of an
extremely important class of high-power
T\/VTs. Its remarkable acceptance is clear
testimony to its Inherent superior qualities,
which can be summarized as follows..

• Excellent electrical characteristics

ln terms of impedance, bandwidth,
and mode structure

•  Mechanical simplicity, circular

symmetry for easy machlning
and assembly

• Form factor ideally suited to PPM

focusing
• Rugged from both a mechanical

and thermal viewpolnt
• Very  versatile; simple procedures

for scaling frequency, power,
and bandwidth

The versatility of the coupled-cavity circuit
is demonstrated by the fact that it is widely
used from L-band to millimeter waves
and for power levels from 1  to 500 kw
Probably 900/o of all high-power T\/VTs
employ this basic type of filter structure.

Coupling through the slots
The term "coupled cavity" stems from

the striking similarity of the indMdual  unit

cells to an ordinary klystron resonant
cavity. In the latter case, of course, there
is no coupling, so each cavity is com-

pletely closed. In the case of the ll/\/T
circuit, coupling is provided by a long slot
in the wall of each cavity, as Illustrated
in  Figure 10.
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F-igure 10 -Basic coupled-cavity circuit.

12

This slot strongly couples the mag-
netlc component of the field in adjacent
cavlties in such a manner that the

passband of the circuit is prjmarlly a func-
tlon of this one variable.  For very small
slots, or coupling holes, the passband is

quite narrow When the slot angle (0)
is somewhat larger than 180° the

passband is close to its practical limits.
The drift tube ls formed by the

re-entrant part of the cavity, just as is the
case with a klystron. Its length is deter-
mined by beam-interaction considerations,
but the optimum design for a given band-
width is not a critical f unctjon of the gap
length.  In fact, all of the important cavity

djmensions can be adjusted over a rather
broad range to accommodate tradeoffs
between thermal requirements and elec-
trical performance without seriously
degrading circuit capabllity.

Once the design ls made, however
the tolerances of the circuit dimensions
must be very closely maintained. Each
half-cavity section can be fabricated in
laminated form, which is ideal for the
assembly and brazing operations. The
individual parts are almost selfilgging,
which assures very accurate alignment
and spacing between cavities.

Liquid cooling of the circuit can be

provided by properly channeling the
outer diameter such that the coolant flows
around the massive copper walls of the
individual sections  ln extreme cases,
the coolant can be channeled around the
drift tubes to absorb beam interception
heating directly at the price of greater
fabrication complexity.

F.iquTe+I -Coupled-cavlty circuit with integral  periodic-permanent-magnet
( PPM ) focusing.
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Lightweight focusing
Perhaps the most outstanding advan-

tage of the coupled-cavity circult from the
user's viewpoint ls `ts natural adaptability
to lightweight PPM focuslng  ln many
airborne systems, the weight and bulk of
a separate focusing solenoid, along with
its sizable power supply, are unacceptable.
In these situations a ll/VT would be
rejected lf it were not possible to slmpllfy
the focusing requlrements with a PPM
structure.

Figure 11  illustrates the manner in

whlch the PPM focuslng system and the
F3F circuit are combined together to bring
the magnetic field down to the beam

periphery. The individual cavity walls are
fabricated from high purity iron, subse-

quently plated with copper to reduce BF
losses. The iron channels the magnetic
field in a very efficient way to the beam
region where its effectiveness is
maximized.

If such a geometry were not avail-
able for this purpose, it is hlghly unlikely

that the typical high-powered ll\/VT could
even be focused with available perma-
nent magnet materials. Generally these
beams are very dense and require power-
ful magnetic forces to hold them together.

On the outside of the vacuum
envelope the Iron pieces (extensions of
the cavity walls) are made large enough
to contain most of the magnetic material
utilized in the focusing cells. Such a
configuration improves the accuracy of
alignment of the magnetic field and also

gives good mechanical support to the
entire assembly

From Figure 11  it is apparent that
some degree of circular symmetry ls lost
in the PPM geometry due to the presence
of the cooling channels. With the iron

pole pieces, it is generally desirable to
provide liquid-coollng llnes close to the
cavlty walls to mlnimize the temperature
drop from the internal sectlons of the tube
to the outside environment.

It should be emphaslzed that Iron
is not a good thermal conductor when
compared to copper, and, furthermore, the
presence of the permanent magnets
creates some difficulty in accommodating
simple cooling schemes. For low-to-
moderate average-power applications
these considerations are not Important,
and less complex geometries are then
pOss,ble.

M illimeter-wave tubes
The work which has been done in the

development of high-power millimeter-
wave tubes has been largely Influenced
by the needs of actual systems operating
in this frequency band. Significant results
of the work done ln this band are sum-
marized by Figures 12 and 13, which define
both the CW and the pulsed-power levels
that have been achieved.

F.igurel2 -The status of CW millimeter-wave
tubes.

F.igurel3 -The status of pulsed millimeter-
wave tubes.
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The lower edge of the shaded por-
tions of these diagrams indicate the state
of the art as it existed in 1960, and the
upper edge indicates the current state-of-
the-art. However, these curves are not
meant to imply that the technology does
not exist today to construct tubes which
fall outside the shaded regions, but only
that there have been no pressing system
applications that have demanded it.

In general, millimeter-wave tubes
utilize very low perveance electron guns,
whlch create some unusual electron-beam
focusing problems assocated with the

proper containment of the "thermal" elec-
trons. Hence millimeter-wave tubes have
frequently been equipped wlth heavy sole-
nolds. Recently, however PPM focuslng of
an electron beam suitable for a millimeter-
wave tube has been demonstrated.

F-igure 14 - Photograph of copper circuit part
for a millimeter-wave tube.

This development was in response to
a specific application which called for
a lightweight tube and was made possible
by the recent development of new mag-
netic materials capable of extremely high
energy products. Aside from the focusing
structure, the major challenge in the manu-
facture of millimeter-wave tubes is the

precision and tight tolerances required for
the extremely small circuit parts. To illus-
trate thls problem, Figure 14 is a photo-

graph of an OFHC copper circuit part
in relatlonshlp to the head of a regular
sewing needle. From this picture, one
can appreciate the small size and the
assembly difficulties involved in the
fabrication of circuits utilizing these parts,



TWT Design-Inside and Out
The purpose of this section is to give

the reader a general Insight Into the design
of ll/VT devices, their limitations and

potential capabilities. Toward the end of
the section, consideration is given to

power supplies and other "accessories"
required to integrate the T\/VT into a
working system.

Electron gun
With increasing performance

demands on T\/\/Ts, the quality of the elec-
tron gun design is a key factor at Hughes.
There is, therefore, a specialized group
within Hughes which concentrates in gun
design, focusing, and related electron-
optical problems.

Design tools, such as computer

programs for analysis and gun analyzers
for experimental evaluation, are con-
tinuously upgraded and improved. A file
on previously designed guns of all types
is maintained for reference and as a basis
for new designs.

Electron guns used in traveling-wave
tubes are generally convergent. This
means that the current density at the
cathode, i.e., the cathode loading, is slgnifl-
cantly lower than the current density in
the beam and below a specified maximum
value. Cathode loading is related to the
cathode life; reduced cathode loading will
allow the cathode to be operated at a
lower temperature and will provide a
longer cathode life.

The design of high perveance, con-
vergent guns is well established and is
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based on Pierce's "spherical diode" con-
cept-a conical convergent electron
flow with uniform current density in the

beam cross-sections. The design

procedures provide data on cathode and
anode curvatures and their aperture
angles, and radii for specified gun design
requirements, but do not give sufficient
details on the shape of the beam-focusing
electrode and anode.

The design of these electrodes can
be determined with an electrolytic tank
ln conjunction with Langmuirs theory.
Use of the tank enables the designer to
evaluate a variety of electrode shapes and
to establish an optimized configuration.

Experimental design methods of this
type have recently been replaced by
theoretical approaches based on analyti-
cal extension methods. The theoretical
methods have been computerized and

provide faster and much more accurate

Flgurel5 -Grid with radial vanes.

Flqunel6 -Schematic of intercepting  grjdded gun.

electrode designs -with improved quality
of the gun optics.

Single-gridded guns
lt is often required that the current

control of guns be accomplished by
relatively small voltages. This is possible
with a single-grid structure, placed jn front
of the cathode, provided that the thermal
load on the grid due to Interception ls
within acceptable limits.

A commonly used type of grid struc-
ture consists of a mesh or, better still, a
large number of radial vanes supported by
one or two rings. Figure 15 shows a grid
structure of this type.

Nonintercepting gridded guns
The insertion of a grid structure into

the electron gun will perturb the equipo-
tential distrjbution in the gun and cause
electron-optical lens effects on the elec-
tron trajectories passing through the grid.

A portion of the cathode current will
also be intercepted by the grid, as deter-
mined by the screening factor of the grid.
As a result, single-grided guns such as
that shown in Figure 16, can only be used
for low-average-power tubes because
of the thermal power limjtations of the
intercepting grid.

High-average-power tubes employ,
therefore, nonintercepting gridded

guns, which use a precisely aligned pair
of grids, with the "shadowing" grid closest
to the cathode electrically connected to
the cathode, as shown schematically
in  Figure 17.

F.lqure+I -Schematic of nonintercepting  gridded gun.
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The grid configuration reduces grld
interception of the control grid from about
10% to a very small fraction of one

perce'nt, thus making it possible to sub-

Figure 18 -Focusing characteristlcs of gridded
gun.

stantia\lly increase the average power
capability. Figure 18 shows typical gridded
electron gun characteristic curves which
determine the specific point of tube opera-
tion, as well as the required negative
voltage for tube cut-off.

The foousing structure
All TWTs require some means of

holding the cylindrical electron beam
in shape as it travels along the Inner
diameter of the interaction structure.
Without a focuslng structure, the beam
tends to disperse or spread out as a result
of the mutual repulsive electrical forces
between electrons.

A magnetic field in varied forms is
used for this purpose. Such a field of

proper magnitude will confine the electron
beam to the pencil-like cylindrical shape
it must maintain. The four prlncipal types
of magnetic focusing discussed here
are IIlustrated in  Figure 19.

Of these, the solenoid is still regarded
as one of the best magnetic focusing
structures. Its magnetic lines are parallel
to the direction of travel of the electrons,
and it can be accurately aligned with the
beam. It provides excellent beam collima-
tion and will continue to be used in appllca-
tions where the last bit of average power

is required from a tube-so long as tube
size and weight are not critical factors.

Most of the very-high-power ll/\/Ts
to date have utilized solenoids. In fact,
Hughes has pioneered a technique for
wrapping the solenoid directly onto the
tube barrel. This optimizes the alignment
between the tube axis and the magnetic
axis. It also brings the solenoid windings
as close to the tube axis as posslble,
providing the required magnetic field with
the very minimum size and weight.
A secondary benefit is that less dc power
is required to provide the magnetic field.

In certain structures, however, where
the interaction structure is short enough,

permanent magnet focusing is often
utilized in lieu of the bulky solenoid
Because of the length limitations, this type
of focusing is generally restricted to
low-gain or low-power tubes.

Perhaps the most profound develop-
ment in beam control has been the evolu-
tion of double-period, periodic-permanent-
magnet (PPM) focusing -particularly
its adaptatlon to high-power TWTs. Pre-
vious to Hughes' patented developments
in this field, the fundamental  limitations
of the PPM design were thought to be

F-iqure 19 -Among the four principal methods of magnetic focusing, the solenoid is considered the best cholce.



so restrictive that it could only be utilized
in low~power T\/\/Ts where the beam

power density is typically quite low. Yet one
of the greatest needs for this lightweight
focusing method has been at the high-

power levels required for many airborne
and space applications where tubes with
focusing solenoids have been too large
and heavy PPM focusing has now been
successfully utillzed to achieve 12 kw
of average beam power in a 125 kw

peak power
FIgure 20 shows a cross~sectjon

view of the Hughes 774H, a high-power

pulsed helix TWT complete wlth the focus-
ing structure and external package. The
tube is of metal-ceramic constructjon
havjng a total weight of only five pounds.
The PPM focusing structure is composed
of round magnet discs shown in the
cross-section.

the method of cooling used and the
amount of energy that must be dlssipated.

The simplest collector is a single-
stage collector with the voltage typically
set between 40 and 65 percent of the
cathode voltage with the same polarity.
In this way the electrons which have been
accelerated in the gun, and have had
some fraction of that energy removed
by the amplificati.on of the circuit wave,
are further slowed upon entering the
collector-with a resultant recovery of
kinetic energy of the beam.

A schematic of a single-stage
collector is shown in Figure 21. This type
of collector is usually employed when
efficiency is not a primary objective or
when power supply restrictions only allow
a single potential to be available to the
collector.

When greater efriciency is required,

RE_ERERE-RERE''
F.igure 20 -The Hughes 774H X-band high-
powered helix TWT welghs only five pounds and
is rated at 1.25 kw minimum power output with
a 0.04 duty cycle.

Dissipating the beam
The collector dissipates the electrons

in the form of heat as they emerge from
the slow-wave structure. This is usually
accomplished by thermal conduction
to a colder outside surface where the
heat is absorbed by circulated air or liquid.
The specific collector is determined by

ac

F.lqure 21 -Schematic of single-stage collector.
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F.lqure 22 -Schematic of two~stage collector.

16

a doubly depressed collector is used               |/
which effectively sorts the electron veloci-
ties into two groups. The slower group js
collected on the first stage (V, ) as shown
in Figure 22. The more energetic group ls
collected on the second stage (V2) which
is depressed further. The average kinetic
energy recovered by a two-stage
depressed collector is greater than that
of a single-stage collector since more
electrons of the spent electron beam are
able to be collected on depressed collec-
tor electrodes.

A three-stage collector provides an
even greater degree of electron sorting
and is usually employed only when high
efficiency is of primary importance.
A schematic of a multiple-depressed
collector is shown in Figure 23. Here the
beam is sorted into three different energy

groups, and each stage contributes to
the overall recovery of spent beam energy.

It has long been recognized that
significant power savings could be
obtained in a llwT by decelerating the
spent electron beam and collecting it at
a reduced potential. Depressed collector
operation will, therefore, Improve the tube
efficiency, as well as reduce the thermal
load of the collector and simplify its cooling
requirements.

The amount of collector depression
is, however, limited by the inherent velocity
modulation of the spent beam. A part of
the kinetic beam energy, which serves

F.igure 23 -Schematic of three-stage collector.
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as the energy source for the traveling-
wave tube, is converted into PF power in
the interaction region. As a result, the spent
electroh beam will have a velocity spread,
and its average velocity will be reduced.

When the collector potential is
depressed to a greater degree than the
corresponding velocity of the slowest
spent beam electrons, these electrons
have insufficient energy to penetrate into
the collector Therefore, their flow will be
reversed and backstreaming current ls
then initiated.

Such backstreaming is undesirable.
Not only will it defeat the power-saving

purpose of collector depression, but it may
also produce an excessive thermal load
on the circuit, interfere with the F]F per-
formance, and cause instabilities.

F.lqure 24 -Efficiency versus the number of
depressed collector stages for S-band travellng~
wave tube.

The Incremental efficiency improve-
ment which can be obtalned by increasing
the number of depressed collector stages
diminishes as the number of stages is
increased. Efficiency as a function of the
number of depressed stages is shown
in Figure 24 for a space l1/\/T For this
reason the number of depressed stages
ls generally limited to three or four.

Multi-stage collectors also offer the
advantage of substantial power savings
during small signal operation or without
BF drive. This, in turn, offers a near con-
stant thermal load, as shown in Figure 25,
for a 10-watt device.

The vacuum envelope
One of the major disadvantages of

early helix circuit tubes was the fragile

glass-vacuum envelope enclosing the
tube parts. However, the art of packaging
has reached the point where such glass
structures are sufficiently well-supported
to withstand almost any environment
and all but the highest shock or G loads.

A recent innovation, however, in the
manufacturing of helix lT\/\/Ts has been the

Flqure 25 -Multi-stage collectors offer
substantial power savings during small-signal
operation or without F3F drive resulting in a near
constant thermal load.
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successful utilization of metal and ceramic
materials in place of glass. These tubes
can not only withstand higher G loads,
but can be vacuum processed at higher
temperatures -typically 6oo° to 7ooo c
as opposed to 450° in the case of glass
structures. This ensures considerably
more complete "bake-out" of undesirable

gasses entrapped in the tube, providing
improved reliability at higher tube operating
temperatures.

In a practical ll/VT attenuators

(los`sy sections) are placed along the helix
(slow-wave structure) to provide stability
by absorbing internal and external
mismatch reflections. The attenuators
also isolate external system components
on the output arm from those on the
input arm. A typical high-grain TWT will

provide up to 80 dB or more isolation
or "cold"  Insertion loss. Without this "loss"

added to the internal structure, it would
be possible for reflected BF power to travel
back to the input causing regeneration.
In a hlgh-grain device this would, in turn,
cause a self-induced oscillation.

Since that portion of the slow-wave
structure dedicated to attenuation does
not contribute to the gain of the tube, the
effect of adding attenuation increases the
length of the device. The higher the

gain, the more attentuator sections will
be required. A rule-of-thumb is about
20 dB per section, so a tube with 50 dB
gain would have three active sections
and two attentuator sections.



Power supply interface
The ll/\/T and the power supply are

the key elements in any power amplifier
Equally Important are the interfaces
between these elements to insure opti-
mum performance and maximum life
of the resultant traveling-wave tube ampli-
fier (TVVTA) or high-power amplifier (HFIA).

There must be a continuing interac-
tion between the ll/VT and power supply
designers since the design of both
elements must go far beyond `Voltage and
current" requirements. Cooling, protecti6n

(ll\/VT and power supply), mechanical
and control Interfaces require detailed
attention.

As a result, todays high performance
TWTAs and HPAs are not a power supply
designed around a TVVT but rather TWTs
and power supplies are designed together

(Figure 26) to meet performance and
reliability criteria.

The following are some of the inter-
face considerations used in the design
and implementatjon of Hughes HPAs and
T\/VIAs for commercial, military, space,
satellite earth stations, radar ECM, and
instrumentation applications.

Power supply regulation need be only
as tight as required to meet BF perform-
ance characteristics and to prevent
defocusing of the ll/VT electron beam
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as a function of line, load, and environ-
mental changes. For example, in many
cases the ll/VT collector supply need not
be highly regulated to meet these require-
ments, and can often be left unregulated
to vary with line fluctuations. In this case,
a highly regulated power supply may be
overly complicated and reduce reliability

Bipple from the power supply and
the l1/VT pushing factors will determine
the amount of signal distortion contributed
by the TWTA in the areas of amplitude,
phase, and frequency modulation. Less
sensitive electrodes require less power
supply filtering. Conversely, more sensi-
tive electrodes (higher pushing factors)
require more power supply filtering to
meet sophisticated systems requirements.

ON /OFF control of the ll/VT is not
only important as an operational con-
sideration, but also from a protection
viewpoint. Hughes HPA/TWTA circujtry
can rapidly detect high helix or body
current, arcs, high reflected power and
other abnormal conditions. But unless the
l1^/T beam power can be removed
equally as fast, the value of this protection
feature is compromised. A proven
approach for rapid turn-off of the ll/VT
is the use of a modulating anode and
associated power supply circujtry.

Time-in circuitry must be designed

to provide a reasonable ll/VT warm-up
time from a cold start, and the minimum
down time in the event of a momentary
power outage. Both direct and proportional
type heater timing circuits must assure
that the T\/VT cathode js at the proper
operating temperature before application
of the beam power Improper timing can
cause TWT out-gassing and failure.

Body/ helix current overload protec-
tion I.s a critical consideration in the design
of any hi.gh-power amplifier. Abnormal
TVVT defocusing can occur as a result
of improper power supply voltages,
F3F overdrive, output high reflected power
and other conditions. The object of a
body/ helix protection circuit ls to limit the
amount of time that defocused electrons
can Intercept the slow-wave structure
to prevent ll/VT failures. This protection
circuitry must be fast-acting and tolerant
of normal intercept currents due to TV\/T
aging and turn-on/turn-off characteristics.

Other interfaces such as mounting,
cooling, thermal protection, and fail-safe

power supply circuitry must be considered
to prevent damage to the power supply
and ll/VT in the event of a failure of one
of these elements. F3F input and output
Interfaces must not place unnecessary
stress on the ll/\/T F]F connection and
vacuum windows. In summary, both
the T\/VT and power supply should be

F.igure 26 -Schematic of TWT and power supplies.



A

EI

designed together "from the ground up"
to insure proper Interfaces and a high-

quallty amplifier for a specific application.

Transrhit-receive limiters
Transmit-r-eceive (TF3) Ilmiters serve

two basic functlons. First, they attenuate

power entering the receiver during a
transmitted pulse to a level which will not
harm the receiver or bias lt to a temporarily
insensitive condition. Second, during
recelver on-time, the llmiter provides
a path of minimum insertion loss, subject-
ing the receiver to the strongest possible
return signal.

Over the last several years, a number
of high-pulsed-repetition-frequency radar
systems have evolved which require a
TB-limiter system that can handle powers
on the order of 50 kilowatts, yet display
Insertion losses of about 0.5 dB and
recovery times of less than 5 nano-
seconds. This very short recovery time
allows monitoring the maximum possible
return signal. The Hughes multipactor
shown ln FIgure 27 takes advantage of
the princlple of multipacting (multiple

impacting) to meet these demanding
specifications.

Figure 28 shows the relative location
of a multipactor TR-Iimiter system in a
simplified radar block diagram. The pro-
tective circuit consists of a high-power
stage (multipactor) which limits the power
to several watts, and a low-power stage
(solid-state llmiter) which further reduces
the power to milliwatts.

Basically, the multipactor section
offers protection against three potentially
dangerous situations.. (1 ) sharp pulses
due to mismatches, (2) high-power arcing
at the antenna, (3) the presence of
extraneous radar signals.

When the transmitter ls on, up to 10%
of the transmitted power (50 kw peak)
can be reflected due to the impedance
mismatch of the antenna. Thus, the multi-

pactor is normally required to limit approxi-
mately 5 kw of reflected power to about
8 watts. A more serious limiting problem
can occur during transmitter on-time
if a high-power arc should develop at the
antenna. In this case, up to 80% reflection

can occur and the multipactor section
must attenuate approximately 40 kw
down to 8 watts. In both cases, the limited

power is absorbed by the multipacting
process and the resulting heat is removed
by conduction cooling.

A third limiting process occurs when
extraneous radar signals are present.
The RF circuit of the multipactor essen-
tially constitutes a bandpass filter. Since

the operating band of the multipactor
is coincidental with the passband, any
out-of-band signals received by the
antenna will be reflected and absorbed
at port four of the circulator by the dummy
load. The multipactor section of the
limiter requires no synchronous signal
for operation. The first half-cycle of the
Incident F]F wave initiates the multi-

pacting process.

F.iqure 2] -Actually a small system, the multipactor limiter operates from unsophisticated
power supplies.

F.igMre ZB -Multlpactor limiters handle up to
50 kw peak power at X-band.
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How to Evaluate TWTs

The basic considerations in selecting
a ll/VT for a specific application are center
frequency, bandwidth, and power output
A number of other parameters must be
considered, however in the specifying

process.

Power vs. frequeney
When discussing the power capa-

billty of TWTs, it is important to make a
clear distinction between the peak and
average power since these two numbers
are limited by totally different considera-
tjons. The average power at a given
frequency is almost always limited by
thermal considerations relative to the
F]F propagating circujt. The electron-beam
focusing js never perfect, and a sizable
fraction of the total beam power is inter-
cepted by the F]F circuit.

At some point, amenable to calcula-
tion, the circuit temperature approaches
the melting point of copper, (or the Curie
temperature of Iron ln the case of a
PPM TWT). In both cases the tube is close
to destruction, and this condition defines
the average power capability of that
device. Peak RF power capability is
closely dependent upon the voltage for
which the tube can be designed. The
beam current varies as the 3/2 power
of the voltage, and the product determines
the total beam power.

I beam=KVo3/2

where Vo is the beam voltage.

Beam Power = I beamvo = KVo5/2

where K is the electron-gun perveance.

with the available techniques for the
design of solid-beam electron guns with

good optics, the perveance is generally
limited to a value not much greater than
2 X 10-6 (MKS units) and most existing

power tubes utilize a value between 1  and
2 X 10-i Once the perveance is fixed, the
required voltage for a given peak beam

power ls then uniquely determined. This,
in combination with  practical efficiency
values, fixes the peak BF power which the
design will support.  In turn, the voltage

uniquely establishes the circui.t parameters
For this reason jt can be seen that a ll/VT
can only operate at the design voltage.

Theoretically and practically, these
limits for 11/VTs should be very close to
those values which apply to high-power
klystrons, since the basic considerations
are identical in the two cases. Historically,
high-power klystrons came flrst, and,
consequently, most of the early multi-
megawatt radars were designed with
klystrons as the output amplifiers.

F.iqure 29 -Peak-and-average-power capability of typical TWTs in field use.
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There are a few notable excep-
tlons today, but in.general, high-power
ll^/Ts are available at power levels below
500 kw and voltages below 80 kv lf a
requirement should develop for a par-
ticular system, there is no reason why
a multi-megawatt ll/VT should not be
considered.  If, however, available hard-
ware is to be used, probably a klystron
or a crossed-field amplifier will be selected.

To give an abbreviated picture of
some of the more popular current T\/\/T

designs, Figures 29 and 30 illustrate the
difference between peak and average
power capability and the difference
between PPM- and solenoid-focused
designs.

The curves follow the general char-
acteristic defined by

power X frequency = constant

which is different from the popular precept
of power varying as the Inverse square
of the frequency.

F.iqure 30 -CW power capability of TWTs operating at nearly 20 kv.

Which rule is correct? Both are, but
one must be careful how they are applied.
If a given design is scaled over a limited
frequency range and the thermal stress
is to be maintained constant within the
circuit, the linear relationship applies. If one
desires to scale a particular device to
its ultimate limit in terms of power and
frequency such that all of the key parame-
ters are pushed to the state-of-the-art
(that is, beam density cathode loading,
magnetic field, voltage, etc.), then the

quadratic dependency is more appropriate.
It will be noted that if the voltage

is increased, the peak and average power
capabilities increase considerably. This
variation is a direct consequence of the
way in which the circuit dimensions and
the peak beam power increase with
voltage. The larger circuit will accommo-
date a greater amount of thermal dissipa-
tion, and the higher beam power will

permit more peak BF power.
At some point the peak BF power will

be limited by waveguide arcing problems
and voltage breakdown in the electron-

gun region. The curves shown go up
to 65 kv which is certainly not the limit,
but encompass the great majority of TWTs
in field operation.

The CW curve is shown for 20 kv,
which is a voltage region representing
a good compromise between voltage
insulation problems in the power supply
and circuit size for reasonable thermal
stress levels. The upper boundary of the
curve is a conservative design boundary
and can easily be exceeded by a factor
of two for special applications requiring
more average power Here again, the
same rule of power-frequency product
being a constant is maintained for the
same reasons previously stated. The
curve shown does not indicate bandwidth
capability, even though this parameter
affects average power capability. In

general, for very large percentage band-
widths, the average power capability may
have to be reduced as much as 50%.
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Efficiency
During the early years of ll/VT devel-

opment, when the emphasis was on
bandwidth, gain, and noise figure, most
TWTs were regarded as low-efficiency
amplifiers, compared to the more con-
ventional microwave sources such as
klystrons and magnetrons.

Industry was slow to change this
viewpoint, believing that inherent in the
energy transfer process between the
electron beam and the BF wave were
physical constraints causing the low
efficiency. Certainly the experimental
evidence from a large number of designs
indicated a typical efficiency of loo/o or
even less. Klystrons at comparable
frequencies and power levels gave more
than 30% conversion efficiency during
the same period jn time. The price for
large bandwidth capability was thought
to be a poor-to-modest efficiency.

Only slowly did researchers discover
the key parameters which had to be
carefully controlled to significantly improve
upon this picture. Improved control of the
electron beam trajectories contributed
a great deal in changing the situation since
the efficiency enhancement achievable
with simple depressed collectors was
very encouraging. Experimental work
became more preci.se and the data more
predictable, allowing theoretical efforts
to be evaluated with quantitative results.

Many theories were advanced which

presumably should have yielded the
same information since they were all
based on the same physics. However,
considerable disagreement existed,
mostly because investigators could not
obtain repeatable experimental data.
In the last few years, great progress has
been made to eliminate this confusion,
and real advances have been achieved
in efficiency enhancement. The 50%
efficiency barrier has been broken a
number of times and, like the 4-mjnute
mile, this is no longer regarded as an
upper limit dictated by nature.

There are two fundamental mecha-
nisms whereby jncreased efficiency can
be realized in a ll/VT amplifier The first
mechanism is collector depression, or a
series of collectors which can be depressed
well below the circuit potential so that
unused energy can be recovered from the
spent electron beam. Such a collector
must be carefully designed optically so
that an excessive part of the beam js not
turned around and deposited on the circult.

The optics of such a system are quite
complicated and depend not only upon
the geometry of the collector segments,
but also upon the degree of BF modula-
tion, the magnetic field used to focus the
beam, and the relative potential of the
circuit and all the segments of the collector

The main advantage of working with
the collector to enhance the overall
efficiency is that such an alteration does
not affect the circuit of the T\/VT and can,
therefore, be accomplished independently
of the PF design of the tube. The power
supply, of course, must be properly
designed to take advantage of the energy
recovered by the depressed segments
of the collector

The second mechanism of efficiency
enhancement is sometimes referred to
as velocity resynchronization, lt ls well
known that the electron beam slows down
jn velocity when it gives up energy to the
amplified BF wave on the circuit. As a
result, the propagating wave and the
electron beam progressively lose synchro-
nism, with the wave moving far ahead of
the beam. When this occurs, the electron
bunches are no longer favorably phased
to give up energy to the moving wave,
and the amplification process ceases
before maximum signal level is achieved.

External measurements merely show
a lower efficiency than that which one
might reasonably expect. Early models
of TWTs almost always gave disappointing
efficiencies because of this unfavorable
condition within the tube's interaction
region.

First-order corrections for a lack of
synchronism between the beam and the
wave can be done with a mere increase
in the operating voltage. Unfortunately,
this step causes the amplification process
to suffer in the small-signal region (near
the input) of the circuit, and it also causes

the linearjty of the output versus input
curve to degrade. It would appear that
an easy solution to this problem would
be to make the F]F wave velocity on the
Input circuit different from that on the
output circuit such that synchronism
could be maintained everywhere.

This simple concept resulted in the
"tapered velocity'itype circuit, which is one

of the basic tools that the l1^/T designer
now frequently employs. In practice, there
is an infi.nite variety of tapers that differ
in the degree of velocity change and the
variation of velocity as a function of

distance along the slow-wave structure.
Determining a satisfactory configura-

tion requjres the use of a large-scale
computer to simulate the nonlinear inter-
action process between a stream of
highly bunched electrons and a growing
electromagnetic wave propagating along
the circujt. Any choice must be a result
of a series of compromises which trade
one desirable effect for another.

Some of the consjderations are based
upon second-order effects that are
extremely difficult to evaluate quantitatively,
and yet collectively these effects are quite
important. A great amount of controversy
still exists among the experts as to precisely
what represents the optimum solution.

Some disagreement will always exist,
because the desired performance
depends upon the user's requirements
in terms of complexity and the criticality
of the adjustments. Even more important
is the required bandwidth, since for ECM
systems, octave bandwidths are qu`te
common. Over such an extreme band-
width, the important electrical parameters,
which are proportional to wavelength,
change by a factor of two or more. It is
not surprising that optimum conditions
within the velocity taper region are Impos-
sible to maintain.
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ln spite of this problem, recent results
from efficiency e.nhancement schemes
for ECM power amplifiers are indeed
impressive and perhaps would cause one
to doubt the difficulty of meeting all of the
criteria in the taper design. Figure 31
illustrates the efficiency of a kilowatt helix-

type high-gain ECM TV\/T It should be
noted that the frequency coverage is
1 1/2 octaves with an efficiency above 45%.

An example of the performance
obtainable with velocity resynchronization
is shown in Figure 32 where the efficiency
of a coupled-cavity tube is shown to be
in excess of 50% over the entire operating
band. This par[icular form of velocity
resynchronization was achieved with
a `Voltage jump" whereby the beam near
the output of the circuit is accelerated
by a boost in the operating voltage.
Although simple in concept, this scheme
is quite difficult to implement in a practical
high-power tube where the operating vol-
tage is high. The output circuit boost was
8 kv in the example illustrated, which
means that excellent insulation must be

provided without disturbing the PF propa-
gation characteristics of the structure.
In a helix tube, where the circuit is a
continuous-wire conductor, a voltage
discontinuity is very difficult to accom-
modate because of BF reflections from
the break, while in a coupled-cavity circuit,
the outside boundary of the cavity walls
is generally grounded, which creates an
Insulation problem. Figure 33 is a sche-

F.igNre 31 - Broadband high-efficiency TWT.

F.igure ®2 -H igh-efficiency coupled-cavity TWT:.

an

F.lqure 33 -H igh-efficiency voltage-jump TWT.

matic drawing of the cross-section of the
circuit of the l1/\/T showing how the
voltage-lump isolation was accomplished.

Harmonic injection
Another method of efficiency

enhancement, unique to broadband helix
devices, does not involve any alterations
of the internal parts of the ll/\/T

lt js generally referred to as "harmonic
drive" because it is associated with
special adjustments made to the second-
harmonic content of the input BF signal.
The solid portion of the curve of Figure 31
shows the additional enhancement which
is afforded with "harmonic drive'.I

The phenomenon was discovered
quite some time ago when it was observed
that the wrong type of second-harmonic
input would seriously degrade the power
output at the fundamental frequency.
On the other hand, the correct amount
of second harmonic, properly phased, will
increase the fundamental power output
and suppress the second harmonic at the
output of the amplifier.

This process is one of cancellation,
whereby the injected second-harmonic
signal is such that it is 180° out of phase
with the second-harmonic signal gen-
erated by the nonlinear processes inherent
in the Interaction mechansim. With careful
design of the input circuit, this cancellation
can be made reasonably noncritical and

quite broadband.
The effect is only important at the low

end of the tube's amplification band since
the second harmonic of these frequencies
still  lies within the amplification band of
the ll/VT Above midband, there is no
appreciable amplification of the second-
harmonic signals, and, consequently, the
enhancement scheme is not effective
above this point.

To provide the correct harmonic
input signal, a simple circuit consisting
of a phase shifter and a microwave diode
can be utilized to transform a pure drive
signal to one with a significant second-
harmonic component. If the drive signal
emanates from an overdriven T\/VT (one
operating well Into saturation), it is quite
likely that the second-harmonic portion
is large to begin with and of the wrong

phase. It is difficult to compensate for such
a drive signal since the adjustments will
be generally quite critical and subject to
change as the drive level changes.
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F.lqure 34 -Fundamental and harmonic output power of wideband helix tube with or without
harmonic injection ( measured).

F.iqure 35 -Third-order intermodulation distortion with and without
harmonic injection   (measured with two equal carriers).
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Harmonies
Due to the wide bandwidth and high

gain of the l1/VT-plus the fact that in
saturation, the tube acts as a non-linear
device-there will be harmonics in the F3F
output spectrum. typically at saturation for
a narrowband application, the second
harmonic will be 8 to 10 dB below the
fundamental signal. However very broad-
band devices will have a higher second-
harmonic content.

Other higher-order harmonics will
also be present to a lesser degree. The
harmonic magnitude is a function of the
fundamental frequency and bandwidth
range, with the lower band edge signals
having the greater effect.

The harmful effects of harmonjc
interaction in multi-octave ll/VTs can be
minimized by injecting a coherent har-
monic signal at the Input of the tube,
simultaneous with the fundamental signal.

F.igure ee -Typical third-order intermodulatlon data for I ntelsat I V type TWT.
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When the phase and the amplitude of the
injected harmonic signal are optimized,
the degrading effects of harmonic inter-
action can be minlmized-resulting
in an efficiency enhancement at the funda-
mental, as well as a reduction of the
harmonic output power and an Improve-
ment in intermodulatjon performance.
All of these effects are shown in Figures 34
and 35. The coupled-cavlty circuit, due
largely to its filtertype characteristlc, has
less harmonic content in the output signal.
The harmonic content of these tubes
is seldom greater than 20 dB below the
fundamental.

I ntermodulation distortion
When more than one carrier is intro-

duced at the ll/VT input, a mixing, or inter-
modulation (lM) process, takes place. This
results in intermodulation products which
are displaced from the carriers at multiples
of the difference frequency.

The power levels of these inter-
modulation products are dependent on
the relative power levels of the carriers
and the efflclency of the ll/\/T In the case
of two balanced carriers, Figure 36 shows
the variation of carrier and lM product

power level with total drive power. The
single carrier power curve is also plotted
for comparlson. As in the case with
AM/PM conversion (see below), the lM
dlstortion  is slgnlflcantly reduced in the

small-signal (linear) region of the  F3F drlve
range.  For this reason, communication
TVVTs are normally operated well below
their saturation power level.

Transfer ourves
The drive characteristics of an ideal

lT\/VT are shown in Figure 37. The threshold
of useful operation is determined by the
bandwidth and noise figure of the tube.
The dynamic range is that region between
the threshold input level and the input
at which there is departure from small-
signal or linear gain. The gain contlnues
to decrease for approximately 6 dB to
the point of saturated power output.

The overdrive capability of a T\/VT
Indicates the range over whlch the output

power wlll remain ln the saturation region
as input is increased. When further input
is applied, output power decreases. For
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F.igure 3] -Dynamic characteristics of the traveling-wave tube.

F.igure 38 - Transfer characteristic.
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certain applications, it is desirable to main-
tain full or saturated power output over
a broad range of input signal conditions.
Limiter actions to achieve this objective
are in the design of the BF structure, use
of multiple attenuators, and cascading
two TWTs with additional equalizers and
jsolation filters.

Figure 38 shows the transfer charac-
teristics of the Hughes 869H for three
frequencies within the band.

AMPM conversion
Amplitude modulation/phase modu-

lation (AM/PM conversion) is defined
as the change in phase angle between
input and output signal as the input signal

F.igure sO -T.ypical power output and phase  shift as a function of RF input power for a
communications type TWT.
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F.igilre 40 -For a single carrier condition, AM /PM conversion rises sharply as drive is increased.
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varies. This factor is measured dynami-
cally and is expressed in degrees per
dB at a specified value of power output.

AM/PM conversion in a l1/\/T js due
to the reduction in beam velocity as the
Input signal level increases, causing a

greater energy exchange between the
beam and the input BF wave. At a level
20 dB below the input required for satura-
tion, AM/PM conversion is negligible.
Beyond this point, AM/PM conversion
increases sharply.

A typical power output and relative

phase shift characteristic is shown in
Figure 39 for a TV\/T Here it is seen that

phase shift is relatively insensitive to drive
jn the small signal ("linear') portion of the
BF output power characteristics, As the
TVVT is driven into saturation, the rate
of phase change increases and then
decreases as the power saturates. The
slope of this line, or AM/PM conversion,
is plotted against BF drive in Figure 40.

The peak AM/PM generally occurs
at a drive level 3 to 10 dB below saturation
drive and is frequency dependent. The
value of AM/PM conversion is less at the
low-frequency end of the tube's passband
than at the high-frequency end. The
curves show typical performance at the
high end of the band, which is, of course,
the worst case.

The information ln the charts applies
to the case of a single carrier. For two or
more carriers, transfer takes place, gMng
PM at the output on one carrier due to AM
at the input on the other The general trend
wi.th drive is similar for this case, but the
specific values are different and are also
a complicated function of the relative
carrier amplitudes.



A

A

r\

Phasesensitivjty
Any factor which affects the velocity

of the electron beam will give rise to phase
changes in the F]F output signal. If the
disturbing factor varies with time, then the
result will be phase modulation of the
input RF signal. The primary factors affect-
ing the velocity of the beam are cathode
temperature, magnetic fields, grid voltage,
anode voltage and cathode voltage.

The power supply designer must take
Into consideration these phase-pushing
factors when designi.ng the power supplies
for a ll/VT since the system noise require-
ments will dictate the power supply ripple
and stabilities that must be maintained.
Typical values for TWTs are:

35 degrees per 1  percent change
in cathode voltage,

5 degrees per 1  percent change in

grid drive,
2 degrees per 1  percent change

in anode voltage,
.01  degrees per 1  percent in filament

voltage.

These values should be considered
as order of magnitude since the actual
value for any specific tube will be a func-
tion of many factors such as type of circuit,

gain, perveance, etc.

Phase linearity
Phase linearity is normally expressed

as either group delay or as a deviation from
linearity in degrees.

The phase-versus-frequency char-
acteristics of a TWT are related to the
transit time of the F]F signal traveling from
the input to the output of the tube.
Non-unjformjtles within the tube give rise
to phase ripples which are magnified
as a result of reflections both within and

external to the tube. To minimize phase

perturbations, it is necessary to have a
low VSWF} for both the source and load.
In addition, it js necessary for the tube
designer to achieve not only a uniform
circuit characterjstjc but also extremely

good matches within the tube when
internal severs or terminations are
employed.

The slow-wave structure for helix
tubes is normally quite uniform without
any abrupt discontinuitjes. The use of
computer-controlled machines to fabri-
cate the slow-wave structure has helped
to perfect this uniformity such that phase
flatness (group delay) can be held to
very tight tolerances.

Since the slow-wave structure of a
coupled-cavity tube is composed of dis-
crete elements and the termination is more
abrupt, phase ljnearity is much more
di.fficult to achieve.

For applications requiring flat phase
response, Hughes has developed a
patented technique. Employing this
method, Hughes has achieved group
delays of less than 1.5 nanoseconds

peak to peak.

Phase tracking
ln many systems a requirement

exists to operate TWTs in parallel. In this

type of operatjon it js important that the
phase variations of those tubes operated
in parallel are as close as possible to
being jdentical.

It is not so Important that the total

phase shift through the tubes be the same,
since a phase shifter can be employed
to adjust the phase delay through the
tubes at any par[icular frequency. It is
important, however that the variation over
the frequency band of interest be similar

Helix lwTs can be designed to have
tube-to-tube phase tracking of five
degrees or less, provided care is taken
to mi.nimize reflection effects and fine grain
variations.  It js more difficult to maintain

close phase tracking in a coupled-cavity
tube, and variations of between 10 and
15 degrees are to be expected.

Noise figure
The noise figure (NF) expressed

in dB is a measure of the degradation
jn signal-to-noise (S/N) ratio with passage
of the signal through a given tube and
can be expressed as follows:

NF
Input S/N
Output S/N

The primary source of noise in a ll/\/T js
related to the density and electron velocity
variations within the electron beam. The
level of the noise power is related to the
number of electrons and the size of the
electron gun and its beam optics.

For medium power (10 watts) tubes,
the NF ls typically 30 to 35 dB and
increases with power and frequency.

Noise power output
For some applications the noise

power output (NPo) is of prime importance
and may be measured by termi.nating the
input and measuring the NPo at the output
of the ll/VT The NPo can be calculated
from the following equation wlth all param-
eters stated in dB:

NPo = -114 + (BW) + (Gss) + (NF)

where:

-114 dBm/ MHZ Thermal Noise

with input terminated

BW = System bandwidth and can be
determined from the following table:

_BW (MHz)                 dB

10

1010

1000                     30
2000                   33

Gss = Small Signal Gain

NF   =  Noise Figure

Due to the broad-band nature of
ll/VTs, the measured NPo is much greater
than calculated; therefore, to determine
a realistic NPo the noise figure-gain

product should be integrated across the
total bandwjdth.



Dynamic range for linear operation
The linear region is defined as the

limit of linear operation at the point where
increasing the BF input signal results
in a gain compression of 1  dB. (See
Figure 41.) This point is called the 1  dB

compression point. Therefore, the dynamic
range for linear operation may be defined
as the ratio of this maximum input signal
to the reference noise level of the lT\/VT

the tendency to oscillate at the circuit
mode edge and render a given ll/VT
completely stable over a wide range
of operating voltages.

Relatlve to the stability of a complete
amplifier (11/VTA), the beam (cathode)

power supply is of great importance.
This supply determines the velocity of the
electron beam which affects the stability
oftheTWT

Figure 41 - RF output dB.

Spurious outputs and stability
Spurious outputs are minimized and

stability is assured through proper designs
of the electron beam optics and magnetic
focusing. In addition, the processing and
fabrication of the T\/\/Ts must be carefully
controlled. Spurious oscillation is elim-
inated or minimized by oscillation suppres-
sion techniques, such as special attenua-
tion patterns on the support rods of helix
TWTs and loss buttons (Hughes' patented
technique) in coupled-cavity TWTs.
These techniques effectively suppress

Reliability/life
Traveling-wave tubes have, over the

years, gained a reputation for high relia-
bility and long life. There are many factors
that affect these parameters, such as the
basic design, the interface, protective
measures, handling, Installation/operation
and storage.

Basic design
The most important factor relative to

life is the type of cathode and the cathode
loading factor. In addition, special attention
must be paid to electrode size, shape and
spacing. The method of packaging must
meet the vibration and shock requirements
for the application. And to meet wide
temperature ranges and high altltude

(space) requirements, consideration must
be given to the cooling technique; i.e.,
conduction, liquid, air, heat pipes, etc.
Potting and conformal coating must
ensure an arc-free and nearly corona-
f ree device.

Interface
The operation of TVVTs must be

confined to the limitations of the operating
and environmental parameters for which
the tube was intended. Some of these

parameters can be eliminated and the
interface effort minimlzed by taking
advantage of the "black box" concept;
i.e.,11/VT and power supply are built by
Hughes and supplied as an integrated unit.
This approach limlts the interface to the
drive signal, BF input and output loads, and
input voltage.

Protective measu res
Steps must be taken to provide

protectlve measures so that the T\/VT
is not exposed to abnormal extremes,
such as voltage surges, temperatures,
load mismatches, system arcs, and loss
of coollng. All lT\/VTs and lwTAs are
supplied with operating instructions and
test performance data. Special attention
should be-given to the recommended

precautions and operatlng instructions.

Handling
Careful handling of the TWTs during

shipment and installation is advisable
so that the exposed high-voltage connec-
tions, ceramic seals and F]F connectors
are not damaged.

Installation/operation
Care must be taken during installa-

tion so that no strain is put on the F]F
connectors. On TWTs with SMA connec-
tors, precautions should be exercised
as to the amount of torque applied to the
connectors. The waveguide mating
flanges should be clean, smooth and flat
so that a good mechanical, as well as
PF connection, can be made. Polarity of
the applied voltages and the direction
Of cooling liquid or air flow require cautious

observation.

Storage
lf at all  posslble, the original shipping

container should be retained and used for
storing the T\/\/T and for any future
handling or moving which may be required.
Liquid-cooled TWTs must be free of
coolant prior to storage. In addition, the
specified storage temperature limits must
not be exceeded.
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Radar Applications

Although a German scientist,
C. Hulsmeyer, patented the first primitive
radar as early as 1904, it wasn't until
the mld-1930's that practical systems
evolved. Early systems employed smooth-
bore and, at a later date, cavity magne-
trons. Today, a wide variety of microwave
tubes are employed, Including magnetrons,
cross-field devices, klystrons, tvvystrons-and "s.
Increasing the range

As radar systems have evolved and
grown more sophisticated, the need has
developed for higher average power
devices to detect targets at greater ranges
-even in the presence of ECM inter-
ference. And because tracking capabilities
have often been equally important, or duty
cycles have had to be limited, peak-power
requirements have also increased.

The coupled-cavity ll/\/T has proven
to be an ideal device for many high-power
radar systems. Such tubes are used jn
mobile, naval and airborne radars. The
coupled-cavity tube can provide peak

powers in the order of hundreds of kw's
at K4J-band and megawatts at S-band.
With solenoid focusing, average powers
of as much as 10 to 20 kw's are achiev-
able at K[I-band and as much as 60 to
80 kw's at S-band.

Bandwldths of 100/o are common for
coupled-cavity tubes (bandwidths up
to 300/o are achievable, employing special
designs). This bandwidth is sufficient for
most systems employing frequency-
hopping or frequency-scanning modu-
latlon techniques.

Pulse compression
Pulse compression systems require

that the phase linearity of the transmitter
be extremely good. Although good phase

Iinearity can generally be achieved in helix
TWTs, a coupled-cavity tube must be
carefully designed to achieve flat phase

performance. To accomplish this, Hughes
employs a patented technique to introduce
in-band loss. Deviations from phase
llnearity of only a few tenths of a degree
ln bandwidths of 40 to 50 megahertz
have been achieved,

Phase linearity, if held to reasonable
limits, will also enable the tube manu-
facturer to offer TV\/Ts which closely track
in phase between tubes. This is of prlmary
importance when tubes are to be operated
in parallel. Many systems are being
con figured using two to four tubes -both
helix and coupled-cavity-In parallel.
Hughes has an excellent understandlng
of the tube design constraints which must
be employed to achieve good phase
tracking in both types of tubes, and for
this reason the company is jn a position
to work closely with the radar designer
to achieve the system requirements.

For airborne radar applications,
Hughes has employed a solenold
wrapped directly on the tube body. This
technique minimizes the size and weight
of the T\/VT and also reduces the solenoid

power. The technique, although first
employed for airborne tubes, is now
standard practice at Hughes for all new
solenoid-focused l1/VTs.

H igher average power
ln a system operating with a high

pulse repetition frequency, the total
average power can be limited by grid
heating. Early TWTs were equipped with
a single grid, and the Intercepted current
could cause the grid temperature to rise
to the point at which the grid would start
to emit or ultimately fail.  Hughes Aircraft
Company pioneered the use of the
"shadow grid" (see Section 6) for applica-

tions requiring a high average power.
There are actually two grids in these

tubes  The grid closest to the cathode
js very carefully placed dlrectly ln front

of the second or control grid and is held

at cathode potential. Electrons are not
attracted to thjs shadow grid, but its

presence in front of the control grid
reduces, by an order of magnitude, Inter-
cepted current on the control grid -
allowing much higher average power to be
controlled without excessive grid heating.

Shadow grids are employed in
virtually all grldded tubes at Hughes.
And even more effective techniques are
currently in the development phase. The
new techniques promise even further
improved tube life and performance.

An Optimum design
TWTs have many peculiarities which

must be understood to be certain that
system performance will not be com-

promised. It is important, therefore, that
the radar system designer work closely
with the tube engineer so that the radar

performance is optimized. Among the
potential problems:

• Because the tube turns on in a
nonlinear manner, some dc pulse
compression occurs. This could
create a range error.

• The F3F saturation characteristics

of a TVVT are not the same across
the frequency band of the tube. This
could also create a range error.

• An lnductance ln the grid lead can

result in a triode-type oscillation -
which might take months to resolve.

• Long pulses can result in Ion-
oscillations. Extra tube processing
could alleviate this effect.

Other problem areas could be listed.
The important point, however, is that the
Hughes technical staff, which has
designed and built more ll/VTs for radar
than any other group in the world, can help
to anticipate difficulties before they occur,
shortening the design cycle and increas-
ing the chances for ultimate success.
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E lectronic Countermeasu res

Electronic warfare has been defined
as a military action to take advantage of
the enemy's use of the electromagnetic
spectrum or deny its use to him. It is
usually categorized into:

ESM (Electronic Support Measures)
-Actions taken to search for, inter-

cept, locate and identify enemy
emitters.

ECM(ElectroniccounterMeasures)
-Deliberate jamming or deception

of an enemy emjtter or receiver.

ECCM(Electroniccountercounter
Measures) -Action to ensure effec-
tive use of our equipment despite
enemy jamming.

The earliest use of F]F jamming was
in World War I  by the German Navy.
However, these primitive tactics were not
really developed until the military began
using radar just prior to World War 11.

The development of radar was rapidly
followed by the introduction of ECM tech-
niques to deceive and jam them. In turn,
the evolution of new radars has been

partially the result of a continual need
to stay ahead of any new countermeasure
tactics which might compromise the
radar's effectiveness.

The trend in search radar, for
example, has historically been toward
much higher powers and techniques that
will increase target visibility even while
being jammed. A good anti-jamming radar
necessarily must be able to shift frequency
over a wjde bandwidth quickly to avoid
the jammers source frequency.

ECM trends have also been toward
wide bandwidth system capabilities. The

jammer on the target may be designed
to amplify wideband noise, or to decep-
tively retransmit the hostile radar pulse
to offset the radar's ability to determine
the target's position.

Because wide frequency bandwidths
are essential to the employment of such

ECM tactics, an amplifying device capable
of broad operating ranges with sufficient
output power and efficiency has been
needed.

The T\/VT has proven to be ideally
suited for this task. Unfortunately, however,
ECM is usually not designed as an integral

part of the airframe, but rather adapted
internally or mounted in pods externally,

F.iqule 42 -The 2 to 18 GHz ECM band is  covered with several pulsed helix TWT tubes  using single
gridded electron guns, PPM   focusing and coaxial couplers.
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depending on the military service tactics.
As a consequenee,TWTs are not
standardized with respect to interface
paraineters and require close liaison
between the lwT supplier and the ECM
system engineer.

Pulsed TVITs
Hughes Electron Dynamics Division

has been a leading supplier of broadband,
kilowatt~level, helix ll/VTs for many ECM
systems. Proven production capability
has been established with tubes in all
the major frequency bands.

Currently, pulsed kilowatt TWTs cover
the ECM spectrum up to 18 GHz. Figure
42 shows summary BF output data for
typical octave-bandwidth pulsed helix
tubes which have been used in conven-
tional ECM systems. The tubes feature
a rugged metal-ceramic construction
suitable for airborne or missile envlron-
ments, and typically use a single-gridded
electron gun, PPM-focusing and coaxial
couplers.

Hughes broadband helix TWTs have

A      proven to be reliable building blocks for
many ECM applications. Some typical
examples of hellx TWTs can be seen
in Figures 43 and 44.

F.iqure q3 -Wideband performance fundamental output power vs. frequency.

Flgure 44 -774H saturated output power.
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F.iquTe q5 -When combinlng several kilowatt-pulsed TWTs to attain higher output, accurate phase  tracking ls critical.

REi
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F.igure 46 - Power output with constant drive.
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Parallel pulsed TWTs
Figure 45 is a schematic of a

technique to combine several conven-
tional one kilowatt pulsed TVVTs to attain
higher pulsed power output over a broad
bandwidth.

In such a combiner system, accurate

phase tracking for all components over
the frequency range is a critical require-
ment for satisfactory performance. The
Input dividers are 3 dB hybrlds while the
output combiners (hybrid or "magic T")
have to be capable of handling higher

peak and average power levels over
large bandwidths.

Phase compensation is required for
each tube pair to ensure the correct phase
relatlonship in each combiner. Each of the
tubes also requires an amplitude and

phase equalizer so phase tracking can
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be kept within +20° over an octave band-
width, provided that their grid and cathode
voltages are also individually optimized.

with all these provisions, the com-
biner losses are still  in the order of 1.5 dB
over the band. Four tubes at the 2.5 kw
level would, therefore, provide a combined

peak output power of 7.0 kw
ln some applications, coupled-cavity

TVVTs are needed to provide the F3F

performance and several Hughes types
have been utilized. One example is rated
at 10 kilowatts peak, 2% duty over the
band 75-10 GHz, and another provldes
over 1500 watts CW over the same
bandwidth, as shown in Figure 46

ContjnuousiwaveTWTs
ln addition to these pulsed types,

high-power CW T\/VTs are used in broad-
band airborne jammer appllcations (see
Figure 47). An integral solenold  provides
a compact, rugged device for tactical
environments.

Currently, development work is
underway at Hughes on 200-watt CW
tubes in the 2 to 18 GHz bands for ECM
and ground terminal applications. FIgure
48 and 49 illustrate typical performance
characteristics of these devices.

A shift to CW radar
F]ecent changes ln airborne tactics

have shifted interest to the advantages
of CW radar over the earlier pulsed tech-
niques. Pulsed radars transmit short bursts
of energy and then turn on the receiver
between bursts. CW radar, however uses
antenna Isolation and frequency resolu-
tion to detect the return signal.

The countermeasures to these
radars are:

a)  Deception jammlng whlch uses
transmitted signals so as to con-
fuse the radar's data processing
System.

b)  Noise jammlng which uses high-

power denslty F]F to obscure the
radar return.

Each approach has strong advan-
tages in varled tactical situations, but they
are most effective when used together

Figure ql -Output power with constant F3F drive.

Figure 48 - C W saturated power output.

F.lqure 49 -Saturated CW gain/power vs. frequency
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One way to achieve this objective, shown
in Figure 50, is to use two TVVTs, operating
in parallel from a single power supply. One
is a pulsed TWT for deceptive schemes;
the other, a high power CW ll/VT used for
barrage jamming modes.

This approach is based on the avail-
able single-mode ll/\/Ts previously
described, and recent improvements have
been made in both pulsed and CW single-
mode TWTs in regard to higher power
output, extended bandwidth and improved
duty cycle. For example, a recently
developed I-J band-pulsed lwT is
rated at 8% duty cycle for performance
as shown in Figure 51.

However, newer system concepts
utilize a s/r}g/e multi-mode ll/VT to provide
both the pulsed or CW output. This
approach has obvious simplicity as well
as inherent savings in size and weight.

Multi-modeTWTs
Key design features of these hew

multi-mode devices include a shadow

gridded tetrode electron gun to provide
the varied beam operating parameters.
In addition, nondispersive circuit tech-
niques are used to achieve wider band-
widths. Unique attenuators and velocity
step tapering are also used to inhibit
backward-wave oscillations and enhance
tube stability. Integral barrel PPM-focusing

provides excellent BF performance as
well as a reliable rugged device which
meets the stringent requirements of
modern airborne environments.

Figure 52 shows typical performance
for a multi-mode TWT Flexibility in provid-
ing for intermediate modes allows the
designer to adapt the system to a wide
range of output power requirements.
Specific applications for such multi-mode

performance should be discussed with
Hughes at the time of system design
to benefit from the latest developments
in this area.

F.igure 50 -Two TWTs are operated in parallel  from a single power supply; one pulsed TWT for
deceptive schemes and the other as a high-pciwer CW TWT for jamming.

Flgure 5rf - Power Output vs. Frequency at  80/o duty factor.

65-fty'65Trs-:
*    %^:'^un     „  t\j}":\^(14«ee}ee*rj  4~~,trx#*      3  £')5¥%xi;a  itn,!^2-t)tQ}\*:?y  c\  `£,     ~*   '„  fu~x(?^^y¥drj,^`  <  .  y          c)trs^  {.)  {    ^t`^,   A    y,   ^us*?'   r?   ^       ess+2`  y^   3`>    A  ;S.¥~£  %      A    sc,'.   ty^^  pe)y?    g;  y        y,        A    \')€     *     y    \  5^  y  £5*t  zi*  x  i?  s\'^as:  i  ¢Ltt4eytt`^\asxp,ue.`ffi5'^  (*  s)£unng;q"^ty,"t:':?a`K|'^#;IIILR;'SDUTYcycLEfa*

®i

5%                              i'!
-%++(x%yKS5o%;;i

?`i95%-?ii•$3

g95i%(fa8g;:i3\es£%¢¥g?';i11

as

Flgrve S2 -Multi-mode performance.of a Hughes` multi-mode TWT offers the systems designer
flexibility in output power requirements.
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The TWT in Space
A              Just how long can a TWT/ll^/TA

be expected to perform in a space appli-
cation? Life experience indicates that
10 years is a reasonable estimate for the
life of Hughe§ space hardware.

Shown in Figure 53 are typical
TWTAs for space communications. These
highly sophisticated microwave amplifiers

provide the necessary high gain required
for downlink transmission. This high gain
is attainable due to the combined high
conversion efficiency of the ll/VT and the
electronic power conditioner (EPC).

Hughes space experience began in
1963 with the launch of the Syncom Satel-
lite series. These Hughes/NASA satellites
were the first attempt at placing satellites
in synchronous orbit. Syncom also con-
tained the first of a continuing line of space
lwTs, with an in-orbit operating time
approaching 20,000,000 hours. This is in
addition to the life test experience of nearly
5,000,000 hours. The ln-orbit l1/VT
experience has been accumulated on
over 35 major space programs, including
Apollo, Mariner, Surveyor Pioneer, Intelsat

a     %8S'.ikay|adbb¥:Sst:[., Marlsat, TDPss,
ln the case of TWTAs, Hughes

experience began in the mid-60's with the
Lunar Orbiter program. Since that time,
ll/VIAs have been developed and
delivered for mHitary, NASA, commercial
and international space applications. The
PF-power capabilities of such units range
from 200 mw to 100 W of CW operation.
Hughes has on-going programs to investi-

gate higher efficiency lower weight,
smaller size, higher reliability, the interface

problems between T\/VT and the EPC, and
the interface between the ll/VIA and the
spacecraft.

ThespaceTWT
The design philosophy adopted for

the TWT during the Syncom era provided
hardware that was rugged, reliable, light-
weight, and with a long service life. The
same philosophy has carried over in the
more recent programs to achieve the
same desirable features for the EPC. While
maintaining the original design philosophy,
Hughes has developed and implemented
the most up-to-date state-of-the-art tech-
nology in the areas of metal-ceramics

processing and mechanical and electrical
design techniques. This combination of

philosophy and technology has produced
hardware that has consistently proven
itself to be fully space-qualified.

Keys to a long-life -rwT
The life determining design feature

of a TWTA js the cathode of the tube.
Hughes, in the late 1950's, selected oxide
cathodes as the source of thermionic
electron emission for stable, long-life

performance. In the years since, this has
proven to have been an excellent selec-
tion, having been confirmed by life test
as well as actual operation in the deep
space environment.

To assure long life with an oxide
cathode, the current emission density
or loading of the cathode is usually kept
below 250 Ma/cm?

There are three life-limiting mech-
anisms for an oxide-coated cathode: the

Figure 53 -C-bar)d 4.5 W ar)d 8.5 W rw7As.
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total coating depleted, the change of
mixed oxide coating stoichiometry, and
the acti.vator arrival rate. All of these
mechanisms change with operational
time depending on temperatures, struc-
tural dimensions, initial concentrations
of activators and coatings, and the
vacuum environment within the l1/VT

From accumulated life data, the
temperature, minimum activator arrival
rate, allowed coating depletion, and the
limited oxide mix stoichjometry are empjrl-

cally determined. The dimensions, con-
centrations of activators and coatings, and
the vacuum environment are controlled
by well-proven processes and procedures.

Electron gun optics are selected for
conservative space charge, limited emis-
sion density, and cathode temperature
at a perveance, voltage, and beam size
appropriate to the tube design.

In addition to the oxide cathodes
used for space qualified TWTs, the
so-called dispenser cathode is gaining
some acceptance. The dispenser cathode
lends itself to hjgher loading values per-
mitting a lower area convergence in the
design of electron beams for use at the
higher frequencies. Thousands of hours
of life testing have been completed and
this testing continues to investigate and
establish the dispenser cathode as a long-
life element, at least equal to the well-

proven oxide cathode.
Other factors which must be taken

into account to insure long life are the
heater which heats the cathode, the metal-
ceramic seals which must maintain a
near-perfect vacuum, and the focusing
structure which must assure maximum
beam transmission.

Cathode-knee tern peratu re
An idealized curve of cathode current

versus cathode temperature is shown in
Figure 54. The region to the left of the knee
is known as the temperature-llmited-
emission region. The region to the right, the
area where tubes are normally operated,

is the space-charge-limited-emission
region. lypically, in long-life T\/\/Ts, some
finite margin should exist between operat-
ing temperature and knee temperature.

Another characteristic of long-life
TWTs is that the cathode-knee tempera-
ture is relatively low and is stable as a
function of time after Initial processing.

A method for measuring this parameter,
known as cathode activity test, is to
monitor the cathode current as a function

F.igure 54 -The region to the left of the knee
is the temperature-limited-emission region, to
the righi is the space-charge-limited-emission
region-

F.igure 55 -A cathode activity test is used to
assure that the cathode-knee temperature is
relatively low and stable after initial processing.

of time after removal of heater voltage -
while maintaining all other voltages applied
to the tube,

The tlme-to-knee in Figure 55 is
directly related to the knee temperature
through the thermal properties of the over-
all cathode structure. This curve is taken

periodically during the ll/\/T and l1/VTA
burn-ln period to assess the quality of the
cathode. The time-to-knee must be stable
during final burn-in hours to assure a long-
Iife device.

Long-life heaters
The heater which is the hottest

element in the l1/\/T must provide the
necessary energy to maintain the correct
cathode temperature. For this reason the
selection of reliable high-temperature
materials and the limiting of the maximum
heater temperature through optimum
thermal design are necessary factors in
obtaining a reliable, long-life heater design.

It should also be noted that during
turn-on and turn-off cycles, the heater
must go through a change in mechanical
dimensions. The design must provide for
this expansion and contraction without
over-stressing the heater wire or the
heater coating which has been applied
as an insulator.

The vacuum envelope
The required vacuum environment

for the cathode can be degraded jn
several ways, all of which tend to increase
the pressure and impair cathode opera-
tion. Among these are a leak in the
vacuum envelope, internal outgassing
due to overheating, or arcing with
attendant poisoning and/or Ion bombard-
ment of the cathode.

The incidence of vacuum envelope
leaks is kept extremely low by the use of

good designt proven reliable metal-
ceramic joining techniques, and very
high quality materials.

Careful analysis, together with
thorough thermal desi.gn and testing, leads
to conservatively low operating tempera-
tures within the TV\/T Under these circum-
stances, the ll/VT bakeout temperature
is never approached (except at the
cathode) in normal specified tube opera-
tion. Hence, the cleaning and outgassing
function of bakeout is not sacrlfjced.
A heated getter provides internal pumping
capacity over extended life.

Screening and storage tests are
performed during the manufacturing cycle
to eljmjnate any possible leaks.
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Beam focusing
SpaceT\/VTs make exclusive use     .

of PPM focuslng. There are three types
of materlal which are used: platlnum-
cobalt, Alnico-8, and more recently,
samarium-cobalt. These materials have
been chosen so that a maximum mag-
netlc field may be achieved. During testing,
the magnetic fleld may be altered sllghtly
by placing small magnetic shunts on the
outside diameter of the magnet stack.

Critical design parameters
The primary design parameters

which differ according to the different
applications are frequency, power level,

galn, bandwidth and life  Secondary con-
siderations which must be taken into
account to achieve the best tradeoffs for
a specific application are efficiency,
linearity, size and weight.

1T\/VT size is determined by the physl-

cal laws whlch determlne the frequency
response, Iinearity, and efficiency. The
weight depends on the size, materials
used, and the structural techniques
employed for the necessary strength to
survive the thermal stresses, pyrotechnlc
shock and vibrations encountered during
launch and operations

The space EPC
Hughes has developed and manu-

factured EPCs for ll/VTs capable of
200 mw to 100 W of CW RF power. These
units are designed to supply cathode
voltages from 1.2 to 5 kv and wlll operate
from a regulated or unregulated bus.
In addition, EPCs have been developed
for pulsed applications with cathode
voltages in excess of 10 kv

The EPC converts the regulated
or unregulated spacecraft bus voltage
to dc voltages at the proper levels and
with the necessary regulation to operate
a given T\/VT A simpllfied block dlagram
of a typical EPC is shown in Figure 56

The heart of the EPC is a new
approach to voltage converslon and regu-
lation known as the "Venable Converter,"

patented by Hughes. The converter utilizes
a circuit configuration that achleves such
desirable features as higher efficiency, a
single circuit for regulation and conversion,
mlnlmized output filter requirements, and
simpllfied control system applications.

The slze and weight of the EPC is
dependent on the thermal interface, F]FI
and telemetry requirements, spacecraft

power bus, allowable ripple current that
the l1/\/TA can inject on the power bus,
residual AM and PM noise, and shock
and vibratlon levels to be experienced
ln the launch environment.

Hughes has on-going programs
explorlng efficlency improvements, longer
IIfe and reliability,  packaglng techniques,

the effects of radiatlon, multi-stage collec-
tor operation, and system Interface as it
relates to both thermal factors and the

power bus of the spacecraft.

Future trends
The future trends belng dlctated by

systems requirements are toward hlgher
frequency, greater efficiency, Increased
rellability  longer life, smaller size, lighter

welght and, in some cases, higher power.
The migration to higher frequency,

from the standpoint of the ll/VT will result
in smaller and lighter weight devices.
However, as the frequency Increases,
cathode voltages usually Increase, causing
the EPC to grow ln both size and welght.
Thls, in turn, wlll force the investigation,

qualificatjon, and in some Instances, devel-
opment of new materlals and processes.

Future Improvements in efficiency will

be gradual as the T\/\/T and EPC approach

maturlty.  Efforts wlll be continulng in

resynchronization and multi-stage collector
techniques for l1/VT efficiency improve-
ments, while new circuit techniques will be
explored and new components evaluated
for efficiency improvements in the EPC.

Higher reliability can be achieved by
additional screening, testing and burnin.
This is usually a trade-off of time and cost.
Longer life may be brought about by lower
cathode loading, incorporating into future
des;gns the experlence gained through
life testing and actual system usage, and
a continuous program of cathode material
improvement and evaluation.

The smaller size and lighter weight
will come about by exploring and develop-
ing new materials, more efficient ways
to package the EPC, improved techniques
of heat removal, and working in close
relationship with system engineering so
that a given T\/\/T/ll/VTA is designed for
optimum performance in a package that
meets the environmental and mechanical
interface requlrements.

HigherpowerT\/VTs/TWTAshave
been developed and manufactured for
other applications. Therefore, it will  require
the transfer of that technology to space-

qualifled hardware, while still majntaining
and assuring the stringent requirements
needed for such hardware.

F.iqure 56 -The heart of the EPC is the new approach to voltage conversion and regulation known
as the "Venable Converter."
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Earth Terminal Communications

TWTs, T\/\/TAs, and HPAs (high-

power amplifiers) used ln transmitter sub-
systems for satellite earth stations require
special performance characteristics if
they are to meet the demanding require-
ments of satellite up-links.

The stable and controllable devices
must provide low distortion operation
for applications such as video, single
channel per carrier TDMA, FDM, and other
up-link carriers.

Each type of carrier or service places
its own special requirement on BF per-
formance in the areas of gain variation,

group delay, AM/ PM intermodulatlon
distor[ions, and residual modulation.

In addition to BF performance, the
communication power amplifier must offer
high reliability to insure minimum down

time and loss of traffic revenue. When
an amplifier is down it must be supported
by a combination of redundant back-ups,
spares, documentation, factory support,
and a low MITF] (Mean-Time-To-F]epair).

Consideration must also be given to
the amplmers ability to interface properly
with other operational and control sub-
systems in the earth station. Interfaces
may be limited to PF and prime power in
a small remote terminal, or they may
include complete monitor, alarm, and
control functions in a major earth station.
Control of the HPA subsystem may be via
a local control panel, or via satellite from
a distant earth station.

From TWTs to complete subsystems
Hughes Electron Dynamics Division

offers a wide range of low-, medium-, and
high-power amplifiers and subsystems

meeting the most demanding reliability,

performance, and control requirements
for satelljte earth station transmitters.

The company's current products
cover C-, X-, and  Ku-bands, and range
from a basic T\/\/T and power supply
configuration to a complex sub-system
offering redundancy and BF power com-
binjng. Current development programs
wlthin Hughes will provide a basis for
future HPA products in the 30-GHz-and-
above up-link bands.

Figure 57 shows the basic functional
blocks of a power amplifier incorporated
into a redundant subsystem. Hughes
amplifiers and subsystems use helix and
coupled-cavity ll/VTs, together with solid-

state power supplies and high quality
microwave components. Beliability and
maintainability are the keys to success.
Data sheets showing operating charac-
teristics are available for each of the
HIA products offered.

Lowlpower amplifiers
The Hughes 9000H series of low-

power amplifiers is configured for use as
lntermedjate amplifiers in large satellite
earth termjnals and as output amplifiers
in small or remote terminals. Figure 58
shows a Model 9040H02 power amplifier
currently being used in a large number
of remotely located, unattended bush-type
terminals.

-

F.iquie 5rf -A typical redundant HPA subsystem block diagram shows automatic and remote control
features and conf iguration.
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Each  unit is completely self-
contained and consists of a PPM-focused
ll/\/T solid-state power supply, Integral
cooling and protectlve circuitry. Optional
RF features Include a solid-state driver for
increased gain, output isolator for TV\/T

protection, band-pass filter, input lsolator
and input adjustable attenuator. The series
uses any of several rugged metal-ceramic
ll/\/Ts derived from Hughes' space-

qualified devices to provide 10 to 50 watts
of F3F power output in the 6, 8, and 14 GHz
satellite up-link bands.

The solid-state power supply offers
optimum Interface with the ll/\/T for proven
reliability and tube protection, Power con-
sumption is held to a minimum. Protective
features Include excess helix current
overload, thermal overload and automatic
time delay for tube warm-up. Other avail-
able features associated with the power
supply are hlgh-voltage interlocks, operation
from 115 Vac, 230 Vac, 48 Vdc or 24 Vdc

input power, remote controls/status Indi-
cators for remote operation, and redundant
power ampllfier operation.

The compact, lightweight series
9000H units are particularly suited for
transportation to remote sites. They can
be mounted in a l9-inch rack with a panel
height of 31/2 Inches and a maximum

depth of 20 Inches, and are available in
a basic configuratlon (Including a power
supply, ll/\/T and control/protection cir-
cuitry) or as a complete power amplifier
including optional features.  In addition, an
expanded subsystem, shown in Figure 59,
is availble for redundant operation of any
two amplifiers in the 9000H series.

F.igure 58 -The compact Model 9040H02 amplifier is the workhorse of small bush-type earth
terminals. It offers 40 watts at 6 GHz and a MTBF greater than 50,000 hours based on actual field
experience.

F.iqure 5® -Two low-power amplifiers combined with a redundant control unit provide         F.lgure60 -Hughes 9200H series of high-power amplifiers.
40 watts  at 6 GHz in the Model 9640H02 redundant subsystems.
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Highlpower amplifiers
The Hughes 9200H series offers

higher output power than the 9000H series
along with a larger number of control inter-
faces and self-protect features. Figure 60
shows a typical HPA. The unit provides
400 watts at 6 GHz or 250 watts at 14 GHz,
using the same power supply and pack-
age design. As seen in FIgure 61, the high-

power amplifier provides, as required, a
high degree of control and protection. The
series uses air-cooled and either PPM-
focused helix or coupled-cavity TWTs.

The 9200H series is available as
single HPAs or in redundant or power
combined subsystems as shown jn
Figures 62 and 63. Subsystems include
the logic and BF switches required for
automatic and manual selection of the
on-line amplifier(s). Completely integrated
subsystems provide local or remote control
and interfaces, making them ready to
"drop-in" into almost ay type of satellite

earth station.

F.igure &2 -The Model 9740H02 redundant H PA
subsystem includes two (2) high-power
amplifiers and a redundant control unit in an
integrated cabinet. 350 watts at 6 GHz is auto-
matically provided from the on-line unit or the
standby unit in the event of a fault.

F.igure 63 -High-power amplifier subsystem
features redundant or power combined opera-
tions in manual or automatic modes to provide
350 or loo watts at 6 GHz. Input (upconverter)
switching and mimic panels are also featured.
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A   communication-s
The heart of any HFIA Is the micro-

wave tube. The Hughes HFAs employ
hellx or coupled-cavity ll/VTs designed
to meet the low distortion requirements
of satellite earth station transmitters.

A

1

The type of ll/VT used will depend on
the application and power frequency trade-
offs. For example, a helix l1/\/T at 14 GHz
can be used to provide 250 to 300 watts
of BF power while meeting life and relia-
bility requirements. Above this power level,
conservative design requires the use of
a higher power coupled-cavity TWT

Two helix-type TWTs are shown in
Figure 64. Both the Model 662H and
Model 881 H are metal-ceramic tubes
requlring forced air coollng. Electronic
requirements for both tubes are nearly
identical and can be operated from power
supplies of the same design.

Figure 65 shows the typical flat gain-
versus-frequency response of Hughes
communicationTWTs.

The ll\^/Ts offer a low-profile package
with heat deflectors for horizontal or
vertical air flow (Input and output). A

threaded insert is provided at the tube
collector for a thermal sensor.

Hughes also offers a number of com-
munication T\/\/Ts of the coupled-cavity

type. A typical T\/VT used ln the Model
9260H04 HFA is shown in Figure 66.

Minimized gain and phase variations
Typical of these l1/\/Ts is the Model

792H which was developed for use as the
final power amplifier in the FSC-78 military

satellite communications ground stations.
It operates over the 790 to 8.40 GHz
frequency range, producing up to 5 kw
of F]F output power. For such communica-
tion systems, low distortion is required
at all output power levels since the overall
system performance is, in large part,
determined by the output TWTs per-
formance. Extremely low amplitude and

phase ripple is achieved by means of
special tube construction techniques
and an integral gain equalizer.

Other tubes designed for these appli-
catlons Include the 8760H which provides
up to 1.2 kw of CW power ln the 79 to
8.4 GHz band and the 876H providing 600
to 700 W of CW power at 14.0 to 14.5 GHz.
Both tubes are PPM-focused and air
cooled. In the area of higher power tubes,
the 870H provides 5 kw of CW power in
the 14.0 to 14.5 GHz band and the 8723H

provides 14 kw in the 7.9 to 8.4 GHz band.

F.iqure 64 -Models 662H & 881 H 250 and 400 watt helix traveling-wave tubes used in commercial
earth termlnals at 6 and 14 GHz. Both are  PPM-focused, air-cooled, and compatible with a single

power supply design.

F-igure 65 - Typical small signal gain vs.
frequency for Model 662H TWT 400 watts-
6 GHz.
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Both tubes are solenoid-focused and
liquid-cooled.

Special emphasis on minimizing gain
and phase variations is given in the design
of the circuits for these tubes. Gain and

phase variations result from feedback
caused by mismatches in the circuit
sections. The principal mismatches occur
at the ends of the sectjons; i.e„ the internal
terminations and the input and output BF
waveguide couplers. The larger the
mismatches at these points and the
higher the galn in each circuit section, the

greater the gain and phase variations.
The internal terminations normally

used in coupled-cavlty circuits are of
relatively short electrical length, being
confined to a single cavity. As a result, the
mismatch of these terminations can be
reduced to a low but imperfect level.

Hughes has developed and patented
a tapered internal termination for coupled-
cavlty circuits that extends over several
cavities. The long electrical length of this
terminatlon and the gradually tapering loss

pattern results in a very low mismatch.
This technique also Introduces in-band
loss to the section, further reducing the
feedback effect.

The tapered loss is achieved by
using small cavities adjacent to the circuit
cavity. These cavities are loaded with
lossy ceramic "buttons" that protrude
significantly Into the cavity. The protrusion,
or re-entrancy of a button determines the
amount of in-band loss,. the amount of loss
is easily tapered in successive cavities
by simply changing the amount of button
re-entrancy, as illustrated in Figure 67

F-lqure 66 -H ughes Model 876H coupled-cavity communications TWT provides over 700 watts at
14.0-14.5 GHz.

F.igure 6J -ln the Hughes patented coupled-cavity slow-wave circuit, lossy ceramic buttons are used
to produce a gradually tapering loss pattern to reduce mismatch between internal terminations and
the input and output RF waveguide couplers.
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InstrumentationTWTAs
Eii

A

The Hughes Electron Dynamics
Division offers a broad line of instrumen-
tation-type lwTAs. The umts cover the
frequency range of 1  to 18 GHz, with a

power output.of 10 or 20 watts, in all
standard frequency bands, multi-bands,
and extended frequency bands. In addj-
tion,1 -watt units are offered in the 18
to 40 GHz range.

The Hughes Instrumentation Power
Amplifiers are widely used ln ECM, missile
and radar checkout equipment,11/ links,
test equipment, radar ranges, satellite
simulation, communication links, driver

units, medical research and many other
applications that require amplification
of an F]F signal.

Long-service life
Off-shoots of the long-life, highly

reliable ll/VTs developed by Hughes for
space applications, and provided with
completely solid-state power supplies,
the Instrumentation Power Amplifiers
warranted for one full year-regardless
of the operating hours,

The amplifiers are packaged in a light-
weight, small-size enclosure (Figure 68)
which Includes a self-contained cooling
system, automatic time delay, helix current

Looking Ahead

overload, thermal overload and BF output
connector interlock. The power supply

provides a dc heater voltage and a highly
regulated helix voltage to assure a high
degree of gain stability

The units are offered with a wide
range of options so that they may be used
in a variety of applications, and may be
readily adapted to a specific requirement
without major modifications.

Off-thelshelf delivery
Hughes has built the Instrumentation

Power Amplifier on a production basis
since 1969, and can supply most bands
and power levels on an "off-the-shelf"
basis. The units are also offered on the
Government's General Services Adminis-
tration (GSA) Authorized Federal Supply
Schedule. All unjts are shipped with an
Operation and Maintenance Manual
which includes schematic and paris list.
Hughes also maintains spare parts and
the necessary facilities to service and
call.brate the units in a timely manner

F.igure 68 -Instrumentation TWTA.

The l1/VT is now a mature device,
being developed and manufactured by
a mature Industry, geared to the hard
economics of the marketplace. There is,
therefore, no reason to look forward to
dramatic breakthroughs in the major
characteristics of the TVVT device.

There wr.`` be, however, a steady and
significant improvement in  its reliability,

adaptability, and cost. Moreover, it would
only be fair to state that the ultimate
capabilities of the ll\/VT in terms of band-
width, power output, efficiency, size, and
signal fidelity have not yet been fully
exploited by present-day systems. Only
in a few select areas, such as communi-
cation satellites, have TWTs been
employed to the maximum of their intrinsic

a     CapabilitiesThis situation will  undoubtedly

change as the systems of the future are
pushed toward better performance ~
without corresponding increases ln size
or complexity. Even though new classes

of TWTs are not likely to appear in the
foreseeable future, the current effort to
improve efficiency and power-handling
capability will cause a measure of excite-
ment ln the industry. The mix of devices
will also change, as advanced systems
replace some of the more obsolete equip-
ment. Those who are in the ll/\/T manu-
facturing industry cannot expect to
maintain their current level of business
unless they pursue a vigorous develop-
ment program to upgrade their devices.
In spite of phased arrays, for example, the
TWT will remain a rather sophisticated
custom-built device, with most of the
output of the industry golng into complex
military systems.

At the lower power levels` there will
be ever increasing competition from solid-
state devices. And with the introduction
of rare-earth magnetic materials, such
as samarium-cobalt, PPM focusing will
take over a major part of the low-to-
modest power levels, with solenoid
focuslng employed only in those cases

where jt is mandatory, such as a 10~kw
CW X-band transmitter T\/VT

More emphasis will be given to
making ll/\/Ts more adaptable to the
modern airborne environment, which
requires compactness and high operating
temperatures. Heat pipes with vapor-

phase cooling will become increasingly
important as a highly efficient method
for transferring large amounts of heat
in a very confined space.

life and reliability will also be given
a great deal more attention in the future.
Today, the T\/VT is less than adequate
in these two categor`s, but not because
of fundamental limitations, Like any other

parameter, reliabHjty costs money and
development time. The more reliability, the
more the cost. However, in terms of total
system cost and life-cycle cost, the net
savings may be quite dramatic. The real
advances in this area will come as a result
of conservative and skillful designs, not
as a consequence of legislation and
specification writing.

43



A Spectrum of TWTs and TWIAs
Table A-PULSED RADAR and ECM TWTs

F~                                 8erblratod    Cathode   Cethod®    "m®€T-
Model     Era::::Cy        power          Duty          Gain           voltage       Current         LxWxH

Ek (kv)             lk (A)               (Incho8)Number         (GH=)         Output (kw)      Cycle           (dB)
S-Band

658H              2 0100 10                   30                       -10.0                    2.5           19.0 x3,63 x2.56

584H              2 030000 022                   21                         -57.0                   28.0               41.O x6.O dia

587H                2.9-3.1                     125.0                  0.05                    50 45.0                  17.0              56.0 x6.Odia

8503H              3.1 -3.5                    120.0                  0.08                   50 42.0                  17.0             43.5 x 10.O dia

^598H            3 625000 10                   50                      -52.5                  24.0              48.O x 6.0

C.Band
641H                4 01250 1                       30                        -9.75                     1.8               14.5 x 2.75 dia

657H              5 00 04                    47                       -37.0                   11.0             35.5 x6.7 x8.7

622H               5.4-5.8 75.0                  0.025                  50                       -38.0                   11.0             29.O x3.3 x7.5

676H               5.4-5.9                     12.0                   0.03                   45 -23.0                    4.0             27.O x 8.75 x8.0

X-Band
788H             7 01000 02                   40                      -33.0                   7.0               26.Ox 5.5 dia

774H              8.0-16.0 1.25                      0.04                       50                          -11.0                       2.1                  14.Ox2.5x2.O

307H               8.6-9.5                     50.0                   0.01                    50 -36.0                     10.3                21.O x 5.O

8753H             8.5-9.6 150.0                  .035                   53                       -50.0                   17.0              31.0 x 7.5 dia

8718H  -         8.6-9.4                     35.0                  0.012                  52                      -30.0                    7.8               20.Ox4.5dia

760H               8.9-9.9                     40.0                   0.01                   42 -30.0                    8.0                16.5 x 5.5 dia

750H             9 02500 01                     47                        -24.0                    5.5                18.5 x 5.O dla

796H               9.2-9.9                    40.0                  0.04                  54                     -32.0 7.0                20.5 x 5.5 dia

8709H              9.2-9.4                    26.0                 0.012                 47                      -25.0                   6.0               20.5 x 5.0 dia

8740H             9.3-9.9                    50.0                   0.02                  50                      -33.0                   8.0               24.O x 5.5 dia

8708H           9 026 0                  0.012                  47                       -26.0                    6.0                21.0 x 5.O dia

781H            9 85250 5                       53                         -12.0                      1.2                16.Ox6.Ox7.5

8725H             9 9                     15.0                   0.02                   58                       -23.0                    4.0                18.0 x3.3 dia

867H             11.0-17.0                    5.0                     0.02                   40                       -33.0                    2.5                20.0 x 4.0 dia

Ku-Band

44

866H             15.7-17.7                   10.0                     0.5                     33                       -30.0                    3.4                30.0 x 7.O d`a

854H             16.0-16.5                 loo.0                  0.03                   53                       rfe5.0                    8.1                 2o.o x 6.O dia
838H           16 a-16 5              1000              0 005               58
835H             16.0-165                200.0                  0.01                    60                      -85.0                  13.0              27.O x 6.0 dia
82Ow            16.a-17.a                  5.a                   0.01
830H             16.2-16.7                    3.0                     0.04                   37                       -22.0                    1.3                16.0 x4.5 dia

0              0 025              45

*   =dualmode
A  = under development



Dlm®nalon8
L x W x H                 Wolght             Wolght                                   Modulatlon                                 Model

( cm)                        ( Ib8.)                  ( kg)              Focu8lng          Control           Coollng         N umber
s-Eland

48.26 x 9.22 x 6.5                  8.0                        3.64                      PPM                         G                            C                      658H

104.14 x 15.24 dia               185.0                     84.09                      PPM                        SG                             L                        584H

142.24 x 1 5.24 dia               195.0                     88.64                      PPM                         SG                            L                       587H

110.49 x25.40dia               190 0                     8618                      SOL                         SG                            L                      8503H

121.92 x 15.24 dia               200.0                      90.9                         Sol                          SG                            L                      ^598H

c-Eland
36.83 x6.99 dia                   10.0                       4.55                       PPM                          G                              L                       641 H

90.17 x 1 7.02 x 22.1                58.0                       26.36                      PPM                         SG                             L                        657H

73.66 x8.38 x 19.05               40.0                       18.18                      PPM                         CP                             L                        622H

68.4 x 22.23 x 20.32              55.0                     24.97                     PPM                       SG                          FA                     676H

X-lrand
66.04 x 1 3.97 dia                 35.0                      15.91                      PPM                        SG                            L                       788H

43,18 x i a,i 6 X 8
35.56 x 6.35 x 5.08                 5.0                        2.27                      PPM                         G                            C                      774H

53.34 x 1 2.7 dia                   30.0                      13.64                     PPM                          A                              L                       307H

79.0 x 1 9.0 dia                    65.0                        29.5                         Sol                          SG                            L                      8753H

50.8 x 1 1.43 dia                    26.0                       11.82                       PPM                         SG                            FA                     8718H

41.91  x 1 3.97 dia                  22.0                        10.0                        PPM                         CP                             L                        760H

46.99 x l2.7 dia                   26.0                      11.82                      PPM                        CP                           FA                      750H

52.07 x 1 3.97 dia                  28.0                       12.73                      PF'M                         SG                             L                        796H

52.07 x 1 2.7 dia                   26.0                      11.82                      PPM                        SG                           FA                    8709H

60.96 x 1 3.97 dia                 32.0                     14.55                     PPM                        SG                           L                     8740H

53.34 x 12.7 dia                   26.0                      11.82                      PPM                        SG                           FA                    8708H

40.64 x 15.24 x 19.05             37.0                       1682                         ls                            SG                             L                       781H

45.72 x 8.38 dia                  10.0                       4.55                      PPM                        SG                          FA                    8725H

50.8 x 1 o.16 dia                   18.0                        8.18                        PPM                         SG                             L                        867H

KUEfand
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76.2 x 17.78 dia                  65.0                      29.55                         ls                             A                              L                       866H

50.8 x 1 5.24 dia                  45.0                     20.45                        ls                           SG                           L                       854H

68.58 x 1 5.24 dia                 30.0                      13.64                     PPM                        SG                            L                       835H

40.64 x 1 1.43 dia                 14.0                       6.36                       PPM                          G                             L                       830H



Table 8 -CW RADAR and ECM TWTs
Frequency                                             Saturated     Cathode     Cathode     Dlmon8lon8

N¥#bo:,       TgE!;      o.?pouYitw,    cD,UCY.        fdaET          ¥ok'fE3?      C,¥(T,nt        t':cYxg8T
S-Eland 55l H             2.04.0                    i ,a                   CW               30.a                   -8.0                  1.5

^562H                2.0-4.0           1.O p -O.2 CW         0.05                  30.0                      -7.8              1.8-0.300         17.5x 2.5dia

C-Band              ^580H             4.0-8.a.         1.O p 0.1  CW        0`05           40.0-23.a               -9.5             1.2-a
^636H              4.4-5.0                      10.0                    CW                  11.0                     -15.0                    2.0               36.0 x 12.O dia

^8713H           7.5-10.2                     1.a                     CW                 40.0                      -9`8                     1.2

X-Band               ^869H           8.o-16.O*       1`Op 0,1  CVV        0,05           40.0-20.a              -11.0            1.2-0.30
^8730H            9.0-18.0                    0.2                     CW                 30.0                     -9 5                     0.3              17.0 x3.Ox 2.8

8731 H           10.0-10.2                   a.5                    CW                 40.0                    -16.0                 0

Ku-Band                875H            13.6-14.0                   5.0                    CW                 43.0                    -18.5                   1 `.5
^832H           15.5-17.5                    1.0                      CW                  30.0                     -14.5                    0.5                20.Ox 7.Odia

mm-wave         |819H         54.5-55,5                5.0                  CW               20.a                 -15.a                a.9
920H             59.7-60.3                  0.05                    CW                  35.0                     -15.5                 0.060           14.O x 4.O x 5.O

Tablec-COMMUNICATIONTWTs
Satu rated     Cathode     Cathode     Dlmen8lon8

N¥:db®:r   FrrgE¥Cy   ou:;uii#w)    cDyu:yo        fdaE7          ¥R.YES?      Ci:r(T)nt        +I:cYX£7
C-Eland 663H              5.2-5.8                     3.a                    CW                46.0                   -13.5                   1

670HA      5.925-6.425             0.050                  CW                 45.0                    -3.75                0.095           11.2 x2.Ox2.4
677H         5.925-6.425            0.125                 CW                45.0                    -6.5                0.170          16
662H         5.925-6.425             0.400                 CW                40.0                    -8.0                 0.420          22.1  x 4.2 x 3.4
614H         5.925-6.425               8`0                   CW                40.a                  -18.0                  2.8              34
745H               7.9-8.4                      1.2                     CW                 30.0                     -9.9                   0.09              18.O x 6.0 dia

751 H/103          7.9-8.4                    40,0                 a.014               sO.O                   -32.a                  7.5
767H                7.9`-8.4                       3.0                      CW                  35.0                     -13.4                   1.48              21.0 x 6.1  dia

46

mm-wave           914H           30.0-31.0                 0.2                  CW               35.0                  -16`0              0`070
913H             36.0-38.0                    0.1                       CW                  45.0                     -16.0                 0.070             18.0 x 4.O dia
9i 5H           43.C*45.a                0.25                  CW                50.0                  -22.0

^812H           49.5-58.0                   0.15                    CW                  12.0                     -20.0                   0.12            15.0 x4.Ox 10.0
1813H         54.5-55.5                  1.a                   CW                25.0                  -25.a
^814H           91.0-96.0                  0.10                    CW                  25.0                     -15.0                   0.17            18.0 x9.O x lo.0

Table D-COMMUNICATION POWER AMPLIFIERS
Ampllfl®r         Froqu®ncy                                Saturated                    I n put                           D4m®nelons

N¥#£r           T8F}!;         oupt:#t®(rw)      (dG83'T^                 Ysar3.8;                      Ynxc#£?
C-Band               9210H02^         5.925-6.425              loo.a                 60.0            120/240 VAC; 48 VDC          19

9040H02           5.925-6.425                40.0                    44.0           120/240 VAC; -24/48 VDC           19 x 3.5 x 1 5.6
9640H02          5.925-6.425              40.a                  44.0 120/240
9240H02           5.925-6.425               350.0                   70.0 120/230VAC;50/60Hzl  ¢       19.Ox21.Ox24.0
9740H02          5`925-6.4 25             350,a 70.0         120/230 VAC; 50/60 Hz 1 1 9.0 x 48,a x S

9740H02B-003     5.925-6.425         350.0/700.0            70.0          120/230 VAC; 50/60 Hz 1  ¢       19.Ox70.O x30.O

X-Band                 9040H03               7.9-8.4                    40.0                  44.0         120/240 VAC; -24/48 V x 3.5 x 15.6

Ku-Band               9020H04             14.a-14.5                 20.a                   50.0          i
9225H04               14.0-14.5                  225.0                   60.0          120/240 VAC;-50/60 Hz 1 ¢        19.Ox21.Ox24.0
sO15H04              14`0-14.5                   15.a 50.0         leo/240 VAC; -24/48 VDC
9260H04              14.0-14.5                  600.0                   60.0                         208 VAC 3 ¢                      19.0 x 25.O x 30.0

A underdevelopment        I  Electronic powerconditioner         §  Pulsed o.33%duty



Dlm®n8lon8
L x W x H                  Wolght             W®lght                                    Moclulatlon                                   Modol

(cm)                        (Ib8.)                  (kg)              Fbc ue[ng          Control           Coollng         N u mbor
s-Eland

44.45 x 6.35 dia                   10.0                       4.55                      PPM                        SG                            L                   ^562H

50.8x to.16x8.13               10
91.44 x 30.48 dia                175.0                    79.55                        ls                             A                             V                     ^636H

24 die              57

C-Eland

43,18 x 10.16 x 8.13
43.18 x7.62 x 7.11                  8.0                         3.64                       PPM                          A                              C                  ^8730H

36.07 x 5.08 die                  7

x-Eland

55.88 x 1
50.80 x 1 7.78 dla                 65.0                      29.55                         ls                             A                             L                     ^832H

Ku-Eland

63.50 x 30`48 x
35.56x lo.16x 12.70              13.0                         5.91                         PPM                          CP                             C                        920H

D]menslon8
L x W x H                 Welght             Welght                                   Modulatlon                                 Model

(cm) (Ib8.)                  ( kg)              Focu8l ng          Control            Coollng         N u mbor
68.58 x 20.32 x 20`32           14

28.45 x 5.08 x 6,1                    4.0                          1.82                        PPM                                                           FA                      670HA
40.64x7.1  x 7.1                    6

56.13 x lo.67 x 8.64               10.0                        4.55                       PPM                          A                            FA                      662H
86.36 x 1 9.05dia                95.0
45.72 x 1 5.24 dia                  42.0                       19.09                        Sol                             A                               L                        745H
55,88 x 13.97 c]ia                 30
53,34 x 1 5.49dia                 68 0                      30.91                         ls                             A                              L                       767H

.49 dia                65
68.58 x 1 7.27 dia                 120.0                     54.55                         ls A                            L                 ^8723H

5,4§ dia
66.04 x 16.0 dia                   40.0                       18.18                      PPM                           A                             FA                     8760H

c-Eland

28.45 x 5.08 x 6.1                  4 x-Eland

26.20 x 1 7.78 clia                65`0
43.18 x 7.62 x 7.62                10.0                       4.55                       PPM                          A                            FA                   ^8730H
23.62 x 5.08 x

54.86xl3.21  x635               11.0                          5.0                         PPM                           A                             FA                      881H
54.86 x 12.19 x 15.7

I(u-Eland

45.72 x 1 CL16
45.72 x lo.16dia                  12.0                        5.45                       PPM                          A                             FA                      913H
45.72 x 10

38.1  x 10.16 x 25.4                 17.0                        7.73                        PPM                         CP                             L                       1812H
45.72 x 25.4 x 30.48

45.72 x 22.66 x 25.40             40.0                      18.18                       Sol                          CP                            L                      ^814H

D#:nHsi°B8           wo,ght        woight         MT#®,                                                          A#EL[fct[®r

(cm)                      (lbe.)               (kg)            Number                           Type                              Number
C-Band

47

48.26 x 8.89 x 39.62            30.0                  13.64               670HA Power Amplifier                       9040H02

48.26 x 53.34 x 60.96          170.0                77.27                662H                                      HPA                                    9240H02

48.26xl77.8x76.2          400.0181.82              662H             pwrcoRg?nuenddg:gsystem      9740H02R-003

X-liend

Ku-Eland
48.26 x 53.34 x 60.96          170.0                77.27                 881 H                                       HPA                                    9225H04

48.26 x 63.5 x 76.2            200.0                90.91                 876H                                      HPA                                    9260H04



Table E -SPACE TYPE CW TWTsl

N¥:dbo:r      Fr¥8#y          Ptw)or          Sa%:Efed         CvEa¥tt¥3d;e              %:#:rA¥:
L.Band

414H                        1.5-2.0                              12.0                                   28                                   -1.2                                         0.05

S-Eland
8281 H                     2.0-2.3                          300.0                               35                                  4.9                                     0.170

283H                      2.5-2.7                          loo.0                               42                                 -3.3                                      0.1

C-Eland
230H                     3.74.2                            5.5                                 55                                -1.3                                   0.022

249H                    3 74 2                           8.5                                57                               -1.6                                   0.03

272H                      3.74.2                             15                                 35                               -1.63                                   0.09

276H                      3.74.2                            0.5                                 31                                -1.05                                  0.005

246H                      3.74.2                            12,0                                57                                  1.8                                      0.35

8510H                    3.74.2                             7.5                                  58                                -1.4                                    0.030

279H                    5.9€.4                        loo.0                            33                              -3.6                                 0.085

X-Eland
240HA                    6.0-9.0                           16.0                               46                                -3.4                                   0.040

293H                     7.0-8.0                          40.0                               53                               -4.0                                  0.053

265H                     7.0-9.0                           22.0                               46                                -3.8                                    0.05

219H                       8 0                         20.0                              40                              -3.4                                   0.04

Ku-Eland
280H                    10.5-13.0                          10.0                                 54                                  -3.0                                     0.029

837HD                    11.9-12.1                               1.3                                      45                                   -1.88                                         0.01

294H2.`              11.95-12.13                      loo.0                                40                                  -8.1                                      0.056

284H2..           12.038-12.123                  250.0                               38                                 -8.2                                    0.092

837HB                  13.0-14 0                          1.0                                  45                               -1.85                                  0,009

837HC                   13.7-14.1                             1.0                                    45                                  -1.88                                       0.01

264H                    14.0-15.0                         16.0                                 46                                -3.45                                   0.041

8294H3.`            14.52-14.68                    100.0                               40                                -8.0                                    0.056

292H                 17.75-20.25                       4.0                                  50                                 -4.5                                    0.017

K,Band
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1918H                 17.0-22.0                      25/75                          20/50                           -11.0                                 0.075

950H®                  19.0-23.0              3.5/7.0/15/30                       55                                -6.75                                    0.05

254H                   29.0-31.0                         2.0                                 42                                -5.5                                   0.007

^943H.               41.043.0                     200.0                            47                             -21.0                                0.095

^985He               84.Oe6.0                     200.0                            47                             -25.0                                0.160

A = under development
1  All models are PPM focused and conduction cooled unless otherwise noted
2  Anodemodcontrol      3  Aperaturegrid      .  Conductionradiationcooling      I  Badiationcooling      ®  Multi-powerlevels



Dlrnenelon8
LxWxH
(Inches)

Dlm®n8lon8
L x W x H                             Wo]ght                         Welght                   Modct

(cm)                                    (Ibe.)                               ( kg )                    Number
L-Iiend

11.5xl.6xl.6                       29.21  x4.06x4.06                                  1.4                                           0.64                               414H

22.O x 7.5 x4.3                   55.88x 19.05x lo.92                            12.0                                        5.45                            8281H

14.5 x 2.6 x3.0                      36.83 x6.60 x 7.62                                4.2                                          1.91                              283H

s-Eland

12.4xl.9x2.3                      31.50x4.83x5.84                                1.25                                         0 57                           230H

13.0 x 1.9 x 2.3                      33.02 x4.83 x 5.84                                 1.7                                         0.77                              249H

12.Ox 1.9 x 1.84                     30.48x4.83 x4.67                                1.31                                          0.60                              272H

10.2xl.9xl.84                     25.91  x4.83x4.67                                 1.2                                          0.55                              276H
12.a x 2.3 x 1.8
14.0 x 2.0 x 2.0                     35.56x 5.08 x 5.08                                1.8                                        0.82                             246H

12.1  X 1.9 x

14.0 x 2.Ox 2.0                      35.56x 5.08 x 5.08                                 1.8                                          0.82                            8510H

12.0 x 2.5 x 2.5                      30.48 x6.35 x6.35                                3.0                                         1.36                             279H

c-Eland

12.5x4.6x2.2                      31.75xll.68x5.59                                 3.1                                             1 41                           240HA

13.25 x 2.5x2.5                    33.66 x6.35 x6.35                                361 63                          293H

12.Ox2.2xl.3                      30.48x5.59x3.30                                 2.2                                          1 00                          265H

10.5x2.3xl.7                      26.67x5.84x4.32                                 150 68                            219H

X-Ifand

9.8xl.9xl.6                      24.89x4.83x4.06                              1.25                                       0 57                          280H

13.Ox 2.Ox 2.0                      33.02 x5.08x 5.08                                200 91                        ^286HP

9.4xl.7xl.8                       23.88x4.32x4.57                                120 55                         837HD

21.0 x 6.Odia                         53.34x 1 5.24 dia                                 14.6                                        6.64                           294H2.

18.Ox9.8dia                         45.72 x24.89 dia                                 26.2                                       11.91                          284H2,.

9.4xl.7xl.8                       23.88x4.32x4.57                                1.2                                         0.55                            837HB

10.3 x 1.9x2.3                      26.16 x4.83 x 5.84                                 1.4                                          0.64                            837HC

10,25x2.65xl.85                 26.04x6.73x4.70                               251 14                            264H

21.0 x6.Odia                         53.34 x 1 5.24 dia                                 14.6                                        6.64                          8294H®..

12.Oxl.5xl.5                      30.48x3.81  x3.81                                  1.9                                          0.86                              292H

Ku-Band

16.0 x3.Ox 3.0                     40.64 x 7.62 x 7.62                                6.0                                         2.73                            ^918H

13.5 x 3.Ox 3.0                      34.29x 7.62 x 7.62                                  2.0                                           0.91                                950HO

K-Efand

10.Oxl.9xl.9                      24.50x4.83x4.83                                 1.2                                          0 55                          254H

14.Ox5.Ox5.0                   35.56xl2.70xl2.70                             1506 82                      ^943H.

18.Ox6.Ox 6.0                   45.72 x 1 5.24 x 1 5.24                             18.0                                        8.18                           1985H.
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Table F -SPACE TYPE CW TWTAs
Ampllfl®r          Frequency                                                  Saturated               I nput               Dlmen8Ion8

Model                 Flange                      Power                        Galn                  Voltage               L x W x H
Number                 (GHz)                    Output (W)                      (dB)                      (Vdc)                    (Inches)

S-Band
1190H                         2.2-2.3                                   15.0                                        30                               22-32                   11.O x6.O x4.2

C-Band
• 1244H                       374 2                                 8.5                                      57                             22-42               13.25x4.Ox3.25

1264H                       3.7-4.2                                  5.5                                       55                             22-40                13.23 x4.3 x3.2

1224H                         4.14  2                                     0.2                                           51                              28±20/o                 11.Ox3.5x  1.7

X-Band
1200H                        7.0-8 0                                  0.5                                        32                             23-33                  10.O x4.Ox 2.5

053
1241H                        7.0-8.0                                 40.0                                       53                              22-33                 15.15 x6.0 x4.7

1248H                     7.25-7.75                              10.0                                      50                             22-33                  13.6 x4.3 x4.3

Ku-Band
1268H                      119-13.8                                 1.5                                          55                               22-42                13.25x4.Ox3.25

0                                  57                          21 -35
1250H                     13.0-14.0                              20.0                                      48                             23-35                 13.0 x4.4 x 3.7±
1256H                13.251 43                        24-33
1218H                       13.5-14.5                                  1.5                                          40                                24-30                    11.Ox5.7x2.5

5                        20,0                               53
1230H                     14.0-15.0                               16.0                                      46                              23-35                 13.0 x4.4 x3.7±

46                        23-35
1294H                  17.75-20.25 4.0                                       50                             24-32                13.25x4.2 x3.5

mm-wave             1254H                   30.0-32.0                             3.0                                    43                         2.8-29 6             13.25 x 4.4 x 3.4

Table G -TWT AMPLIFIERS
A#8gt::r         Fri£::=Cy               power                SatGuaTnted          vL=tpaugte          D'LT*8±°Hns
Number                 (GHz)                    Output (W)                      (dB)                     (Vac a)                  (Inches)

S-Band                     1233H                      2.0-4 0                                8.0                                     35                            208 3                 19.Ox 6.5 x 7.0

C-Band                    1234H                      4.0-8 0                                20.0                                    38                            208 3                  19.Ox 6.5 x 7.O

X-Band                     1235H                      8.0-12.4                                4 0                                       33                             208 3                  19.Ox 6.5 x 7.O

Ku-Band                  1236H                     12.4-18.0                               5 0                                       37                              208 3                  19.Ox 6.5 x 7.O

mm-wave             1228H                   37.0-38 0                            2.0                                   30                      28-34 Vdc            13.5x 8.0 x3 5

§ Pulsed
+  Power Supply  Dimension  Only
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Dlmon8lons
L icwm; H                         VY.%]8.Tt                     W(E'8)ht                    N¥#i:r             N¥*±TWT                   Ampllflor

.62 x 1 0.1 6 278H                       1 2esH
27.94x 1 5.24x 10.67                                8.5 3.86                                      256H                          1190H
3S.56x 15.24 x 12.70                             9

SEfand

33.66 x 10.i6 x 8.26                            462 244H                         1243H_
33.66 x lo.16 x8.26                                5.0                                        2.27                                      249H                          1244H
33.66x iG.16x8.26                              3 1.41                                     249HA                         1253H
33.60 x 10.92x8.13                                 3.0                                         1.36                                      230H                           1264H
33.78 x 8.89 x 8.38 751
27.94 x 8.9 x 4.32 233HC                        1224H

C-ELend

30.48x l6`5 x 10.41                                9. 4.36                                 285HA                       1240H
25.4 x 10.16x6.35                                  4.5                                         2.05                                      263H                           1200H

38.48 x 1 5,24 x 1 1 ,94 293H                       1 2aeH
38.48x 15.24x 1 1.94                               16.5                                          7.5                                       293HA                          1241H

30.48 x 12`7 x 7.62
34.54 x 10.92 x lo.92                               6.5 2.95                                    298H                         1248H
38.48 x 1 5.24 x 1 1 .94

x-Eland

28,96 x 1 2.95 x 6,6 837HD                      1292H
33.66 x lo.16 x8.26                                3.5 1.59                                     845H                          1268H

32,39 x 12.70 x 10.67 41                                  286HP                      1247H
33.02 x 11.18 x 9.4 7.0±                                       3.18                                      295H                           1250H

41`28xl7.15x l5.88                           30.0
27.94 x 14.48 x6.35                                 6.0

853H                        1256H
2.73                                    837HA                         1218H

30`48 x 16.51  x 10.8 20                                  851 H
33.02 x 11.18 x 9.4 7.0±                                       3.18                                      288H                           1230H
33.02xll.18x9.4                              7 18                                  264H                       126Ou

33.66x 10.67 x 8.89                                4.8 2.18                                      292H                           1294H

Ku-Eland

33.66x 1 1.18x 8.64                               5.5                                      2.50                                    25l H                         1254H             mm-wav®

Dlmon8lone
L icwm; H                        VY,£'#t                    W(E'8)ht                   N¥#b®:r            Nt:**T\^/T                   Ampllflor

48.26xl6.51  xl7.78                               18.5                                         8.41 564H-8                    1233H                 a-Band
50.8xl0.16x20.32                             28 ?2                         543H -544H                 1160H

48.26xl651  xl7.78                              18.5 8.41                                  640H-8                      1234H                   C-Etond

48.26xl6.51  xl7.78                               18.5 8.41                                   771 H-8                       1 235H                    x-Etoird

48.26x 16.51  xl7.78                                18.5 8.41                                 848H-8                      1236H                I<u-Itond

34.29x 20.32 x 8.89                               8.0 3.64                                 863H                       1228H            mr"w®v®

Eiil
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1177H16FOOO              3.9-11.7                      10,0*                           30*                     15.5xl6.75x3.5         39.37x42.55x8.89
30                   15.5xl

1277H02FOOO               4.0-8.0                        20.0 30                     15.5xl6.75x3.5        39.37x42.55x8.89
30*                   15.5

1177H14F000              5.0-10.0                        10.0 30                     15.5xl6.75x3.5        39.37x42.55x8.89

1177H17FOOO               7.0-16.5                         10.0 30                     15.5xl6.75x3.5        39.37x42.55x8.89

X-Band 5 x 16.?5 x
1277H03FOOO             8.0-12 4                       20.0 30                     15.5 x 1 6.75x3.5        39.37x42.55x8.89

30                    15.5x 16.75x3.5
1177HO8F000             10.5-18.0                       10.0 30                     15.5xl6.75x3.5        39.37x42.55x8.89

Ku-Band             11 a                          30                   15.5x 16.75 x3.5
1277H04FO00            12.4-18.0                     20.0 30                     15.5xl6.75x3.5        39.37x42.55x8.89

K-Band 3Q                     15.5x 16.75x3«5

Ka-Band 15\5 x 16.75 x

Note: Each amplifier contains a PPM-focused,  metal-ceramic TWT, all solid-state, air-cooled  power
supply  in  a 19-Inch  Instrument case.

Optlon8:  lsolator/circulators, hlgh gain, and automatic reset  220/240 ac or 28/48 dc Input voltage.
unattended protectlon,  rack mounting.  local/remote, 48 to 420 Hz, logic circuit (TTL)

Warranty: One year regardless ot operating hours.
* Slightly lower at band edges.

Tablel-KLYSTRONS
Model      Fr3£:a:Cy    Mi*:rm     Duty     SatGu:fnted    Cv%ifagee   %autrhr::te        D'Lmxew8*°Hns

('nche8)Number           (GHZ).      Output(kw)   Cycle           (dB)             Ek (kv)          Ik(A)
X.Band -8.a                a.15

793H                 9.2-9.4                     0.1                   0.33                 40.0                    -3.0                  0.15                   5.O x 3.5 x 3.5
-300

8734H               9.2-9.4                    0.1                    0.5                 30 0                    -3.3                  0.20                  5.0 x 3.5 x 3.5

Ku-Band

SYMBOLS

A        =  modanode
AG     =  ApertureGrid
C        =  conduction
CP     =  cathodepulse
FA      =forcedair
G        =highmugrid
ls       =  integralsolenoid

L           =   liquid

PM    =  permanentmagnet
PPM =  periodic-permanent magnet
SG     =  shadowgrid
Sol     =  solenoid
V        =  vapor phase
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Input
Welght         Welght         Connector        (¥:::.g;)

(pounds)            (kg)                   Type

25.0                       11.36                                N                                115.0

Input                   TWT               Ampllflor
Frequency           Model               M odol

( A)                 Nu mbor            Number

50/60                      418H             1277HO9FO00
LEfand

20.0                       9.09                               N                              115 0                       50/60                       568H              1277H01 FOOO
S-Eland

20.0                     9.09 N                            115.0                       50/60 1177H16F000

20.0                     9.09 N                           115.0                       50/60                       640H              1277H02FO00

20.0                     9.09                             N                            115.0                       50/60 746H               1177H14FOOO

20.0                      9.09                         SMA                        115.0                       50/60                       785H              1177H17F005

C-Efand

20.0                     9.09                             N                            115.0                       50/60 783H              1277H03FOOO

20.0                     9.09              SMA or wp-62             115.0                      50/60                     848HS            1177HO8F006

X-Iinnd

20.0                    9.09                     WP-62                      115.0                      50/60                      856H             1277H04Fl+55
Ku-Efand

K-Band

Ka-linnd

n

Dlmen8lons
LTcwm¥H                   Vy[3]8.Pt           WtEfg,ht

12.7 x8.89x8.89                    4.5                       2.05

Modulatlon                         M odol
Focu8lng            Control           Coollng   Number

PM                           C P                         FA         793H

12.7 x 8.89x8.89                    4.5                       2.05                        PM G                           C           8734H

x-Efand

Ku-Band

1
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Cross Index of Models

Model No.                   Table     Page No.          Model No.
173H   .  .

173H MOD
214H   .  .

222H   .
230H   .
235H   .
240H   .
240HA
244H   .
246H  .
249H   .
251H   .

254H   .
263H   .
264H   .
265H   .

268H   .
271H   .

272H   .

E
E
E
E
E
E
E
E
E
E
E
E
E
E
E

275H                                       E
276H                                       E
277H                                       E
278H                                       E
279H
280H
283H
284H
285H

287H   .
288H   .
288HC
289H   .
291H   .

292H   .
293H   .

52                  294H
295H
296H

48                 297H
48                 298H
48                 307H
48                 308H
48                   414H
48                  55l H
48                  555H
48                  559H
48                 560H
48                  562H
48                 580H
48                 584H
48                 587 H
48                 588H
48                 589H
48                 595H
48                  598H
48                 605H
48                   614H
48
48                  622H  .
48                  635H  .
48                   636H.
48                  639H.
48                    641H.

48                   657H.
48                  658H.
48                   662H.
48                  663H.
48                  670HA
48                  676H.
48                  677H.

E                  48                   719H
E                 48                 725H
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Table    Page No.         Model No.
E                  48                    738H..

745H
750H

48                      751H..

48                   751 H/103
A                 44                  760H
A                 44                  767H
E                 48                  774H
a                 46                   781 H
A                 44                  784H
A                 44                  786H
A                 44                  788H
8                46                 790H

A/ B          44/46              792H
A                44                 793H
A                44                  796H
A                44                  797H
A                 44                   812H
A                  44                   813H
A                  44                   814H
A                  44                   819H
C                46                 820H
A                44                  830H
A                44                 832H

44                   835H..
46                   837H..
44                  837HA    .
46                   837HB    .
44                  837HC    .
44                   837HD    .
44                    838H   ..
46                  839H     .
46                   845H..
44                  848HA    .
46                     851H..

44                   854H..
44                     861H..



A

iii

rl

Model No.
866H   .  .

867H   .  .

869H   .  .

870H   ,  .

874H   .  .

875H   .  .
876H   .  .
881  H   .   .

882H   .  .
913H   .   .

914H      .

915H   .  .

918H   .   .

920H   .

Model No.
1247H   .  ,

1248H   .  .

1250H   .  .

46                   1253H
48                   1254H

8                46                  1255H
C                 46                  1256H
C                 46                  1260H
E                 48                   1264H
C                 46                  1266H
C                 46                  1268H
C                 46                  1272H
E                  48                   1288H
8                 46                  1292H

943H.  ,                                  E                  48                   1294H
944H   .
950H   .
950HA
982H   .
985H   .
i 160H
1 190H

1200H

1202H
1218H

1220H
1224H
1228H
1230H

E
E
E
A
E
G
F
F
F
F
F
F
G
F

48                  8281 H
48                 8294H
48                 8503H
44                  8510H
48                    8511H
50                 8702 H
50                 8708H
50                 8709H
50                  8710H
50                   8713H
50                   8715H
50                  8716H
50                  8718H
50                 8723H

1233H..                                 G                   50                    8725H..
1234H..                              F/G                50                   8730H..
1235H      .                                 G                   50                    8731H..

1236H..                                 G                   50                    8734H..

1238H..                                  F                   50                    8736H..
1240H..                                   F                    50                    8740H..
1241H..                                     F                     50                      8741H..

1244H..                                 F                   50

Model No.
8753H   .  .
8754H   .  .

50                    8760H..
50                    9015H04..
50                   9020H04..
50                   9040H02..
50                   9040H03..
50                   9040H04..
50                     9210H02..
50                  9225H04  ,.
50                   9240H02..
50                   9260H04..
50                   9640H02..
50                   9740H02..
50                   9740H02 F]-003

E48
E48
A44
E48
E48
152

A44
A44
152

846
A44
A44
A44
C46
A44

C/B             46
846
152

C46
A44
A44

1077H11 F000
1077H12F000
1177H01 F000
1177H02 F000
1177H03F000
1177H04F000
1177H05F000
1177H06F000
1177H07F000
1177HO8F000
1177HO9F000
1177Hl oF000
1177H13F000
1177H14F000

1177H15F000
1177H16F000
1177H17F000

1277H01 F000
1277H02 F000
1277H03F000
1277H04F000
1277HO9F000
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Branch Offices:
Massachusetts
1050 Waltham Street
Lexington 02173

61 7/ 861 -0358

Ohio
1918 Miami Valley Tower
4th and Ludlow Street
Dayton 45402
513/224-1061

Texas
Royal Center Tower Suite 302-1
11300 North Central Expressway
Dallas 75243
214/369-9199

Virginia
1515 Wilson  Boulevard
Arlington 22209
703/525-1550

I nternational Office:
France
161,  Hue de Tolbiac
75013 Paris, France
Phone: 33-(1 )-580 95 27 Paris
Telex.. QPA (204681 ) Hugprs
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COVERING  L-,  S-, C-, X-, and  KU-BANDS

MODEL 417H AT 1.0 -2.0  GHZ
MODE L 564H AT 2.0 -4.0 GHZ
MODE L 648H AT 4.0 -8.0 GHZ
MODE L 771 H AT 8.0 -12.4 GHZ
MODEL 848H AT 12.4 -18.0 GHZ

.

DESCRIPTION

The    Hughes    10   watt   traveling-wave    tubes
(TWT's)   in   this  series  have  a  wide  variety  of
applications for laboratory testing and systems
requirements.  Their  construction   is  based  on
the  knowledge  gained  in  the design  and  manu-
facture   of   the   Hughes   "space   type"   TWT's
that have won world-wide recognition for their
proven   quality   and   reliability,   having   logged
over  two   million  hours  of  operation  in  space

aboard    the    Surveyor,    Mariner,    Early    Bird,
Pioneer, ATS, Syncom, TACSAT,  Intelsat and
Apollo spacecrafts. The same facilities,  techni-
cal   know-how  and  craftsmanship  is utilized  in
producing  these  commercial   L-,  S-, C-,  X-and
Ku-band  TWT's.  This,  combined  with  proven
reliability,  allows  us  to  warrant  these  TWT's
for    one    year,    regardless    of    the    hours    of
operation.



SPECIFICATIONS'

E L E CT F3 I cA L

Model2 Frequency
Cathode Cathode Anode Anode % Collector Helix

Voltage3  (Ek) Current  (lk) Voltages  (Ea) Current  (la) Depression4(max.)
mcxrLeanxt:X|-+Number (GHz) (-Vdc) (rnA  maximum) (Vdc) (rnA maximum) (a/oofEk)

417  HD 1.0 - 2.0 1650 ± 100 90 400 2.0 30 15.0

564  HD 2.0 -4.0 1500 ± 50 80 400 2.0 30 15.0

648 HD 4.0 - 8.0 2800 ± 1 00 65 400 2.0 50 6.0
771   HD 8.0 - 12.4 3400 + 1 00 50 400 1.5 50 6.0
848 HD 12.4 -18.0 3400 + 200 50 400 1.5 50 6.0

ELECTRICAL  RF  PEF3FOF3MANCE

Poweroutput(saturated)      .     .
Gain  (at  rated  o
Heater Voltage
Heater Current
Collector  Curre
Helix

0.3V

Noise   Figure   (Typical   -30   dB)
VSWB..........

MECHANICAL
Construction........

Cool i ng        .........

Focusing.........

Weight..........

Connectors  (input and  output) .

E N V I F] O N M E NTA L

Temperature   (baseplate)  .     .     .
A I ti tu de      .........

10 watts minimum

..........    30dBminimum

...........    6.3Vdcorac

•........       0.5Amaximum6

Cathode current  (I k)  -Helix  current  (lw)

.............      Ground

..........  35dBmaximum

..........    3.0:1   maximum

.     .     .Metalceramic

.... Conduction

......, PPM

3  pounds  maximum7
.....      SMA

85°C maximum
.    .     50,000ft.

The  TWT   is   rugged   in   design   and   will   in   general   meet   the   requirements   of  MILE-5400.
Contact  Hughes  Electron  Dynamics Division  for specific  requirements.

WAF3F3ANTY

One year -no hour  limit.

'Specifications subject to change without  notice.

2For  nonrdepressed collector delete  D from  model  number.

3Vo|tage with  respect to cathode.

4Percent collector depression =  Eb/Ek x  loo, -Eb = collector voltage with  respect to  helix.

5|nc|udes body  current.

6Model  number 417HD  is  0.8   A   maximum.

7Model  number 417HD  is  7  pounds  maximum.

NOTE:       Power supply voltages must  be within  the following specified percentages of  nameplate values under all  conditions:
Heater (Ef) i 5%; Anode  (Ea) i  10%; Cathode  (Ek) i 2%; Collector  (Eb)  0 volts to nameplate  value,



Iiii
417HD
L-band  low TWT
Supplemental  Data

I

I

I

I

I

L

HUGHES
HUGHE:S   AIRCRAFT   COMPANY

ELEcrron Dgnamlt5 Dlvl5ion

I

I

I

I

II

TYPICAL   PERFORMANCE                         POWER   OUT   AND   GAIN

AT   RATED  OUTPUT  VERSUS   FREQUENCY

IIIIIIa)gZ<ar-_-_.___---__-_-_-iHUGHES

4030=L20JaE,0=840S30+Ji320a:LLJE,oifzflJ

2590509,  Tel   (213)   534-2121

- --

.85                      1.0                     1.25                     1.50                    1.75                      2.0                      2.

FPEQUENCY  (GHz)POWEROuTPUTVERSUSPOWER    INPUT

2.0   GHz

1.4   GHz

/ 1.0   GHz

5                   10                  15                 20                  25                 30

POWEf]   INPUT   (mw)lanD!lnamltsDIIfl5Ion3\oowestL;om.itaBoulevard , T orranc;e, col.iforriia

Printed   in   U.S.A.   9-73



ii 564HD
S-band  low TWT
Supplemental  Data

HUGHES
I

HUGHES   AIRCRAFT   COMPANY

ELEclron Dgnamlc5 Dlvl5Ion

TYPICAL   PERFORMANCE                       POWER   OUT   AND   GAIN

AT   RATED  OUTPUT  VERSUS  FREQUENCY

150Ii4oII_301=I-20a3;i,0 1// - -- --

59,  Tel   (213)   534-2121

--

.5                    2.0                    2.5                   3.0                    3.5                   4.0                   4
FREQUENCY   (GHz)POWEROUTPUTVERSUSPOWER    INPUT

3030

3.0  GHz =                                                                   4-0  GHzI-lIIIIIIIIIIIIIIIIIIII-IIIIIIIIII-Ir-IIIIIII-
20           5          20

a
2.0   GHz

I-3a

1o               E             1o
=a
CL

00
0                   2                   4                   6                                         0                  10                20

POWEf3   INPUT  (mw)iHUGHESiflJfmuw4JflJIFwh/ff4lnmao3loowestLomitaBoulevard,  Torrance,  california  9o5o

Printed   in   U.S.A.   9-73



648HD               i
C-band  low TWT

-ii= HUGHES
HUGHES   AIRCRAFT   COMPANY

Su p pl ementa I  Data                                    flfi[77tg» 4ELfrdm/84NI/Ttton

TYPICAL   PERFORMANCE                       POWER   OUT  AND   GAIN

AT   RATED  OUTPUT  VERSUS   FREQUENCY

15i4oi;::!': 330a=20CLIJaa:!,00iHUGHESif[fl --

90509,  Tel   (213)   534-2121

- --

.0                    4.0                    5.0                     6.0                     7.0                     8.0                    9.

FFtEQUENCY   (GHz)POWEROUTPUTVERSUSPOWER    INPUT

6.0   GHz

8.0  GHz

4.0  GHz

5                       10                       15                      20                      25                      3

POWEPl  INPUT   (mw)'OnDynamlc5DIIfl5Ion31oowestLam.itaBoulevard. Torrance. Cat-iforn.ia

Printed   in   U.SA.  9-73



E=
771HD
X-band  low TWT
Supplemental  Data

HUGHES
L__________________I
HUGHES   AIRCRAFT   COMPANY

ELEcnnen DElnamlt5 I)ivI5Ion

TYPICAL   PERFORMANCE

POWER   OUT   AND   GAIN
AT   RATED  OUTPUT  VERSUS   FREQUENCY

IIIIIIlL_IcaBZaaiHUGHES
60504030i20aEIO=840§3oLJ52oa:ILl=9,00',.ELEI -- --

3 90509,  Tel   (213)   534-2121

_- -- -

7                             8                             9                           10                           11                           12                          1

FF}EQUENCY  (GHz)POWEROUTPUTVERSUSPOWER    INPUT

11.0 GHz

8.0   GHz
2.4   GH

1234

POWEF`   INPUT lmw)VID9namlc5Drmson3\oowestLorriitaBoulevard. Torrarice. cai-i+orrii

Printed   in   URA.  9-73
__             ___



848HD
Ku-band  low TWT
Supplemental  Data

I

I

I

I

I

L

HUGHES
I

__________J
HUGHES   AIRCRAFT   COMPANY

ELEtTnon Dvnamlt5 DIvi5ion

TYPICAL   PERFORMANCE                      POWER   OUT   AND   GAIN

AT   RATED   OUTPUT   VERSUS   FREQUENCY

I50II40Ii:::_J%0!!`0130i+=205aE10=aEL0iHUGHESif[flHUGHES^lFICR^FTCO"P^N` -- -- --_

590509,  Tel   (213)   534-2121

--

IIEiii=

0.5                   12.0                    13.5                     15.0                    16.5                     18.0                    19

FF`EQUENCY   (GHz)POWEFtOUTPUTVERSUSPOWER    INPUT

12.4 Hz
16.0 GHz

18   GHz

12345678

POWEF3   INPUT  (mw)D9namlesENlrm3\ooVve:stLorhii+aBoulevard. T orrance,  Gal.iforriia

Printed   in   u.S.A.  9-73



3%tLN'¥iEN3NDDRAwi NG                                      61:ift€s. ``J= „„ I  "G/¥cEEMSALE

f           -_±-±EE:I_=i
'

p8cLLEOANDGSMiN   I         fill-fi     -±=[F  i

lt

Note:     Mounting  surface  flatness  must  be  within   .001   inch/inch  and   inductive  thermal   paste  must  be  used.

LEAD           COLOR:E#5BEyELLowANODEGREENHEATERBROWNHELIXBLACKCOLLECTOPREDBLOCKDIAGRAMfBRiyE[LAPPLICATIONSTheblockdiagramsho TWT A 8 C D E F G H I J

when

417H 1 3.00 9.20 1.80 2.25 2.00 3.50 2.50 1.30 4.00 8.00

564H 9.50 5.57 1.38 2.00 1.77 2.27 1.75 1.50 3.00 6.00

648H 9.50 5.57 1.38 2.00 1.77 2.27 1.75 1.50 3.00 6.00

771H 9.50 5.32 1-38 2.00 1.77 2 .2.J 1.75 1.50 3.00 6.00

848H 8.50 4.60 1.38 2.00 1.77 2.27 1.25 1.50 3.00 6.00

DIMENsloNS  AF!E  IN  INCHESPIFINPUT                                                      BF  OUTPUT

w'f   '±-_(-'GTEEN  ----_-_  5j    FiED
'a                                                       ,w                                                                    ,b

'k                                    +_             Ea                                            BLACK

-

-, ,,,,, ,liu+                ,i`--(Ej,
Eb        -                                       --I--            --JL--

EkwstheinterconnectionEXTBEME  CAUTloN  should  be  taken

between  the  tube and  power suppl y and  indi-         setting  up  tube  voltages  so as not to create an
cal:es  monitoring  points  for  voltages and  cur-          undervoltage  or  overvoltage  condition.  Power
rents.    The   configuration,   as   shown,   is   for         supply  votages  must  be  within  the  fol Owing
depressed  collector  operation.  As an alternate         tolerances  of name p ate vO tags  prior to mak-
approach   for   depressed   coll ector   operation,          ing  connection  to  the  tube:  Heater  (Ef±5°/o;
eliminatethewireat point "X''and substitute          Anode   (Ea)  ±  10%;  Cathode  (Ek)  ±2°/o;  Col-
dashed  resistor.  For  non-depressed  operation,          lector   (Eb)   0  volts  to  nameplateivalue  max-
eliminate  the  wire  at  point  "X"  and  connect          imum.
the collector  lead  (red)  direct y to ground.

YOUR   LOCAL   REPFZESENTATIVEIiHUGHE§iELECTRONDyNAM|csD|v|s|oN/  31ooW.  LOMITA BLVD.TOF{F}ANCE,CA.90509/TEL (213)  534-2121ILJ

Printed  jn  U.S.A.-10-73



COVERING  L-, S-, C-, X-, and  KU-BANDS

MODEL 418H AT  1.0 -2.0 GHz
MODEL  568H AT 2.0 -4.0 GHz
MODEL 640H AT 4.0 -8.0  GHz
IVIODEL  783H  AT 8.0 -12.4 GHz
MODEL 856H AT  12.4 -18.0 GHz

ri

DESCRIPTION

The    Hughes   20    watt    traveling-wave    tubes
(TWT's)   in   this  series  have  a  wide  variety  of
applications for laboratory testing and systems
requirements.  Their  construction   is  based  on
the  knowledge gained  in  the design  and  manu-
facture   of   the   Hughes   "sp`ace  type"  TWT's
that have won world-wide recognition for their
proven   quality   and   reliability,   having   logged
over  two   million  hours  of  operation  in  space

aboard    the    Surveyor,   Mariner,    Early    Bird,
Pioneer, ATS, Syncom, TACSAT,  Intelsat and
Apollo spacecrafts. The same facilities,  techni-
cal  know-how  and  craftsmanship  is utilized  in
producing  these  commercial  L  S-, C-,  X-and
Ku-band  TWT's.  This,  combined  with  proven
reliability,  allows  us  to  warrant  these  TWT's
for    one   year,    regardless    of    the    hours    of
operation.



SPECIFICATIONSI

Electrical

Model Frequency
Cathode Cathode Anode Anode % Collector Helix

Voltage2  (Ek) Current  (lk) Voltage2 (Ea) Current  (la) Depressions(max.)
(mcxr:eanxt:X'uWJ)Number (GHz) (-Vdc) (rnA maximum) (Vdc) (rnA maximum) (%  Of  Ek)

418H 1.0 - 2.0 1700 i 150 165 400 5.0 30 15.0

568H 2.0 -4.0 1950 +  loo 120 400 1.5 30 15.0

640H 4.0 -8.0 3225 i 125 85 400 2.5 50 6.0
783H 8.0 -12.4 3950 i 1 50 65 400 1.0 50 6.0
856H 12.4 -18.0 4500 ± 200 80 400 0.5 50 3.0

Electrical  RF Performance

Poweroutput(saturated)      .     .     .
Gain  (at  rated  output)   .....
Heatervoltage(Ef)±0.3V.     .     .
Heater current  ( I f)     ......

Col lector  current  ( I b)    ..,..

Helix  voltage  (Ew)    ......

Noise   Figure   (Typical   -30  dB)
VSWB...........

Mechanical
Construction.........

Cool i ng         ..........

Focusing..........

Weight...........

Connectors  (inputand  output).     .

Environmental
Temperature   (baseplate)  ....
Altitude..........

20 watts minimum
30 dB  minimum

.....      `      .....    6.3Vdcorac

..........    1.5Amaximum

Cathode current  (I k)  -Helix  current  (lw)
.     Ground

..........  35dBmaximum

..........    3.0:1maximum

.     .     .Metalceramic
•... Conduction

....... PPM

3  pounds maximum5
•.....  gMPS+S

85°C maximum
.    .     50,000ft.

The  TWT   is   rugged   in   design   and   will   in   general   meet  the   requirements   of  MIL-E-5400.
Contact  Hughes  Electron  Dynamics Division  for specific  requirements.

Warranty
One year -no hour limit.

`Specifications subject to change without notice.

2Voltage with respect to cathode.

3Percent collector depression =  Eb/Ekx 100, -Eb = collector voltage with respect to  helix.

4|nc|udes body current.

5Model  number 418H  is 6.5  pounds maximum.

60utput connector for the 856H  is WR-62 waveguide with  UG-419/U flange.   CAUTION:   Interface should be flexible

waveguide to prevent any undue stress on the tube's output.

NOTE:       Power supply voltages must be within the following  specified percentages of  nameplate values under all  conditions:
Heater  (Ef)  ±5%; Anode  (Ea)  ±10%; Cathode  (Ek)  ±2%; Collector  (Eb)  ±5% of  nameplate value.



4 1 8 H D                  T-ri-a-6-ri--i-;
L-band  20W TWT

i,-

__-_-_--I

L__________________J
HUGHE:S   AIRCRAFT   COMPANY

Supplemental  Data                                     fzf[77!On4ir»aflyffi zRfl/xt7oin

TYPICAL   PERFORMANCE                          POWER   OUT   AND   GAIN

AT   RATED  OUTPUT  VERSUS   FREQUENCY
I

il::i;:::i,0 0

25509.  Tel   (213)   534-2121

--- ---

85                     1.0                     1.25                    1.50                     1.75                    2.0                     2.

FflEQUENCY  (GHz)POWEROUTPUTVERSUSPOWER    INPUT

40=305a-=20a0=LLJa,aiHUGHESifun

1.6   GHz

2.0   GHz

1.0   GHz

5                  10                 15                  20                 25                 30                 35

POWEn   INPUT   (mw)D!Inamlc5IINfl5Ion3\ooWee+Lam..taBc>ulevard. Torranc;e. Col.iiorn.ia 9

Printed   in   u.S.A.  9-73



568HD
S-band  20W TWT
Supplemental  Data

I

I

I

I

I

L

HUGHES
I

___J
HUGHES   AIRCRAFT   COMPANY

ELEtmon Dvnamles DIV15ion

TYPICAL   PERFORMANCE

POWER   OUT   AND   GAIN
AT   RATED  OUTPUT  VERSUS   FREQUENCY

I

II

40302010 1605040302010ELEl
--_ --

90509,  Tel   (213)   534-2121

- `--
I1=I_JGoot_a:::i+3CLI3aa:LLJ=aiHUGHESi1_.__-_________.-___i

5                    2.0                    2.5                    3.0                    3.5                    4.0                   4.

Ff}EQUENCY   (GHz)POWEROUTPUTVERSUSPOWER    INPUT

a

3.0  GHz I

4.0  GHz

/
1 2.0 GHz

)

5                10               15               20               25              30               35             4

POWEF}   INPUT  (mw)'CnrmD9namlGI"1510n3\oowesitLam.itaBouievard` Torrance, col.itorn.i

Printed   in   u.S.A.  9-73



iii
640HD
C-band  20W TWT
Supplemental  Data

HUGHES I

I

I

II
HUGHES   AIRCRAF-T   COMPANY

ELEtTRon Dvnamies DIV15ion

TYPICAL   PERFORMANCE                      POWER   OUT   AND   GAIN

AT   RATED   OUTPUT  VERSUS   FREQUENCY

IIIIi:_I3:3E=I-JaLLJa0=uJ=aaiHUGHESiflJHIJGHESAIRCR^FTCQ"PRNV 50403020105040302010fl

_,- -- --

509,  Tel   (213)   534-2121

_--

456789

FREQUENCY   IGHz)POWEROUTPUTVERSUSPOWER    INPUT

6.0  GHz 8.0  GHz

I

i

4.0  GHz

II

IZ-/ I

5                                     10                                    15                                   20

POWER   INPUT   (mw)D9namlcsDnfl5Ion3\oowe:stLam.itaBoulevard. T orranc;e. cat-rforriia 9

Printed   in   U.S.A.   9-73



Ei=
/

783HD
X-band  20W TWT
Supplemental  Data

HUGHES
HUGHES   AIRCRAFT   COMPANY

ELEtTnon Dgnamirs I)IV15Ion

TYPICAL   PERFORMANCE                     POWER   OUT  AND   GAIN

AT   RATED  OUTPUT  VERSUS   FREQUENCY

I14oII_3o:;2o:i,o8.0GH10iHUGHESifl -- -- -- -

390509.  Tel   (213)   534-2121

\
\

7                            8                             9                           10                          11                          12                         1

FPEQUENCY  IGHz)POWEROUTPUTVERSUSPOWER    INPUT

303011111 12.4   GHz

_                  20      S      20 -IILJ-
LJ
aL II I

0         3         1oI tE
.0   GHz IllI =I a IEL

0
0.25               0.5                 0.75                                  0                    5                   10                  1

POWEF}   INPUT   (mw)D9namlc5mll5Ion3\oowesitLam.itaBoulevard , T orrance. Cal'i+orriia

Printed   in   U.S.A.  9-73



856HD
Ku-band  20W TWT
Supp[emental  Data

r-----_-_---__--___I
I

i  HUGHES  i
L__________________J
HUGHES   AIRCRAFT   COMPANY

ELEcrRon Dvnamlt5 DIvi5Ion

TYPICAL   PERFORMANCE

POWER   OUT   AND   GAIN
AT   RATED  OUTPUT  VERSUS   FREQUENCY

--- -- --- _-

10.5                    12.0                     13.5                    15.0                     16.5                    18.0                    19.5

FREQUENCY   (GHz)

;   HUGHES   :  fi[fzrm4E/JELJn/ffmufflun 3loo  West  Lomita  Boulevard,  Torrance,  california  9o5og.  Tel  (213)  534-2121
L__________________J
HUGHE5    Alficf?AFT    COMPANY

Printed   in   U.S.A.  9-73



38LLN'¥IEN3NDDRAW|NG                 /t52D,A     J     ``            |    G    ,I;:g;=cEEMSALE          \          856H°]PU7T5

I"i" -+--Ti+  ,I-      c.   D---|iiiiiiii-liiiiiiiiill---I-r-,,,„-,    ` `
p8cLLEOANDGSM,N   I        flL±±\\      ±=[F;           :    I

It

Note:      Mounting  surface  flatness  must  be  within   .001   inch/inch   and   inductive  thermal   paste  must  be  used.

LEAD           COLOB::i:5BEVELLowANODEGF!EENhEATEF}BBOWNHELIXBLACKCOLLECTORF}EDBLOCKDIAGRAMaFi0 W+E,TyE[LAPPLICATIONSTheblockdiagramsh TWT A 8 C D E F G H I J K

r,21

418H 1 6. 00 11.46 1.80 2.25 2.00 3.50 1.50 2.00 3.25 13.00 2.05

568H 9.50 5.57 1.38 2.00 1.77 2.27 1.75 1.50 3.00 6.00 1.75

640H 10.00 6.05 1.38 2.00 1.77 2.27 2.00 1.50 3.00 6.00 i.75

783H 9.50 5.32 1.38 2.00 1.77 2.2:J 1.75 1.50 3.00 6.00 1.75

856H 8.50 1.38 2.00 1.80 2.30 1.25 3.00 6.00 1.75

DIMENSIONS  APE   IN   INCHESF{F INPUT                                                         F}F   0uTPUT

:w'f   i-_(-'GTEEN  ----_-_  5j   RED
'a                                                       ,w                                                                    ,b

'k                                    +_             Ea                                            BLACK

-

-,,,,,,,+,,,, +                 ,?,.--(i;,-I
Eb        -                                         --1--             --JL--

EkwstheinterconnectionEXTF{EME  CAUTION  should  be  taken  whe
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DESCFllpTION

The   173H   is   a  compact,   light-weight  power
amplifier   designed   for  operation   in   airborne
and  missile environments.    It has  high  efficien-
cy  and  high  gain.    100  watts  CW  power  is-at-

SPECIF!CATIONS*

Frequeney  -   Fixed   Tuned ...........
RF-Output   Power    ....,...........
Duty  Cycle  ...........    '    ..-......

Gain-............,.........'

BF  CQnnectors    .
Beam   Voltage    ....,.............

Beam   Current    .....   _ ,............    :

Heater  Voltage  (nominal) .............
Hdeter  Current  ~(nominal) ...-..........
Weight-...........-....`...-...

Size     .     .     '     ......................

coo,ing.-..,--...:...._..........

tained  in  this  light-weight,  permanent  magnet
focused   Klystron.     Low  noise  under  extreme
vibration    conditions    is   achieved    by    rugged
metal-ceramic   construction.

X-band
....       100   W
.-.....-   C;IN

.-...     30    dB
1/2   height   WB-go  waveguide

0.164
5.0
1.6

....,-.   4.25   pounds   (1.93   kg
3"    (7.62   cm)   x_5"    (12.70   cm)
................          Ii_quid

*All   specif ications   are  -subject   to  -change   without   prior   notice.
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DESCRIPTION

The   214H    is   a   lightweight,   high   efficiency
TWT  designed  for  space  applications.  Current
missions  include the Pioneer  Sun  Probe.

SPECIFICATIONS

Frequency....................

Power  output       ..................

Duty  cycle     ....................

Gain  saturated     ..................

Efficiency.....................

Beam  Voltage  ...........
Beam  Current   ...........    :    :    :    :    :    :    :    :

Helix   Current   ...................

Anode  voltage    ..................
Anode  current    ..................
Col lector  voltage  .................
Collector  current  ....,............
Heater Voltage
Heater Current
Construction
Cooling     .    .   .
Focusing      .   .
Weight....
Length       .   .   .
Expected  Life

.2.2  -2.4  GHz
.   .   8.OW
.... CW
•   .  27  dB
.   .   .   350/o(1)
.   .  93o  V(2)
.   .40  rnA
.   0-6  rnA
.    1030  V(3)
.  0.3  rnA
.   .  530  V(3)

34-40 rnA
.   .   4.9  V
. 280  rnA

................................     Metal   Ceramic

........................   Convection

..................................      i      ..........    PPM

............     150unces

•-.............-.................,,......  8.26   Inches

........................................ 40,000   Hours

(1 )   Midband  efficiency  including  heater  power.
(2)   Voltages with  respect to cathode.
(3)   Anode and collector  may be operated  at  helix voltage.
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DESCRIPTION

The   219H   is   a   small,   lightweight,   high   effi-
ciency,    metal    ceramic   tube    developed   for
space   applications.   This  1:ube  was  developed

SPECIFICATIONS

Frequency..............
Power  output  (saturation)     .   .
Duty....
Gain   (saturatio.n)    :    :    :    :    :    :    :    :    :    :    :
Eff iciency   .   .   .
Beamvoltage     .
Beamcurrent      .
Anode voltage   .
Anode current   .
Helix  Current   .   .
Collector Voltage
Heater voltage   .
Heater current   .
Construction    .   .
Cooling.....
Focusing
Weight......

Length.....
Connector      .   .   .
Expected  Life     .

for  NASA/Langley and was space qualified  by
NASA.

..... 8-9GHz

....... 20W

........ C;IN

.  40 dB
•orfyfJ/o

.....- 3400  V

......    40  rnA

......   100V

....    0.15mA

......    2mA

.....- 1800V
-.....  5.2V
..... 410mA
.   Metal  Ceramic
.   .   .Conduction
.......   PPM

.... 240unces

.   .   .10.5  Inches

.   .  OSM  Female
>100,000  Hours
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DESCRIPTION

The     Hughes     Model     230H     travelinglwave
tube     is    a    space    qualified    tube    built    for
the   Tracking   and   Data    Belay   Satellite   Sys-
tem.    The   tube   features   a   ruggedized   pack~

SPECIFICATIONS*

RF  PAF}AMETEFis
Frequency...........................,

Po\^;er  Output  .........................

Duty................................

Saturated  Gain   ........................

Efficiency.................-..........

ELECTBICAL
Beam  \/oltage  .........................

Beam  Current  .........................

Anode  \/oltage  ........................

Anode  Current  ........................

Heater  Voltage  ........................

Heater  Current  ........................

MECHANICAL
Construction.........................

Cooling..............................

Focusing..,..........................

Weight.......I......................

Length   .   .   I   ...........................

Connectors...........................

Expected   Life  ..,.....................,

age   and   is   designed   for   a   minimum   life   of
10     years.     This     tube     is     utilized     in     the
1264H   TWTA.

I.......  3.7  -4.2  GHz

..............  5.5  W

............-... GIN

.............     55  dB

...............   35%

............- 1 340  V

........... 23.5  rnA

.............  200  V

...........  0.01   rnA

..............  4.5  V

...........    265  rnA

.......    metal  ceramic
.......... conduction

...............   PPM

....  25 ounces  (0.7 kg)
12.35  inches  (31.37  cm)
.........  SMA female

•.......-...   10  years

*Specifications subject to  change without  prior  notlce.
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DESCRIPTION

The    240H     is    a    lightweight,    rugged,    high
eff iciency,   metal   ceramic   tube   designed   for
space   applications.   This   traveling   wave-tube

SPECIFICATIONS

was    developed     for     the     Military    Tactical
Communication  Satellite  (TACSAT).

Frequency...............,............................

Power  Output  (Saturation)    ........... `  ........
Duty............-...................................

Gain   (Saturation)         ........................................

Efficiency.............................................

Beam   Voltage         ..........................................

Beam   Current         ..........................................

Anode  voltage     .......................................

Anode  current     .......................................

Collector  voltage        .....................................

Collector  current       ................,................,....

Heater  voltage     .......................................

Heat  current      ....................,...,..............,

Construction........................................

Cooling     .   .   .
Focusing      .   .
Weight-...
Length       .   .   -
Connectors    .
Expected  Life

*Weight can be reduced to 30 ounces with a different package configuration.

6-9  GHz
.   .20 W
.   .   .CW
.  40 dB
.   .  330/o
3400 V
.42  rnA

.....   150V

....   0.1   rnA

....- 1950  V

..... 40  rnA

.....  5.2V

.... 403  rnA
Metal  Ceramic
.   .Conduction
......   PPM
.   .   44 0uncesJ.
.   .12.3  Inches
.  OSM  Female

>100,000  Hours
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DESCRIPTION

The    Hughes   Models   246H,   8510H,   and
8511 H   TWTs  are  designed  and  built  utilizing
the  same  external   package  to  meet  the  strin-

gent  requirements  of  the  Anik  D,  Westar and
Palapa    Communication    Satellite    programs.
The advanced high efficiency, triply depressed
collector    design     incorporates    a    grounded
outershell   that   contains  the  high  depression

ZiE

voltages  within  the  vacuum while  maintaining
excellent   thermal   dissipation   characteristics.
The   metal-ceramic  construction  of  this  tube

provides   a    light-weight,   rugged   package   for
space  applications.  The  long  life  and  BF  per-
formance   characteristics   make   these   TWTs
well  suited  for  use  in  high  reliability,  commu-
nication  sal:ellites.



SPECIFICATIONS*

PIF  PARAMETERS

Frequency..............

Output Power
246H........'.......

8510H     ...............

8511  H      .-...   '   .   .   I   ......

Duty   I   ..................

Saturated  Gain   ...........

Efficiency...............

Noise  Figure   .............

Gain   Ripple     .............

AM/PM  Conversion    .......

ELECTFuCAL  (TYPICAL)

Beam  Voltage  ............

Beam  Current  ............

Anode  Voltage   ...........

Anode  Current   ...........

Helix  Current   ............

Collector Depression
(percentage of beam voltage)

1st  Collector  ...........

2nd  Collector   ..........

3rd  Collector    ..........

Collector Currents
(with  BF)

1 st  Collector  ...........

2nd  Collector   ..........

3rd  Collector    ..........

Heater  Voltage   ...........

Heater  Current   ...........

MECHANICAL

Construction............

Cooling.................

Focusing................

Weight.................

Length.................

Width  (at collector)   ` .......

Height  (including connectors)
Connectors

BF..................

DC..................

Expected  Life  ............

...............    3.7  -4.2  GHz

.........  11.5 watts  (minimum)

..........  7.5 watts  (minimum)

..........  9,6 watts  (minimum)

.................-...   `   .   .C;IN

..............    56  dB  (typical)

................  440/o  (typical)

............  30  dB  (maximum)

0.2 dB  pk to pk/36 MHz  (typical)
.............  3.3°/dB  (typical)

246H

-1650

39mA
150V
0.0'  rnA
2mA

.......        55%

:......7ovo
.......       90%

23mA
9mA
5mA
5.3V
375 rnA

8510H

-1370

29mA
150V
0.01  rnA
2mA

18mA
5mA
5mA
5.3V
375 rnA

8511 H

-1530

34mA
150V
0.01  rnA
2mA

20mA
8mA
5mA
5.3V
375 rnA

...........    metal-ceramic

.............    conduction

........    PPM  with  Smco5
2  pounds maximum  (0.91   kg)
....    15.5  inches  (39.37  cm)

......   2.5  inches  (6.35 cm)

....   3.25  inches  (8.255 cm)

.............  SMA  female

.............     flying  leads

...-..........   >   10  years

ENVIRONMENTAL

These  tubes  are  designed  and  constructed  to  meet  environmental  conditions  typical  of space-
craft  launch and orbit environments.

*All  specifications subject to change without prior notice.
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DESCF`IPTION

The  Hughes  Model  254H  traveling-wave  tube
was  designed  and  built  for  a  millimeter  wave
experiment  on  the  ATS  F/G  spacecraft.    The

SPECIFICATIONS

Frequency.....
Power  Output  .   .   ,
Duty.......,
Gain  (Saturation)   .
Efficiency.....
Beam  Voltage   .   .   .
Beam  Current  .   .   .

waveguide  ports  are  frequency  tunable.   With
this  technique,  VSWB's  of  less  than  1.2:1  are
obtainable over a 3 GHz bandwidth.

24-36 G Hz
.2W
.CAN
40dB

.10%
5500 V
12mA
400V

<.1  rnA

Anode   Voltage      ..........................................

Anode  Current      .........    _    .    _    _    _    _
Heater  voltage      ...........................................        4.0  V

Heater  current      ..........................................     250  rnA
Construction       .......................................       Metal  Ceramic
Cooling............................................Conduction
Focusing................................................PPM

Weight     ..............................................      23  ounces

Length     ..............................................         10  inches

Connectors  ..................................... Waveguide  (UG  599/U)
Expected   Life   ...........................................     10  years
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SPECIFICATIONS*

RF  PAF3AMETERS
Frequency....
Output  Power    .   .   .
Duty...,...
SaturatedGain       .   .
Efficiency.....

Noise  Figure   ....

ELECTRICAL
Beamvoltage     .   .   ,
Beamcurrent     .   .   .
Anodevoltage      .   ,
Anodecurrent      .   ,
Heatervoltage      .   ,
Heatercurrent      .

MECHANICAL
Construction       .   .
Cooling.....
Focusing....
Weight.....
Length.....
Connectors      .   .   .
Expected  Life     .   .

*Specifications subject to  change without  prior notice.

3.7-4.2 GHz
.   .   ,    4.5W
....      C;IN
.   .   .    56dB
....    360/o
.   .   .     29dB

-1200  V
.  21   rnA
.150V

0.01   rnA
.     4.5V
260  rnA

metal-ceramic
conduction
....    PPM

:   :   22 6uhcles-  (6.62  kg
12.35  inches  (31.37  cm

SMA  (female)
.   .10years
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DESCRIPTION

The    Hughes    Model    249H    TWT    is   a   high
efficiency,    long-life   traveling-wave    tube   de-
signed    for   the    Intelsat   V   spacecraft.      This
tube     features    an    environmentally    rugged,

SPECIFICATIONS#

RF

Frequency....
Output  Power    .   .   .
Duty......,

Saturated  Gain       .   .
Eff iciency     .    .    .
NoiseFigure       .   .   .

ELECTRICAL

Beamvoltage     .   .   .
Beamcurrent     .   .   .
Anodevoltage       .   .
Anodecurrent       .   .
Heatervoltage       .   .
Heatercurrent       .   .

MECHANICAL
Construction       .   .   .
Cooling......

Focusing.....
Weight......
Length......
Connectors....
Expected  Life     .   .   .

lightweight   package  that   is   ideally  suited  for
space      communications     applications.      The
249H   is  utilized   in  the  1244H  traveling-wave
tube amplifiers.

3.7-4.2 GHz
....     8.5W
...,.       CW
57  dB  typical
.....     39O/o

.   .   .     28dB

-1575V
30
200

.01
4.5

65

.    metal  ceramic

.   .     conduction

.   .      PPM-Smco
28.8  oz  (0.82  kg)

13"  (33.02 cm)
•    SMA  (female)
....    10years

*Specif ications subject to change without prior notice.
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DESCRIPTION

The    261H     was    designed    as    the    output
traveling-wave     tube     for     the     Intelsat     IV
communications      spacecraft.      Its      low
incremental   phase   shift   at   all   drive   levels   is

SPECIFICATIONS

Frequency....................

Power  output       ..................
Duty........,...............

Gain   (Saturation)       ................
Efficiency.....................

Beam  Voltage        ..................
Beam  Current        ..................

Anode  voltage    ..................
Anode  current    ..................
Col lector  voltage      .....,..........
Heater Voltage (with  respect to cathode)   .   .   .
Heater  current    ..................
Construction...................

Cooling......................

Focusing.....................

Weight.......................

Length..................-...

Connectors.....,..............

indicative      of      its     minimum     distortion
performance.  The package  is designed  for  BFI
suppression.

.3.5 -4.8  GHz

......    6W
•...... GIN

.....   57dB

......   300/o

...- 1600V

..... 26  rnA

....   +200V

.   .   .    0.01   rnA

....- 850V

.....    4.5V

.... 0.265A
Metal  Ceramic
.   .Conduction
......   PPM

.   .   250unces

.   .12.2  Inches

.  OSM  Female
Expected   Life        ..........................................      10  Years

NOTE:   All   voltages   except   the   heater   voltage   are  with   respect   to   helix   (ground).
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DESCRIPTION

The   262H   traveling-wave   tube  was  designed
for  the   INTELSAT   IV  space  craft.   It  is  used
as   a   moderate   noise   (NF    18  dB),   low   level

SPECIFICATIONS

Frequency      .   .   .
Poweroutput     .
Duty.......
Gain  (Saturation)
Efficiency....
Beamvoltage      .
Beamcurrent     .
Anode voltage   .
Anodecurrent   .
Collector Voltage

iil

Heater Voltage
Heater Current
Construction
Cooling     .    .   .
Focusing      .   .
Weight....,
Length       .   .   .
Connectors    .   ,
Expected  Life

driver,    operating    in    the   small-signal    region
with a  small-signal  gain  of 42 dB.

.4-6  GHz

.    .1-5W

.... CW

.   .  35dB

.    .    .15%

.1630  V

.   .   9  rnA

.    210   V
0.005 rnA

Metal  Ceramic
.   .Conduction
......   PPM

.   .   220unces

.   .   .12  Inches

.  OSM  Female

.   .   .10Years
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DESCRIPTION

The   263H    is   a   small,   light   weight,   high   ef-
ficiency,  metal-ceramic  tube  developed  as the
driver  of  the  265H   for  an  advanced  military
communication  satellite.

SPECI F I CAT IONS

F B EQU E N CY   ..................

POWER   OUTPUT   (SATUF3ATED)  ......

DUTY...........-...I......

-..      7-8GHz
500 mw  minimum

---..        GIN

GAIN    (SMALL   SIGNAL)     ....................................      38  dB

EFFICIENCY...............,................16%

BEAM   VOLTAGE .........................................   1750  V

BEAM   CUBBENT .......................................        4.75  rnA

ANODE   VOLTAGE      ......    `    ................................           200  V

ANODE   CURF3ENT    .
HEATEF}  VOLTAGE ,
HEATEB  CUBBENT.
CONSTRUCTION .   .
COOL,NG.......

FOCUSING......

CONNECTOBS....
WE I G HT   ........

LENGTH.......

EXPECTED   LIFE.   .

.   .      .002mA

.   .   .       3.85V

.   -.    250mA
metal  ceramic
.    conduction
.....     PPM

.  OSM  female
.16oz.

9.5  inches
I  >5 years
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DESCRIPTION

The     265H     is     a     small,     lightweight,     high
efficiency,   metal  ceramic  tube  developed  for

an      advanced      military      communications
satel I ite.

SPECIFICATIONS

Frequency......................................

Power  output        ....................................

Duty..........................................

Gain   (Saturation)        ..................................

Efficiency.....................,.................

Beam  Voltage         ....................................

Beam   Current         ....................................

Anode  voltage     ................................

Anode  current     ....................................

Col lector  voltage        ..................................

Heater  voltage     ....................................

Heater  current     ....................................

Construction.....................................

Cooling-...........-.....-I....................

Focusing.......................................

Weight.........................................

Length........................................

Connector......................................

Expected   Life        ....................................

..... 7-9  GHz

....... Z2W

......-. GIN

......   46dB

.......   33%

.....- 3800  V

...... 50  rnA

.....   +100V

....    0.10mA

.....- 2400  V

..-...  5,2V

....     400mA

.   Metal  Ceramic

.   .   .Conduction

.......   PPM

.   .   .   350unces

....   12   Inches

.   .  OSM  Female
>100,000 Hours

/
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DESCRIPTloN

The   Hughes  Model   271H  traveling-wave  tube
was  designed  for  the  output  of  Intelsat  lv  A
Communication satellites.  Its  low  incremented

SPECIFICATIONS

Frequency.....
Poweroutput    .  .
Duty.   .   I   ......

Gain  (saturation) .
Efficiency.....
Beam  Voltage.  .  .
Beam  Current.  .  .
Anode  Voltage  .  .
Anode  Current  .  .
Heater  Voltage  .   .
Heater Current  .  .
Construction    .  .  .
Coo, ing   .......
Focusing......
Weight.......

Length.......
Connectors....
Expected   Life    .  .

phase   shift  at   all   drive   levels   is   indicative  of
its    minimum    distortion    performance.    This
package     is    designed    for    BFl    suppression.

......    3.7-4.2GHz

............        6W

.........,...    C;IN

.........  _.    .      57   dB

............      30%

..........- 1550  V

..........       26mA
..........    200  V

........      O.010mA

.........,.       4.5V

.........       260mA

......   metal-ceramic

.   .   .` ..-...  conduction

............      PPM

28 ounces  (793.77  gr)
12.3  inches   (31.24  cm)
.......    SMA  female
•.........   10  years
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DESCRIPTION

The  Hughes  Model  272H  was  designed  as  the
driver   tube   for   the   Comsat   Domestic  Com-
munication    satellites.   This   tube   operates   in

SPECIFICATIONS

Frequency....
Power  Output    .
Duty.......
Gain   (saturation)
Efficiency....
Beam  Voltage    .
Beam  Current .  .
Anode  Voltage  .
Anode  Current  .
Heater  Voltage  .
Heater  Cu-rrent  .
Construction    .  .
COO'ing......

Focusing.....
Weight......
Length,......
Connectors    .  .  .
Expected   Life    .

the  small   signal   region  with  a  small  signal  gain
of   42   dB    and    a    noise   figure    of   19,5   dB.

.....    3.7-4.2GHz

..........     T.i  IN

............    C;IN

..........     35dB

...........       120/o

........_   .   -1630  V

........     9.0  rnA
..........    200V

........      0.01   rnA

..........       4.4V

.........   255  rnA

.....   metal-ceramic

.......  conduction

...........      PPM

21  ounces  (595.33   gr)
12  inches  (30.48 cm)
......    SMA  female

•....   10  years
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DESCRIPTION

The   Hughes   Model  275H  traveling-wave  tube
is   used   as   the   output   tube   for   a   series   of
Communications  Satellites.   This  tube   is  of  a
rugged    design   with    high    efficiency   at   this

relatively   low   output  power  level.   The  tube
may   be   operated   at   slightly   lower  voltages
for   flatter   gain    performance   with   approxi-
mately 4 watts of output power.

SPECIFICATIONS*

Frequency    ..........................................    3.7-4.2  GHz
Power  Output   .............................................        5  W

Duty............................,......................CW

Gain  (saturation)      ..................,.......................      55  dB

Efficiency..........,...,.........................,......35%

Beam   Voltage    ............................................  1300  V

Beam    Current   ...........,................................   22   rnA

Anode   Voltage    .........,..................................     80  V

Anode  Current      ........................................... 01   rnA

Heater  \/oltage       ...........................................       4,5  V

Heater  Current      ..........................................     260  rnA

Construction
Cooling    .   .   .
Focusing   .   .   .
Weight....
Length....
Connectors     .
Expected  Life

............................,..........      metal     ceramic

..........,....,........................     conduction

.............................................       PPM

...................................     1.44  pounds   (0.65  kg)

...................,..............  11.9    inches    (30.23    cm)

........,..................................-.      OSM

.........................................    >   10years

*All   specifications   are   subject   to   change   without   prior   notice.
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DESCRIPTION

The  Hughes  Model  276H  traveling-wave  tube
is  a  small,  light-weight,  high  efficiency,  metal-
ceramic  tube  developed  as  the  driver  for  the

SPECIFICATIONS*

Frequency...........
Power  Output   .........
Duty..............

Gain  (at rated  power output).
Efficiency...........
Beam  Voltage   .........
Beam  Current   .........
Anode voltage     ........
Anode  Current    ........
Heater voltage     ........
Heater current     ........
Construction.........
Cool ing        ............
Focusing............
Weight.............

Length.............

Connectors..........
Expected   Life       ........
Noise  Figure   .........

275H  traveling-wave  tube  which  is utilized  on
Anik  I. the Canadian  Domestic Satellite.,

.......    3.7-4.2GHz

...... `  ....    500  mw

............         CAN

...........       31   dB

............       170/o

...........  1050V
.........      4.8mA

............  100V

........... 01   rnA

...........     42V

.......,..    260  rnA

.......   metal  ceramic

........     conduction

........   Alnico   PPM

.   .18   ounces   (510.28   gr)

.10.5   inches   (26.67   cm)

............    OSM

..........    10years

......     18.75dB  max.
*All specifications are subject to change without prior notice.
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DESCR I PTI ON

The   Hughes  Model  277H  traveling-wave  tube
was  designed  as  an  output  tube  for  the  Com-
sat    Domestic   satellite.   The   tube   package   is
designed    for  minimum  RFl  susceptibility and

leakage.  This  tube   may  be  operated  at  lower
voltages for  flatter gain  response with  approxi-
mately   4   watts  of  output  power  with  some
sacrif ice  to the  eff iciency.

SPECI FICATIONS

Frequency       .......................................   `   ..,............    3.7  -4.2  GHz

Power  Output    ..........................................................         5.5  W

Duty....................................................................CW

Gain   (saturation)    .......................................................     55  dB

Eff iciency          .................................................   :   :    ...........      36%

Beam   \/oltage      ........................................,................- 1350  V

Beam   Current    ............................................ +.   .   .   `   ...........      25  rnA

A::a:  ¥:i::3:  :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   .   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   :   .   .o..oTT53TX

Heater  \/oltage  ...........................................................      4.5  V

Heater  Current  ................,..........,.............................      260  rnA

Construction....................................................metal-ceramic

Cooling......................................,......,............conduction

Focusing...............................................,...............PPM

|ee#  :  :  .  :  :  :  :  :  :  :  .  .  :  .  .  :  :  :  .  :  :  :  .  :  :  ....  :  ......  :  .     :        .     :        .     ,2?oo,#ss `(?%?4?3cgmr)
Connectors     ........................................................     SMA  female

Expected   Life     ........,................................................      10  years
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DESCRIPTION

The   Hughes  Model  278H  traveling-wave  tube
is   designed   and   built   for   the   Tracking   and
Data  Belay Satellite System.  The high efficien-
cy TWT features a doubly depressed  collector.
The   metal-ceramic  construction   of  this  tube

provides   a    light-weight   rugged    package   for
SPEC I F ICAT IONS#

RF  Parameters
Frequency....
Output  Power  .
Duty.......-

Saturated  Gain
Efficiency....

Noise  Figure  .  ,

Electrical
Beam  Voltage
Beam  Current
Anode Voltage
Anode Current
Heater Voltage
Heater Current

!fi

space    application.    The    long    life   and    strin-

gent     BF     characteristics     make     this     TWT
well    suited    for    high    reliability   communica-
tion    satellites.    This   TWT    is    used   with   the
1266H   TWTA.

................................................   2.025-2.120   GHz

...............,.,.,.........,    2:GIN

.............,.............    `    .........-..........  GIN

.........................................................        43   dB

....,,....,......,..,...................    42%

.............................,.............,......     32  dB   maximum

...........................,.......................-2:JFJfJV

....,..............   49   rnA

....................  150   V

.......................................................       0.02    rnA

.    .   _--.............    6.1     V

Mechanical
Construction.......
Cooling............

Focusing.............

Weight.........

Length.............

Connectors...........,........................

Expected   Life   ....................,.............

''All  specifications subject to change without  prior  notice.

0.44 rnA

.metal  ceramic
.  .conduction

_    _    I    -----    PPM

.  .  66 ounces  (1.87  kg)

.17.5  inches  (44.5  cm)

........  SMA  female

...........   10  years
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DESCR IPTloN

The   Hughes   Model   280H   Traveling-wave   Tube  was
designed  for  long  life  operation  in  space  communica-
tions  applications.  The  tube  features  small  size,  light
weight,   rugged   design   and   high  eff iciency   perform-

SPECIFICATIONS*

Frequency.....................

Power   Output         .....

Duty-...............'.....-.

Gain`   (saturation)

Efficiency-.....................

Beam    Voltage            .........,.........

Beam    Current            ...............

Anode    Voltage         ...................

Anode    Current         ...................

Noise     Figure           ....................

Heater    Voltage         ...................

Heater   Current         ...................

Construction....................

Cooling           ...................     '     .     .     .

Focusing......................

Weight.......................

Length.......................

Connectors.....................

Expected    Life           .............,.....

ance   with   low  distortion   characteristics,   while   still
meeting   the   stringent   requirements   of  space   com-
munications environments.

....     10.5   -   13   GHz

..........      10   W

•.........-       CAN

.     .  _ ..-.....          54    dB

.,.........     33%

.........    3ooo   V

........      29   rnA

.........       2!fyifJ-V

I.....       <   0.01    rnA

.........         30   dB

..........     4.5    V

........      26o   rnA

.....       metal   ceramic

.......     conduction

...........    PPM

.   .      20  ounces   (56.7   g)
<   10   inches   (25.4   cm)
..........        SMA

•.......        10    years

ENVIRONIVIENTAL

The  tube   is  designed   to   meet   conditions  typical   of  spacecraft   launch   and   operating  environment.

*Subject   to   change  without   prior   notice.
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DESCRIPTION

The   Hughes  Model  285H  traveling-wave  tube
was  designed  for  future  space  applications at
X-band.    It   is  a   metal-ceramic   tube   featuring
small   size,   rugged   light-weight   construction,
and  high   efficiency   performance.

SPECIFICATIONS

Frequency...........................

Power  Output   .........
Duty..........-.....`........I......

Gain   (Saturation)   ......................

Efficiency....,.,....................

Beam  Voltage    ............
Beam  Current     ...............,........

Anode  Voltage  ......................,.

Anode  Current  ........................

Heater  Voltage  ........................

Heater  Current ..........,.............

Construction...........
cooling      ...............    :    :    :    :    :    :    :    :    :    :    :    :    :    :

Focusing............,...,...........

Weight.............-................

Length................'.............

Connectors,.....................,...

Expected   Life    ................,.......

Warranted   Life  ....................,...

..... 8.4  -8.5  GHz
..........,.....   24  ±2W

...................    C;IN

........   37  dB  minimum
:46%  typical, 44%  minimum
.......... 3100  -3400 V
...........  36  rnA  typical
............ 100  V  typical

...... 0.3  rnA  maximum
:  :  .......   5.4  V  maximum
.......   370  rnA  maximum
...........   metal-ceramic
...,.........   conduction

................... PPM

..............   36  ounces

.............    11.8   inches

......,.......,...    OSM

..............    >10years

.................. 1    year

NOTE:   This tube c)perates eff:ciently at  other frequencies at slightly different values of cathode voltage.

ENV I FIONM ENTAL

The  tube  is  designed  to  meet  environmental
conditions  typical  of  a  spacecraft  such  as  the
Mariner and  the  Pioneer series.
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DESCRIPTION

The  Hughes  Model  287H  traveling-wave  tube
was  designed  for  future  X-band  applications.
It  is  a  metal-ceramic tube featuring small  size,

SPECIFICATIONS

Frequency     .    .     .
Poweroutput  .    .
Duty.....
Gain  (Saturation) .
Efficiency....
Beamvoltage   .    .
Beamcurrent   .    .
Anodevoltage      .
Anodecurrent      .
Heatervoltage      .
Heatercurrent      .
Construction     .     .
Cooling....
Focusing....
Weight.....
Length.....
Connectors   .    .     .
Expected  Life   .     .

rugged   lightweight  construction,  and  high  ef-
f iciency performance.

.    .   7.9-8.4GHz

.....     50W

..--....   C;IN

.   33 dB  minimum

.     .    50°/onominal

.  4250 V nominal

.     .57mAtypical

.     .100Vtypical
0.3 rnA  maximum
.   5.4 V  maximum

370 rnA  maximum
.    .  metal-ceramic
.     .     .conduction
.....        PPM
.    .    .     36ounces
.      .      .11.8inches
.....      OSM
•-.. >7veers

Note:    This  tube  operates  efficiently  at  other  frequencies  at  slightly  different  values  of Gal:hode
voltage.



50W  7.9-8.4  GHz  CW  TWT

HUGHES
HUGHE:S   AIRCRAF-T   COMPANY

ELEtFTton Dvnamlc5 DIV15ion

Printed  in  U.S.A.-4-73



DESCRIPTION

The  Hughes  Model  291 H   is a  L-band  long  life
traveling-wave tube designed  for space applica-
tions.  The  291 H  features  triple  mode,  narrow
band    operation    with    high    efficiency.     The

SPECIFICATIONS

Frequency    .
Power Output  .  .
Duty  .  .
Gain  (sa{Jr.ati.o.n.)
Eff iciency  .  .
Beam  Voltage  .  .
Beam  Current  .  .
Anode Voltage   .
Anode Current   .

ruggecl  metal-ceramic  design  and  unique  oper-
ating  features  were  designed  for  the  Maritime
Communications satellite  (MABISAT).

.      .      .1.5-1.6GHz

..............   7  IN,2:6W,60W
...........      GIN

23 dB, 33 dB, 47 dB
.......   250/o,500/o,47o/o

....- 2630V
....    14mA,27mA,57mA

-----            100V

0.03 rnA
Heater Voltage   .
Heater Current   .....
Construction.....
Cooling  .   .
Focusing  .  .
Weight    .
Length    .  .  .
Connectors....
Expected  Life

.  .   6.0  V
....  425  rnA
metal-ceramic
.    conduction
-----   'PPM

.  .144  ounces  (4.08  kg)
.     .21   Inches(5334cm)

.   OSMTNC
10 years
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DESCRIPTION

The   Hughes   Model   293H   is  an  X-Band  long-
life  high-efficiency traveling-wave tube for the
Defense     Systems    Communication    SateHite
(DSCS-Ill).   The   metal   ceramic   construction
of   this   tube   provides   a   light-weight,   rugged

SPECIFICATIONS I

Frequency............................

Power  Output   .........................

Duty................................

Gain   (Saturation)    ..........,...........

package   for   space  applications  and  was  spe-
cifically    designed    for   the   stringent   BF
characteristics    required    for    communication
devices.

....     7-8GHz
40 W  minimum
...-.....     GIN

53 dB  minimum
Efficiency...............................................................40%

Beam   Voltage   .........................................................- 4000  V

Beam   Current   ..........................................................        53   rnA

Anode   Voltage    ..........................................................      100  V

Anode   Current    .................-.......................................... 1    rnA

Noise   Figure   ....................................................     33  dB   maximum

Heater  Voltage    ..........................................................       5.8   V

Heater  Current    ........................................................       410  rnA

Construction  ......................................................     metal   ceramic

Cooling.....'...............-...................1

Focusing.........................................

Weight......'.........-....-...........-........

Length..........................................

I nput  Connectors    .................................,

Output  Connectors  ................................,

Expected   Life  ....................................,

*All  specifications are subject to change without  prior nol:ice.

.........    conduction

..............       PPM

..     58ounces(1.64kg)
13.25  inches  (33.65 cm)
..............     SMA

TNC
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DESCRIPTION

The    Hughes    Model    294H     is    a     long-life
traveling-wave   tube   designed   for   spacecraft
environments.       This   tube   incorporates   the
latest  techniques for  eff iciency  enhancement.
The   high   efficienay   achieved   conserves   pri-
mary   spacecraft   power  and   reduces  thermal
loading  on  the  satellite.    The  294H   utilizes a

minimum  of  conduction  cooling.    Its primary

cooling    is   by   radiation   from   the   collector
cover  to  deep  space.   The  tube  is designed  to
operate  in  excess  of  30,000  hours.

Modified  versions  of  this  tube  are  offered  at
other  power  levels  in  accordance  with system
requ i rements.



SPECIFICATIONS*

ELECTRICAL PARAMETERS

Cathode Voltage
Cathode   Currenl:
Collector   Voltage
Collector   Voltage
Collector   Voltage
Collector   Current
Collector   Current
Collector  Current
Anode  Voltage
Anode  Current
Heater   Voltage
Heater   Current
Pump   Voltage
Pump   current       .

RF PARAMETERS

Output  power   .......
Saturated  Gain  .......
Duty............

Frequency.........
Phasesensitivity  (Ek)    .    .    .
Phasesensitivity  (Ea)     .   .   .
Phasesensitivity  (Ebn)      .    .
Amplitude Sensitivity  (Ek) .
Amplitude Sensitivity  (Ea) .
Amplitude Sensitivity  (Ebn)

MECHANICAL

Size............

Weight..........

Cooling:

Body..........

Collector........

Waveguide:
I nput       ..........

Output.........

MINIMUM                 TYPICAL                MAXIMUM

-7.7  kv
53mA
-2.5  kv
-3.1   kv
-5.7  kv
0.5   rnA
0.5   rnA
10mA
50V
0mA

-8.0  kv               -8.4  kv
56   rnA                     63   rnA
-3.1   kv
-3.6  kv
-6.0  kv
14mA
19mA
19mA
150V
0.01    rnA

2f 3 V                      3.4 V
1.2A                            1.5A
3.0   Ku                       3.3   Ku

-3.5  kv
-4.1   kv
-6.6  kv
25mA
30mA
60mA
550V
0.2   rnA
3.9V
1.8A
3.6   Ku

0.0  #A                     0.1   pA                     5.0  #A

100W                         120   W                        135   W
40dB

CW
11.95  G Hz

*All   specifications   are   subject   to   change   without   prior   notice.

12.13  GHz
O.fyi)/V
0.fJR;ff)lv
0.010/v
0.01  dB/V
0.015 dB/V
0.0001  dB/V

21    in.    (53.3   cm)
15.0    lbs   (6.8    kg)

conduction
radiation

WB-75
WB-75
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DESCRIPTION

The  Hughes  Model  296H  traveling-wave  tube
was  designed  for  high  gain  to  be  used  on  the
BCA   Satcom   satellite.   The   tube   package   is
light-weight  and  designed  for  low  BFl  leakage

SPECIFICATIONS

Frequency..........................

and   susceptibility.   The   296H   is  constructed
with  vertically   aligned   input  and   output   BF
connectors.

3.7  -4.2 GHz
Power  Outp.ut    .................................................,..      5  W  minimum

Duty...........................-........................................CW

Gain   (saturation)    ........ _ .................................  _ ....,...........    55  dB

Efficiency      ..
Beam  Voltage
Beam  Current~
Anode Voltage
Anode Current
Heater Voltage
Heater Current
Construction

..................,......,..................................      36%

..........................-.............................-.- 1280   V

........................................-.......,..........-    21     rnA

.....     200V

.  .  .  0.005 rnA

....-.     4.5  V

....    260  rnA
metal-ceramic

Cooling..............`............................................,-.conduction

Focusing.............................................,.................PPM

Weight   ....................................................-    22  ounces   (623.68  gr)

Length   .......................,...-...,..................,,   12.10   inches  (30.73  cm)

Connectors.......................................-........,..............SMA

Expected   Life     ....................,....................................      10  years
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DESCRIPTION

The     Hughes     Model     298H     is    a    space    qualified,              The   298H   utilizes   metal-ceramic   construction   with

long     life    traveling-wave    tube    designed    and    built               PPM    focusing    to    provide    a    rugged,    light-weight

for  the   DSCS   Ill   Military   Communication  satellites.               package.

SPECIFICATI0NS*

Frequency...............

Power   Output          .............

Duty
Gain    (saturation)         ......,.....

Efficiency  (typical)    ......

Beam    Voltage           .............

Beam    Current           .............

Anode   Voltage       ....
Heater    Voltage         .............

Heater   Current        .............

Construction.......

Cooling.................

Focusing................

Weight
Length.................

Connectors...............

Expected    Life          .....

*Subject  to   change   without   prior   notice.

7.0-8.0 GHz

.    .    .10Wminimum
CW

.   .  50 dB  minimum

...-.,..  I)O/o

.....- 2600V

......       26mA

........ 150V

...-....    52V

......         280mA

.   .   .       metal   ceramic

....     conduction

.........     PPM

.   24   ounces   (680   g)
10.3   inches   (26   cm)
........        SMA

•.....       10   years
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DESCRIPTION

The  307H  is  a  broadband,  high  power  travel-
ing-wave tube.This  production  type  has high
efficiency with high gain per unit length; 50kw
peak  power  is attained  in  this lightweight,  per-

SPECIFICATIONS

FBEQUENCY*...............

POWEB   OUTPUT  ..............

DUTY.......,-...........

GAIN,  SATUBATION   ...........

CATHODE  VOLTAGE ..........
CATHODE  CUBBENT ...........

COLLECTOF}  DEPRESsloN  VOLTAGE
HEATER  VOLTAGE      ...........

HEATEF}   CUF3F]ENT      ...........

COOLING  -COLLECTOB   ........
BODY............

LENGTH...................

WE I G HT    ..................,

EiE

iodic   permanent   magnet  focused  TWT.   It  is
designed  to  meet  MI L-E-5400  Class  lA speci-
fications.

.......     8.5-9.5GHz

........ `  ....     50  kw

..............       10/o

.....,......      50dB

•.....-....- 36  kv

............     10.3A

...........- 14kv

.........,..        9.5V

....   `   .......     5-2-A

2.0 GPM  H20  or equivalent
2.0 GPM  H20 or equivalent
..........      21   inches

..,.......  30  pounds

*This is a typical frequency band; the tube can be made with center frequency  anywhere in x-band as required.



PERFORMANCE CURVE

loo   kw                                              OUTPUT   POWER

50kw

DEPRESSED   EFFICIENCY

CATHODE   VOLTAGE    =   -36.8kv

COLLECTOR   DEPRESSION

VOLTAGE   =   -14.0  kv

111111111111

8.4          8.5          8.6          8.7          8.8          8.9          9.0          9.1          9.2

FREQUENCY   (GHz)

OUTLINE AND  MOUNTING  DRAWING
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FEATURES

•  20  kw  Peak  Power
•  Broadband
•   Shadow  Grid   Modulation
•   High   Gain
•   PPM   Focusing
•   Forced   Air   Cooling
•   Envir.onmentalized*

PERFORMANCE   SPECIFICATloNS

Frequency................

Output   Power   ..............

Saturated   Gain ..............

Duty...................

ELECTRICAL  PARAMETERS

Cathode   Voltage .............

Cathode   Current .............

Body    Voltage    ..............

Body   Current    (with    BF)   ........

Collector   Voltage    ............

Collector   Current   (with   BF)   ......

Heater   Voltage   (dc   or   ac)    .......
Heater   Current ..............

Grid    Drive  ................

Grid     Bias .................

Grid    Current ...............

Ion    Pump   Voltage ............

Ion    Pump   Current ............

MECHANICAL  SPECIFICATIONS

Weight..........-.......

Cooling:

Coolant   Type   ...........

Flow    F3ate  .............

Pressure   Drop   ...........

]tDesigned   to   meet   MIL-E-5400   Class   2

MINIMUM

8.6   GHz

20kw
46dB

TYPICAL                MAXIMUM

9.5   GHz

25kw
50dB

1%

-23.5  kv                       -24.5  kv             -25.5  kv

5.4A

4.9A
9.5V
2.5A
300V
-350  V

+3.0  kv

120   cfm

6.JJ   A                     6J   A
ground
0.5   A                         O.9   A

ground
5.5  A                        6.7   A
10.5   V                          11.5   V

3.4  A                       4.5  A
375  V                      450  V
400  V              -450  V
10   rnA                      70   rnA
+3.3  kv                  +3.6   kv

<5„A                     1   rnA

21   pounds

forced  air

6   inches  H20
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DESCFZIPTION

The   312H    is   a   broadband,   grid   controlled
traveling-wave  tube. This PPM tube has a peak
power  output  greater than  one  kilowatt  over

SPECIFICATIONS

a  full   octave  bandwidth.     Its  sealed  package
makes   the   tube   especially   suited   for  appli-
cations   meeting   MIL-T-5422,   Class   I,

NOTE:   All  voltages  with  respect  to  cathode.

......................     2-4GHz

...,...................           1kw

....................,... 005

.........,.............       30dB

........,  _ ..............       36dB

.......................    7.1     kv

.......................         1.2A

......     _     --.-..-..--..--.       260V

1

Frequency  Band
Power  Output  .
Duty......
Gain,  Sat ....
Gain,  SSG    .   .   .
Beam  Voltage  .
Beam  Current   .
Grid  Drive    .   .   .
Grid   Bias  ....
Grid  current     .
Heater Voltage
Heater Current
Weight.....
Length.....
Cooling....
BF  Connectors
Environment     .

12  lbs.
16  in.

cfm air
......    TNC

MI L-T-5422  Cl  I
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DESCRIPTION

The   Hughes   Model   340H   is  a   full-octave
bandwidth    traveling-wave   tube.   With    peak
power  output  greater than  one  kilowatt,  this
0.01   duty,   high  gain   tube  in   its  sealed,  peri-

SPECIFICATIONsj¢

Frequency  Band    ........
Power output   .........
Duty............

Gain  (saturation)   .
Gain(smallsignal)       :      :      :      :      :      :      :
Beam  voltage    .........
Beam  current    .........
Heater  voltage .........
Heater current .........
Weight............
Length............

Cooling        .........       '      .

BF  Connectors       ....,...
Environments.........

*AII voltages with  respect to cathode.

odic-permanent-magnet  structure  is  especially
suited for systems meeting M I L-E-5400 Class I
environment.

2-4 GHz
.....      1kw
.....        0.01

.....   32dB

.....   38dB
-1.      .      .7-|V
.....     1.2A

.....    6.3V
....  2-BA

.     .     .15pounds

.     .     .17.4inches

.     .     .     50cfmair

.     .     .      coax-TNC
MI L-E-5400 Class  I
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greater.   Current  application   is   in  the  ATS-E
Satellite.

EiH

DESCRIPTION

The  414H   is  a   space  qualified  traveling-wave
tube   which   operates   from   1.5   GHz   to   2.3
GHz   with   an   output   power   of   12  wail:s  or

SPECIFICATIONS

Frequency....................

Power  output      ..................
Duty.............,.'........

Gain   (Saturation)        ................

Efficiency.....................

Beam  Voltage        ..................

Beam  current        ..................

Anode  voltage    ..................
Anode  current    ..................
Col lector  voltage      ................
Heater  voltage     .....,............
Heater  current    ..................
Noise   Figure       ...................

Construction...................
Cooling......................

Focusing.....................

Weight..-..................-.

Length......................

Connectors....................

Expected   Life       ..................

NOTE:  All  voltages with  respect to ground

.   .1.5-2.3GHz

....... 12W

........ GIN

......   30dB

.......   280/o

.....    1170V

...... 50  rnA

....    100Vdc

.....   0.3  rnA

..,...  500  V

......  5.2V

.... 0.287  rnA
30 dB Maximum
.   Metal  Ceramic
.   .   .Conduction
.......   PPM

.   .   .   220unces

.    .    .11.5   Inches

.   .  OSM  Female
>50,000 Hours
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DESCRIPTION

The    Hughes   Model    551H   is   a    1.0   kw   CW
octave   bandwidth    traveling-wave   tube.   The
solenoid  for  focusing   the   beam  is  within  the
3   inch   diameter  of  the  package.  This  results

SPECIFICATIONS*

Frequency.....
power   output    (n;i.niin.u.h;) ...............
Power   Output   Mid-band   (nominal)
Duty    Cycle  ............-.....-

Saturated    Gain   ................
Filament   Voltage    (nominal)  .  .  .'.  .  .
Filament   Current   (nominal)  ......
Cathode   Voltage   (nominal)   ......
Cathode   Current   (nominal)   ......
S.olenoid   Voltage    (nominal)  ......
Solenoid   Current   (nominal)  ......
Weight...........,...........

Length.......................

Diameter.......
Cooling.....................,

Environment..................

in  a  small,  lightweight  package  with  low pres-
sure  drop  for  the   liquid  cooling.  The  tube  is
designed for MI L-E-5400 Class  11  environment.

GHz
....................,....................      1       kw

..............................   '    ..........     2    k:IN

........-............    '   .    C;IN

.........................................    30     dB

..,.................,,..................      12.8     V

.....................    3.0    A

...................    :    ....................    8.0      kv

.........................,...............      1.5      A

........................................-   3fJ   V

..-..-   `   ..-.........-.---...--......   `   .-..-    2:3     A

........................  `   ....  22    pounds    (9.98    kg)

•..............,............   20    inches    (50.80    cm)

..............................   3     inches    (7.62    cm)

Coolanol  35 or equivalent  ( 10 psi  at 3 GPM  room  ambient)
.............................      MI  L-E-5400,   Class   11

J'All   specifications   are   subject   {o   change   without   prior   notice.
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DESCRIPTION

The   Hughes   Model   554H   is   a   rugged,   light
weight,   high    power   traveling-wave   tube   de-
signed primarily  for airborne applications.  The
tube  features  highly  reliable  all  metal  ceramic
construction,    periodic    permanent    magnet
focusing  and  conduction cooling.  A  minimum
output   power   of   one   kilowatt   and   small-

SPECIFICATIONS

Frequency  Band    .....
Minimum  Power Output
Duty..............

Saturated  Gain .......
Minimum  SS  Gain   ....
Cathode Voltage.  .  .
Cathode Current   .  .  :  :  :
Grid   Drive    ..........

Grid  Cutoff   .........
Grid  Current    ........
Heater  Voltage .......
Heater Current .......
Weight.............

Length.............

Coo,ing............

BF  Connectors .......

signal  gain  exceeding  35  dB  are  provided  over
an  octave  bandwidth.  Output  power  of  2  kw
and   small-signal  gain  of  40  dB  are  obtainable
at   mid-band   frequency.    Package   designs   to
special    customer    requirements    are    also
available.

.2.0 -4.0 GHz

....... 1.0  kw

.  .Over  2%
.......    30  dB

.......    35  dB

.....  8  pounds
....  12  inches

.  .  .  conduction
coax TNC type
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magnet   focusing,   grid   controlled,   and   is  oil
cooled.   Output  power  levels  in  excess  of  one
kilowatt   at   up   to   6°/o   duty   cycle   may   be
achieved with  this device.

.   .   2.0-4.OGHz
1.25  kw  minimum
•.....  up  to 60/o
.......     30dB
..,.... 7  .Bk:W
.......         1.8A

----..-     200V

DESCRIPTloN

The   Hughes   Model   555H    is  a   rugged,   light-
weight,   high   power   traveling-wave   tube   de-
signed  for  MI L-E-5400  Class  11  environmental
applications,  The  tube  is  of  reliable  all  metal-
ceramic    construction,     periodic    permanent

SPECIFICATIONS

Frequency  Band  .................,
Power  Output   ..................,
Duty  Cycle      ...................,
Large  Signal   Gain       ...............
Cathode  Voltage     ................,
Cathode  Current     ................
Grid  Drive  voltage     ...............
GridCurrent       .i    .........................................    400mA
Grid   Bias        .............
Heater voltage ,..........
Heater current ...........
Weight     .    .    .    '    ...........

Length     .    .    '    ............

Cooling.-............

BF   Input  Connector   .......
BF  Output connector    ......
NOTE:   All voltages with respect to cathode

............- 150V

.............     6.3V

.............        3.OA

....    10.0  pounds  (4.55  kg)

....  17.5  inches  (44.45  cm)
oil  (Coolanol  35  or equivalent)
..............     TNC

_     _      _      -      .      _     _     ----.      TNC



PERFORMANCE CURVE

3.0

F13EOUENCY    (GHz)

OUTLINE AND  MOUNTING  DRAWING

4.0

1725"  MAX(43.82cm)

3.25"±0.03(8.26

rfe        rfe
+I.75"(4.45cm)

1.5Too"(3.81cm),
.      '1111.I

F±
3.000„

1  PLC ONLY (7.62 cm)'

® + i-®- a
(

(23.42 cm ± 0.15) 1  25"I+
1 .44"2.03" (3.18 cm)

± a.08

(5.16 cm) 3 625'. (3.66 c2P3P in)LACE  DLACED
§"            (9.21  cm)

„     (18.61cm)

(28.004 cnl'
ANG

(35.725 cm)

Specifications subject to                                        YOUB  LOCAL  PI EPPIESENTATI VE
change without notice
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FEATURES

•   125  kw  Peak  Power
•    Broadband
•   Shadow Grid  Modulation
•    HighGain
0    High  Duty
•   Depressed   Collector
•    PPM  Focusing
•    Liquid  cooling
•    Environmentalized

PERFORMANCE   SPECIFICATIONS*

Frequency........,.....
Outputpower    c    ...........
Saturated  Gain  ............
Duty................'

ELECTRICAL PARAMETERS

Cathode  voltage  ,,.........
Cathode  current   ...........
Body  voltage     ..........,.
Body  current  (with  BF)     .......
CoHector  voltage      ..........
Collector  current  (with  BF)    .....
Heater  Voltage  (dc  or ac)  .......
Heater  current   ........,...
Grid  Drive    ..............
Grid   Bias   ...........,...

Grid  Current    .............
Ion  pump  voltage ...........
Ion  Pump  current  ...........

MECHANICAL SPECI FICATI ONS

Weight................

Cooling,
Coolant  Type   ..........
Collector  Flow  Bate  ......
Collector  Pressure  Drop   ....
Body  Flow  F}ate      .......,
Body  Pressure  Drop  ...,..,

MIN IMUM                             TYPICAL                             IVIAXIMUM

3.1     GHz

50dB

42kv
15A

1.0A
0
llA
6V
8A
600V
-700  V

3.0  kv

8   gal/min

4  gal/min

*(Can  be  cooled  with  Ethylene  Glycol  and  H20)

All   specif ications   are   subject   to   change   without   prior   notice.

125   kw
53dB
6%

44.5   kv
17A

ground
2.5A
-17 kv
14A
8V
9.5A
1000   V
-800  V
15mA
3.3 kv
<5#A

3.5  GHz

56dB
8%

45.5  kv
18A

4A
-18 kv
18A
llV
llA
1100   V
-850  V
75mA
3.6 kv
1mA

175   lbs,    (79.38   kg)       185   lbs.    (83,92   kg)

*Deionized   H20
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DESCRIPTION

The   Hughes  Model  614H  traveling-wave  tube
is   a  solenoid   focused   device  capable  of  pro-
viding   10  kw  of  continuous   BF   power  over
the  frequency  range  of  5.925  to  6.425  GHz.
An  efficiency  of  over  20°/o  is  achieved  by  de-
pressed    collector    operation.   This   tube   has
been specifically designed  to achieve optimum
performance  for  communications ground  ter-
minal  transmitter applications.

*U.S.  Patent  Number 3,181,023

The  614H  has  i:he  option  of  modulating with
an  anode  which  allows  the  tube  to  be  turned
on   with   a   low   power   source.   This   turn-on
technique  minimizes  tube  and   power  supply
transients,   providing   increased   tube  and  sys-
tem  life  and  reliability.

Minimum  gain  variations  and  improved  phase
linearity  characteristics have been achieved  by
the     use    of    special     patented     internal
terminations*.



u

SPECIFICATIONS

ELECTRICAL PARAMETERS
Cathode  voltage     ................
Cathode  current     ................
Body  current  (BF)    ...............
Collector  voltage        ...............
Col lector  current  ( Fi F)    .............
Anode  voltage  (beam  on)#   ...........
Anode  current     .................
Heater  voltage     .................
Heater  current     .................
Solenoid  Voltage    ................
Solenoid  Current    ................
Ion  Pump  voltage ................
Ion  pump  current ................

RF PARAMETEF2S

Output  Power  ..................
Input  Power       ..................

Saturated  Gain     .................
Duty......................

Frequency....................
Phase sensitivity  (Cathode  voltage) .......
Phase sensitivity  (Solenoid  Current) .......
Amplitude Sensitivity  (Cathode  Voltage)   ....
Efficiency  (Depressed  Collector)    ........

MECHANICAL

Weight.....................

Collector  Flow  Bates  (Deionized Water) .....
Collector  pressure Drops (Deionized water)     .   .
Solenoid  Flow  Bates  (Deionized water)     ....
Solenoid  Pressure Drops  (Deionized Water)  .   .   .
Body  Flow  Bates   ................
Body  Pressure  Drops    ..............

WAVEGUIDE  CONNECTIONS

I nput     ......................

Output.....................

*Application of  negative anode voltage equal to or greater than the

cathode voltage will  turn the beam current off.

MINIMUM               TYPICAL                 MAXIMUM
-16.5 kv
2.70 A

-500 V
2.40 A
0
0

-18.5 kv
3.00 A
200 rnA
-4.0 kv
2.80 A
0
3mA

9.OV               .    .10.OV
3.OA              .   .   3.5A
60V               .   .120V
15A              .   .   20A
3.Okv          .   .   3.3kv

.    .    Iessthan54iA

8.Okw          .   .   9.Okw
.   .   0.6W

40dB             .    .   41dB
..CW

5.925            ::o.i40/V

.   .   80/v

.   .   0.008dB/V
16%

1o gal/min  :

2gal/min     :

1gal/min      :

20%

95 pounds
10 gal/min
42 psi
2 gal/min
19  psi
1  gal/min
12  psi

.   .    UG-344U

.   .    UG-344U

-20.0 kv
3.25 A
300 rnA
-6.0 kv
3.25 A
+500 V
10mA
12.0  V
4.0A
130V
2:2A
3.6 kv
1mA

.12.0  kw

.  0.8 W

.  45 dB

.  6.425

. 0 .18;0 /v

.150/v

.  0.010 dB/V

.24%

.  50  psi

.  30  psi

.  30  psi

2
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PERFORMANCE CURVES

NOTE:  The  following  curves  illustrate  typical  performance  but  should  not  be used for design
limits    without    contacting    Hughes    Electron    Dynamics   Division.   The   following   operating
parameters  were  used  in  the  measurements:   Ek  =  -18.9  kv;  lk  =  3.17A;  Eb  =  -4.0  kv;  and
lsol  =  20.5 A.

SATURATED OUTPUT POWER

12

10

8

6

4

2

0

-2
5.925         6.025        6.125          6.225         6.325         6.425

FF}EQUENCY  (GHz)

POWER OUT VERSUS POWER  IN
AT 6.225 GHz

SATUBATION

Ek=    -18.9kv
lk   =     3.17A

Ec=    -4.Okv
ls   =     20.5A
freq. 6.225 GHz

11        13        15        17        19        21        23      25       27

POWEB  IN  (dBM)

SMALL SIGNAL GAIN

5.925        6.025        6.125         6.225         6.325         6.425

FF}EQUENCY  (GHz)

THIRD ORDER  INTERMODULATION
PRODUCTS VERSUS OUTPUT POWER

25

-25    -20    -15    -10     -5       0         5

POWEF]  OUT PEFEBENCED TO SATURATION

3
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PERFORMANCE SPECIFICATIONS

Frequency.............
Output  Power     ...........
Saturated  Gain    ...........
Duty................

ELECTRICAL PARAMETERS

MINIMUM                            TYPICAL                              MAXIMUM

5.4  GHz
50kw
50dB

Cathode  voltage    ..................- 35  kv
Cathode  current    ...........,......   8A
Body  Voltage      ..........
Body  Current  (with  F{F)     .....
Collector  voltage       ........
Collector  Current  (with  BF)     .   .   .
Heater  Voltage  (dc or ac)  .....
Heater  current   ..........
Grid  Drive     ............
Grid   Bias         ............

Grid  Current    ...........
Ion  Pump  Voltage     ........
Ion  pump  current      ........

MECHANICAL SPECIFICATloNS

Weight..............

Cooling.........'....

Coolant  Type      .....-.

Collector  Flow  Bate         .   .   .
Collector  Pressure  Drop.   .   .
Body  Flow  Bate    ......
Body  pressure  Drop     ....
Window  Flow  Bate  .....
Window  Pressure  Drop   .   .   .

1A

5.5A
8V
5A
+390 V
-750 V

3.0  kv

•   3.5  gal/min

I    1.5  gal/min

:  o.5  ga,/min

*  Designed to meet MI L-E-5400 Class 2
**  Model  621   H  is capable of operating  in depressed  mode

-36 kv
9A
Ground
2A
0
7A
9.5V
5.5A
+450 V
-800 V
10mA
3.3  kv
<5pA

5.9  GHz
90kw
55dB
2.5%

-38 kv
10.5  A

3.5A
-15  kvi+ tF

1 0.5 A
10V
8A
+630 V
-goo V
40mA
3.6 kv
1mA

40 pounds                           43 pounds

Deionized
Water

20  psi

40 psi

15  psi
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FEATURES

•   75 kw Peak Power
•   Broadband
•   Cathode   Pulsed
•    HighGain
•    PPM  Focusing
•    Liquid  Cooling  -
•    Environmentalized*

DESCRIPTION

The  Hughes  model  622H  is  a  broadband,  high  power                   of  peak  power  is attained  in this lightweight,  periodic
traveling-wave   tube.  This  production   type  T\/\IT  has                   permanent  magnet focused structure.
high  efficiency  with  high  gain  per  unit  length.  75 kw

PERFORMANCE  SPECIFICATIONS

Frequency.............

Output  power        ...........
Saturated  Gain       ...........
Duty..........-.....

ELECTRICAL   PARAMETERS

Cathode   Voltage           ................

Cathode    Current          ................
Body    Voltage         ..................

Collector   Voltage   (WBT   body)          ........
Heater   Voltage          .................
Heater    Current          .................
Ion    Pump   Voltage          ...............
Ion    Pump   Current          .............

MECHANICAL   SPECIFICATIONS

Weight................-.....

Cooling...-................I

Coolant   Type        .............    `    .

Collector    Flow    F}ate         ...........

Collector    Pressure   Drop       .........

Body    Flow    Fiate         ............

Body   Pressure   Drop         ..........,

Window    Flow    F}ate       ...........

Window   Pressure   Drop       .........

MINIMUM                            TYPICAL                              MAXIMUM

5.4  GHz    .......
75   kw  ........     80   kw  .
50   dB   ........      53   dB   .

.`    .......       2.5%        .

-35  kv  .......- 37   kv
8A 9A.

ground

5.9 GHz
100   kw
60dB
3.0%

-39  kv
11.5   A

-14   kv*J¢
11.5    V

8.0A
3.5  kv
2.0   rnA

..........     40pounds   ......     43pounds

•.........       ethylene   glycol/      .    .

water
3-0  ga,/min ....
(0.189  liters/sec)

2.Oga,/min     .    .   .
(0.126   liters/see)

.........        20    psi

(1.4   kg/sq   cm)

.........      50psi

(3.5   kg/sq   cm)
0.5 ga,/min      .....
( 0.032  I iters/sec)

*Designed   to   meet   MIL-E-5400   Class   2
*d.Model   622  H     is   capable   of   operating   in   depressed   mode

1 5 psi

(1.05   kg/sq   cm)
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FEATURES

•   60 kw Peak Power
•   Broadband
•    Shadow Grid  Modulation
•    HighGain
•    Solenoid  Focusing
•    Liquid  cooling
•    Environmentalized*

t                                   ,.__i   -__I     :,_      ___.I_    fa-i+.-:    -i_-i-E_:;::_---:T--_     _if±--.g¥,.E,.

PER FORMANCE SPECI F ICATIONS

Frequency.............

Output  power         ...........
Saturated  Gain       ...........
Duty

ELECTRICAL PARAMETERS

cathodevoltage     .   .
cathode  current       ..........
Body  Voltage     ............
Body  Current  (with  BF)       ......
Collector  voltage    .
Collector  current  (with  F} F)       ....
Heater  voltage  (dc or ac)     ......
Heater  current      ...........
Solenoid  Voltage      ..........
Solenoid  Current      ..........
Grid   Drive          ,............

Grid   Bias        ..............

Grid  current        ............

Ion  pump  voltage        .........
Ion  pump  current        .........

IVIECHA N I CA L SPEC I F I CAT IO NS

Weight:
Solenoid............

Tube.............

Cooling:
Coolant    .   .
Collector  Flow  Bate       ......
CollectorpressureDrop        .   .   .
Body  Flow  Bate       .......
Body  pressure  Drop        ......
Solenoid  Flow  Bate        ......
Solenoid  Pressure  Drop    ....

J`Designed to  meet  MI L-E-5400 Class 2

4  gal/min

1.5  gal/min

2 gal/min

TYPICAL                             MAXIMUM

5.85 GHz

53dB

-37 kv
10.5 A
Ground
lA
Ground

+500 V
-800 V
15mA
3.3 kv
<5#A

130 pounds
55 pounds

Water

1  5  psi

15  psi

15  psi

-38 kv
11.5  A

2A

11.5

10.0  V
10.0 A
215V
26.5 A
+600 V
-1000 V
100 rnA
3.6 kv
1mA

140 pounds
60 pounds

30 psi

25 psi

30 psi
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DESCRIPTION

The   Hughes   Model    641H   -is   a   rugged,   light-
weight,    high    power   traveling-wave   tube   de-
signed  for  MIL-E-5400  Class  11   environmental
applications.   The  tube   is  of   a   highly  reliable
design  of  all  metal-ceramic  construction,  peri-

SPECIFICATIONS

Frequency...................

Power   Output      .................

Duty   Cycle  .....

Large    Signal    Gain      .........

Heal:er   Voltage   .......

Heater   Current   .................

Cathode   Voltage   .............

Cathode   Curr-ent    ........

Grid    Drive    Voltage  .-..............

G rid -Current    ..................

Grid     Bias    ............      L     ..,....

Collector   Voltage      ........

Collector    Currenl:       ...............

Weight........,....

Length...................

Cooling...............'.....

F3F    input   Connector_   .........

RF    Output   Connector   .....-,......    :

NOTE:      All   voltages  with   respect   to   cathode.

odic   permanent   magnet   focusing,   grid   con-
trolled,  and  is oil  cooled.   Output  power  [evals
in  excess  of  one  kilowatt  at  up  to  10%  duty
cycle   may  be  achieved  with   this  device.

•.......-.   4.0-8.OGHz

I    .    .1.25kwminimum

•...........    upto   loo/o

•.,....,....-.       30dB

I    ........      6.3  V  rms

•.,.........        3.8A

•..-........- 9.75kv

•...-.........          1.8A

•.......   +200V  maximum

•   .   .  400  rnA  maximum
•........-..- 150V

•..........- 5.6kv

•.......    1.90A

•...    :    .10pounds(453.6kg)
•    .14.5inches(36.83cm)

•...  Coolanol  35orequivalent

( 10  psi  at  1.5 gpm  ro6rri  ambie`nt)
I.............-    TNC

•......,-......    TNC
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DESCRIPTION

The   Hughes   Model   656H   is  a   1.0   kw,   CW
broadband  traveling-wave  1:ube.  The  solenoid
for   focusing   the   beam   is  within  the  3  inch
diameter   of   the   package.   This   results   in   a

small,   lightweight  package  with   low  pressure
drop  for  the   liquid  cooling.  The  tube  is  des-
igned  for  MIL-E-5400,  Class  11  environments.

SPECIFICATloNS

Frequency................................

Power  output       .......................,......

Duty  Cycle      ..............,.................

Saturated   Gain     .......................,......

Filament  voltage        ...............,............

Filament  current        ............................

Cathode  Voltage    .............................
Cathode  current     ............................

Solenoid  Voltage   ............................

Solenoid  Current   .............................

Weight.......................I...-...-...

Length.................................

Diameter................................

Cooling.................................

Environment..............................

....... 4.0-8.OGHz
....... 1   kwMinimum
.............. GIN

......  27  dB  Minimum

......    12.8V  Nominal

.......  1.5  A  Nominal

......   8.5  kv  Nominal
•....-.  1.3ANominal

.....   40  V  Nominal
:   :   .....   23A  Nominal
.........    20Pounds
I.........  20  Inches
........... 3   Inches

Coolanol  35 or  Equivalent
.    .   .    MIL-E-5400,  Class  11
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DESCRIPTION

The  Hughes Model  662H  traveling-wave  tube
is  designed   for  use  in  satellite  earth  terminal
transmitters.    It    is    capable    of    more   than
400  watts  of  CW  BF  output power  over the
frequency   range   of   5.925   ±o   6.425   GHz.
Design  and  construction  of  this  tube  is  based
on   Hughes'  experience  in  the  production  of
high  power CW  tubes  (output  powers greater
than  1000  watts)  and space qualified commu-
nications   tubes   that   have   won   world-wide
recognition   for   quality   and   reliability.   The
tube   is   constructed   of   metal-ceramic   with
PPM focusing and  forced-air cooling. A modu-
lating   anode   is  utilized  for  fast  turn-on  and
turn-off  of  beam  current  during normal  oper-
ating  sequencing  and   under  fault  conditions.

A  standard   ''Pierce"   design   is  used   for   the
electron  gun  and  the collector  is a single stage
depressed  type  incorporating  integral  fins for
flow-through  forced-air  cooling.  Alnico  Vlll

magnets  provide  the  focusing  field.  The  helix
circuit  is  supported  on  three  beryllia  support
rods  that  are  coated  at  their  center  sections
with  pyrolytic carbon  to  provide exceptional
gain    stability.    The    helix    rod   and   support
assembly  is  mounted  in  a barrel  incorporating
integral   pole   pieces  for  the  periodic  magnet
focusing   system.    Compression    contact   be-
tween  the  barrel,  rods  and   helix  provides an
excellent   heat  transfer   path   from   the   helix
to  the  tube  body.   The tube  body  isconduc-
tion-cooled via  its base-plate support.

The  Model  662H  offers a  low profile package
with  heat  clef lectors  for  horizontal  or vertical
air    flow    (input   and    output).    A   threaded
insert  is  provided  at  the  tube  collector  for  a
thermal  sensor.  Detailed  communication  per-
formance   characteristics   and    test   data   are
available  upon  request.



SPECI FICATIONS *

RF

Frequency..........

Power  Output   ........

Duty  Cycle ..........

Bandwidth..........

Gain  at  Bated  Power  Output
Gain at 100 W Power Output
Gain  Variation   ........

Gain   Slope ..........

5.925-6.425   GHz   minimum
.......     400Wminimum

........-.....     CIN

.....      500MHz  minimum

.......     40dBminimum

.......     45dB  minimum

±0.5  dB   maximum,500   MHz
.   .      0.05  dB/MHz    maximum

Noise    Figure  ..........................................

AM/PM    Conversion   ......................................

Spurious   Outputs    .......................................

Phase    Sensitivity      .......................................

Input  vswB   ..........................................

35  dB  maximum
50/dB maximum

-70 dBc minimum

o.750/V nominal
2.0:1  maximum

Load   VSWB  ...........  1.5:1  maximum for specification compliance.   2.0: 1  maximum without damage
Harmonic  Output   ...........................- 10  dBc  maximum  at  rated  output  power
Efficiency     ..............................................     25%  nominal

ELECTRICAL

Heater  Current     ..........
Heater   Voltage    ..........

Cathode  Voltage  (EK)      ......

Cathode  Curreht  (I K)    .......

Anode   Voltage   (Ea) ........

Anode  Current   (la)   ........

Body   Current   (Helix   Current,   lw)
Collector  Voltage  (Eb) .......

Collector  current  (lb)   .......

MECHANICAL

Size.........-......

Weight...............

Input  Connector  ..........

Output  Connector .........
Power connectors   .........
Cooling..............

ENVIRONMENTAL

Operating
Temperature   Bange     ......
Altitude...-....-....

Non-Operating
Temperature..........
Altitude.............

*Subject  to  change  without   notice.

..........       2.Omaximum

..........    6.3   V   nominal

........- 7.5to-8.3kvdc

........    400mAmaximum

...........   100-300  Vdc

........     5.0  rnA  maximum

........      20  rnA  maximum
509/a ±5%  of  cathode voltage (EK)
........   400mAmaximum

....   see    outline   drawing

10   pounds   (4.5   kg)   nominal
.......      SMA  (female)

.   .      CMB-137F  W/G  flange

.   .   .    Aldentype8112M  (2)

.........       forcedair

............   0-500c

.  up  to  10,000 feet  (3.05  kin)

.......- 5o0C  to  +850C
up  to  50,000  feet  (15.25  kin)
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operation.    Full    bandwidth   operation   is   ob-
tained    without    mechanical     or    voltage
adjustment.

.8%  bandwidth  in  X-band

..........,..    8-10  kw

.................   GIN

.......-.......    50  dB

•.............-..3HJHrJ/a

..........    19   kv

.-....-..-  `  .   .   .   22_  A

.......   0,4  A  maximum

................    8   kv

........  1.8  A  minimum

................     12V

..............   2.4  A
................ 75V

.-.....--.......  2!fJ  A

.......,......., liquid

............  60 pounds

............. 24  inches

............    61/4   inches

DESCRIPTION

The   Hughes  Model   710H   is  a  compact,  high
power  traveling-wave amplifier for  use  in  com-
munication terminals.  Its features include high
efficiency,   high   gain   and  depressed   collector

PRELIMINARYSPECIFICATIONS

Frequency......................

Power  Output    ...........,...,...   :   :   :   :   :

D,Jty      .............................    I    .

Gain         ........    `    ................    '    .    .

Efficiency........................

Beam  Voltage     .......................

Beam  Current   .
Body  Current     ............
Body  to  Collector  Voltage  ...............
Col lector  Cu rrent  ......................

Heater  Voltage  ........................

Heater  Current  ........................

Solenoid  Voltage   ......................

Solenoid  Current   ......................

Cooling...............'.....`.,.....

Weight..................

Length................-......

Diameter.................,...

Wave Guide Connections
Output..-................

Input,   Se\;ers    ..............    :    :    :    .........................................

1.    Overall  efficiency  including depressed  collector.
Values are based on  preliminary designs, and additional  product refinement may  be required for specific applications.

UG-51
UG-39



PERFORMANCE CURVE

~0.4   -0.3    -0.2    -0.1         0       +0.1       +0.2    +a.3     +0.4     +0.5

FBEQUENCY  (GHz)

THE  ABOVE  GBAPH  SHOWS  TYPICAL  PEBFOF}MANCE  WITH  CONSTANT  CATHODE  AND  COLLECTOP  VOLTAGES  AND
FIXED  PF  INPUT.  HIGHEB  EFFICIENCY  (TO  48%)  MAY  BE  OBTAINED  BY  ADJUSTING  PIF  DFtlvE  AS  A  FUNCTION  OF
FBEQUENCY.

OUTLINE & MOUNTING  DFtAWING

4,.2

20.6

SOLENOID  CONNECTOB                                    I                                   8.35"

6. 25"         ,,1.75

lIIIIIIIIIIIIIIII|_di-- ee                     COLLECTOF3 CO325-I

7. 5.

r-lU|.--J/

11111

OLANT

BODY  COOLANT

2.75'. I 8.5..

YOUR  LOCAL  REPF}ESENTATIVE
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FEATURES

•  40 kw Peak Power
•   Narrow Band
•   Grid  Modulation
•   High  Gain
•   High  Efficiency
•   PPM  Focusing
•   Forced Aircooling
•   Lightweight
•   Environmentalized*

PERFORMANCE SPECIFICATloNS                      MINIMUM          TYPICAL           MAXIMUM

Frequency..............

Output  Power   ............
Saturated  Gain ............
Duty.................

Efficiency..............

ELECTRICAL PARAMETERS

Cathode  Voltage ...........
Cathode  Current .........,.
Body  Voltage     ............
Body  Current  (with  BF)    ......
Collector  Voltage   ..,.......
Collector Current  (with  BF)   ....
Heater  Voltage  (dc or ac)  ......
Heater  current ............
Grid  Drive    ..............

Grid   Bias   ....,..........

Grid  Current  .............

Ion  Pump  Voltage  ..........
Ion  Pump  Current  ..........

MECHANICAL SPECI FICATIONS

Weight................

Cooling,
Coolant TVpe  ..........
Flow  Bate      ...........

Pressure   Drop ..........

#Designed  to meet MI L-E-5400 Class 2

9.37  GHz
40kw
54dB                    56dB

9.57  GHz

0.2%                      0.3%
30%

-24.0 kv
7A

5.0A
10V
2A
+175 V
-3;Iff)V

+3.Okv

100 cf in

-25.5 kv             -27.0 kv
8A                       9.5A
ground
1.1A                        2A

ground
5.9A                    7.5A
llV                        12V
3A4A
+250 V               +325 V
-400 V                 -475 V
IA2A
+3.3.kv              +3.6 kv
<5HA                      1  rnA

13.5  pounds

Forced  air

5 inches H20
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DESCRIPTION

The  Hughes Model 745H traveling-wave tube
is  a  solenoid  focussed  device  capable  of prov-
iding 1.5 kw of continuous  B F  power over the
frequency  range  of 7.9 to 8.4 GHz.   This tube
has  been  specifically  designed   to  achieve  op-
timized   performance  for  communications  gr-
ound  terminal  transmitter applications.

The745H   employs  a  slip-on   solenoid   for
beam  focussing.     The  745H   can  be  provided
with  an  integral  solenoid   that minimizes tube

I U.S. Patent Number 3.181,023

weight while providing improved  performance.
This  technique,  perfected  by  the  Hughes  Air-
craft  Company,   Electron   Dynamics  Division,
allows the solenoid  to  be wrapped  directly  on-
to the tube body.

Minimum gain variations and improved phase
linearity  characteristics  have  been  achieved  by
the   Lise   of   special   patented   internal   termin-
ations,  and  an  external  equalizer.  !`



SPECIFICATIONS

ELECTRICAL  PARAMETEPS

Beam  voltage        ........
Beam  current         ........
Body  current  ( B F)     ......
Collector  voltage         ......
Collector  current  ( B F)     ....
Heater  voltage      ........
Heater  current      ........
Solenoid  Voltage     .......
Solenoid  current     .......
Ion  pump  voltage       ......
Ion  pump  current       ......

RF PAFiAMETERS

Output  power        ............
Input  power         .............
Saturated  Gain       ............
Duty.................

Frequency..............
Phase sensitivity  (Cathode  voltage)       .
Amplitude Sensitivity  (Cathode  Voltage)
Gain  Variation  (Saturated)      ......
Gain  variation  (Small  signal)         ....
Efficiency  (Depressed  Collector)      ....

MECHANICAL

Coolant  Flow  F]ates  (Coolanol  25)
Pressure  Drop         .........
Weight.............

WAVEGUIDE CONNECTIONS

Input.............

Output............

MINIMUM                TYPICAL

-9.5 kv
0.80 A

1.2  kw
0.6W
27dB

7.9  GHz

rJf:ffJ/o

2 gal/min

-10.0 kv
0.85 A
20mA
-4.0 kv
0.84 A

1 .4  kw
lw
31dB
CW

0.30/v
0.008 dB/V
0.06 dB/MHz
0.06 dB/MHz
30O/o

35  psi
42  lbs

UG-51
UG-51

MAXIMUM

-10.5 kv
0.93 A
150  rnA
-4.6  kv
0.92 A
9.5V
3.75 A
65V
15.5 A
3.6 kv
1mA

1.7  kw
1.2W
33d8

8.4 GHz
0.40/v
0.010 dB/V
0.1  dB/MHz
0.1   dB/MHz
35%

45  psi
45  lbs
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FEATURES

•  25 kw Peak Power
•  Broadband
•  Cathode Pulsed
•   High  Gain

•   High  Efficiency

•   PPM  Focusing

•  Air Cooled

DESCRIPTION

The  750H  is a  broadband,  high  power  travel-
ing-wave  tube.  This  production  type  has  high
efficiency  with   high  gain   per  unit  length;  25
kw  peak  power  is attained  in this lightweight,

SPECI F ICATIONS*

Frequency",................
Power   Out   ..................

Minimum    Efficiency  .............

Duty....................I

Gain      .     .     .     I     ........-........

Cathode   Voltage  ...............

Cathode   Current  ...............

Collector   Voltage    ..............

Heater   Voltage      ...............

Heater   Current      ...............

Weight     '     ...............,

Length....................

Coo,ing        ........     `    ........    '    .

air  cooled  alinco  permanent  magnet  focused
TWT.  The  750H   is  designed  to  meet  MIL-E-
5400 Class lA specifications.  Gridded versions
of this tube are also available.

9.0  -   10.0   GHz
.....      25   kw
.......    30%

........    1%

......   47   dB

.....- 24  kv

......    5.5   A

.....- 11    kv

......        11     V

......    3.8   A

.    27   pounds   (12.25   kg)
18.50   inches   (46.99   cm)
........   forced   air

*All   specifications   are   subject   to   change   without   prior   notice.
*#This   is  a   typical   frequency   band;   the   tube   can   be   made  with   center   frequency

anywhere   in   X-band   as   required.
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''1'1'750H

CATHODE             -24  kv
COLLECTOR       -ll.Okv
INPUT  POWER     O.5W,I,I,

9.2                              9.4                             9.6                           9.8                               10.0         10.I

FREQUENCY  (GHz)

'','''750H

CATHODE             -24.O  kv
COLLECTOR      -ll.Okv
lNPUTPOWER     0.5W

1',,''

9.2                           9.4                              9.6                              9.8                           10.0          10.I

FREQUENCY  (GHz)
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FEATURES
•   50 kw Peak  Power
•   Broadband
•   Shadow Grid  Modulation
•    High  Gain
•   High  Eff iciency
•   PPM  Focusing
•    Liquid  Cooling
•   Environmentalized*

PEFtFORMANCE SPECIFICATIONS             MINIMUM                TYPICAL

Frequency............
Output  power  (Peak)     .......
Saturated  Gain      ..........
Duty...............

Depressed  Eff iciency     .......

ELECTRICAL SPECIFICATIONS

Cathode  voltage      .........
Cathode  current      .........
Body  voltage         ..........
Body current  (with  B F)      .....
Collector  voltage         ........
Collectorcurrent(withBF)      .   .   .
Heater voltage  (dc or ac)         ....
Heater  current      ..........
Grid   Drive         ............

Grid   Bias       .............

Grid  current       ...........
Ion  pump  voltage       ........
Ion  pump  current       ........

MECHANICAL SPECIFICATIONS
\/\/eight.............-

Cooling:
Coolant...........

Flow  F}ate         ..........
Pressure  Drop         ........

I.

8.8  GHz
50kw
51dB

3.5 gal/min

*Designed to  meet  MI L-E-5400  Class 2

All  specifications are subject to  change without  prior notice.

52dB
10/o
350/o

-32 kv
7.6A
ground
0.9A
-13 kv
6.7A
10.5  V
3.5A
+400 V
-500 V
25mA
+3.3 kv
<5HA

25  pounds  (11.36  kg)

FC 77 or
Equivalent

MAXIMUM

9.7  GHz

2%

-33 kv
8.1A

1.8A
-14 kv
8.1A
11.5  V
4.5A
+475 V
-550 V
75mA
+3.6 kv
1mA

30 psi
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FEATURES

•   100   kw   Peak   Power
•  Broadband
•   Low   Insertion   Loss
•  High   Efficiency
•  Cathode   Pulsed
•  PPM    Focusing
•   Liquid   Cooled
•  Environmentalized

DESCR]PT]ON

The    752H     is    a     broadband,    high    power
traveling-wave  tube.  This  production type has
high  efficiency  with  high  gain  per  unit  length.
Peak    power    of     100    kw    and     depressed

eff iciency     of     35°/o     are     attained     in     1:his
lightweight,   liquid   cooled,   Alnico permanent
magnet  focused  TWT.  The  752H   is designed
to   meet   MIL-E-5400   Class   11     specifications.

SPECIFICATIONS*

Frequency...................................

Minimum  Power  output       ...........................
Depressed   Eff iciency        ..............................

Duty.......................................

Gain.......................................

Maximum   Insertion   Loss      ...........................

. 8.4 -9.4 GHz

....   100  kw

.    I    ....   30O/o

.......   1  0/o

.....   16dB

.-...  1.5dB
-50 kv
.15A

-20 kv
.10V
•5A

Cathode  voltage     .........................................

Cathode  current     ........,.................................

Collector  voltage        ........................................

Heater  voltage     ..........................................

Heater  current     ..........................................

Weight   .......................................    30   pounds   (13.61     kg)

Length        ....................................... 18    inches    (45.72   cm)

Cooling      .....................................    5  GPM   FC-77  or  Equivalent

Values  are  _based  on  typical  designs,  and  additional  product  refinement  may  be  required  for  specific  applications.

JtAll   specifications  are  subject  to  change  without  prior  notice.
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FEATURES

•  9  kw  Peak   Power
•   80/o   Bandwidth
•   High   Efficiency
•   High   Gain
•   Lightweight
•  Shadow   Grid   Modulation
•   Integral   Solenoid   Focusing
•   Liquid   Cooling

DESCRIPTION

The    Hughes    model    756H    is   a    lightweight
integral  solenoid  focused  traveling-wave  tube.
This   tube   provides  9   kw   of  broadband   BF
power  at  duty  cycles  in  excess of  500/o.    The

modulation   versatility   of   a   shadow   gridded
electron   gun   and   the   convenience   of   single
circuit   oil   cooling   make   it  a   natural   for  air-
borne  radar  systems.

PERFORMANCE  SPECIFICATIONS                 MINIMUM                     TYPICAL                       MAXIMUM

Frequency   Bandwidth  .....
Output   Power   .........
Saturated   Gain      ......,..
Duty.......`.......

Depressed   Eff iciency     .....

ELECTRICAL   PARAMETERS

Cathode   Voltage  .......
Cathode   Current  .......
Body   Voltage    ........
Body   Current   (with   BF)   .   .
collector   Voltage    ......
Collector   Current   (with   BF)
Anode   Voltage      .......
Heater   Voltage   (dc   or  ac).   .
Heater   Current      .......
Solenoid   Voltage     ......
Solenoid   Current .......
Grid    Drive   ..........
Grid    Bias       ..........

Grid   Current       ........
Ion   Pump   Voltage ......
Ion   Pump   Current ......

orfyfJ/o

10%
9.0   kw

0.5

-17.5   kv                   -18.0   kv

-5kv

11    vdc
3.3   adc
70V
14A
270V
-200  V

2.7   kv

ground
0.25   A
-6.5  kv
2.1A

ground

3.6  adc
110Vr2!fJ   A

330V
-2:2!f J V
2mA
3.0   kv
0.1    uA

12.0   kw

-18.5  kv
2.55   A

0.3A
-7kv
2.35  A

14   vdc
4.0  adc
115V
25A-
400V
-300  V
15mA
3.3   kv
2.0  uA



MECHANICAL   SPECIFICATIONS                      MINIMUM                     TYPICAL                     MAXIMUM

Weight......
Cooling:.....

Coolant   Type
Flow   Bate    ,
Pressure   Drop

TYPICAL  PERFORMANCE   CURVE

oil

3-0   gpm
10   psi

49   pounds

3.3  gpm
15   psi

Fo

FREQUENCY   (GHz)

OUTLINE   DRAWING

O'LOuT

21.1
AF\C
DETECTOR

RF  INPUT`        RF  OuTPuT\PORi0000

=L±=0000   i

EE
E.,

+ri     ,;0©:I

HIGH   VOLTAGE
SOLENOID   RECEPTACLE                  CONNECTOR

r ------------------ i    MicROwAVE TRAVELING.WAVE TUBE  PRODucTs

:   HUGHES   i  f[fif7rm4irtrarfuMfFZ~ 3loo  West  Lomita  Boulevard, Torrance,  california  9o5og,  Tel  (213)  534-2121



DESCFHPTI0N

The  Hughes  Model  767H  traveling-wave  tube
is  a  solenoid   focussed   device  capable  of  pro-
viding   3   kw   of   continuous   BF   power  over
the  frequency  range  of  7.9  to  8.4  GHz.  This
tube  has  been  specifically  designed  to achieve
optimized   performance   for   communications
ground  terminal  transmitter applications.

The    767H    employs   an    integral    solenoid
focussing   coil   which   minimizes   tube  weight
and   solenoid   power.  This  technique,   perfec-

ted  by the  Hughes Aircraft Company, Electron
Dynamics  Division,  allows  the  solenoid  to  be
wrapped directly on to the tube body.

Minimum     gain    variations    and    improved
phase   linearity   characteristics   have   been   a-
chieved  by  the use of special  patented  internal
term i nati onsJ+ .

A  modified  version  of this tube can  be pro-
vided  for  applications requiring depressed  col-
lector operation.

*uS.  Patent  Number  3,1el,023



SPECIFICATIONS*

ELECTRICAL   PARAMETERS

Beam    Voltage   ................

Beam    Current   ................

Body   Current    (BF)  .............
Collector   Voltage   ..............
Collector   Current   ..............
Anode   Voltage    ...............
Anode   Current     ...............
Heater   Voltage     ...............

Heater   Current     ...............

Solenoid    Voltage    ..............

Solenoid   Current    ........,.....

RF   PARAMETERS

Output    Power  ................
Input    Power       ................

Saturated    Gain     ...............

Duty.....................

Frequency..................

Phase   Sensitivity     ..............

Amplitude   Sensitivity  ............

MECHANICAL

Collector  Flow  Bate:    (deionized water)  .   .   .
Collector   Pressure   Drop
(deionized   water)    ..............
Solenoid   Flow   Bate
(deionized    water)    ..............

Solenoid   Pressure   Drop   (deionized   water).
Weight...................,

WAVEGUIDE   CONNECTIONS

I nput       .............

Output...........I

`u

MINIMUM          TYPICAL           MAXIMUM

-12.5   kv         -13.0  kv         -13.7   kv
1.20   A                   1.50   A                  1.65   A

50   rnA                 150   rnA
0  V                     0.0  kv              ~6.0  kv
1.10   A                    1.45   A                   1.65   A
0  V                      200  V                500  V

2   rnA                    10   rnA
11.5   V                     13.3   V                    13.6   V
2.40  A                2.90  A               3.00  A

150   V                 200  V
8.0   A                      10.0   A                  11.0   A

3.0   kw
0.5W
35dB

7.9   GHz

3.6   kw               4.5   kw
0.J   W                    1.O  IN
37   dB                  40   dB
CW

8.4   GHz
o.2:a /V                o.2!S° |V
0.008dB/V       0.012dB/V

5GPM

40   psi

2gpm
20   psi
68   lbs                   75   lbs
(30.85   kg)          34.02   kg)

uG-51/U
CPF}     112F

*All   specifications   are   subject   to   change   without   prior   notice.



PERFORMANCE CURVES

NOTE:   The  following  curves  illustrate  typical   performance  but  should   not  be  used  for  design
limits  without  contacting  Hughes  Electron  Dynamics  Division.

SATURATED OUTPUT POWER

iiE

7.9                 8.0                 8.1                  8.2                 8.3

FBEQUENCY  (GHz)

8.4

PHASE  LINEARITY AT SMALL SIGNAL

7.9                 8.0                8.1                 8.2                 8.3

FPEQUENCY  (GHz)

SMALL SIGNAL GAIN

MAXIMUM  GAIN  VABIATIONS:

0.25 dB/40 MHz
0.35 dB/125  MHz
0.45 dB/500  MHz    Ek =  13.1  kv

E    =+300Va
'k =  1.42  A

P  IN  (BF)  =  13.5  dBm

7.9                8.0                8.1                8.2                 8.3                 8.4

FBEQUENCY   (GHz)

THIRD ORDER  INTERMODULATION
PRODUCTS VERSUS OUTPUT POWEF]

-9                          -6                          -3                          0

OUTPUT POWEB  BEFEPENCED TO
TWO SIGNAL SATUBATION  (dB)
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FEATURES

•   50 kw Peak  Power
•   Broadband
•    Cathode  Modulation
•    HighGain
•    High  Eff icjency
•    PPM  Focusing
•     Liquid  Cooling
•    Environmentalized*

PER FORMANCE SPECI FICATI0NS

Freq uency        .............

Output  power        ..........,
Saturated  Gain       ...........
Duty................

Depressed  Eff iciency      ........

ELECTRICAL PARAMETERS

cathode  voltage       ..........
Cathode  current      .....
Body  voltage     .....
Body  Current  (with   F3F)   .    :    :    :    :    :    :

Collector  Voltage     ..........
Collector  Current  (with  F3F)       ....
Heater  voltage  (dc or ac)     ....
Heater  Current       ...........
Ion  pump  voltage        .........
Ion  pump  current        ........,

MECHANICAL SPECI FICATIONS

Weight
Cooling:

Coolant     .   .    .

MINIMUM                            TYPICAL                              MAXIMUM

8.9  GHz
50kw
42d8

-29.5 kv
7.8A

0
5.8A
10V
2.i J A
+3.0 kv

Flow  F3ate         ..................         4  gal/min

Pressure  Drop          ................

*Designed to meet requirements of MI L-E-5400 Class 2

-30.5 kv
8.1A
Ground
1.6A
-11.5 kv
6.5A
llV
2.9A
+3.3 kv
<54t A

22 pounds

FC-77  or
Equivalent

9.9  GHz

20/o

-31.5 kv
8.5A

2.0A
-12.0 kv
8.5A
12V
4.0A
+3.6 kv
1mA

40 psi



76011
X-Band   Pulsed  TWT

I---_---
I

HUGHES
L__________________I
HUGHE:S   AIRCFiAF.T   COMPANY

ELEnTton Dynamlt5 DIvi5ion

Print:ed  in  U.S.A. 8-73



DESCRIPTION

The  Hughes  Model  767H  traveling-wave  tube
is  a  solenoid   focussed   device  capable  of  pro-
viding   3   kw   of   continuous   RF   power  over
the  frequency  range  of  7.9  to  8.4  GHz.  This
tube  has  been  specifically  designed  to achieve
optimized   performance   for   communications
ground  terminal  transmitter  applications.

The    767H    employs   an    integral    solenoid
focussing   coil   which   minimizes   tube  weight
and   solenoid   power.  This  technique,   perfecL

J¢ U.  S.  Patent  Number 3,181,023

ted  by the  HughesAircraft Company,  Electron
Dynamics  Division,  allows  the  solenoid  to  be
wrapped  directly on  to the tube body.

Minimum     gain    variations    and     improved
phase    linearity    characteristics   have    been   a-
chieved  by  the use  of  special  patented  internal
term i nati onsj` .

A  modified  version  of  this tube can  be  pro-
vided  for  applications requiring  depressed  col-
lector  operation.
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SPECIFICATIONS

ELECTRICAL  PARAMETERS

BEAM   VOLTAGE    .......
BEAM   CUBBENT    .......
BODY   CURRENT   (RF)  ....
COLLECTOF3   VOLTAGE  .   .   .
COLLECTOF}   CuRRENT  .   .   .
ANODE   VOLTAGE    ......
ANODE   CUBBENT    ......
HEATEB   VOLTAGE     .....
HEATER   CURF]ENT     .....
SOLENOID   VOLTAGE   ....
SOLENOID   CUF3F3ENT    ....

RF  PARAMETERS

OUTPUT   POWER     .....,
INPUT   POWER   .......,
SATUF3ATED   GAIN   ....,
DUTY............,

FREQUENCY........,
PHASE   SENSITIVITY  ....
AMPLITUDE   SENSITIVITY

MINIMUM    TYPICAL     MAXIMUM

-12.5  kv
1.20 A

0V
1.10A
0V

11.5  V

2.40 A
70V
6.0A

3.0 kw
.5W

35dB

7.9 GHz

MECHANICAL

COLLECTOR   FLOW   RATES:(DEIONIZED  WATEFl)  .   .
COLLECTOR   PF]ESSURE   DF{OPS
(DEIONIZED   WATEB)     .....
SOLEN0lD   FLOW   RATES
(DEIONIZED   WATEB)    .....
SOLENOID   PBESSUPE   DBOPS
(DEIONIZED   WATEFO    .

WAVEGUIDE  CONNECTIONS

I NPUT      ..............

OUTPUT..........--.

-13.O  kv          -13.5  kv
1.40A               1.50A
50 rnA              150mA
-5.0 kv            -6.0 kv
1.35A               1.50A
200 V              500 V
2mA                10mA
12.OV                12.5V
2]5 A          3f yrJ A
112V                 150V
8.65A                11.OA

3.6 kw
1.0W
37dB
CW

.20/v

.008 dB/V

4.5 kw
1.5W
40dB

8.4 GHz

5GPM

55 psi

2GPM

4psi

UG-51/U
CPR112F            ::
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PERFORMANCE CURVES

NOTE:   The  following  curves  illustrate  typical   performance  but  should   not  be  used  for  design
limits  without  contacting  Hughes  Electron  Dynamics  Division.

SATURATED OUTPUT POWER

Ek  =  -13.1   kv

Ea =  +300  V

lk -1.42  A

ls =  8.65  A

PIN  (RF)  =  27  dBm

43

42

%41

Z
a40
039

38
37
36

SMALL SIGNAL GAIN

MAXIMUM  GAIN  VAPllATIONS;

0.25 dB/40  MHz
0.35 dB/125  MHz
0.45 dB/500  MHz    Ek =  13.1   kv

E   -+300V
a

lk =  1.42  A

I   -8.65A
S

P  IN  (RF)  =  13.5  dBm

7.9                 8.0                 8.1                  8.2                 8.3                 8.4                    7.9                 8.0                 8.1                 8.2                  8.3                 8.4

FBEQUENCY,  GHz                                                                                                              FPIEQUENCY,  GHz

THIRD ORDEP  INTERMODULATION
PHASE  LINEARITY AT SMALL SIGNAL                   PRODUCTS VERSUS OUTPUT POWER

7.9                  8.a                 8.1                  8.2                  8.3

FBEQUENCY,  GHz
-9                            -6                            -3                            0

OUTPUT  POWEB  BEFEF`ENCED  TO

TWO  SIGNAL SATUBATION,  dB
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DESCRIPTloN

The   Hughes  Model   774H   is  a  high  gain,  grid
controlled travel ing-wave tube operating  in  the
frequency   range   of   8.0  to   16.0  GHz.   Using
periodic  permanent  magnet  focusing,  its peak
power  output  is  greater  than  one  kilowatt  at
up  to  4°/o  duty,  utilizing  conduction  cooling.

SPECIFICATIONS*

F F} E Q U E N C Y   ............

POWEB   OUTPUT ..........

DUTY ..............    '    .    .

LARGE  SIGNAL  GAIN  (nominal)

DYNAMIC   DRIVE   F{ANGE  ....

BEAM   VOLTAGE     .........

NOTE:   All  voltages  with   respect  to  cathode

Its   rugged   construction,  small   size  and   light
weight   make   it   well  suited  for  operation   in
airborne  and   missile  environments.   The  tube
is  available  in  either grounded collector or de-
pressed  collector configurations.

•....................           8.0-16.OGHz

1.5   kw   nominal,1.0   kw   minimum   at   band   edges
........................     4%  nominal

..................,........        50dB

I..........................           5     dB

•.........................     11.0     kv

BEAM   CUBBENT      .........................................         1.7  A

GBID    DBIVE    ..............................

GF]ID   BIAS     ......

HEATEB   VOLTAGE  ..........................

HEATEB   CUBBENT  ..........................

WE I G HT     .................................

LENGTH....
COOLING....

BF   INPUT   CONNECTOB   .....................

BF   OUTPUT  CONNECTOB ......................

ENVI  PONMENT    ............................

*All   specifications   are   subject   to   change   without   prior   notice.

.........     250  V

........- 150V

.........       6.3V

......... <3.OA

.   .    4  pounds  (1.8  kg)

.    14  inches  (35.6  cm)

......    conduction

..........    SMA

..........    TNC

M I L-E-5400,  Class  11
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FEATURES

•   2.5   kw   Peak   Power
•   Broadband
•    Shadow   Grid   Modulation

•    High   Gain

•    High   Duty

•    High   Efficiency

•    Solenoid   Focusing

:   :lqv:;:n:::i'ani:zed®

PERFORMANCE   SPECIFICATIONS#

Bandwidth    (mid    X-band)     ............

Output    Power     ....-..............

Saturated    Gain   ..................

Duty......................

Depressed    Eff iciency  ...............

ELECTRICAL  PARAMETERS

Cathode   Voltage   .................

Cathode   Current   .................

Body    Voltage      ..................

Body   Current    (with    BF)     ............

Collector   Voltage      ................

CoHector   Current    (with    F]F)     ..........

Heater   Voltage   (dc   or   ac)      .......
Heater   Current   ..................

Solenoid    Voltage  .................

Solenoid    Current  .................

Grid    Drive     ....................

Grid     Bias         ....................

Grid    Curren-t         ..................

Ion    Pump   Voltage  ............,....

Ion    Pump    Current        ...............

MECHANICAL   SPECIFICATloNS

weight......................

Cooling:

Coolant   Type      ...............

Flow    Fiate          ................

Pressure   Drop     ...............

MIN IMUIVI                      TYPICAL                          IVIAXIMUM

9.55                                                                             9.85
2.5  kw                         3  kw                             4  kw
50   dB                              53   dB

40%
27%

-11.8   kv                       -12.0   kv                        -12.2   kv

1.1    A                                      1.2   A

ground
0.1A

4  kv                       -4.5  kv
0.9   A                                    1.1    A

10.1     V                                     11     V

3.3   A                             3.5   A
130   V                               150   V
7.0   A                             8   A
+180  V                          +220   V
-210  V                          -220  V

5mA
+3.0   kv                       +3.5   kv

<5  4tA

coolanol   25
or   equivalent

3   gal/min

(.189    liters/sec)
13.5   psi                                 15    psi

(.949   kg/sq   cm)         (1.05   kg/sq   cm)

©Designed  to meet  M I L-E-5400 Class 2
Jespecifications subject to change without prior notice.

1.3A

0.2A
-5kv
1.3A
11.3    V

3.7A
170V
9.5A
+260  V
-230  V
15mA
4.0   kv
20pA

37   pounds
(16.8    kg)

16.5   pst

(1.16   kg/sq   cm)
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FEATURES

• 50  kw  Peak   Power
•  Broadband
•  Shadow   Grid   Modulation
•   High   Gain
•  High   Efficiency
•.  High   Duty
•  Solenoid   Focusing
•   Liquid   Cooling
•  Environmentalized*

PERFORMANCE SPECIFICATIONS
Frequency...............
Output  Power   ..............
Saturated  Gain      .............
Duty..................

Depressed  Eff iciency     ..........

ELECTRICAL PARAMETERS
Cathode voltage      ............
Cathode current      ............
Body  Voltage    ..............
Body  Current  (with  BF)      ........
Collector  voltage    ............
Collector current  (with  BF)      ......
Heater  Voltage  (dc or ac)    ........
Heater  current     .............
Solenoid  Voltage     ............
Solenoid  Current     ............
Grid  Drive        ...............

Grid   Bias       ................

Grid  Current      ..............
Ion  pump  voltage       ...........
Ion  pump  current       ...........

MECHANICAL SPECIFICATIONS
Weight.................

Cooling:
Coolant   Type    ............

Flow   Rate        .............
Pressure  Drop      ............

*Designed to  meet  M I L-E-5400 Class 2

MINIMUM            TYPICAL

9.3 GHz
50kw
45dB                       47dB

1 00/a
30%

-32 kv                     -33.5 kv

MAXIMUM

9.9  GHz

12%.

-35 kv
7.A A                      8`f 3 A                      9.2: A

3:3uAnd                       1.o A
ground                       -13.5 kv                   -14  kv
7.I J A                      8.+  A                      9.2. A
10V                              llV                             12V
2.5A                        3.4 A                        4.5A
80V                         90V                          100V
15A                            17A                            20A
+400V
-450 V

+3.0 kv

+550  V
-550 V
80mA
+3.6 kv
1mA

45 pounds

FC77 or
equivalent

4 gal/min
25 psi
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DESCR IPTION

The  Hughes  Model   792H  travel.ing-wave  tube
is  a-solenoid   focussed  device  capable  of  pro-
viding   5   kw   of   continuous   BF   power   over
the  frequency  range  of  7.9  to  8.4  GHz.  This
tube  has  been  specifically  designed  to achieve
optimized   performance   for   communications

ground   terminal   transmitter   applications.

The  792H  employs  an  integral  solenoid  focus-
sing   coil   which   minimizes   tube   weight   and
solenoid    power.    This   technique,    perfected

*u.S.   Patent   Number   3,181,023

by   the   Hughes  Aircraft   Company,   Electron
Dynamics  Division,  allows  the  solenoid  to  be
wrapped   directly  onto   the   tube   body.

Minimum  gain  variations  and  improved  phase
linearity    characteristics   have   been   achieved
by   the   use   of   special   patented   internal  ter-
minations.#

A   modified  version  of  this  tube  can   be  pro-
vided  for  applications  requiring depressed  col-
lector operation.



SPECI FICATIONS #

ELECTRICAL PARAMETERS

BEAM  VOLTAGE     .........
BEAM  CUPRENT     .........
BODY  CURRENT  (RF)    .....
COLLECTOR  VOLTAGE     ...
COLLECTORCURBENT     ...
ANODE  VOLTAGE       .......
ANODE  CUPPENT      .......
HEATEF{  VOLTAGE    .......
HEATER  CURPIENT    .......
SOLENOID  VOLTAGE    .....
SOLENOID  CURRENT    .....

RF PARAMETERS

OUTPUT POWE F}      ......,
INPUT  POWEP      .........
SATUPIATED  GAIN     .....
DUTY....-...-..-.....

FREQUENCY.........
PHASESENSITIVITY       ...
AMPLITUDE  SENSITIVITY

MINIMUM          TYPICAL      MAXIMUM

-12.5kv          -13.4kv      -13.7  kv
2.JJ A            2.2 A
50mA            100mA

0V                      0V                 -6.Okv
2.I J A            2.2. A

0 V                      300V             500V
2mA               15mA

11.OV                     13.4V               13.5V
2.40 A                 2.9 A              3.00 A

185V               193V
7.OA                         10.OV                11.OA

5.0 kw
0.5W
35dB

7.9 GHz

MECHANICAL

COLLECTOF}  FLOW  RATE:    (DEIONIZED   WATEF}).
COLLECTOR  PPESSURE  DROP
(D E I ON I Z E D WATE R )     .....
SOLENOID  FLOW  PIATE
(DEIONIZED WATEP)     .....
SOLENOID  PRESSURE  DPOP
(DEIONIZED  WATER)     .....
WEIGHT..--...----------

WAVEGUIDE CONNECTIONS

INPUT...-.'..-.--.-..-

*All specifications are subject to change without prior notice.

5.4 kw
1.1W                  1.58W
37 dB              40dB
CW

8.4 GHz
0.2:0 /v           0.2SO N
0.008 dB/V  0.012 dB/V

6GPM

50 psi

2GPM

20  psi
68  lbs.              75  lbs.

(30.58 kg)     (34.02 kg)

UG-51/U
CPR  112F



PERFOFtMANCE CURVES

NOTE:   The following curves illustrate typical performance but should not be used for design
limits without contacting Hughes Electron  Dynamics Division.

SATURATED OUTPUT POWER

Ei=
E=

1111

Ek = -13.38  kv
Ea - +COO V

lk  = 2.09 A

PIN(RF)=30.4dBm1111

7.9                8.0                  8.1                 8.2                8.3                 8.4

F13EQUENCY  (GHz)

PHASE  LINEAFtlTY

8.a                8.1                 8.2                8.3

FPEQUENCY  (GHz)

SMALL SIGNAL GAIN

7.9                8.0                8.1                 8.2                8.3               8.4

FPEQUENCY  (GHz)

THIRD ORDER  INTERMODULATION
PRODUCTS VERSUS OUTPUT POWER

-9                -6               -3                0
0uTPUT POWEF]  REFERENCED TO

TWO SIGNAL SATURATION, dB
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FEATURES

•   40 kw Peak Power
•    Broadband
•    High  Gain
•    High  Duty
•    High  Efficiency
•   Shadow Grid  Modulation
•   PPM  Focusing
•    Liquid  cooling
•    Environmentalized*

PERFOF{MANCE  SPECIFICATIONS

Freq uency      .............

Output  Power  ............
Saturated  Gain    ...........
Duty................

Depressed  Eff iciency    ........

ELECTRICAL PARAMETERS

Cathode  voltage     ..........
Cathode  current     ..........
Body  Voltage       ...........
Body  current  (with  BF)     ......
Collector  voltage       .........
Collector  Current  (with  BF)     ....
Heater  voltage  (dc or ac)       .....
Heater  Current    ...........
Grid   Drive       .............

Grid   Bias     ..............

Grid  Current     ......,.....
Ion  Pump  Voltage      .........
Ion  Pump  current      .........

MINIMUM                            TYPICAL                              MAXIMUM

9.2  GHz
40kw
52dB

-425 V

3.0 kv

MECHANICAL SPECI FICATIONS

Weight................'.....

Coo I i ng :        .....-...............

Coolant  Type  ................

Collector  Flow  Bate    ....
Collector  pressure  Drop     .   .
Body  Flow  Fiate     ......
Body  Pressure  Drop     ....

*Designed to  meet  MI L-E-5400 Class 2

5.5 gal/min

3.5 gal/min

45kw
54d8
4%
30%

-31  kv
7A
Ground
lA
-13.5 kv
6A
10.5  V
3.4A
+400  V
-475 V
25mA
3.3 kv
<5#A

28 pounds

FC77  or
Equivalent

9.9  GHz

5%

-32 kv
8A

1.5A
-14.5 kv
8A
11.5  V

4.5A
+475 V
-525 V
75mA
3.6 kv
1mA



79611
X-Band   Pulsed  TWT

----------_I
I

HUGHES
I

L_____

I

I

I

IJ
HUGHES   AIRCRAF.T   COMPANY

EIEcrron Dgnamm5 Dlvl5ion

TYPICAL PERFORMANCE CUFivE

9.2              9.3              9.4              9.5               9.6              9.7               9.8               9.9

FPIEQUENCY  (GHz)

OUTLINE  DRAWING

BODY
INLET

COOLANT                                      BODY  COOLANT                                             COLLECT0B
OUTLET                                                            INLEToorE?

r._|

L__I

L_J

®® u

COOLANT

COLLECTOR  COOLANT
OUTLET

COLLECTOB   CONNECTOF]

I-.._.--_--_---____i

i    HUGHES    :;  ELECTRON DYNAMICS DIVISION / 3100 W.  LOMITA  BLVD.  TOBBANCE, CA.  90509  / TEL  (213)  534-2121
I

I. - _ _ _ _ _ _ _ - . _ . - _ _ _ _ _ J
HUGHES   AIRCRAFT   COMPANY

Printed  in  U.S.A.  -8-73



FEATUF=ES

•   5 kw Peak  Power
•   Broadband
•   Grid  Modulation
®    High  Gain
•    PPM  Focusing
•    Liquid  Cooling
•    Lightweight
•    Environmentalized]t

PE R FORMANCE SPECI FI CATI ONS

Frequency     .   .
Output  power       ...........
Saturated  Gain     ...........

Duty     .

ELECTRICAL PARAMETERS

Cathode  voltage     ..........
Cathode  current     ..........
Body  voltage        ...........
Bodycurrent  (with  BF)     .
Collector  voltage        .........
Collector  Current  (with  F3F)     ....
Heater  voltage  (dc or ac)        .....
Heater  Current     ...........
Grid   Drive       .............

Grid   Bias            .....-.......

Grid    Current    ............
Ion  Pump  Voltage      .,.......
Ion  Pump  current      .........

MECHANICAL SPECIFICATIONS

Weight............

Cooling:............

Coolant Type  ......
Collector  Flow  Bate    .   .
Collector   Pressure   Drop
Body    Flow   Bate  ....
Body   Pressure   Drop   .   .

*Designed to  meet  MI L-E-5400 Class 2
**Model 820H  is capable of  operating  in depressed  mode

MINIMUM                             TYPICAL                               MAXIMUM

16.0  GHz
5kw
40dB

-20 kv
1.3A

0.1A

0.9A
9V

0.75 gal/min

0.25 gal/min

5.1   kw
45dB
IO/o

-23 kv
1.5A
Ground
0.25 A
0
1.25 A
10V
3.0A
+150  V
400V
1 50 rnA
3.3  kv
< 5 4' A

17.0  GHz

50dB
1.2%

-24 kv
1.7A

0.4A
-7  kvitJi
1.6A
llV
4.0A
+200  V
-600 V
250 rnA
3.6 kv
1mA

15  pounds                              16  pounds

Any  licluid

6psi

4psi
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FEATURES

•   3 kw Peak  Power
•   Broadband
•   Grid  Modulation
•    HighGain
•    PPM  Focusing
•    Liquid  Cooling
•    Lightweight
•    Environmentalized*

PER FORMANCE SPECI FICATIONS

Frequency...............-....

Output  Power       ..................

Saturated  Gain     ,.................

Duty      ....     '    ...............     '     .     .

ELECTRICAL PARAMETERS

Cathode  voltage     .................
Cathode  current     .................
Body  Voltage   ...................

Body  Current  (with   F}F)     .............
Collector  Voltage   .................
Collector  current  (with  F}F)     ...........
Heater  voltage  (dc  or ac)   .............
Heater  current    ..................
Grid   Drive       ....................

Grid   Bias      .....................

Grid  Current     ...................
Ion  Pump  Voltage .................
Ion  Pump  current      ................

MECHANICAL SPECIFICATIONS

Weight......................

Cooling:......................

Coolant  Type  ................
Collector  Flow  Fiate     ............
Collector  pressure  Drop      ..........
Body  Flow  F}ate     ..............
Body  PressLire  Drop      ..........,.

*Designed  to  meet  MI L-E-5400 Class 2
*#Model  830H  is capable of  operating  in depressed  mode

MINIMUM                            TYPICAL                              MAXIMUM

16.2  G Hz
3kw
37dB

-20 kv
1.0A

0.08 A

0.8A
9V
2.5A
+70V
-300 V
75mA
3.0 kv

2 gal/min

0.5 gal/min

-21  kv
1.2A
Ground
0.15 A
0
1.05 A
10V
3.0A
+100  V
-400 V
120  rnA
3.3 kv
<5#A

14 pounds

Any  liquid

16.7  GHz

46dB
4.5%

-24 kv
1.5A

0.20 A
-J  k:W yc *

1.3A
llV
4.0A
+130  V
-600 V
200 rnA
3.6 kv
1mA
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FEATUF!ES

•   150 kw Peak Power
•   Broadband
•   Shadow Grid  Modulation
•    HighGain
•    High  Eff iciency
•   PPM  Focusing
•    Liquid  Cooling
•    EnvironmerTtalized*

PER FOF]MANCE SPECI FICATIONS

Frequency.............
Output  power        ...........
Saturated  Gain      ...........
Duty................

Depressed  Efficiency     ........

ELECTFtlcAL PARAMETEF}S

Cathode voltage      .,........
Cathode current      ..........
Body  Voltage    ............
Body current  (with  PIF)      ......
Collector voltage    ..........
Collector current  (with  a F)      ....
Anode voltage      ...........
Anode current      ...........
Heater voltage  (dc or ac)    ......
Heater  current      ...........
Grid  Drive        .............

Grid   Bias       ..............

Grid  Current       ............
Ion  pump  voltage       ..........
Ion  pump  current       .........

MECHANICAL SPECI FICATIONS

Weight.......-......I

Cooling:
Coolant.............

Flow  F]ate        ..........,
Pressure Drop        ........

*Designed to meet MI L-E-5400 Class 2

MINIMUM                           TYPICAL                             MAXIMUM

15.9  GHz
150 kw
46d8

25%

-78 kv
loA

IA
-25 kv
7.5A
-40 kv

8.0V
4.5A
400V
-500 V

3.0 kv

6  gal/min

1 85 kw
48dB
O.75O/o
27%

-82 kv
12A
Ground
2A
-30 kv
10A
-50 kv
20mA
9.0V
5A
650V
-700 V
25mA
3.3 kv
<5p.A

16.4  GHz

53dB
1%
30%

-85 kv
13A

2.5A
-33 kv
12A
-55 kv
50mA
10.5 V
5.5A
8cOV
-800 V
50mA
3.6 kv
1mA

30 pounds                           31  pounds

FC-75 or
Equivalent

70 psi
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DESCRIPTION

The     837H      is    a     long-life    space    qualified
traveling-wave  i:ube  which   features   high   gain
and  low group delay distortion.

SPECIFICATIONS

Frequency....
Poweroutput     .   .
Duty........

Gain  (Saturation)
Efficiency.....
Beamvoltage      .   .
Beamcurrent      .   .
Anodevoltage   .   ,
Anodecurrent   .   .
Heatervoltage   .   .
Heatercurrent   .   .
Construction    .   .   .
Cooling......

Focusing.....
Connectors....
Weight.......
Length......
Expected  Life     .   .

.   .    .10-15GHz

.......    1.2W

...... GIN

.......   45dB

........    19O/o

......    1860V

.......   9mA
-...... 2!SfJV
.....    0.02  rnA
.......    3.8V

....... 0.26A

.   .   Metal  Ceramic

.... Conduction
.......   PPM

WB-75Waveguide
....    180unces
.   .   .  9.375  Inches
.    >50,000  Hours
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I
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FF}E0uENCY  (GHz)
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These data  are typical  values.  Operating  instructions and  electrical  characteristics can  be  obtained
upon  request.

YOUR  LOCAL  BEPFIESENTATIVE
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i    HUGHES    i   ELECTRON  DYNAMICS DIVISION/3100W. LOMITABLVD.TOBBANCE,CA.90509/TEL (213) 534-2121
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DESCRIPTION

The  Hughes  model 837HA is a  long-life space-
qualified traveling-wave tube developed for the
Skylab  Program.    This  tube  will  be  used  as  a

SPECIFICATIONS

Frequency   .   .   .
Power Output  .
Duty......
Gain  (saturation)
Efficiency    .   .   .
Beam  Voltage   .
Beam  Current   .
Anode  Voltage

rl

driver  for  a  passive  microwave  and  radar  sys-
tem to study the earth from space.

............................,........       12.0-16.OGHz

.....,........,............................          1W

....................-..-.-...,.............         CIN

..........................................       45dB

.........................................,,        19%

.........................................        1840V

..........................................        9   rnA

_       _      _       _      _      .      _      _      .      .      .      _      .      _      _      _      _      _      ---...-.---......         250V

Anode   Curreht     ............................,.............. 01.rnA
Heater  voltage      ........................................,..       3.8  V

Heater  Current     .......................................... 260  rnA
Construction.......................................Metal/Ceramic
Cooling............................................Conduction

._.    .    -PPM

22 ol]nces
10.0  inches
UG   419/U
.  10  years

Focusing.........
Weight..........
Length..........
Connectors ( mates with)
Expected   Life   ......
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The  Hughes  Model  837Hc  isa  long~life,space            low    group    delay    distortion,    is    the    driver

qualified    traveling-wave    1:ube    that   was   de-           for    Hughes   Model    852HA,   a   2   kw   pulsed
signed   and   built  for  a   radar  altimeter  appli-            traveling-wave tube.
cation.    This   tube,    featuring    high   gain    and

SP EC I F ICAT I ONS *

Frequency....
Power   Output.   .   .
Duty...-..-

Gain    (saturation)   .
Noise    Figure    .    .    .

Efficiency.....

Beam   Voltage     .   .
Beam   Current     .   .
Anode   Voltage  .   .
Anode   Current   .   .
Heater  Voltage   .   .
Heater   C_urrent   .    .
Construction    .   .   .
Cool ing    ......

Focusing.....

Weight......

Length......

Corinectors....

....   13.7    -    14.1     GHz

............    1     W

....,.-.--.     GIN

.........       45    dB

........       28    dB

...........       80/o

........         1880   V

........           10    rnA

.    ._ .....    `          2!fJJJV

........         0.1     rnA

.....,..         4.OV

........      245    rnA

......  metal-ceramic

.......    conduction

..........         PPM

.1,375  pounds  (0.625 kg)

.    10.4  inches  (26.42 cm)

.   .   :     WP-62   wavegujde

........       10_yearsExpected     Li-fe      ...................
t'A[l specifications are subject to change without prior notice.
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DESCRIPTION

The    837HD    is    a    long-life    space    qualified
traveling-wave  tube  which   features  high  gain
and    low   group   delay   distortion.   This  tube

SPECIFICATIONS*

Frequency.....
Power   Output .   .   .
Duty........
Gain   (saturation)    .
Efficiency.....
Beam   Voltage  .   .   .
Beam   Current  .   .   .
Anode   Voltage    .   .
Anode   Current    .   .
Heater   Voltage    .   .
Heater   Current    .   .
Construction....
Cooling......
Focusing......
Connectors....
Weight.......
Length.......
Expected    Life  .   .   .

was    designed    and    built    for   the   Japanese
Broadcast   Satellite.

11.9    -12.1    GHz
.1.3W      typical
......            GIN
......    45   dB
......             12%
...... 1880   V
......   10   rnA
......    250   V
....... 2   rnA
......      4.0   V
.....   245   rnA
.   .   metal   ceramic
....  conduction
.......     PPM

.W,%-7o5zY8¥%?8idgi
9.4   in   (23.9  cm)
.....    7   veers

9¢Specif ications   are   subject   to   change   without   notice.
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DESCRIPTION

The     Hughes     Model     845H     traveling-wave
tube    was    designed    for    the    Tracking   and
Data     Belay    Satellite    System.    The    metal-
ceramic      construction      provides     a      light-
weight    rugged    package    for   space   applica-

SPECIFICATIONS#

FiF  PAPAMETEPS
Frequency............................

Output  Power  .........................

Duty.........`......................

Saturated   Gain    ........................

Efficiency............................

Noise   Figure   ..........................

tions.       The   long   life  and   low   distortion   F]F
characteristics    make    this    TWT   well    suited
for   high    reliability   communication   satellites

This   TWT   is   used   in   the   1268H   TWTA.

11.85-13.80  GHz
.1.5 W  minimum
.,....,.... CAN

......... 43  dB

..........    180/o

........     28dB

E LE CT PI I CA L
Beam   Voltage   ........,......................,.........................- 2050   V

Beam   Current   .....................,..........................,..........    10   rnA

Anode  Voltage    ...........................................................  150   V

Anode  Current    ......................................................... 0.04  rnA

Heater  Voltage    ...........................................................   4.0  V

Heater  Current    ....................................................,....   260  rnA

MECHANICAL
Construction......................................

Cooling..........................................

Focusing.........................................

Weight  ..............    '    .    .    '    ............    '    ..,.........

Length.............................',............

Connectors.....................................,.

Expected   Life   .....................................

*All  specifications are subject 1:o change without  prior  notice.

. in eta I -ce ra in i c

.  .  .conduction
PPM

23.3 ounces  (0.66  kg)
9.79  inches  (24.86 cm)
............   WB-75

I..........   10  years
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DESCRIPTION

The  Hughes  Model   851H   is  a  space-qualified
traveling-wave  tube  developed  for  the  Skylab
Program.    This  tube  will  be  used  as  part  of  a
passive  microwave  and  radar  system  to  study

SPECIFICATIONS

Frequency.....
Power  Output  .   .   .
Duty..-......

Gain   (saturation)   .
Efficiency.....
Beam  Voltage   .   .   .
Beam  Current   .   .   .
Anode  Voltage    .   .
Anodecurrent    .  .
Heatervoltage    .   .
Heater  Current    .  .
Construction
Cooling      .   .
Focusing   .   .
Weight    .   -   .
Length    .   .   .

the  earth  from  space.   The tube has a thermal
couple   incorporated   to   monitor   helix   tem-
perature.

13.5-14.0 GHz
.....   2!OIN

......  GIN

....     53dB

.   .   `   .   .   rJS:SfJ/o

.   .   .     3550V

....   50mA

....   2!fyfJV

.... 0.1   rnA
•...    5.2V
.   ._-31omA

......,...............................       Metal   Ceramic

Connectors (mate with)

Conduction
...     PPM

.   26oun-ces
.10-inches

.  UG  419/U
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FEATURES

• 100  kw  Peak   Power
• Broadband
• Shadow   Grid   Modulation
•  High   Gain
• High   Efficiency
• Solenoid   Focusing
•  Liquid   Cooling

DESCRIPTION

The   Hughes   Model   854H   is  a   high   power   traveling-             liquid   cooled   and   has   non-intercepting   shadow  grid
wave  tube  with   loo  kw  peak  power and  an  integral             modulation.   The  854H  has  a  30/o  duty  cycle,  weighs
solenoid  for  reduced sizeand weight.  The tube covers             less  than  45  pounds,  and  is  designed  to  meet  MIL-E-
the  16.0  to  16.5  GHz  bandwidth  with  53  dB  gain,  is            5400,   class   2.

PERFORMANCE   SPECIFICATIONS

Frequency..............

Output   Power   ............

Saturated    Gain      ...........

Duty...-.......'.....

Depressed   Efficiency     ........

ELECTRICAL  PARAMETERS

Cathode   Voltage      ..........

Cathode   Current      ..........

Body    Voltage    ............

Body   Current   (with    BF)   ......

Collector    Voltage    ..........

CQHector   Current    (with    BF)   ....

Heater   Voltage   (dc   or   ac)    .....

Heater   Current     .
Solenoid   Voltage
Solenoid   Current
Grid    Drive  ....

Grid    Bias      ....

Grid   Current     .   .

lan   Pump   Voltage
Ion   Pump   Current

lvII NIMUM                            TYPICAL                              MAXIMUM

16.0   GHz

loo   kw
50dB

2:JO/r®

120   kw
53dB
0.03
32%

no5  kv
8.1A

ground
0.4A
-20  kv
7.7A
11.0    V

3.7A
100V
21A

700
-700
10mA

3.3   kv
<5  LJA

16.5   GHz

160   kw
60dB
0.035

-67  kv
8.5A

1.0A
-25  kv

12.0   V

5.0A
120V
2:bA
800
-800
50mA
3.6  kv
1mA



MECHANICAL   SPECIFICATIONS

Weight...............

Cooling:

Coolant   Type      .........

Flow    Rate     ...........

Pressure    Drop      .........

TYPICAL  PERFORMANCE   CURVE

MINIMUM                             TYPICAL                              MAXIMUM

.....,    43   pounds  ......    45   pounds

......     coolanol    25    .....

3gpm
18    psi                         ....     20    psi

16.0                          16,1                           16.2                            16.3                          16.4

FBEQUENCY   (GHz)

OUTLINE   DRAWING

:g#ECTOR I                       8.30"  ±  05 -

L

30„'ONPUMPLEAD

/::TPUT:NOL°ELTA:=F

F\F    INPUTWAVEGulDE

IIllllllllllllid

f±
llllllllll[Il`E

11i`-I.

r ------------------ i     MlcfiowAVE TRAVELING.WAVE TUBE  PRODucTs
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FEATURES

•   12 kw Peak  Power
•   Broadband
•   Shadow Grid  Modulation
•   High  Gain
•   High  Efficiency  (double depression)
•   PPM  Focusing
•   Liquid  cooling
•   Lightweight
•   Environmentalized*

PERFORMANCE SPECI FICATIONS
Frequency......................
Output  Power      ....................
Saturated  Gain    ....................
Duty.........................
Depressed  Efficiency    .................

ELECTRICAL PARAMETERS
Cathode  voltage     ...................
Cathode  current     ...................
Body  voltage        ....................
Body  Current  (with  F}F)     ...............

Collector  voltage  No.1       ...............
Collector  current  No.1   (with  BF)    ..........
Collector  voltage  No.  2      ...............
Collector  Current  No.  2  (with  BF)    ..........
Heater  voltage  (dc or ac)       ..............
Heater  Current     ....................
Grid   Drive       ......................

Grid   Bias     ...,...................

Grid  Current     .....................

Ion  Pump  Voltage      ..................

Ion  Pump  Current      ..................

MECHANICAL SPECIFICATIONS
Weight.......................

Cooling:
Coolant  Type     ..................-

Flow  Bate   .....................

Pressure  Drop    ...................

*Designed to  meet  MI L-E-5400 Class 2

MINIMUM          TYPICAL            MAXIMUM

16.5GHz                                                                 17.OGHz
12kw                         13.5  kw
45dB                        47dB                         52dB

2ffJ/o
3 6%                            400/o

-28 kv                     -29.5 kv                  -30.5 kv
1.8A                            2.OA                             2.1  A

ground
0.26 A                      0.28 A

-11.5  kv                     -12.5  kv                     -13.5kv

0.2!5 A                   0JO A
-14.5  kv                    -15.5  kv

1.5A
8V9V
2.5A                         3.5A
+150 V                     +200 V
-360 V                      -400 V

5mA
3.0 kv                     3.3 kv

<5HA

-16.5 kv

2.1A
10V
4.0A
+250 V
-600 V
25mA
3.6 kv
1mA

11.3  pounds             12 pounds

DC 331  or
equivalent

1.8   gal/min
5psi
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FEATURES
•  10  kw  Peak  Power
• Broadband
• Anode Modulation
•  High  Gain
•  High  Efficiency
•  Integral  Solenoid
•  Liquid  Cooling

PER FORMANCE SPECI FICATIONS

Frequency...................

Outputpower   .   .   .
Saturated  Gain       .....

Duty   .   .

Depressed  Efficiency  (including  solenoid  power)

ELECTRICAL PARAMETERS

Cathode  voltage  ........

Cathode current  ....
Body  voltage      .................

Body Current  (with  BF)   .

Collector voltage     .
Collector current  (with  B F)  ....

Modulating Anode  pulse  ............

Modulating Anode  Bias     ........

(W/B  to cathode)
Anode Current  .   .
Heater Voltage  .   .
Heater current  .........

Solenoid  voltage ....

Solenoid  current ....

Ion  Pump voltage   .....

Ion  Pump current   .....

MECHANICAL SPECIFICATIONS

Weight........

Cooling:

Coolant  Type     ..............

Collector  Flow  Fate   .........

Collector  pressure  Drop    .........

Solenoid  Flow  Bate   .   .

Solenoid  PressureDrop    .   .   .

Body  Flow  Bate       ............

Body   Pressure   Drop     ..........

MINIMUM          TYPICAL            MAXIMUM

15.7  GHz

10kw                        12kw
31                                  33dB

17.30/o

-28.5 kv                -29.5 kv
3.2 A                         3.4A

ground
0.15 A

-10kv                     -10kv

3.0 A                         3.25A

ground
-500 V

1mA

6.OV                            6.5  V

4.5 A                         5.3A
150V                         200  V
7A                             8.6A
-3.0 kv                   3.3 kv

<5.0 RA

17.7  GHz

13kw

50%

-30.5 kv

3.5A

0.25 A
-12 kv

3.5A

0V

20mA
7.5V
6.0A
220V
llA
3.6 kv
100 4lA

70  pounds  (31.75  kg)

deionized water
6 gpm  (22.741iters per minute)
40 psi
2  gpm  (7.58  liters  per  minute)
35 psi

2 gpm  (7.58  liters per minute)
35   psi

EDD   12889   FEB   74
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FEATURES

PERFORMANCE SPECIFICATIONS             MINIMUM

Frequency.........
Output  Power   .
Saturated  Gain       :    :    :    :    :    :    :    :    :    :
Duty...........

Depressed  Efficiency     .

ELECTRICAL   PARAMETERS

Cathode   Voltage     .........
Cathode  current       .........
Body Voltage
Body  current  (with   F}F)       ....
Collector  voltage    .
CoUector  Current  (with.  EF.)  :    ..    :    :
Heater  voltage      ..........
Heater  current      ..........
Solenoidvoltage     .   .
Solenoidcurrent     .   ,   :
Ion  Pump  voltage   .........
Ion  Pump  Current

MECHAN ICAL SPECI FICATI ONS
Weight......

Cooling
Coolant  Type   ..........
Collector   Flow   Bate       .    .
CollectorpressureDrop      .    :    :    :
SolenoidFlowBate      .    .    .
Solenoid  Pressure  Drop   .....

14.0  GHz
5.0  kw

-18.0   kv

180V

3.0  kv

TYPICAL                       MAXIMUM

14.5  GHz

43dB
CWrrffrl/o

-18.7   kv
1.63  A

212V
8.8A
3.3  kv

-19.5   kv
1.8A

0.150  A
-8.0 kv
1.8A
7.5V
6.0A
220V
10A
3.6  kv

<5-0#A                       100#A

65  pounds  (29.48  Kg)

deionized  water

2ogap's/i|fr2(7367£ulj/t:r2(sec)

35gap's/iTfr2(4TT28whj/I:r2(see.)
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DESCRIPTION

The  Hughes  Model  874H  traveling-wave  tube           and   a   three  stage   collector   in   a   ruggedized
was  designed  and  built  for  the  Space  Shuttle           package   for   high   reliability.   The  design   of
on-board   radar  and   communication   applica-           this   high   powered   Ku-Band   TWT   is  derived
tions,    This    tube    incorporates   a   dispenser           from   our   extensive   space   tube   experience.
cathode,  Samarium  cobalt  focusing  structure



SPECIFICATIONS*

RF

Frequency...........
Power  Output  ........
Duty  .   '   .............

Gain  at  Bated  Power  ...,
Noise   Figure   .........

AM/PM  Conversion ....,
Gain  Bipple  trl00 MHz).
VSWB  Output  Hot  .....

Input  Hot .......
Efficiency............

ELECTRICAL

Beam  Voltage
Beam  Current
Anode Voltage
Anode Current

13.75 -15.1  GHz
..........  50W

.........., GIN

42 dB minimum
35 dB maximum
8°/dB maximum
.......   +0.5  dB

.1.7:1  maximum

.1.7:1   maximum

..........   43%

...................,..,.................................- 7050   V

............,.............................................    65   rnA

......,..........,........................................      300   V

............................,............................    0.2    rnA

Collector Voltage
1 st  Stage ........-....

2nd  Stage ............

3rd  Stage   ..........,.

Collector Current  (with  BF)
1st  Stage.  .  ,
2nd Stage .  ,
3rd  Stage  .

Heater Voltage
Heater Current

-4600 V
-5300 V
-6600 V

..........................................................    34   rnA

..........................................................   20   rnA

.............................,............................    12    rnA

............,................,...........................,.    6.3   V

.....................,....................................  OJ3  A

MECHANICAL

Consl:ruction.................

Cooling   I   ......   '   .............

Focusing.................,..

Weight...............-......

Length .....   I   .   .   .   '   .   .   .   '   .   .   '   .....

Connectors
DC................'.....

F3F............'.........

Operating Temperatu re .........

#Subject to change without notice.

.............  mel:al-ceramic

................ conduction

:  :  :  :  :  :  :  :  .p.p.M4.imp::gdT:2nke:i
.........  14  inches  (35.6  cm)

........   Beynolds  167-9455

................   input  SMA

o.o.F.to°T7P5uotFW(ET88cwtaove8gouj8;

'EE,



A,
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FEATURES

®   30CJIN   GIN
•    High   Efficiency
•    Highly   Beliable
•    Long   Life
•    Heat   Pipe   Cooling
•    Space   Qualif iable   Design
•    Multi-Stage   Collector
•   Velocity   Taper   Helix
•    Low   Operating  Temperature
•    Low   Thermal   Load

PERFORMANCE  SPECIFICATIONS

Frequency....
Power  Out  .....
Duty.........

Gain    (saturation)
Efficiency.....

Life.......

ELECTRICAL   PARAMETERS   (Voltages   With    Respect   To   Ground)

Cathode   Voltage.  .
Cathode   Current.  .
Anode   Voltage.  .  .
Collector    1     .....

Co I lecto r  2 ......
Collector  3.   .
Collector  4 ......
Heater   Voltage.   .  .
Cathode   Loading   .

MECHANICAL   SPECIFICATIONS

Weight..............

Co ol i ng  ...........

Size...............

Connectors  BF    Input    .........
BF    Output   ........
DC........

Construction............
Focusing..................

2.0 -2.3   GHz
...... 30CIIN

.......-...-.    C;IN

..........   40    dB

.........-. >    50%

•......... 10    years

....- q&nE;N
.   .167    rnA

.  .2!fjf JN
...-....fJN

.....- 950V
...........- 1600V

.-.....-...--3%2:I;N

.....-....-...  63N
•.......   184   rnA/cm2

....    18.5    pounds    (8.4    kg)

............  conduction

22   inches,   length    (55.9   cm)
.-..............     SMA

.........-..     TNC

•..........     flying     leads

..........  metal   ceramic
•-.-.--.---.--... PPM
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DESCRIPTION

The   8507H   is  a   broadband,   high   gain,  grid
controlled    CW   TWT    operating   in   the   fre-
quency   range   2.5   to   8.0   GHz.   Using   PPM
focusing,  its  CW  output  power  is  200  watts.
The  rugged  construction,  utilizing conduction

cooling,   is   well   suited   for   operation   in   air-
borne military environments.

NOTE:    all    voltages,   except   grid,   are   with
respect to the helix, which  is grounded.

SPECIFICATIONS#

Frequency........................................

Power  Output  .....................................

Duty.......................-..-.................

Large  Signal  Gain  (nominal)   ..........................
Beam  Voltage   .....................................

Beam  Current   .....................................

Grid   Drive  ........................................

Grid   Bias  .........................................

Heater  Voltage   ....................................

Heater  Current   ....................-................

Collector  Voltage   ..............................-....

Weight...........................................

Length..............-...........-...........-.-..

Cooling....-..............-........`-......-.....

BF   Input  Connector  ................................

RF  Output  Connector ...............................
DC  \/oltage  Connector   ..............................
Environmenl:........................,.............

Cooling.........................................

j`All specifications are subject to change without prior notice.

......  2.5 -8.0 GHz

............. 200  W

............... GIN

.............  42  dB

...........- 6.2  kv

............   0.41   A

.......... 250  V  DC

.....-...- 200  V  DC

.............   6-3  V

............. 22 A

.  multi-stage depressed

.10.0 pounds  (4.5  kg)

.21.5  inches  (54.6 cm)

......... conduction

.............. SMA

.........-.....    SC

Bowe PN 28BC1607M
.  .  MI L-E-5400 Class 2
........    conduction



PERFORMANCE CURVE

OUTLINE AND MOUNTING  DF!AWING
+ 0.010
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DESCRIPTION

The   8508H   is  a   broadband,   high   gain,  grid
controlled   pulsed  TWT  operating  in  the  fre-
quency   range   2.5   to   8.0   GHz.   Using   PPM
focusing,   its   pulsed   output  power  is  greater
than   1.0  kw  at  10%  duty  cycle.  The  rugged
construction,   utilizing  conduction  cooling,  is

well   suited  for  operation  in  airborne  military
environments.

Note:    All    voltages,    except    grid,    are   with
respect to the helix, which  is grounded.

SPECIFICATIONS*

Frequency........................................

Power  Output  .....................................

Duty.............................................

Large  Signal   Gain  (nominal)   ..........................
Beam  Voltage   .....................................

Beam  Current   .....................,...............

Grid   Drive  ............................,...........

Grid    Bias  .........................................

Heater  Voltage   .................,..................

Heater  Current    ..................................,.

Collector  Voltage    ........,.........................

Weight......'....................................

Length.......-...................................

Cooling..........................................

F!F   Input  Connector  ................................

B F  Output  Connector ...............................
DC  Voltage  Connector   ..............................
Environment......................................
Cooling.........................................,
i.All specifications are subject to change without prior notice.

L.

.  .  .  2.5 -8.0 GHz
1.0  kw  (minimum)
...........    1  00/o

..-.......  45  dB

.........- 9.6  kv

1.6

.  multi-stage depressed

.10.5  pounds  (4.8  kg)
21.5  inches  (54.6 cm)
......... conduction
.............. SMA

...............     SC

Bowe PN 28BC1607M
.  .  MI L-E-5400 Class 2
........    conduction



8508LI
1.0   kw  2.5-8.0   GHz  PULSED  TWT

r-____-_-__-_----__|
'1

i  HUGHES  ;
'1

L__________________I
HUGHES   AIRCFiAFT    COMPANY

ELEcntori minamlc5 owi5ion

PERFOFtMANCE CUF3VE

OUTLINE  DRAWING

a.196"8..# THRU (a.498 Cm:g..%3q                             5.ooow                                               5.5o"                                              0.52
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I®

-+-J1I --L-.JPFINPUT
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L,1
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THBEAD  INSERT 8.750„

(22.23 cm)12000" ( 12.70 cm)

(30.48 cm)15600"

I  -                                                                                                     (39.:;2 cm,

1.12"
(2.84 cm)

iiiiiii
2.§5,,

(6.48 cm)
3.025" ± a.060
(7.68 cm ±  0.15)
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DESCRIPTION

The  8702H  is a four-cavity, tunable klystron
amplifier   designed   for   commercial   applica-
tions.   Featuring  permanent  magnet  focusing
and  conduction  cooling,  the 8702H  provides
CW   output   power   in   excess   of   36   watts

SPECIFICATIONS

Frequency....
Duty.......

BF   Output   Power
F{F    Input   Power   .

Small   Signal   Gain

1    dB   Bandwidth   .

0.2   dB   Bandwidth
BF   Connectors  .   .
Beam   Voltage.   .   .
Beam   Current.   .   .
Heater   Voltage   .   .
Heater   Current   .   .
Weight......

tunable    over    300    MHz,    from     12.65   to
12.95    GHz.    The    klystron    utilizes    metal-
ceramic   construction    and   an    impregnated
cathode  for  long-life under adverse operating
cond it ion s.

.....    12.646   -    12.950   GHz

....-.-.-......      CAN

........     36   W    minimum

.......       8   mw   maximum

.......        41    dB    minimum

.......    10   MHz    minimum

.......      6   MHz    minimum

WB-75   waveguide   (mates  with)
.-..........- 2   kvdc

.....     100   mAdc   maximum
.......,.....   6.3    V

........    1.5   A    maximum

..........   7-1/4   pounds
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TYPICAL  APPLICATIONS:

•    Beceiver   Front-End   Protection
•    BF   Pulse   Forming
•    High   Speed/High   Power   BF  Switching

FEATURES:

•   250   kw   Power   Capability
•    Over  35  dB   Isolation
•    Low  Spike   Energy
•    Nanosecond  Turn-on  and   Becovery
•    Low   Insertion   Loss

•   Wide  Bandwidth
•    First   Pulse   Firing   Every  Time
•    High   Duty   Cycle   Capability
•    Low  Flat  Leakage  Power
•    Bugged   Metal-Ceramic   Construction

DESCRIPTION

The Hughes Model 8707H  high  power multi-
pactor  is  a  unique  state-of-the-art  device  that
provides   receiver   front-end   protection   with
performance  specifications  unequalled   in  the
industry.  The  word  "multipactor"   is derived

from the principle of  using electrons in a "con-
trolled  chain-reaction"   to  provide  the  neces-
sary power limiting. The 8707H  isdesigned for
X-Band  applications  with  other  similar  small,
light-weight models obtainable.



EI

THEORY 0F OPERATION

EMISSION  SUBFACE  A

IZZIIZILA OUTPUT

EMISSION  SUPFACE  a

An   electron   cloud,   provided   by   the   150  V
electron  source,  is accelerated  into  the region
between  emission  surface  A  &  8.    The  peak
electric  field   in   the   incident  BF  signal  accel-
erates  these  electrons  onto  surface  A  (a  sec-
ondary   emitting   surface  capable  of  emitting

SPECIFICATIONS*

Frequency.,......
Input   Power    .......

Flat   Leakage   Power   .   .   .
Low   Level   Insertion   Loss
Duty...........
VSWB..........
Spike   Leakage   Energy   .   .
Becovery   Time  ......
Beam   Voltage     ......
Beam   Current     ......
Oxygen   Generator

Filament   Voltage   .   .
Filament   Current   .   .

Electron   Source
Filament   Voltage   .   .
Filament   Current   .   .

Ion    Pump   Voltage   ...............
Ion    Pump   Current   ...............
Coolant  Type,   Flow   Bate  and   Pressure   Drop

Weight.....................

Environment    (design)      .............

10  to  15 electrons for each  incident electron).
The  secondary  electrons emitted by surface A
are  accelerated  onto  surface 8  causing further
multiplication   of   electrons.     When  electrons
are  accelerated  by the f ield, they extract ener-
gy  from  the  BF  sign.al  and  release this energy
(thermally)   upon   impacting  on  the  surfaces.
This  heat   is  removed  by  conduction  cooling.
This  electron  multiplication-energy  absorbing
process  continues  until  the  power  level  in the
BF  signal  has  been  attenual:ed  to a  maximum
of  8  watts.    Incident  BF  signals  of 8 watts or
less    do    not    have    suff icient    electric    f ield
strength   to   initiate  the  multipacting  process
and  are  therefore transmitted  with  low atten-
uation  (loss  is typically on the order of 0.4 to
0.5  dB).

...............       x-Band**

......      250   kw   maximum   peakt

............      3   kw   averaget

...........       8   W    maximum

..........     0.7   dB    maximum

............   66°/o   maximumt

...........      1.4:1     maximum

..........     0.2   erg   maximum

..........       5.0   ns   maximum

...............      150    Vdc

...........       100   uA    typical

................    28    Vdc

...........    1.0   A    maximum

...............       4.0    Vdc

...........   4.0   A   maximum

...............         3    kvdc

..........    100  tiA    maximum
any   cooling   liquid   at   0.3   gal/min   at

5   psi   maximumt
........   2.5   pounds   maximum
.........    MIL-E-5400   Class   2

•Values  are   based   on   preliminary   design   and   additional   product   refinement   may   be   required   for   specific  applications.

•.Consult  factory   for  other  frequency   model   specifications.

t  These  parameters  must  be  adjusted  to  meet  actual   system  requirements.
EE
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High Power Multipactor
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TYPICAL  APPLICATION

RECEIVER   FRONT-END   PROTECTION

Power from  the transmitter  passes through the
circulator  to  the  antenna.  Due  to  impedance
mismatch,   approximately   10   percent   of  the
transmitter  power  is reflected. The Multipactor

attenuates  this  reflected  BF  power  to  a  suit-

ANTENNA

TF`ANSMITTEF}

2sotH

H±w

ably  low  level  (8 watts)  so that the receiver will
not   be   harmed   or   biased   to   a   temporarily
insensitive    condition.   When    the    radar   echo
returns  from the target during receiver-on time,
the   Multipactor  presents  a  path  of  minimum
attenuation   to  the   receiver.

REFLECTED

SIGNAL

8707H
MULTIPACTOR

RECEIVER

0.2   EPGJJ
+w

I_-----|
I             SOLIDSTATE          I

I                    LIM'TER                   I

(OPTIONAL)

r----.-------__----1
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DESCRIPTloN

The  Hughes  Model  8713H  is a  1.5  kw X-band
traveling-wave  tube  with  2.5  GHz  bandwidth.
It  utilizes a  rugged  coupled-cavity  circuit  and
anode   modulation   for   long-life  operation  at
any duty from 0 to  1.0. The tube also features

SPECIFICATIONS*

Frequency..................

Power    Output    ................

Duty    Cycle       .................

Modulation.................

Saturated    Gain       ...............

Cathode   Voltage       ..............

Cathode   Current  ...............

Collector   Voltage   (with   respect   to   cathode)
Collector   Current     ..,...........

Body    Current     ................

Heater    Voltage       ...............

Heater    Current       ...............

Solenoid    Voltage      ..............

Solenoid    Current      ..............

Weight.............-......

Size.....................

Cooling...................

Environment.................

i+Specifications are subject to change without  notice.

the   Hughes   integral   solenoid   focusing  and   a
depressed  collector  to   minimize  size,  weight,
and   prime   power.     The  tube   is  dielectric-oil
cooled  and   is  designed  for  MI L-E-5400,  Class
2 environments.

7.5 -10.0  GHz
1.5   kw   minimum

.......       C;IN

anode
40dB

nominal
nominal
nominal
nominal
nominal
nominal

nominal
nominal
nominal

-10.0  kv
.    .    .       1.28   A

.    .    .      6.0   kv

.     .     .        1.18    A

.    .    .      0.10   A

.    .    .       12.8    V

.    .    .        1.30   A

.    .    .           48   V
2:2A

.   .    54   pounds   (24.49   kg)
23.6   inches   (59.94   cm)

Coolanol   35   or   equivalent
.    .    .    MIL-E-5400,   Class   2



8713H
1.5  kw X-band  CW TWT

HUGHES
HUGHES   AIRCRAF.T   COMPANY

ELE[TRon D9namies Divl5ion

TYPICAL  PERFOFtMANCE   CURVE

CATHODE  VOLTAGE   -10.0  kv
CIATHODE   CURRENT   1.28  A
RF   INPUT  0.2  WATTS

7.5                             8.0                             8.5                             9.0                              9.5                            10.0

FREQUENCY   (GHz)

POWER   OUTPUT   WITH   CONSTANT   DRIVE

OUTLINE   DFZAWING
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DESCRIPTION

The  Hughes  Model  8722H  is  a  high  gain, grid
controlled  traveling-wave tubeoperating  in the
frequency   range   of   8.0  to   18.0  GHz.   Using
periodic  permanent  magnet  focusing,  its  peak
power  output  is  greater  than  one  kilowatt  at
up  to  8%  duty,  utilizing  conduction  cooling.

SPECIFICATI0NS*

Frequency................

Power   Output .............

Duty....................

Large   Signal   Gain    (nominal).

Beam    Voltage .............

Beam    Current ..........,..

Its   rugged   construction,   small   size  and   light
weight   make   it   well   suil:ed   for  operation   in
airborne  and   missile  environments.  The  tube
is   available    in   either   grounded   collector   or
depressed  collector conf igurations.

NOTE:   All  voltages  with  respect  to  cathode

.......,.................,.. 8.0  -18.0    GHz

1.5   kw   nominal,1.0   kw   minimum   at   band   edges
....,........................,.  8%     nominal

.............................,......  45   dB

..................................  11.5     kv

-___--_   ------......-............. 1J        A

Grid      Drive    .........................................................,...    200     V

Grid      Bias    ............................................

Heater    \/oltage  ........................................

Heater    Current  ........................................

Weight .............................................    '    .

Length............,..................................

Cool i  ng   ...........................    I    ..................

BF     Input    Connector  ...................................

BF    Output    Connector ..................................

Environment................,......................,..

*All   specifications   are   subject   to   change   without   prior   notice.

............- 150    V

............. 6.3    V

............   <3.0    A

.  .  5   pounds   (2.28   kg)

.16   inches   (40.64   cm)
......... conduction

............... SMA

....,...,....,.  TNC

.   MIL-E-5400,   Class    11
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1.5KW  8.O-18.06Hz  PuLSED  TWT
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TYPICAL   PERFORMANCE   CURVE

12                               13                              14

Frequency  (GHz)

OUTLINE   DRAWING

12.000" TYPICAL
(30.48 cm )

7.250" TYPICAL
( 1 8 .42 cm )

4.000"  TYPICAL
( 10.16  cm )

0.66"  MAXIMUM
( 1.68  cm)I-

2ooP5LOEE'DNfru(:ffi

0.112"-40  UNO-2B
0.25"  THD
0.25" ¢MINIMUM  FBEE
FBOM  PAINT 08
ANODIZE  FOB
E LECTB I CA L G Plo u ND

I   E-             E-                             E-                  E-                        I-
1'EE 0.85"(2.16cm

16.00"  MAXIMUM
(40.64 cm)
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TYPICAL   APPLICATIONS

•   F3adar   F{eceiver   Front-End

Protection

FEATUF}ES

•   50   kw   Power   Capability
•   Over   35   dB   Isolation

•   Low   Spike   Energy
•   Nanosecond   Turn-on   and   Becovery

•   Low   Insertion   Loss

•  Wide   Bandwidth
•   First   Pulse   Firing   Every   Time

•   High   Duty   Cycle   Capability

•   Low   Flat   Leakage   Power
•   Bugged   Metal-Ceramic   Construction

DESCRIPTION

The   Hughes   Model  8742H  high  power  multi-

pactor  is  a  unique  state-of-the-art  device  that
provides   receiver   front-end   protection   with
performance   specifications   unequal`ed   :in  the
industry.   The  word   `'multipactor"   is  derived

from    the   principle   of   using   electrons   in   a
''controlled    chain-reaction"    to   provide   the

necessary     power     limiting.    The    8742H     is
designed     for     X-Band     applications.    Similar
small,  light-weight  models are attainable.



THEORY  OF   0PEFiATION

EMISSION  SUBFACE  A

EMISSION  SUPFACE  a

OUTPUT

The   high   power   RF   input  signal   accelerates
electrons    onto   surface   A   (a   special   surface
emitting  an   order  of  magnitude   of  electrons
for  every   electron  striking  its  surface).  These
``free"  electrons  are  accelerated   by   the  elec-

SPECI FICATIONS#

Frequency        .    .    .
nputpower        .'I

tric  field  of  the  F3F  signal  back  onto  surface  8

(same   type  surface  as  A).   Another  order-of-
magnitude   of   electrons   are   freed   and   again
accelerated  back  to surface A.  When  electrons
are    accelerated    by    the   field,   they   extract
energy   from   the   BF   signal   and   release  this
energy   in  the  form  of  heat  upon  impacting  a
surface.   (Heat  is  taken  away  from  the surface
by     liquid     cooling.)     This     back     and    forth

multiplication   -chain-reaction   process  con-

tinues  until  the  power  level  in  the  BF  signal  is

down  to  a  maximum  of 8 watts.  B F  signals of
8  watts  or   less  do  not  have  suff icien{  energy
to  start  or  continue  the  multipacting  process
(small      insertion     loss     for     low     level     input
signals) .

........       9.0  -10.2  GHz

.....     50  kw  maximum  peak

.........       500W  average

........       3  kw  average®

.........       8Wmaximum

.............          0.9   dB

.........      50%  maximum

.........    1.6:1    maximum

.    .   0.2  erg  maximum
........   15.0  ns  maximum

.....- 150  Vdc

I    .100„Atypical
.......,.....       28   Vdc

...,....        1.OAmaximum

.............     4.0   Vdc

........       4.OAmaximum

.............      3   kvdc

•...,..       1004tA  maximum

any  cooling  liquid  at  0.4  gal/min.

Flat  Leakage  power        .
Low   Level   Insertion   Loss
Duty.........

VSWB........

Spike  Leakage  Energy
F}ecovery  Time      ....,

Beam  Voltage
Beam  Current
Filament   1   Voltage      .    .    ,

Filament   1   Current      .
Filament  2  Voltage     .    .    .
Filament  2  Current     .    .    .

Ion  Pump  Voltage
Ion  Pump  Current
Coolant  Type,   Flow

Weight......

Environment  (design)

Bate  and  Pressure  Drop

(0.03  liters/sec)  at  5  psi   (0.351   Kgs/sq.  cm)   maximum
..........        2.5  pounds   (1.13   Kgs)   maximum

..................    MIL-E-5400   Class   2

Applied  in  bursts  of  5  seconds  or  less

Specifications  subject  to  change  without  prior  notice
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874211
High  Power  Multipactor

HUGHES
HUGHES   AIBCRAFT   COMPANY

ELEciron Dgnamic5 Divl5Ion

TYPICAL  RADAR  APPLICATION

RECEIVER  FRONT-END  PROTECTION

Power   from   the   transmitter   passes   through
the   circulator  to  the  antenna.   Due  to  impe-
dance   mismatch,   approximately   10   percent
of   the   transmitter   power   is   reflected.   The
Multipactor    attenuates     this     reflected     BF

power   to   a   suitably   low   level    (8   watts)   so
that    the    receiver   will    not    be    harmed    or
biased   to  a  temporarily  insensitive  condition.

When  the  radar  echo  returns  from  the  target
during  receiver  on-time,  the  Multipactor   pre-
sents  a   path   of  minimum  attenuation  to  the
receiver.

The  multipactor  also  protects  radar  receivers
from    abnormal    jumps    in    reflected    power
such   as  would   occur  during  an  antenna  arc.

I-__------------__-I''',  H:`JGHES  ''',  EIEtmon D9namlG D11115Ion   3ico wes\ Lomi`a Boulevard, Tor[ance, Gal.riorriia go5clS, Tat (2i&) 534-2i2i

I

L__________________I
HUGHE5    AlficF?AFT    COMPANY

Printed  in  U.S.A.   -10/77
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DESCRIPTION

The  Hughes  Model  8754H  is  a  high  gain, grid
controlled  traveling-wavetubeoperating  in the
frequency   range   of   8.0  to   18.0  GHz.   Using
periodic  permanent  magnet  focusing,  its peak
power  output  is  greater  than  one  kilowatt  at
up  to  80/o  duty,  utilizing  conduction  cooling.

SPECIFICATIONS*

Its   rugged   construction,   small   size  and   light
weight   make   it   well   suited   for  operation   in
airborne  and   missile  environments.  The  tube
is   available    in   either   grounded   collector   or
depressed  col lector configurations.

NOTE:   All  voltages  with   respect  to  cathode

Frequency................

Power   Output .............

Duty....................

Large   Signal   Gain    (nominal).

Beam    Voltage .............

Beam    Current .............

............................ 8.0  -18.0    GHz

1.5   kw   nominal,1.0   kw   minimum   at   band   edges
..,..........................,.  80/o     nominal

....................................  45   dB

_         ...-.-...-    _    -.-..-.....   11.5      kv

1.7

Grid      Drive    .............................................................    200

Grid     Bias    ........................,...................

Heater    Voltage  ........................................

Heater    Current  ..,.......,.............................

Weight...............................................

Length...............................................

Cooling....................'.........................

BF     Input    Connector  ...................................

BF    Output    Connector ..................................

Environment...............,..........................

J`All   specif ications   are   subject   to   change   without   prior   notice.

.-150

.  .6.3

............   <3.0    A

.  .  5   pounds   (2.28   kg)

.16   inches   (40.64   cm)

.......... conduction

............... SMA

..........    waveguide

.   MIL-E-5400,   Class    11



875411
1.5KW   8.0-18.0   GHz   PULSED  TWT
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TYPICAL   PERFOFiMANCE   CURVE
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(0.635 cm)
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DESCRIPTION

The  Hughes   Model   8760H   dual   level  X-band
traveling-wave    tube     is    an    air-cooled    PPM
focused    device   capable   of   providing   either
600  or   1200  watts  of  continuous  F3F  power
over  the  frequency  range  of  7.9  to  8.4  GHz.
This   tube,   featuring    low   distortion   charac-
teristics,    has    been    specifically   designed    to
achieve     optimized     performance     for    com-
munications     ground      terminal      transmitter
applications.

The  8760H  operates at two  levels of saturated

performance   ,by   varying   the   voltage   on   an

*U.S.  Patent  Number 3,181,023

isolated  anode,  which    changes   the  effective

perveance of the electron  gun.

Gain  variations  of  less  than  1.2 dB  have  been
achieved    across   the    500MHz    band.    Such

performance  has been  achieved  in  both  modes
using  special  patented   internal  terminations.*

Air  cooling enhanced  by  heat  pipes on  the  BF
circuit    provides    high     reliability     in    a    light

weight  package.

The   8760H   can  be  optimized  at  any  power
level  from  500 Watts to  1200 Watts.



SPECIFICATIONS#t

RF
CHARACTERISTICS

Output   Power       .............

Frequency...............

Saturated    Gain     .............

Bated    Power   Gain   Variations    .....

Small    Signal    Gain    Variations      .....

Bated    Power   Phase    Linearity     .....

Small    Signal    Phase    Linearity       .....

Cathode   Amplitude   Pushing        ....

Anode   Amplitude   Pushing        ......

Cathode   Phase    Pushing   .........

Anode   Phase   Pushing  .........

ELECTRICAL

CHARACTERISTICS

Cathode   Voltage     .

Cathode   Current     .
Anode   Voltage    .
Body    Current   ....

Collector    Voltage   ............

Heater    Voltage     .........

Heal:er   Current     .    .    .

MECHANICAL

CHARACTERISTICS

Size     .    .

Focusing      .

Cooling      .

BF     Input/Output   ..........

Low   Power   Mode

600   W   minimum

7.9   -   8.4   GHz
30   dB   minimum
±0.20   dB/40   MHz
±0.38   dB/125   MHz
±0.5  dB/40   MHz
±0.65   dB/125   MHz

40/40   MHz
|2°/125   MHz
4.o°/4o   MHz
8°/|25   MHz
0.015  dB/V   maximum

0.005  dB/V   maximum
o.5°/V   maximum
o.2°/V   maximum

-12.9   ±   1    kv

0.52   A   maximum
3.2   kv   maximum
50   rnA   maximum
-6.5   kv   maximum

7.5   V   maximum

3.5   A   maximum

]tAll   specifications   are   subject   to   change   without   prior   notice.

tTube   equalized   for   high   power   mode.      Can   be   equalized   for   either   mode.

High   Power   Mode

1200   W   minimum

7.9   -   8.4   GHz
38   dB   minimum
±0.20   dB/40   MHz
±0.35   dB/125   MHz
±0.2   dB/40   MHz
±0.35   dB/125   MHz

4°/4o   MHz
|2°/125   MHz

4.o°/40   MHz
8°/125   MHz
0.015   dB/V   maximum

0.005   dB/V   maximum
0.50/V   maximum
o.2°/V   maximum

-13.0   ±   1    kv

0.72   A   maximum

7.0   kv   maximum
50   rnA   maximum
-5.5   kv   maximum

7.5   V   maximum

3.5   A   maximum

.    .    see   outline   drawing

.`......-....PPM

air,   200   CFM   at   3.5   in.   H20
......   WFi-112    waveguide
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DESCRIPTION

The  Hughes  Model  8774H  is  a  high  gain, grid             stages   of   depression,   the   collector   provides
controlled   traveling-wave   tube   operating    in             efficient  BF  performance.  It  utilizes a  rugged,
the   airborne   radar   band   9.5   to   10.0   GHz.             conduction    cooled    package   which    is   small
Using   periodic   permanent   magnet   focusing,             and   lightweight  and   makes  it  well  suited  for
its peak  power is 3.5  kwat 6°/a duty. With two            airborne radar applications.

SPECIFICATIONS*

Frequency........

Power  Output ..,..
Duty  Cycle  .......

Saturated  Gain   ....

Cathode Voltage .  .  .

9.5 -10.0 GHz
.  .  .  3.5  kw peak

.........   60/o

...,... 45  dB

....,..- 12  kv'

Cathode  Current  ................,.........................................   2.1   A

Helix  Current      (with   RF  drive)  ..............................................   0.5dA

(without   BF  drive)    .......-....................................   0.25  A

Collecl:or  No.1    Voltage  (F].C.)    ....................-.............,...........   +8.0  kv

Collector  No.1   Current      (with   BF)   ...........................................   0.7  A

(without   BF) .........................................   0.2  A

Collector  No.  2_ Voltage  (F3.C.)    .............................................   +5.0  kv

Collecl:or  No.  2  Current      (with   BF)   .........................,................   0.75  A

(without   F} F) ..................,.....................    1.50  A

Positive  Grid   Voltage .........................-............................. +200  V

Negative  Grid  Bias ..................

Grid   Current  .............-.......-..

Heater  Voltage  (DC)   ................

Heater Current  (at typical  heater voltage)
Length..............-............

weight...........................

I nput  Collector  ...-.................

Output  Connector.  :   .  +  ..............

..........- 160  V

..........   0.25  A

.....-.....   :   6.3  V

-.-..-.... 2.2;I)-A

.15  inches  (38.1  cm}

6.5 pounds  (2.95  kg)
.......  SMA female

...........  WB-90

Cooling...............................................-...,..........conduction

4tAl|  specifications are subject to change without prior notice.
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DESCRIPTION

The   Hughes   Model   1160H   features  a  ver-
satile,  compact  package  containing  two  solid-
state  power  supply  modules, a  magnetic mod-
ulatorand two-stage  BF amplifier section.  The

SPECIFICATIONS

BadioFrequency.     .
BFPowerlnput    .     .
BFPoweroutput     .
BF  Gain     .....

Duty......
Powerlnput       .     .     .
Cool i ng        .....
Pre-driver Tube Type
DriverTubeType      .
Size
Weight......

unit   has   a  CW  operated  pre-driver  traveling-
wave   tube   and   a   cathode-pulsed   high   level
traveling-wave   tube   driver.    Applications   in-
clude those for tactical  radar.

.   2900 -3100 MHz
....  0.25mw

......       2.5kw
•                0 0025  (ln  current appllcation).      .     .   70dB

.115,3d.400cps,1A

conduction,  maximum heat sink temperature 55°C
.--..-..     543H

.     .    544H
x 24  inches
28 pounds



pulsed  TWT  amplifier
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OUTLINE AND MOUNTING  DRAWING

Specifications subject to change without notice.
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DESCRIPTION

The    Hughes   Model    1190H    is   a    10-15   watt
S-band   traveling-wave  tube  amplifier  with  or
without   band-pass  filter   (filter   band-pass  2.2
to   2.3   GHz).   The   unit   is  qualified   for  space

SPEC I F ICAT IONS

Frequency  (with  Filter)    .   .   .
Poweroutput     .   .   .
Duty   ,   .
Gain   (SatLr.at.ea).    :
lnputvoltage      .   .   .
Input  Power
Telemetry  Output;  (0.-5. V d6)

Heater Voltage
Helix  Current
Cathode Current
Collector Voltage
Col lector Temperature

Cooling     .    .
Weight   .   .
size        .     .     .     :     :     :     :     :     :

Connectors
BF.
DC  Input     .   .

Expected  Life

utilizing   the  Model  256H  traveling-wave  tube
manufactured      by      the      Hughes      Electron
Dynamics  Division.

.    .2.2-2.3GHz
.    I    .    .10-15W

..CW
30 dB  Mi.nimum

.  22-32 V dc
60 W Maximum

.   .Conduction
8.5  P6unds Maximum
.    11   x  6  x  4.2  Inches

.... OSM

:   :    :    :   :   b6n.di.x.(21.-200216-26P)
.   5  Years  Minimum



1
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DESCRIPTION

The  Hughes  Model   1202H  is a  long  life highly
reliable  space  qualified  TWTA  developed  for

SPECIFICATIONS

Frequency....,..........
Power  Output   .............
Duty.............I....I

Gain   (saturation)    ...........
Input  Voltage    .............
Input  Power  (at laboratory ambient)
Telemetry Outputs (0-5 Vdc)

•Helix Current
•Cathode Current

Cooling.......
Focusjng......
Weight.......
Size.........

Connectors
FiF
DC

a    military   communication   satellite   utilizing
the Hughes Model  265H TWT.

7-9 GHz
.   .   .   22W
....       CW
.   .    46dB

23-33 Vdc
98 W max.

•Heatervoltage        .Cathodeto Helix voltage        .lnputcurrent

...................,.................    Conduction

.........................................       PPM

•....................................      9.5pounds
_     --_     .     _    _     .     .    _    _    _    ......................    12   x   5   x  3   inches

bavie.r.ihp.ut).

Expected  Life

....,..     3   MM
DAMA-15P-NMB-2
. DEMA~9P-NMB-2
•  =   100,000 hours



1202H
22  W  7-9  GHz  CW  TWTA
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EPEE-=  1220F=
E±_.`_::.`:.`  20 vy 13.5-14.5 GHz CW TWTA

DESCRIPTION

The    Hughes    model     1220H    is   a    space-
qualified  traveling-wave  tube  amplifier  devel-
oped  for  the  Skylab  program.  This  amplifier
will    be   used   in   the   passive   microwave   and

SPECIFICATIONS

Frequency..........
Power output   .........
Duty......'.....

Gain  (saturation)   ........
Input  voltage    .........
Input Power (at  laboratory ambient)
Cooling...........

Weight............

Size.............

Connectors
BF........

DC(powerinput).     .     .
DC  (test)    ......

Telemetry Outputs (0-5 V)
Helix  Current
Helix  Voltage
Helix Temperature
Heater Voltage
Col lector Cu rrent

radar  system  to  study  the  earth  from  space.
It   will   be   operated   in   a   pulsed   application
and  utilizes the  Hughes model  851 H  traveling-
wave tube.

13.5-14.0 G Hz
.    .    20W
.     .     .   CW
•     .   53dB

2f3V  +21-4
.     .140W

conduction
0.0 pounds

x 4.4 inches

UG1665/U  mates with  UG419/U
.     .     .     JTN02F3E-12-9Bendix
.     .     JTN02BE-10-35SBendix
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DESCRIPTION

The   Hughes   Model    1230H    is   a  space  quali-
fied,    14   watt,   Ku-Band   traveling-wave   tube
amplifier.   This   unit   is   designed   for  satellite

SPECIFICATIONS*

ELECTRICAL
Frequency.........................

Power    Output  .....,.........,.......

Duty............................

Gain    Saturation   ......................

Input    Voltage   .......................

Power    Consumption      ...................

Noise     Figure       .......................

Spurious   Modulation    (from   carrier)    ...........

Input    VSWB       .......................

Output   VSWB    (non-operating)       .............

Telemetry   -5   Functions   (0-5   V):        Heater   Voltage   .
Cathode   Current

MECHANICAL

Cooling....

Size......

Weight.....

Connectors   (BF)
(dc)

communication   application   where    long    life
and   high   reliability   are  of  prime  importance_.

.   .14.3   to   15.3   GHz

.........     14    W

..........     CIN

.........  45   dB

....    23   -  33   Vdc

.   .   .    88   W   maximum

.........  30    dB

........- 60   dB

.........       2.0:1

.........        1.5:1

..... Input   Current

Cathode-Helix   Voltage

Helix   Current

conduction

.  4.4"   x   13.0"   x   4.05"   (11.0   cm   x   33.02   cm   x   10.3   cm)

............,.........   9.8    pounds    (4.5    kg)

_    .......-..........-...     DAMA-15P-N M B-2

ENvmoNMENTAL
Operating   Temperature   ..........................      100   to    125°F    (-13.8°   to   51.7°C)

Expected    Operating     Life   .........................................    7    years

PROTECTIVE   FEATURES

•   Undervoltage   Turn-Off                      .  dc   Input   Overcurrent  Turn-Off                     .  Helix   Overcurrent   Turn-Off

*All   specifications   subject   to   change   without   notice.
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DESCRIPTION

The  Hughes  Model   1224H  is  a  lightweight,
high     efficiency,     long     life    space    qualified
traveling-wave  tube  amplifier.  This small  com-
pact   unit,  which  will   be  used  as  the  output
amplifier  for  analog  communications,  was de-

SPECIFICATIONS

Frequency....
Poweroutput   .    .     .
Duty......
Gain  (saturation)   .     .
Inputvoltage    .     .     .
Inputpower       .     .     .
Telemetry  (0-5 Vdc)
Cooling.....
Weight......

Size......

Connectors
F3F......

DC......

ExpectedLife   .     .     .

veloped   for   the  propagation  experiment  on-
board   the   ATS-F   spacecraft.   The   amplifier
utilizes   the   Hughes   Model   233HC   traveling-
wave  tube.

....    inputcurrent

.....  conduction

.....   2.7pounds
11.0 x  3.5 x  1.7   inches

.......      SMA
DAM-15P-N M B-1 -A 106
....    50,000hours
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DESCRIPTION

The     Hughes     Model     1238H     is    a    space    qualified

traveling-wave  tube  amplifier,   designed   for  long  life,

SPECIFICATIONS*

Frequency
Power   Output
Duty

high  reliability  communication  applications.  The  unit

utilizes the  Hughes Model  293H  TWT.

•    .        7-8   GHz

40  W  minimum
..CW

Saturated  Gain                                                                                                                                                                           .....    53  dB  minimum

Input   Voltage                                                                                                                                                                              .    22  to   33   dc
Power   Consumption                                                                                                                                                      ...117   W   maximum

Noise    Figure          ..................    33   dB   maximum

Spurious   Modulation       .....                                                                          AM   >   50,   PM   >   52   dB   below   carrier   level
VSWB    (Output   Operating)                                                                                                                                                     .      3.0:1    maximum

Telemetry   ....   7   functions                                                      .    input   current,   helix   current,   collector   temperature,

cathode   current,   cathode   voltage,   regulated   bus,   heater   current

.     conduction

14.5   inches   (36.83   cm)    long   X   6.0   inches   (15.24   cm)   wide

X   4.5   inches   (11.43   cm)    high

.    15.75   pounds    (7.14   kg)

SMA/TNC
.    .   .      CANNON    D

......................,,..............   4°c     to    8o°C

MECHANICAL

Cooling         .    .    .

Size..........

Weight........

Con nectors   .....    B F

DC

ENVIRONMENTAL

Operating   Temperature

WARRANTY
Expected    Life      ...............         7   years

PROTECTIVE   FEATURES

•   Input Current           .   Helix  current           .   Over and  under  Input voltage           .   Internal  Begulated  Bus

Jt  All  specifications  subject  to  change  without  notice.
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DESCRIPTION

The    Hughes   Model    1240H    is   a    20   watt,             is   designed   for   communication   applications
X-band    traveling-wave    tube   amplifier.   This             for   the   NATO   Satellite.  The  TWTA  utilizes
long-life,   high   reliability,  space  qualified  unit             the Hughes Model  265HA traveling-wave tube.

SPECIFICATIONS*

ELECTRICAL
Freciuency............,......,...-

Power   Output  ......................

Duty..........................-

Gain    (saturation)    ....................

Input   Voltage   ......................

Power   Consumption      ..................

Noise    Figure .......................

Spurious   Modulation    (ref   to   carrier)    .........

nput    VSWP .......................

Output   VSWB    (without   isolators)  ...........

Telemetry:  -5   Functions   (0-5  V):      Heater  Voltage
Cathode  Current

MECHANICAL

Cooling.........................

Size...............-...........

Weight..........................

Connectors    (BF)     ....................

(dc)...............,....

ENvmoNMENTAL

Operating   Temperature   .................

Expected    Operating    Life   ................

6.0  -   10.0   GHz
.........   eyo   W

..........     CAN

........       48   dB

...... 23  -  33  V

.   .      109   W   maximum

........      30   dB

........- 60   dB

.    .    .     2.1:1    maximum

.   .   .     2.0:1    maximum
•...      Input   Current

Cathode-Helix   Voltage
Helix   Current

.......................     conduction

.12"   x   5"   x   3"   (30.48   cm   x   12.7   cm   x   7.62  cm)

.................    9.6   pounds    (4.35    kg)

.....................     SMA-FEMALE

...................    DAMA-15P-NMB-2

oO  to   |550F   (-18°   to  67.2°C)
•.......-.....  7   veers

PROTECTIVE   FEATURES

•    Undervoltage   Turn-Off            .    dc   Input   Overcurrent   Turn-Off             .    Helix   Overcurrent  Turn-Off

J[All   specifications  subject   to   change   without   notice.
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DESCRIPTION

The  Hughes Model  1243H traveling-wave tube
amplifier is a 4.5watt C-Band unit designed and
built   for   the   intelsat   V     spacecraft.      This
high   efficiency,   long-life  TWTA   in   combina-
tion  with  the environmentally  rugged  package

SPECIFICATIONS*

E LECT F} I cA L
Frequency....
Output  Power    .   .   .
Duty.......
SaturatedGain       .   .
Inputvoltage     .   .   .
Power Consumption
NoiseFigure         ...
VSWB  (hot  input).   .

(hot output) ,
Telemetry....,.

MECHANICAL
Coo,ing......
Size........

makes  this   unit  ideally  suited  for  space  com-
munications  applications.    The TWTA utilizes
the  244H  TWT  with  an  equalizer  on  the  BF
input  for  constant  gain;

......     3\.7-4.2GHz

..... 4.5   W   minimum

...........        CW

......  56   dB   typical

....     25.542.5V(dc)

....  17.6   W   maximum
......   30dBmaximum

...     I     ......        2.5:1

...........         2.5:1

helix current, heater on/off

Weight            .     '     .....................

Connectors  (BF)         ..................

(DC)           .     .     .     '     ..............

ENVIRONMENTAL
Operating  Temperature      ...............
Expected  operating  Life        ..............

PROTECTIVE  FEATURES
•   Undervoltage
•   Input  Overcurrent

i+Specifications subject to change without  prior  notice.

...........      conduction

.   .13.4"  L x  3.95"  W x 4.21"  H
(34.04 cm  x  10.03 cm  x  10.7  cm)
......      3.1   pounds  (1.41   kg)
..........    SMA(female)
........   Cannon  DAM-15P

.........- 4o°Cto+6o0C
•......-.....     10years
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J3  lNTEF}FACE  CONNECTOFI
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(4.93  CM)

1.885 ± 0.032
(4.79 CM)

LJ
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PEP  M I L-C-39012 2.33 + 0.06
2PL (5.9 CM

I,

i
u _i
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DESCRIPTION

The  Hughes Model  1244H  traveling-wave tube
amplifier  is  an  8.5 watt,  C-Band  unit designed
and   built  for  communications  and  broadcast
satellite    applications.    This    high    efficiency,

SPECIFICATIONS#
Electrical
Frequency...................

Output  power  .................

Duty
Saturated    Gain    ................
Input   Voltage  .................

Power  consumption      .............
Noise   Figure       .................

VSWB     (hot    input)   ..............
(hot  output)      .    .    .    `    .......    '    .

Telemetry..................

MECHANICAL
Cooling
Size                                  .      .      '      .....-.........

Weight
Connectors    (.B.F)    .     :    :     :     :    :     :     :     :    :    ..     :     :    :    ..

(DC)

long~life  TWTA  in  combination  with  the envi-
ronmentally   rugged   package   makes  the  unit
ideally    suited    for    space    applications.    The
TWTA  utilizes the 249H  TWT.

......     3.7-4.2    GHz

...........     8.5W

.,.........           CW

..........          55dB

.......     26.5-42.5V

....      29   W   maximum

..........          30dB

...........            2.5:1

..........           2,5:1

helix   current,  heater  on/off

.........       conduction
....    13.4  L  x  3.95  W  x  4.21H

(30,04  cm  x   10.03  cm  x   10.7  cm)
.......       3.3pounds(1.5kg)

......       SMA    Female
:    :    :    :    ....   Cannon    DAM-15P

ENVI RONM ENTAL
Operating  Temperature       ..........,.................- 40°C  to  +60°C
Expectecl   Operating   Life    ................................      10  years

PROTECTIVE  FEATURES
•   Undervoltage
•   Input overcurrent

J`Specif ications subject to change without  prior notice.
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DESCRIPTION
The   Hughes  Model   1247H   is  a  20  watt   Ku-
Band    traveling-wave    tube    amplifier.        This
long-life,   high   reliability,   space  qualified  unit
is  designed  for  telemetry  and  communication

SPECIFICATIONS#

ELECTRICAL

Frequency..............,......,.....,

applications.      The   TWTA  utilizes  either  the
Hughes Model 286HP or 286HM traveling-wave
tube.

Power  Output  .....,.....

Bandwidth........,,...,

Duty   .   .   .   '   ........,....   I

Saturated  Gain   .........,

Efficiency.............

AM/PM  Conversion ......,

Noise  Figure   ...........,

Telemetry.............

Input  Voltage   ..........

Design   Life   ............

MECHANICAL
Cooling...............

Size          TWT   ...........

EPC...........`.

Weight................

Connectors         (BF  input).
(F3 F  output)
(DC).....

PROTECTIVE  FEATURES
•     Overvoltage

286HP  11.7-12.2  GHz

286HM  14.5-15.5  GHz
...... 20 W  minimum

..........   500  MHz

..........,.... GIN

..,..........  60  dB

......  30%  minimum

.......... <5.00/dB

.-...........  32  dB

........ helix  current

........  21  -35  Vdc

...........   10  years

......,............................... conduction

.12.75"  L  x  2.5" W  x  2.15"  H  (32.4 cm  x 6.4 cm  x  5.5 cm)

.12.75"  L x 2.5" W x 4.0"  H  (32.4 cm  x 6.4 cm  x  10.2 cm)
......,...........   7.5  pounds  (3.4  kg)

..-.................-........,.  SMA

286HP  (WP  75), 286HM  (WB  62 waveguide
_   ................... DAMA   15P

•     Dclnputpower

*Specifications subject to change without  prior  notice.
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DESC R I PTI ON

The   Hughes  Model   1248H  is  a  space-qualified  travel-

ing-wave  tube amplifier designed and built for  military

satellite  applications.  The  small  light-weight  amplifier

SPECIFICATIONS*

Frequency......

Power   Output  ....

Duty.........

Gain    (saturation)     .    ,

Input   Voltage       .    .    .

Power   Consumption
Noise    Figure      ...,

Spurious   Modulation

Input   VSWB     .    .    .

Output   VSWB     .   .
Telemetry...,.

Mechanical

Cool i ng      ......

Size      '     .......

Weight.......

RF   Connectors    .   .

DC   Connectors    .   .

is  designed   for  long   life  and   high   reliability.  The  unit

utilizes  the   Hughes  Model   298H  traveling-wave  tube.

.   .    7.25   -7.75   GHz

.    .    .      10   W    minimum

'...-...-CAN

........        50    dB

....     22   -   33   Vdc

.........    35   W

.   .      30   dB   maximum

PM-60    dBc,   AM-50   dB

....,...          1.25:1

•-----...        2.0:1

cathode   current:      ±5°/o;   helix   current:      ±5°/o;   cathode   voltage:  ±2%

...............     conduction

.  4.30   in.    (10.92   cm)    high    X   4.50   in.    (11.43   cm)   wide    X    13.58    in.    (34.49   cm)    long

.     6.5   pounds    (2.95   kg)    maximum

.......       SMA

----     _     _     -------.....................        Cannon-Dema~15P

Environmental
Operating   Temperature 4o°F   (4°C)   to   175°F   (79°C)

Warranty
Expected    Life                                                                                                                                                                                                  ....   7   years

Protective   Features
Under   voltage,   over   voltage,   input   bus   over-current,   helix   over-current.

jtsubject   to   change   without   prior   notice.



124811
10  W 7.25  -  7.75  GHz TWTA

I-_-

HUGHES
HUGHE:S   AIRCRAFT   COMPANY

ELEtTRon Dvnamic5 DIvi5ion

PEF3FORMANCE  CURVE

7.50
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and   rugged   design   of  this   unit   is  well  suited

for sal:ellite communications applications.  The

unit   utilizes   the   Hughes   Model   230H  TWT.

.  .  .    3.7  -4.2  GHz
........      5.5W

..........     GIN

.........    55dB

......   22 - 40  V

.   19 W  maximum
28 dB  maximum

.......- 60  dBC
.........      1.6:1

..........     1.6:1

DESCRIPTloN

The  Hughes Model  1264H  traveling-wave tube

amplifier  was  built  for  the  Tracking and  Data
F3elay   Satellite   System.   The   high   efficiency

SPECIFICATIONS*

RF
Frequency...........................

Power  Output  .........................

Duty...............................`

Gain  Saturation   .......................

Input  \/oltage   .........................

Power  Consumption  ....................

Noise   Figure   ..........................

Spurious  Modulation  ...................

VSWB:   Input  (operating)   ................

Output  (operating)  ..............

Telemetry   .  ' ...........-.......,................,....................    helix  current

MECHANICAL
Size  .......,...................   13.23"  X  4.3"  X  3.2"  (33.60  cm  X  10.92  cm  X  8.13  cm)

Cooling............................................................conduction

Weight  ........,............................,.................  3  pounds   (1.36  kg)

Connectors   ( B F)   ......,.............................................    SMA  female

(DC)   ..................................................    Cannon  type   D

ENVIRONMENTAL
Expected   Life   ....,........................,............................   10  years

Operating  Temperature  ................................................  o°C  .  6o0C

PROTECTIVE  FEATURES
Overcurrent
Undervoltage

i+Specifications subject to  change without  notice.
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DESCRIPTION

The      Hughes     Model      1266H     is     a     space-          weightTWTA  isdesigned  for  high  efficiency,

qualified  traveling-wave  tubeamplifierdesign-            long    life   and    high   reliability    in   space   coin-
ed  and  built  for  the  Tracking  and  Data  Belay           munications   applications.   The   unit   incorpo-
Satellite    System.    This    compact    and    light          rates  the  Hughes  Model  278H  TWT.

SPECIFICATIONS*

F3F

Frequency..........,

Power   Output        ........,
Duty.............

Saturated    Gain           .......
Input    Voltage         ........

Power   Consumption       .....
Noise    Figure        .........

Spurious   Modulation          ....
VSWB    (input   while   operating)

(output   while   operating)
Telemetry..........

MECHANICAL
Cooling       .    .    .

Size....

2.025-2.120   GHz
......    26   IN
.......       C;IN

.....        43   dB

....    22-40   V
82   W   maximum

.....        32   dB

....- 60   dBC

......          1.5:1

......        2.0:1

.   .     helix   current

.   .   .     conduction
.   EPC    ....  13.75"   x   3"   x   4.25"    (34.5   cm   x   7.6   cm   x   10.8   cm)
TWT

Weight..........,

Connectors   (F3F)           ....,
(DC).....,

ENV I RONM ENTAL

Operating   Temperature        .   ,
Expected   Operating    Life

17.50 "  x  2.5"  x  1.85"  (41.9  cm  x  19.3 cm  x  27.4 cm)
.................     7.5    pounds    (3.4    kg)

....................        SMA    female

.....    a    .............      CannontypeD

............    4o0F-|600F    (qualification)

......................         10    years

PROTECTIVE  FEATUPES
Undervoltage
Overcurrent

*Specif ications   subject   to   change   without   prior   notice.
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The     Hughes     Model     1268H    traveling-wave          This    rugged   amplifier    is   designed    for    long
tube    amplifier    is    a    high    efficiency,    light            life  and   high   reliability   in  space  communica-
weight     unit    designed     and     built    for    the
Tracking   and    Data    Belay   Satellite   System.

SPECIFICATloNS#

ELECTFHCAL

Frequency.................

Power   Output        ...............

Duty....................

Saturated    Gain           .......,......

Input    Voltage         ...............

Power   Consumption       ............
Noise    Figure        ................

Spurious   Modulation          ...........

VSWPl   (hot  input)

(hot output)
Telemetry.................

MECHANICAL

Cooling....

Size            .    .    .    I    .

Weight....

Connectors   (BF)
(DC)

tion   applications.      The   TWTA   incorporates
the  Hughes Model  845H TWT.

11.85-13.8   GHz
......     1.5    W

.......      C;IN

.   .   .     42-46  dB

....   2240  V
15   W   maximum

28   dB   maximum
....- 60   dBC
......        2.0:1

......        2.5:1

.   .     helix   current

conduction
.   EPC    ....       13.23"   x   2.21"   x   3.19"   (33.6   cm   x   5.6   cm   x   8.1    cm)

TWT 9.85"  x  2.05" x  2.62"  (25.0 cm  x  5.2 cm  x 6.6 cm)
..............      4.5   pounds    (2.04    kg)

................       WB-75   waveguide

..................      CannontypeD

ENvmoNMENTAL
Operating   Temperature         ...............
Expected   Operating    Life         ..............

PROTECTIVE  FEATURES
Undervoltage
Overcurrent

*All   specifications  subject   to   change  without   notice.

2o° to  140°F  (qualification)
.........        10    years
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DESCRIPTION

The  Hughes  Model    1288H   is a  space qualified
traveling-wave   tube   amplifier   developed   for
communications    satellite    applications.    The
small,    light-weight   amplifier   is   designed   for

SPECIFICATIONS*

ELECTBICAL

Frequency..................
Power   Output  ................
Duty....................'

Gain  (saturation) ..,....,.......
Input    Voltage   ................

Power consumption  ............,
Telemetry  (0 -5 Vdc) ............
Noise  Figure   .................

Spurious   Modulation   (below carrier output)
\/SWF3....................

MECHANICAL

Cooling....
Size......

Weight.....
Connectors ( B F )

(dc)

long    life   and    high   reliability.   This   traveling-
wave  tube amplifier  utilizes the  Hughes Model
296H  traveling-wave tube.

3.7 -4.2 GHz

.    53dBminimum

.   .   .   24-36Vdc
17.7  W  maximum

.    .    .    helixcurrent

.   28 dB  maximum

.    60dB  minimum

.      1.6:1   maximum

......................  conduction

13.25" x  3.5" x  3.3"  (33.66cm  x 8.89cm  x 8.38cm)
................      3.75pounds(1.70kg)

............,............     OSM

..................      24pinMCDtype

E N V I F} O N M E N TA L

Operating  Temperature    ...............

WARF3ANTY

Expected   Life    ....................

PROTECTIVE  FEATUF3ES

Undervoltage
Current Overload
j¢AII  specifications are subject to  change without  prior  notice.

oo  to 55°  C

. 7  ver3:rs
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OUTLINE  DRAWING
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DESCRIPTION

The  Hughes  Model   1292H   isa  spacequalified,            signed   for   long   life  and  high  reliability.    The
1    watt   driver,   traveling-wave   tube   amplifier             unit  utilizes  the  Hughes  Model  837HD travel-
developed   for   the   Japanese   Broadcast  satel-             ing-wave tube.
Iite.       The   small   light-weight   amplifier   is   de-

SPECI FICATIONS#

ELECTFHCAL

Frequency.............

Power   Output  ...........

Duty................

Gain    Saturation   ..........

Input    Voltage   ...........

Power   Consumption     .......

Noise    Figure      ...........

Spurious   Modulation    .......

VSWB    (output   while   opearting)  .

Telemetry.............

MECHANICAL
Cooling..............

Size................

Weight...............

Connectors    (BF)     .........

(dc)..........

........-............     11.9    to     12.1     GHz

.............................     1      W

...........................,.       GIN

............................   45    dB

.........,..............      26    -    29    Vdc

......................       10   W    maximum

............................    28    dB

.................,..,......       <55    dB

............................,.          2:1

........,.............      he|ix    current    (lw)

........................... conduction

.11.7"   x   6.2"   x   2.4"   (29.72   cm   x   15.75   cm   x   6.1   cm)

.....................    4.4    pounds    (2.0    kg)

............................         WR-75

...................   Bendix    MS27508E1235P

ENvmoNMENTAL
Operating   Temperature   .....................................- 15°    to   550   C

Expected    Operating    Life   .........................................     7    years

PF}OTECTIVE   FEATUF}ES

Input   Undervoltage   Turn-Off

jtAll   specifications   subject   to   change   without   notice.
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DESCRIPTloN

The  Hughes  Model   1294H   is a space qualified
4  watt  traveling-wave  tube  amplifier  used  for
communications    satellite    applications.    This

SPECIFICATIONS*

ELECTFHCAL
Frequency...........

Power   Output  .........

Duty.-...........

Gain    Saturation   ...................

Input    Voltage   ..................

Power   Consumption.   .

Noise     Figure ...................

Spurious   Modulation    .....

Output   VSWB    (operating)    .........

long     life,     high     reliability     unit    utilizes    the

Hughes  Model  292H  traveling-wave tube.

17.75   to   20.25   GHz
.4W

.    .    -     CW

.     50   dB

.   .   .   24   -   32  Vdc
.    23   W   maximum

.      30   dB

.   .   -   <  55   dB
.       2.5:1

Telemetry......

MECHANICAL

Cooling      -    .

Size.......

Weight  .

Connectors   (BF)
(dc)  .

helix   current

.    conduction

13.25"   x   4.2"   x   3.5"   (33.65   cm   x   10.66   cm   x   8.89   cm)
.    4.8   pounds    (2.17    kg)

M3922/54-1

.....      Cannon    DBMA-15P

ENVIRONMENTAL
Operating   Temperature   .

_loo  to   5o0   C

Expected    Operating    Life   ....   7   years

PF30TECTIVE   FEATURES
•  Input   Over/Undervoltage   Turn-Off

j`All   specifications   subject   to   change   without   notice.

•  Over   Current   Turn~Off
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DESCRIPTloN
The      Hughes     Model      1652H     traveling-wave     tube
amplifier   is   a   16   watt   C~band  TWTA  designed   and
built   for   the   SPACENET   spacecraft.   Its   high   effi-

SPECIFICATIONSJt
Frequency........
Power Output ......
Duty............

Gain  (saturation) ....
Input  Voltage ......
Power   Consumption  .
Noise  Figure .......

Spurious  Modulation  .
Input  VSWB  (hot).  .  .
Output  VSWF}  (cold)  .
Telemetry........
Cathode..........

Mechanical
Cooling..........

Size:
TWT..........

EPC..........

Weight:
TWT..........

EPC........'.

||/\/TA.........

P F  Connectors  .....
DC  Connectors  ....

Environmental
Operating Temperatu re

|WT.-........
EPC.....-....

ciency,   long   life   design   makes  it  suitable  for  space
communication   applications.  The  TWTA  utilizes  the
8515H  travel ing-wave tube.

............................................. 3.7   to   4.2   GHz

............................................     16W   minimum

...............................................--.-.    GIN

.......    `    ..........................................       63dB

........................................... +22.5  to  +36  Vdc

...................................................    46W

...........................................     28  dB   maximum

......................................    PM  -60dBc,  AM  -60dB

.............,...................     2.0:1    or   less

..............................................      1.5:1    or   less

..............................................   helix   current

...................................................  oxide

...............................................   conduction

2.0  inches  (5.08 cm)  high  x 2.5  inches  (6.35  cm)  wide x  17  inches  (43.18  cm)  long
3.5  inches  (8.89 cm)  high  x 2.0  inches  (5.08  cm)  wide x  10  inches  (25.4 cm)  long

maximum
maximum
maximum

.   .   SMA
. Cannon  D

+23°C to +74°C
.  o°c to +5o°c

Warranty
Expected   Life .............................................................   10  years

Protective Features
Under voltage, over voltage,  input bus over-current,  helix  over-current.

J`Subject to change without prior notice.
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DESCRIPTION
The      Hughes     Model      1653H     traveling-wave     tube
amplifier   is  a   16  watt   Ku-band  TWTA  designed  and
built   for   the   SPACENET   spacecraft.    Its   high   effi-

SPECIFICATIONS*
Frequency.........

Power Output .......
Duty.............

Gain  (saturation) .....
Input  Voltage .......
Power   Consumption  .  .
Noise  Figure ........

Spurious  Modulation  .  ,
Input  VSWB  (hot).   .  .
Output  VSWR  (cold)  .  ,
Telemetry........,
Cathode..........

Mechanical
Cooling..........

Size:
TWT..........
EPC..........

Weight:
TWT..........

EPC........

||^/TA.........
F3 F  Connectors  .....
DC  Connectors .....

Environmental
Operating Temperature

TWT..........
EPC..........

ciency,   long   life   design   makes   it  suitable  for  space
communication  applications.  The  T-WTA  utilizes  the
8516H  traveling-wave tube.

...........................................   11.7   to   12.2   GHz

............................................     16W   minimum

•...................................................   C;IN

..................................................      55dB

........................................... +22.5  to  +36  Vdc

...................................................    49   W

...........................................     32dB  maximum

......................................   PM  -60  dBc,  AM  -60  dB

..............................................     2.0:1    or   less

..............................................      1.5:1    or   less

..............................................   helixcurrent

.........................................-..-......  Oxide

...............................................   conduction

2.5  inches  (6.35  cm)  high  x 2.5  inches  (6.35  cm)  wide x  12  inches  (30.48  cm)  long
.  4  inches  (10.16  cm)  high  x  3  inches  (7.62  cm)  wide x  13  inches  (33.02  cm)  long

2.5  inches  (6.35 cm)  high  x  2.5  inches  (6.35 cm)  wide x  12  inches  (30.48 cm)  long
.  4  inches  (10,16 cm)  high  x  3  inches  (7.62  cm)  wide x  13  inches  (33.02 cm)  long
.................................    6.1   pounds   (2.77  kg)   maximum

...................................................     SMA

_    -----...................  Cannon   D

+23°C to +74°C
.  0°C 1:o +50°C

.....    10years
Warranty
Expected    Life .....................................

Protective  Features
Under voltage, over voltage,  input bus over-current,  helix  over-current.

*Subjec{ to  change without  prior notice.
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DESCRIPTION
The   Hughes   Model    1654H   traveling-wave   tube   amp-          life  design   makes  it  suitable  for  space  communication
lifier   is   a   20   watt   Ku-band   unit   designed   and   built          applications.    The   TWTA   ultilizes   the   8517H   travel-
for   the   GSTAB   spacecraft.   Its   high   efficiency,   long          ing-wave tube.

SPECIFICATIONS#
Frequency........,
Power  Output ......
Duty...........'

Gain  (saturation) ....
Input  Voltage ......
Power Consumption.  .
Noise  Figure .......

Spurious  Modulation  .
Input  VSWP  (hot).  .  .
Output VSWB  (cold)  .
Telemetry........
Cathode..........

Mechanical
Cooling..........

Size:
TWT.........'
EPC..........

Weight:
TWT..........
EPC    .   .   I   .......

||/\/TA.........
B F  Connectors  .....
DC Connectors .....

Environmental
Operati ng Tern peratu re

lwT..........
EPC..........

.....  11.7  to  12.2  GHz

......   20W  minimum
.............   Ow

..........,.     56dB

.  .  .   +22.5 to +35.5 Vdc

...........      64.8  W

.....   32dB  maximum
PM -60 d Bc,  AM -60 d 8
........    2.2:1   or  less

........     1.5:1   orless

........  helix  current
•----------..  oxide

...............................................   conduction

2.5  inches  (6.35 cm)  high  x  2.5  inches  (6.35 cm)  wide  x  12  inches  (30.48 cm)  long
.  4  inches  (10.16 cm)  high  x  3  inches  (7.62  cm)  wide x  13  inches  (33.02  cm)  long

maximum
maximum
maximum
.  .  .   SMA

. Cannon  D

+23°C to +74°C
.  o°c to +5o°C

Warranty
Expected    Life .............................................................    10  years

Protective  Features
Under voltage, over voltage,  .Input bus over-current, helix  over-current.

i+Subject to  change without  prior notice.
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DESCRIPTloN
The      Hughes     Model      1655H     traveling-wave     tube
amplifier   is   a   27   watt   Ku-band   unit   designed   and
built    for    the    GSTAF}     spacecraft.     Its    high     effi-

SPECI F ICATIONS*
Frequency.............................

Power  Output ...........................

Duty..........................'......

Gain   (saturation) .........................

Input  Voltage ............,.........,....

Power  Consumption .......................
Noise   Figure ............................

Spurious  Modulation  ........   _
Input  VSWF}.   .
Output VSWFi
Telemetry  .  .  .
Cathode.....

Mechanical
Cooling.....

Size:
TWT.....
EPC.....

Weight:
|WT.....
EPC.....

IWTA....
F]F  Connectors
DC Connectors

ciency,   long   life   design   makes   it  suitable  for  space
communication  applications.  The  TWTA  utilizes  the
8518H  traveling-wave tube.

........................   11.7  to   12.2  GHz

.........................    27  W  minimum

-.-.-....-.......................    Ov\l

•..........-...................      56dB

......................    +22.5  to  +35.5  Vdc
•.............................       93.8W

.................,......    32dB  maximum

...................   PM  -60 dBc,  AM  -60  dB
.....,..................,...........      2.2:1    or   less

.,...,............,,..,...............,................       1.5:1    or   less

.............................,.........................   helix  current

....................,.................................. dispenser   (M)

........................................................   conduction

........   2.5  inches  (6.35 cm)  high  x  3.0  inches  (7.62  cm)  wide x  13  inches  (33.02 cm)  long

........ 4.0  inches  (10.16 cm)  high  x  3.0  inches  (7.62 cm)  wide x  13  inches  (33.02 cm)  long

..........................................    2.0  pounds  (0.91   kg)  maximum

...........................................    4.4  pounds   (2.0  kg)   maximum

.................._   ........................    6.4  pounds  (2.91   kg)  maximum

I    '    '    '    '    I    '    '    '    '    I    '    ....................-...........................     SMA

-........................................................   Cannon   D

Environmental
Operating Temperatu re

TWT.........

EPC..-....-.........................-........

Warranty
Expected   Life ......................................

Protective Features
Under voltage,  over voltage,  input bus over-current, helix  over-current.

*Subj.ect 1:o  change without  prior  notice.

23°C to 74°c
. 0°C to 50°C

....   10  years
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9020H.04
COMMUNICATIONS
POWER  AMPLIFIER

14  GHz  20  Watts

DESCRIPTION

The    Hughes   Model   9020H-04   communica-
tions  power  amplifier  provides  an  BF  output
of  20 watts in a  basic configuration and  15 to
20  watts  when  an  output  isolator,  filter  and

power  monitors  are  included.  This  amplifier
is  designed  to  operate  in  the  14 GHz satellite

TYPICAL PERFORMANCE CHARACTERISTICS

FiF

Frequency....
Bandwidth....
Power Output

At TWT (typical)

up-link  band  as  an  intermediate power ampli-
fier  or  output  power  amplifier.  Two  typical
configurations  are  shown  on  the  reverse  side.
Other   configurations   are   available   to   meet
individual    satellite   earth   station   transmitter

requirements.

At  Amplifier  output  (nominal)      ......
Gain

At  20 Watts  ( minimum)    .........
At  20 Watts  (typical)     ..........

Small  signal  (typical)     ......-....

Gain  Flatness(any85MHzband,saturated)     .     .    .
Gain_Slope................

AM/PM......'..........

........      14.Otol4.5GHz

---........        5ooMHz

.......    21IN

.......   20IN

Harmonic output  (without f ilter)      .........
Spurious outputs       ...............

F}esidual  AM       ............

Besidual   FM        ............

ELECTBICAL

Bemote control/Monitor       .......

MECHANicAr
\/\/eight...........,..

*lnput      =    Coaxial(OSM)

Output  =    Waveguide  (WB-62)

50dB
..-..        53dB

•-..         59dB

±0.25 dB
.....     ±0.05dB/MHz

.     .     .      50/dBat`saturation

.    .      >6dBcatsaturation
> 65 dBc

> -50 dBc
> -50 dB below  10 kHz peak  deviation

refer to  block  diagrams on  revierse side

20 pounds (9.07  kg)  (basic configuration)
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FEATURES

•    High  Beliability
•   Automatic  Pecycle Provisions
•   Protective  Features
•   Low Power Consumption  (<2 kvA)
•   Fault  Indicators
•   Bemote-Local Control

•   Operational  Status  Indicators
•   Bugged  Metal-Ceramic Traveling-wave Tube
•   Integral  Cooling Systems
•   Ease of Maintenance
•   Full  One Year Warranty -No  Hour  Limit
•   Optional   Bedundant   Control   Unit



DESCRIPTION

The      Hughes     Model     9225H-04     Communications
Power  Amplifier   Subsystem   consists  of  two  assem-
blies;   the   BF   and   power   conditioner  drawers.  The
BF   drawer  contains   the   Hughes  Model  880H  TWT
and   associated   BF   components.   The   power  condi-
tioner  drawer generates the necessary voltages for the

OPEF}ATIONAL  FEATUPES

RF  DRAWEF}

Time-totalizer (filament on time)

•    Non-resettable

Controls

•   Variable  BF  Input Attenuator (0 to -20 dB)
•    Output Power  (forward)

High Trip Point Set

Low Trip  Point Set
•    Beflected  power

High Trip Point Set

ELECTF{ONIC  POWEF}  CONDITloNEP  DF}AWEB

Operational Status Indicators (front panel)

•   Poweron
Beady

•    High voltageon
•   Beamon
0    Fault
•   Bemote
•   Beset

F}emote Control  Interface Connector (rear panel)

•    All     operational     status    indical:ors    and    control

switches   can   be   switched   to   a   remote   control
interface  connector  to  provide  a  ready  means  of
remote control  and status indication.

Protection

•    Prime  Power Circuit  Breakers  (three)

•   TWTwarm-up Time Delay
•   Automal:ic Sequencing of High  Voltage

and  Beam  Current
•    Helix current overload
•    High voltageArc
•   High or  Low Cathode Voltage
•    High Temperature (TWT and

power supply)
•    High or  Low  Line Voltage
•    High  Peflected  Power  (thermal  cutout)
•   System and Safety  Interlocks

BF   drawer   and   contains   all   the   logic   and   control
functions.   This  subsystem   is  designed  to  operate  as

the    output    transmitter    in    a    commercial    sat:ellite
communication     system      The     design     takes     into
account all  lcsc  1:ransmission  requirements.

Metering

•   Outputpower
•    High  Trip  Point  (forv\;ard)

•    LowTrip  point  (forward)
•    Beflec{ed  power
•    High Trip  Point  (reflected)
•    Meter Multiplier

RF   Signal   Sample   Output   (-50dBc)

BF   Power  Alarm   Output   Connector   (rear   panel)

•    High output powerAlarm
•    Low output powerAlarm
•    High  Beflected  PowerAlarm

Metering

•   Collector voltage
•   Cathode voltage
•   Anode voltage
•   Busvoltage
•    Helixcurrent
•    Helix current Trip  point

Control Switches

•   Poweron-Off
•   High  voltage on-Off
•   Beam on-Off
•    Bemote-Local  (rear panel)

•    Fault/Beset

Fault Indicators

•    Helix current overload
•    High voltageArc
•    High Temperature, TWT
•    High Temperature, Power supply
•    High  or  Low  Line Voltage
•    High  or  Low Cathode Voltage
•   System  Interlock Open
•    Safety  Interlock open

Automatic  Ftecycle Provisions

•   Selectable 2, 4, or 8 faults



SPECIFICATIONS*
FZ F Performance {typical)
Frequency.............

Bandwidth.............
Power  output  (CW)       ........
Gain  (with solid  state driver)

At  Bated  Power      .......
Small  signal        .........

Stability...........

Control  (continuous)    .....
Settability..........

Variation  (over  500 MHz band)
Slope(over50MHzband)     .   .

Gain  (without  solid state driver)

At   Rated  Power    .......
Small   Signal       .........

Group  Delay  (any  50  MHz  band)
Parabolic..........

Linear       .    .
Fiipple...........

VSWFi

......      14.Otol4.5GHz

.....    500MHzminimllm

.......  225Wminimum

....,..   56dBminimum

.......   62dBminimum

...... ±0.25dB/24hours

.........    Oto-20dB

............ ±0.2db

......  ±1.5dBmaximum**

.   .      0.02dB/MHzmaximumj`!'

......     41  dBminimum

......    47dBminimum

.   .     0.05ns/MHz2maximum

.   .    .       0.1   ns/MHzmaximum
1.0  ns  peak-to-peak  maximum

I nput     .......

Output  (non-operating)         ..........    :    :    .....................

Load   (normal  operation)     .................................

AM/PM  Conversion  (@  rated  power)     ....
Noise and  Spurious

9.4 to  18.0 GHz
18.0 to 40 GHz

Noise  Figure           -
With  solid  state  Driver    .................

Without  solid  state  Driver     ...............
Besidual  AM  (referred to single carrier at rated output  power)

Below   10  kHz        .....................

10  kHz  to  500  kHz    ..............
Above  500  kHz        .......

Besidual   FM        .........     `    ...............

Harmonic output  (at  rated  output power)    .........
IM  (3rd  Order  two  equal  carriers,  (3 W each)    .
Electrical
Input  voltage        ........
Input  power       .........
Power  Factor    .........
Efficiency  (typical  at  saturation)

1. 3 : 1  maximum
1.2:1   maximum

2.0:1    maximum
6°/dB  maximum

-65 dBW/4 kHz maximum
-110 dBW/MHz maximum

....      20dBmaximum

....      35dBmaximum

-40 dB  maximum

I?0.(:t'.O:,_O£:B::xi:::
.......- 60dBcmaximum
.......- 60dBcmaximum
.......- 25dBmaximum

120/240  VAC ±  10%  50/6011Z  ± 5%  single phase, 3 wire
.........................   1.5kvA

...........................       0.9

•........-.................     200/o

Mechanical
Cooling  (integral  blowers)        ........................................ forced  air

Weight
RF   Drawer      ................

Power  Conditioner  Drawer    ........
Dimensions

F3F   Drawer     ................

Power  Conditioner  Drawer    ........

MOunting....................

Connectors
BF   Input      ...............

BF  Output      ................

F]F  signal  sample        ............
Environmental

Temperature  (operating)     .........
Belative Humidity  (without condensation)
Altitude.................

Shock  and  vibration     ...........

...........    45pounds  (22.7  kg)  maximum

...........  120pounds  (54.4  kg)  maximum

19  inches wide X  8 3/4  inches high  X 24  inches deep
(48.3 cm  X 22.2 cm  X 61.0 cm)

19  inches wide  X  121/4  inches high  X  22  inches deep
(48.3  cm  X  31.1  cm  X  55.9 cm)

.........  rackwith  nan-tiltingchassisslides

....            UG419/U
-...            UG419/U
....   type  N  female

.....    Oto+50OC

.   .   .     950/omaximum
10,000 feet  maximum*j"

as normally encountered  in  commercial  shipping and  handling

*Specifications   subject   to   change  without   prior   notice.
**Measured   with   0   dB   input   attenuation.

*Jf J`40°C   maximum   operating   temperature  above   6,000   ft.



RF  Components

•     Input  lsolator

•    Input variableAttenuator  (0 to -20dB)
•    Output  Harmonic  Filter  (Optional)
•    Output  lsolator, Terminated

Power Conditioner Drawer

•    Beflected  power Monitor
•    Forward  power Monitor
•    Solid  State  Driver Amplifier  (Optional)
•     lnterstage  lsolator

SAFETY  INTEBLOCK
I

)BS

SYSTEM   INTEf]LOCK
TWT  ISOLATOFt  TEMP

POWEfl  SUPPLY  TEMP

Tin TEMP
LOGIC  TIMINGFAULTANDCONTf30LLINE  VOLTAGE

-         SWITCHING          ICATHODE  VOLTAGE

HELIX  CuFIRENT

ONHvio

F

GENEBATOR
COV+a,As       t           I             ANODE

tllGH  VOLTAGE  ARC

F}EMOTE

200V           SERIES swiTCHTTAC-DC
I   BEGULATEDIDCHEATEB

0  HEATEFlDHEATEF|1' CONVERTOF`      I

IllllllI,,,IL

RS

FAULTRESET                                                              ON Cupf]ENT¥"ffi •..

POWEF'  ON
BEAMPIEADY COLLECTOF`

HVoN                                    =0BEAMONriT
SUPPLY  ANDFILTEFi

K3

a  COILECT0f`

F'LTEF'   IlsoLATION                              OVEP/UNDER

_loo

I

.200V     |SERIES                 I                                I          SWITCHING           I
•1   :::s:,::::LY  I

I                                           CONVEl]TOR

11,111111111_
Bus                         iv             2¥v                   anv]       sER|E]sL       :#oEFBFE -I ZOO/6coV

-           |        PIEGulATOB
Tf` ANS FOR M E F`                   VO LTAG ECONTBOL

• LOGIC I I

_ REMOT CB'- I LOGIC
HEL'XT0FAULTOVERCuf]RENT

CUSTOMEPl     I  ` .I I

POWEFt   SuPPLY CIBCUIT                      DETECTOF}   AND

I       13EMOTE             I
MON'TOB

I     33TTTROL       I. I i
K1

-15V        +12V         +15V                                                                                                -      PF]'ME___J
I   T0  RFrDF'AWE

EPC   SIMPLIFIED   BLOCK   DIAGF!AM



TYPICAL  PERFORMANCE  CuRVES *

-----`                          ZNSEC
-----                 `----------------``

--__-

*Without   Solid   State   Driver
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FEATURES

•    High  Beliability

•   Automatic  Becycle  Provisions
•   Protective  Features
•   Low  Power Consumption  (<2  kvA)
•    Fault  Indicators
•   Bemote-Local  Control

•   Operational  Status  Indicators
•   Hugged  Metal-Ceramic Traveling-wave Tube
•   Integral  Cooling Systems
•   Ease of Maintenance
•   Full  One Year Warranty  -No  Hour  Limit



DESCRIPTION

The     Hughes     Model     9240H-02    Communications
Power  Amplifier  Subsystem   consists  of  two  assem-
blies;   the   BF  and   power  conditioner  drawers.    The
BF   drawer   contains   the   Hughes  Model  662H  TWT
and   associated   BF  components.    The  power  condi-
tioner drawer  generates  the necessary voltages for the

OPERATIONAL  FEATURES

I]F  DRAWER

Time-totalizer (filament on time)

•   Non-resettable

Controls

•   Variable BF  Input Attenuator (0 to -20 dB)
•   Output Power (forward)

High  Trip  Point Set

Low Trip  Point Set
•    Beflected  Power

High Trip  Point Set

ELECTPONIC POWER  CONDITIONER  DRAWEF}

Operational Status Indicators (front panel)

®    Poweron
®    Ready
•    High voltageon
•   Beamon
•    Fault
•   Bemote
®     F3eset

Pemote Control  I nterface Connector (rear panel)

•   All     operational     status    indicators    and    control

switches   can   be   switched   to   a   remote   control
interface  connector  to  provide  a  ready  means  of
remote control and status indication.

Protection

•    Prime Power Circuit Breakers  (three)
•   TWT Warm-up Time Delay
•   Automatic Sequencing of High Voltage

and  Beam Current
•    Helix current overload
•   High voltageArc
•    High or  Low Cathode Vo-ltage
•   High Temperature (TWT and

power supply)
•    High  or  Low  Line Voltage
•    High  Beflected  Power (thermal cutout)
•   System and Safety  Interlocks

BF   drawer   and   contains   all   the   logic  and   control
functions.     This  subsystem   is  designed  to  c>perate  as
the    ground    transmitter    in    a    commercial    satellite
communication    system.        The    design    takes    into
account all  lcsc transmission  requirements.

Metering

•   Output power
•    High Trip  Point  (forward)
•    LowTrip Point  (forward)
•    Beflected power
•    High Trip  Point  (reflected)

•    Meter Multiplier

RF Signal Sample Output (-70 dBc)

FIF   Power   Alarm   Output  Connector   (rear   panel)

•   High output powerAlarm
•   Low output powerAlarm
•    High  Beflected  Power Alarm

Metering

•   Collector voltage
•   Cathode voltage
•   Anode voltage
•   Busvoltage
•    Helixcurrent
•    Helix currentTrip  point

Control Switches

•   Power on-Off
•    High  Voltage On-Off
•   Beam on-Off
•    Bemote-Local  (rear panel)
•    Fault/Beset

Fault Indicators

•    Helix current overload
•   High voltageArc
•    High Temperature, TWT
•   High Temperature, Power supply
•    High  or  Low  Line Voltage
•   High or  Low Cathode Voltage
•   System  Interlock Open
•    Safety  Interlock Open

Automatic Recycle Provisions

•   Selectable 2, 4, or 8 faults



SPECIFICATloNS*
RF Performance (typical}
Frequency........,.................

Bandwidth..........................

Power  output  (CW)         ......-...............

Gain  (with  solid  state driver)
At  F}ated  power       ..............,.....

Small  signal         ......................

Stability.................`......

Control  (continuous)    ..................

Settability      .
Variation(over500MHzband)       .   .   .   :
Slope  (over40MHzband)      .......    :    :    :    :    :    :    :    :

Gain  (without  solid state driver)

At   Bated   Power    ..............,.....
Small   Signal        ......................

Group  Delay  (any  40  MHz  band)
Parabolic........................

Linear...-........'............

Bipple........................

VSWF3
Input      .     I     ..........

Output(nonoperating)        .    .    :    :    :    :    :    :    :    :    :    :    :    :    :    :
Load  (normal  operation)    ................

AM/PM  Conversion  (@ rated power)     .,..
Noise and  Spurious

3.7  to  4.2  GHz  band      ..................
4.2  to  12.0  GHz  band        ....,............
12.0  to  40.0  GHz  band    ..............,..

Noise  Figure
With  solid  state  Driver    .................
Without  solid  state  Driver     ...............

Besidual  AM  (referred  to single carrier at rated output power)
Below   10  kHz        .....................

10  kHz {o  500  kHz   .....
Above  500  kHz         ....................

Besidual   FM        .........................

Harmonic output  (at rated  output power)    ..........
IM  (3rdorder    two equal  carriers,12W  each) ........,
Electrical
Input  voltage        ........
I nput  power       .........
Power  Factor    .........
Efficiency  (typical at saturation)

.   .  5.925 to 6.425 GHz

.   .    500MHzminimum

....  350Wminimum

..-..   55dB  minimum

....   62dB  minimum

.   .   .±0.25dB/24hours

......    Oto-20dB

._   ........ ±0.2  db

.    .    .±1.OdBmaximum#j¢
0.02 dB/MHz maximum**

....    40dBminimum

....    47dBminimum

.   .     0.05ns/MHz2maximum

.   .   .       0.1  ns/MHzmaximum
1.0  ns  peak-to-peak  maximum

......       1.3:I   maximum

..,...         1.2:1   maximum

......      2.0:1    maximum

......      5°/dBmaximum

-130 dBW/4 kHz maximum
.     -65dBW/4kHz  maximum
.     -110dBW/MHzmaximum

......       15dBmaximum

......      35dBmaximum

-40 dB maximum

i?0.(:t'.O:19£:3::;i:::
......- 60dBcmaximum

.......- 60dBcmaximum
......- 25dBmaximum

120/240 VAC ±  10%  50/60 HZ ± 5% single phase, 3 wire
2.0 kvA maximum

.   .    0.9minimum

...-...   r2ffJ/o
Mechanical
Cooling  (integral  blowers)        ........................................ forced  air

Weight
RFDrawer    .
Power  Conditioner  Drawer    ........

Dimensions
F}F   Drawer      ................

Power  Conditioner  Drawer    ........

MOunting....................

Connectors
RF   ,nput      .................

BF  Output      ................

RF  signal  sample        ............
Environmental

Temperature  (operating)     .........
Belative  Humidity  (without condensation)
Al_titude.---..-.----.--.-_      _     __   __    _    _               .        -        .       _        .-.--.        _       -        .       _       _        `       `       -       `       `       -        -       `        `        `       -        -        `       -        -       `        .        `       -        `        `       ,.,-  \,,\,\,\,     .`,`-\    |  ||\l.,\||,,\A,|  l

Shock  and  vibration    `............    as normally  encountered  in commercial  shipping and  handling

j€Specif ications   subject   to   charige   without   prior   notice.

**Measured   with   0   dB   input   attenual:ion.
*#*40°C   maximum   operating   temperature  above  6,000   ft.

...........    50pounds  (22.7  kg)  maximum

...........  120pounds  (54.4kg)  maximum

19  inches wide  X  8 3/4  inches high  X 24  inches deep
(48.3 cm  X 22.2 cm  X 61.0  cm)

19  inches wide  X  121 /4  inches high  X  22  inches deep
(48.3  cm  X  31.1  cm  X  55.9 cm)

..........  rackwithnon-tiltingchassisslides

....................    type  N  female

....................    CPB-137W/G

....................    typeNfemale

.....................     Oto+50OC

I..................      95%maximum

................   10,000feet  maximum***



RF  Components

•    Input  lsolator •    Bet lected  Power  Monitor
•    Input  variable Attenuator  (0 to -20 dB)                     .    Forward  power Monitor
•    Output  Harmonic  Filter                                                             .    Solid  state  Driver  Amplifier  (includes  inters_tage

•    Output  lsolator, Terminated                                                        isolator)

Power Conditioner Drawel.

SAFETY  INTERLOCK
SAFETY  INTEPLOCK

SYSTEM   INTERLOCK
TWT/lsoLATOFI  TEMP

POWEFi  SuPPLY  TEMP

TWT  TEMP Ill-is           LINEVOLTAGE
FAULT  ANDCONTROL                                                                            '

CATHODE  VOLTAGE 11±1111111111 cOOv+3,NA%DE#rT:  i             ANODEHELIX  CURRENT
ONHvio

FF

GENERATOR
HIGH  VOLTAGE  APC

BEMOTE                    -FAULT

200V       SERiEs                        SWITCHING    I FiEGULATEDDCHEATEf]
a HEATEPD8Ef:5BEoC0LLECTOP•,!!!ELYIIESULATOR

CONVERTOPl|

lNRUSH

I  COLL CTOR

RESET                                                                  ON
CURBENTLIMITEFl

POWER  ON                                  BEAM C83,
S          PEADY \^

HVoN                                                         =0BEAM0NEM'1

00V+

SUPPLY  ANDFILTEPl

I
l'il  i!ii!II|

FILTERl

flCB'-
11111.111111111111__-

- I  Boos1AND Fqu3EE!,
%EE%'5iATOR|                      |g5|5v€EH:::R  I

LOCAL         g8WoEFRF                                                 t

3#;UgNEDERHE¥pO
SOLATTF`ANSF ON0RMEFl _i+ 200/600 V

TO
REMOTE

II
POWE R  SUPPLY

I

I LOGIC          _
H E L 'XFAULT0VER`CURRENT

TMEEB:-_
I I

POWER  SUPPLY CmcuiT                 DETECTOR  AND
I I

I

I

I i15V+12V+15V                                 Pf]lME

rK5 K1

-  T0  ElfDflAW



TYPICAL   PERFORMANCE   CURVES

EI

-20                     -15                     -10                       -5                        0

PF    Input   Drive   F`elative   to   Saturation    (dB)

AM/PM  CONVEF}SloN  VEPISUS  INPUT DBIVE

5.925         6.025        6.125         6.225        6.325

Frequency  (GHz)

SMALL SIGNAL GAIN VEPISUS  FPEQUENCY

5.925        6.025         6.125         6.225         6.325        6.425

Frequency  (GHz)

SATUF`ATED POWEPI  VEBSUS  FREQUENCY

5.925       6.025         6.125         6.225         6.325        6.425
Frequency  (GHz)

GFioup  DELAY VEBSUS  FF]EQUENCY

-26  -20  -14   -8    -2    +4
Power  Input of  Each  Signal  in dB

Plelative to the  Drive Which
Produces Single Carrier Saturation

THIF]D OPIDEB  INTEPIMODULATION  PBODUCT
AS A  FUNCTION  OF  BF  POWEPl  INPUT

-20                    -15                     -10                       -5                        0

BF    Input   Drive   F}elative   to   Saturation    (dB)

PHASE SHIFT VEPISUS  INPUT  DRIVE

5.925 GHz

6.175 GHz

6.425  GHzIll

0            0.1           0.2          0.3           0.4          0.5
Input Power  (mw)

OUTPUT POWEB  VEBSUS  INPUT POWEB
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FEATURES

Covering   1   Watt   in   K   and    Ka   bands
10   and   20   Watts   in    L-,   S-,   C-,   X-,   and   Ku-bands

DESCRIPTION

The      Hughes      Commercial      Traveling-wave
Tubes    (T\/VTs)     in    this    series    have   a   wide
variety  of  applications  for  laboratory  testing
and  systems  requirements.  Their construction
is   based   on   knowledge  gained   in  the  design
and   manufacture  of  the  Hughes  space TWTs
which   have   won   world-wide  recognition  for
their   proven   quality   and   reliability.   Millions

of   hours   of   operation    in   space   have   been
logged.   The   same   facilities,   technical   know-
how  and   craftsmanship   is  utilized  in  produc-
ing  these  commercial   TWTs.   This,  combined
with   proven   reliability,  allows  us  to  warrant
these   TWTs   for   one   year,   regardless   of  the
hours of operation.



SPECIFICATIONS®

ELECTRICAL

Gain  (at  rated  power out)
Duty..........

Noise   Figure

VSWFi    .

MECHANICAL

Construction
Cooling      .    .

Focusing  .

Weight   .

Connectors  (input  &  output)

........       30   dB    minimum

.......   CIN

.  30  dB  typical,  35  dB  maximum
....,      3.0:1   maximilm

.      metal  ceramic
conduction

3pounds(14kHograms)maxI#AM8

ENVI RONM ENTAL

Temperature  (baseplate)      ....      85°C  maximum©
Altitude  (non-operating).                                                                      .     50,000  feet  (15,250  meters)  maximum

The  TWT   is  rugged  in  design  and,  in  general,  will  meet  the  requirements  of  MIL-E-5400.   Contact
Hughes  Electron  Dynamics  Division  for specific details.

WARRANTY

One year -no  hour  limit.

®Specifications   subject   to   change   without   notice.

©Model   417HD   and   418HD   TWT   Is   7   pounds   (3.2   kg)    maximum.

©Model   number   856H   TWT   uses  WR-62   waveguide   on   the   output   only.   Model   911H   TWT
uses WF3-42 waveguide on  both  the  input  and  output.  Model  912H  TWT  uses WR-28  on  both  the
input and  output.

© 9-11 H/912H  maximum  base  plate temperature  not to exceed  50°C. -'



TYPICAL   PERFORl
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MANGE   CURVES

-- - -GIN

POWE F]    OUT \\

32                34                36
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OPERATING   PARAMETERS
1   WATT   SERIES

ratt

Cathode                  Cathcrde                        Anode Anode %  CoHector Body Heater Heater

Model Frequency Voltage  (Ek) current  ('k) Voltage  (E   ) Current  ('a) Depression  (max.) Current  ('w) Voltage  (Ef) Current  (If)

Number (GHz)                      (-Vdc) (rnA  maximum)
a(Vdcmaximum)

(rnA  maximum) (%  Of  Ek) (rnA maximum ) (AC or  DC) (A)

911H             18-26.5           3700±  200                   20.0                              440 0.01 70 2.0 6.0 1.0

912H            26.5-40           5700 ±  300                  25.0                            440 0.01 75 2.0 6.0 1.0

10   WATT   SERIES

Model Frequency
Cathode Cathode Anode Anode % Collector Body Heater Heater

Voltage  (Ek) Current  (Ik) Voltage  (Ea) current  ('a) Depression  (max.) Current  (lw) Voltage  (Ef) Current  (lf)

Number (GHz) (-Vdc) (rnA maximum) (Vdc maximum) (rnA  maximum) (g/a of  Ek) (rnA maximum) (AC or  DC) (rnA)

417HD 1.0-    2.0 1750 ±  100 110 400 1.0 30 15.0 6.3 780
564H 2.0-    4.0 1 500 ±  1 00 80 400 1.0 30 15.0 6.3 420

648HD 4.0-    8.0 2800 ±  100 65 400 1.0 50 6.0 6.3 320

771HD 8.0-12.4 3400 ±  100 50 400 1.0 50 6.0 6.3 320

848HD 12.4 -  18.0 3600 ± 200 60 400 1.0 50 6.0 6.1 700

20   WATT   SERIES

Model Frequency
Cathode Cathode Anode Anode %  Collector Body Heater Heater

Voltage  (Ek) Current  ('k) Voltage  (Ea) Current  ('a) Depression  (max.) Current  ('w) Voltage  (Ef) Current  (lf)

Number (GHz) (-Vdc) (rnA  maximum) (Vdc maximum) (rnA  maximum) (%  Of  Ek) (rnA  maximum) (AC or  DC) (rnA)

418H 1.0-     2.0 1700±  150 125 400 1.0 30 15.0 6.3 780
568H 2.0-    4.0 1 950 ±  1 00 120 400 1.0 30 15.0 6.3 420
640H 4.0-    8.0 3500 ±  150 loo 400 1.0 50 6.0 6.3 320
783H 8.0 -12.4 3950 ±  150 65 400 1.0 50 6.0 6.3 320
856H 12.4 -18,0 4200 ± 200 70 400 0.5 50 3.0 6.1 700

BLOCK   DIAGRAM
RF   INPUT                                                          PIF   OUTPUT

_+±BRiN  |f   i-_(-|]-_-_-_-_-_ Sj    F'EDYELLOW|a'blw

'k                   +_      Ea                        BLACK-,,,,,,,+iLJ±+                             ,i,.--aj,

Eb    -                        .I-       -i-
\

EkPPLICATI0NS

he  block  diagram  shows the  interconnection                 EXTF3EME  CAUTION  should  be  taken  when
etween  the  tube  and  power  supplvand  indi-                setting   up   tube  voltages  so  as   not  to  create
ates   monitoring   points  for  voltages  and  cur-                an     undervoltage    or    overvo tage    condition.
ents.    The   configuration,   as   shown,    is   for                Power   supply   votages   must   be   within   the
epressed  collector  operation.  As an  alternate                follow ing    tolerances    of    name    plate   voltage

pproach    for   depressed   collector   operation,                prior    to    making    connection    to    the   tube:
liminate   the   wire  at   point   "X"  and   Substi-                Heater   (Ef  ±5°/o;  Anode   (Ea)  ±10°/o;  Cathode
ute  dashed  resistor.  For  non-depressed  opera-                (Ek)   ±2°/o,.   Collector   (Eb)   ±5%   of   nameplate
ion,     eliminate   the   wire   at   point   "X"   and                value.
onnect   the   col ector   lead    (red)   directly   to
round.
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DC LEADS 18'' LONG MIN        I                 I11[EETABHLE[_E+i Illlil_E_IlI_E] _
IIIIIJ

a.097"

1   WATT   SERIES

YOUR   L'`i,HUGHES`\i\ELEtTTionDvrm

TWT A a CD E F G H I J K

(213)   534-2121

9 1  1 11 '0.75 G.10 1.90             2.25 2.1 3.0 N/A 2.1 3.0 N/A 2.05

912H 10.75 6.10 I.90             2.25 2.1 3.1 N/A 2.1 3.0 N/A 2.05

DIMENSIONS   AF`E    IN    INCHES

10   WATT   SERIES

TWT A a C D E F G H I J K

417HD 1 3.00 9.20 180 2.25 2.00 350 250 1.30 4.00 8.00 2.05

564HD 9.50 5,57 1.38 2.00 '77 227 175 1.50 3.00 600 I.75

648H D 9.50 5.57 1,38 2,00 1.77 2.27 175 150 3.00 600 1.75

771HD 9.50 5.32 1.38 200 I.77 2.27 175 1.50 300 6.00 1.75

848HD 8.50 4.60 I.38 2.00 1,77 2.27 1.25 1.50 3.00 600 I.75

DIMENSIONS  Af`E  IN  INCHES

20  WATT  SEFHES

TVVT A a C D E F G H I J K

418li 16.00 I 1 .46 1.80 2.25 2.00 350 1,50 2.00 3.25 1 3.00 2.05

568H 9.50 5.57 I.38 2.00 177 2.27 1.75 1.50 3.00 6,00 1.75

640H '0,7 6.77 1-38 2.00 1.77 2.27 2.36 1.50 3.00 6.00 1.75

783H 9,sO 5.32 1,38 2.00 1.77 2.27 1.75 1.50 3.00 6.00 1.75

856H 8sO 4.60 1.38 2.00 1.80 2.30 1.25 2.00 3.00 6.00 1.75

OCAL   REPRESENTATIVE'mlc5DIV1510n3lcoWee+Lc]rniT:a Boulevard,P.O. Box 2:I)99.T orrance, Cat.ii orr"a 9CybcyB. Tel

Printed  in  u.S.A.    7/80  AL



FEATURES

Multi-Band  Tubes
10 and  20 Watts covering  L through  Ku-band

-

DESCRIPTION

The      Hughes      Commercial      Traveling-wave
Tubes    (TWTs)     in    this    series    have   a   wide
variety   of  applications  for   laboratory  testing
and  systems requirements.  Their  construction
is   based   on   knowledge  gained   in   the   design
and   manufacture  of  the  Hughes  space  TWTs
which   have   won   world-wide  recognition   for
i:heir   proven   quality   and   reliability.   Millions

of   hours   of   operation    in   space   have   been
logged.   The   same   facilities,   technical   know-
how  and   craftsmanship   is  utilized  in  produc-
ing  these  commercial  TW.Ts.  This,   combined
with   proven   reliability,  allows  us  to  warrant
these   TWTs   for   one   year,   regardless   of  the
hours of operation.



SPECIFICATIONS®

Electrical

Power output    .....
Gain  (at  rated  power  out)
Duty.........

Noise  Figure         .....

VSWR---.-.-_

Mechanical

Construction.......

Coo,ing       .    .

Focusing.........

Weight          .......    '    .    .

Connectors  (input  &  output)

Environmental

Temperature  (baseplate)        .
Altitude  (non-operating)        .

.10Wminimum©
30 dB  minimum ©

...,.......        C:IN

30 dB  typical,  35 dB  maximum
........    2,5:1   maximum

...........     metal  ceramic

............       conduction

................      PPM

3  pounds  (1.4  kilograms)  maximum
................   SMA

...........    85°Cmaximum

50,000 feet  (15,250 meters)  maximum

The  TWT  is  rugged  in  design  and,  in  general,  will  meet the  requirements of  MI L-E-5400.  Contact
Hughes  Electron  Dynamics  Division  for specific  details.

Warranty

One full  year  regardless  of the  hours  of operation.

® Specif icatlons subject to  change without notice.

® 20 W power output on  564HS and 419H.

© See performance curves for 648HS and 664H,
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TYPICAL   PERFORMANCE

Selected  Series

Broadband  Series

OUTLINE AND MOUNTING  DF}AWING

Nol:e:    L-band   units   have  a   modified   rear   panel   for   tube   protection.   Complete  detaHs   available   upo
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OPERATING  PAFtAMETERS

Model Frequeiicy

Cathode Cathode Anode Anode 0/oCollector Body Heater  Voltage(Ef) Heater  Curent  ( lf)

Voltage  (Ek) Current  (lk) Voltage  (Ea) Current  ('a) Depression  (max.) Current  (lw) (AC or  DC)  +   5% (rnA)

Number (GHz) (-Vdc) (rnA  maximum) (Vdc  maximum) (rnA  maximum) (%  Of  Ek) (rnA  maximum)

419H 1.4-2.4 1750 ± 100 110 400 1.5 30 6.0 6.3 780

564HDS 2.5-4.0 1500± 100 110 400 1.5 30 6.0 6.3 420

646H 3.0-8.0 2900± 100 80 400 1.0 50 6.0 6.3 320

648HDS 4.0-10.5 2800± 1 00 65 400 1.5 50 6.0 6.3 320

664H 3.9-11.7 3500±100 55 400 1.5 50 6.0 6.3 320

746H 5.0-10.0 3500± 1 00 55 400 1.5 50 6.0 6.3 320

771HDS 6.5-13.5 3400± 100 55 400 1.5 50 6.0 6.3 320

785H 7.0-16.5 3800± 1 00 55 400 1.5 50 6.0 6.3 320

846H 8.0-18.0 3900± loo 55 400 1.5 50 6.0 6.3 320

848HDS 10.5-18 3600± 100 60 400 1.5 50 6.0 6.1 700

BLOCK   DIAGRAM
BF   INPUT BF  OUTPUT

-
L                       -T                  _        J

APPLICATIONS

The  block  diagram  shows the  interconnection
between    the    i:ube   and    power    supply   and
indicates   monitoring   points  for  voltages  and
currents.  The  configuration,   as  shown,  is  for
depressed  collector  operation.  As an  alternate
approach   for   depressed   collector   operation,
eliminate the wire  at point  "X" and  substitute
dashed  resistor.   For  non-depressed  operation,
eliminate  the  wire  at  point  "X"  and  connect
the  collector  lead  (red)  directly  to  ground.

EXTF3EME  CAUTloN  should  be  taken  when
setting  up  tube  voltages  so as not to create an
undervoltage  or  overvoltage  condition.  Power
supply  voltages  must  be  within  the  following
tolerances    of    name    plate   voltage   prior   to
making     connection     to     the     tube:     Heater
(Ef  ±5°/o;    Anode    (Ea)    ±10%;    Cathode    (Ek)
±2°/o;  Collector  (Eb)  ±5°/o  of  nameplate  value.
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TWT A 8 C D E F G H I J K

419H 13.00 9.20 1.80 2.25 2.00 3.50 1.50 2.50 4.00 8.00 2.05

564HDS 9.50 5.57 1.38 2.00 1.77 2.27 1.50 1.75 3.00 6,00 1.75

646H 10.70 6.77 1.28 2.25 2.00 3.50 1.50 2.36 3.00 6.00 1.75

648HDS 9.50 5.57 1.38 2.00 1.77 2.2:J 1.50 1.75 3.00 6.00 1,75

664H 10.70 5.80 1.38 2.00 1.77 2.2:J 1.50 2.36 3.00 6.00 1.75

746H 10.70 5.80 1.38 2.00 1.77 2.2:J 1.50 2.36 3.00 6.00 1.75

77 1 H DS 9.50 5.32 1.38 2.00 1.77 2-.2:J 1.50 1.75 3.00 6.00 1.75

785H 10.70 5.80 1.38 2.00 1.77 2.2:J 1.50 2.36 3.00 6.00 1.75

846H 10. 70 5.80 1.38 2.00 1.80 2.30 1.50 2.36 3.00 6.00 1.75

848HDS 8.50 4.60 1.38 2.00 1.77 2.27 1.50 1.54 3.00 6.00 1.75

Printed  in  U.S.A.   11/79 AL
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Commercial Traveling-Wave Tube Amplifiers
manufactured by Hushes Aircraft Company are
in use throughout the world. To date, we have
manufactured and delivered over 5,000 units.

Hushes Aircraft Company has been in the
forefront of design and development of
complete orbiting satellites and their
components. We have used this same
technology and experience to produce the very
latest in commercial l\X/lAs. These descendants
of space-qualified units have been produced by
Hushes since 1968 and are continually
undergoing testing and improvement to meet
the ever expanding application requirements.
The reliability built into our units  is a  product of
the highest qualify components, engineering, and

years of experience. Three to four years of l\X/TA
operation is not an unusual achievement.

A variety of input power requirements is
offered, including 28-48V 220-110V and 50/60 or
48/420 Hz input. Broad frequency coverage is
offered, spanning 1  to 40 GHz at various power
levels (1-,10-, 20-, watts) with multi-and
Standard band units available in the 10-watt
series. Standard band,1 through 18 GHz units are
available in the 20-watt series. Two 1-watt units
are offered covering the band from 18 to
40 GHz.

We offer as options lT Logic (lTL) for
computer interfacing, and circulator/ isolators for
l\X/TA protection. Special options allow a choice
of operations in unattended or remote switching.
If standard options do not meet your
requirements, we will create an option or
develop a special  unit for your particular
application.

NASA Tracking Station - Lone Pine, CA.

1077H11
1 Watt .18-26.5 GHz

Power out          60
and Gain at
hatedoutput    50
vs. Frequency

90

GAIN  (dB)

22                94                26

18 90 92                94               96

FREQUENCY (GHz)
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1177H

10 Watts .1-18GHz
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Applications of our l\X/TAs are as varied as
nature allows. From the standpoint of size,
weight and ease of operation, it proves to be an
excellent laboratory testing unit for either point-
to-point or swept frequency measurements,
calibration of power sources, as a RF simulator, as
test sets for missile checkout, and EMl measuring
systems including use in anachoic chambers.

In the  Bio Medical field our amplifier has
been used as a RF energy source in researchin8
effects of microwaves on cancer cells and to
heat atoms in plasma physics.

Hushes lVlts can be found aboard some
of our nation's largest naval vessels. Our one-third
rack with transistor to transistor logic (TTL),
moclels 1233H through 1236H, are used on the
U.S.S. Enterprise in a test system to check out the
E\X/ equipment on its squadron of aircraft.
Several other radar systems on board the
Enterprise also use our l\X/Its.

Some of our first commercial T\X/tis were
used in remote areas of Alaska as
communication amplifiers transmitting via
satellite, and have accumulated thousands of
hours of uninterrupted operation. More current
uses are EMC (Electro-Magnetic Compatibility)
testing, radar range determination, and antenna
measurement in remote areas. The U.S.
Government, as well as private industry, is
constantly using these amplifiers working with
short pulse, side-looking and over-the-horizon
radar systems. The amplifiers have been used
numerous times for real time data link projects
aboard helicopters. A recent government
application consists of telemetry testing aboard
the NASA A37 test plane used in support

u.S.S. Kitty Ha\Irk -Son Diego, CA.

Power Out
and Gain at
Rated Output
vs. Frequency
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1277H
20 Watts .1-18GHz

a

of the Space Shuttle program.
One of the newest applications is

electronic journalism. A mobile van equipped
with video and transmission components goes
directly to the event site and transmits back to
the major receiving station via the T\X/lA. The
signal  is then distributed to the viewing
community.

With respect to quality,  nothing is left
undone.  Each unit must pass rigid  inspections
and is fully tested prior to shipment to the
customer. We are  so positive of the quality and
reliability of our units that it allows us to offer a
full one year warranty, regardless of hours of
operation.

Products of this caliber deserve service to
match. We at Hushes strongly believe in high
standards and will continue to provide service
befitting the Hushes tradition. Making yourjob
easier is our goal. Marketing representatives
throughout the world are available to assist you
with application problems. The marketing
representatives have technical and engineering
assistance available from the factory upon
request. This assistance is a prime factor in our
service policy -making our product perform
properly for you.

In addition to the technical assistance, we
also maintain a complement of demonstration
units which arie available for system and
customer evaluation. We can make demo units
available while your unit is  being built. These
units are readily available and all of our l\)(/l;As
are sold to the general public from a published

price list.  In addition, these units are offered on
the GSA schedule.

N^S^ Specc Shuttl. -Hortli ^m.rlc.n Rock`^..ll

150       175        20       225

1.5           2.0          2.5          3.0          3.5          4.0          4.5'-I
3456789

7               8               9              10             11             19
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Branch Offices

California:

Massachusetts:

Ohio:

Texas:

Virginia:

3100 West Lomita  Boulevard, Torrance 90509
213/534-2121
Representative: Mr. A.  Gene  Peifer

1050  Waltham  Street,  Lexington  02173
617/861-0358
Representative: Mr.  C.  Jack  Eliades

1918  Miam.I  Valley Tower
4th and  Ludlow Street,  Dayton 45402
513/224-1061
Representative:  Mr.  Lee  E.  Schmidlin

Royal  Central  Tower,  Suite 302-1
11300  North Central  Expressway,  Dallas  75243
214/369-9199
Representative:  Mr.  Russ  D.  Aikins

1515 Wilson  Boulevard, Arlington  22209
703/525-1550
Representative:  Mr.  James  R.  Juncker 6(
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California:

California:

Colorado:

Florida:

Georgia:

Missouri:

Missouri:

Manufacturer's Representatives

New Hampshire:

New Mexico:

New York:

New York:

North Carolina:

Pennsylvania:

Virginia:

CANADA:

Blair Associates
421  North  Brookhurst, Suite 220, Anaheim 92801
714/635-1350

MCH Associates
4100 Moorpark Avenue, San Jose 95117
408/246-7330
Fry-Gates  lnc.
PO.  Box 1273,  Englewood 80150
303/795-9176

E.  G.  Holmes  & Associates,  lnc.
3161/2  South  Bumby Street, Orlando 32802
305/894-8901

E.  G.  Holmes & Associates,  lnc.
4185 Clairmont Road,  Chamblee 30341
404/451-6161

EIR Company
605  NW 44th Terrace, Kansas City 64116
816/452-7030

EIR Company
Rt.  1,  Box 55,  Leasburg 65535
314/895-4100

JPR  Electronic  Sales
208 Coburn Woods, Nashua 03060
603/889-8285
Fry-Gates  lnc.
9901  G.  Lomas  Blvd.  N.E., Albuquerque 87112
505/298-1875

Ascor Electronics,  lnc.
559 North Avenue,  New Rochelle 10801
914/235-8838

R.  D.  Sherman,  lnc.
104'/2  Clinton  Street,  Fayetteville 13066
315/637L9861

E.  G.  Holmes  & Associates,  lnc.
600  Northclift Drive,  Raleigh 27609
919/847-4845

M.  Lader Company,  lnc.
456 Germantown  Pike,  Lafayette Hill  19444
215/825-3177

M.  Lader Company,  lnc.
1561  Randall  Court, Woodbridge 22191
9!fyR./9:I)6-f2:Arin

Gigs-Tron Associates,  Limited
7 Slack Road,  Suite 205
Ottawa, Ontario K2G 087
613/225-4090





SUMMARY  0F  L-AND  S-BAND
SPACE TWT AND TWTA
EXPERIENCE

HUGHES
L__________________J
HUGHES   AIRCRAFT   COMPANY

ELEtrnon Dgnamlts DIvi5ion

SPACECRAFT
TUBE

SATURATED   OUTPUT
CENTERFREQUENCY NOMINALTOTAL CATHODELOADING

LIFE   TEST SPACE   OPERATION

NOTE
TYPE POWERWATTS GAINdB

GHz EFFICIENCY   % A/cm2
NO.    OFTUBES TOTALHOURS NO.    OFTUBES

HOURS

DUAL   MODEApollo

394H 20/5 26/20 2.3 33/25 . 210/ . 094 5 55,585 30 4 , 000

Thru   27   act   72

Mariner   '69 242H 21/10 27/24 2.3 33/29 . 210/ .136 - - 4 36 ,120

Mariner   '71 242RA 23/10 27/24 2.3 35/31 . 210/ .136

5 131,289**

2 12 , 320

VikingOrbiter   '75
242118 20/10 27  / 21+ 2.3 35/31 . 210/ .156 4 51.000 Thru   31  Aug   78

Mariner   '73 242HB 20/10 2.I  12.I. 2.3 35/31 . 210/ .156 2 12 .100 Thru   24  March   75

Marlsat 29|H 7  12.91 61` 25/39/51 1.5 25 I 5fJ I l+I .061  I  .r2.6 I.253 6 50,585 Thru   31  July   78

SINGLE   MOI)ESyncom

314H 2.5 33 2.3 20 .157 9 810,345 4 73,379 Thru   31   March   75

Pioneer 214H 8.0 27 2.3 35 .266 2 37 ,906 8 398,647 Thru   28   Aug   78Thru3Dec72

Mariner 216H 10.0 23 2.3 28 .358 1 45 ,000 2 25,600

Surveyor 349H     . 10.0 27 2.3 24 .358 8 272 ,060 7 700*

Lunar  Orbiter 220H 12.a 27 2.3 30 .358 5 2.6S5

TACSAT 2 3 911 4.5 24 2.3 28 .186 2 33,400

ATS-5 414H 13.0 30 1.55 29 .109 2 6 . 35 7 Thru   31   May   75

TDRSS 278H 26.0 42 2.07 42 .200

TWTAs1164H

24|H 13.0 27 2.3 24 .117 -

7 ,110 20.728   0N/OFF   CYCLES|190H 256H 15.0 30 2.3 27 .117 1

1266H 278H 26.0 42 2.07 36 .200

1272H 297H 50.0 40 2.6 50 .157

DEVELOPMENTInsat

828|H 300.0 35 2.15 50 .190

297H 50.0 40 2.6 50 .157

283H loo . 0 47 2.4 55 .262

*Estimated                                                                                                                                                                                                                                                                                                                      30   Sept   78
**As   of   30  April   78

EDC)   12889   FEB   74



SUMMARY  0F  C-BAND  SPACE HUGHES
TWT  AND  TWTA  EXPERIENCE            H6aFEs-irR-c-R-AEf-c-o-M-p-Aiy

ELErmon Dvnamlt5 DIvi5Ion

SPACECRAFT
TUBETYPE

SATURATED   OUTPUT
CENTERFREQUENCY NOMINAI.TOTAL CATHODELOADING

LIFE   TEST SPACE   OPERATION
NOTE

POWER GAIN NO.    OF TOTAL NO.    OF TOTAL

WATTS dB CHz EFFICIENCY   % A/cm2 TUBES HOURS TUBES HOURS

ATS 384H 4.0 39 3.95 30 .130 12 812 . 379

8

- Thru   31   March   75

ATS 384RA 4.5 40 3.95 35 .145 13 507 , 031 91,182 Thru   31   May   75

ATS-3 243H 12.0 42 3.95 33 .140 2 5,865**1.925 Thru   31   May   75Thru31March 75

ATS-6 233HC 0.2 52 4.0 10 .136 2

ATS-6 2 35HI) 12.0 42 3.95 33 .140 2

Early  Bird 215H 6.0 41 I+ .07 36 .176 8 162 '09860'137 2 56,200

Intelsat  11 21511 6.0 41 4.07 36 .176 - 16 200 ,160 Thru  8  Jan   75

Intelsat   11 226H 0.06 40 4.07 3 .110 3 8 200 ,160 Thru   8   Jan   75

Intelsat  Ill 233H 0.15 47 3.97 10 .136

117 ,844

10 415 , 700 Thru  8   Jan   75

Intelsat  Ill 235H 12.0 42 3.95 33 .140 10 415 , 700 Thru   8   Jan   75

Intelsat   IV 26|H 6.0 58 3.95 30 .190 168 3 , 908 ,982 Thru   31   July   78

Intelsat  IV 262H 1.5 36 3.95 15 .281 6 26 288 , 578 Thru   31  July   78

Intelsat   IV 272H 1.5 36 3.95 15 .200 6 127 ,476* 2 28,510 Thru   31   Aug   78

Intelsat  IVA 275RA 5.0 55 3.95 36 .178 1 4 , 340 Ilo 867 ,226 Thru   31  July   78

Intelsat  IVA 276H 0.4 30 3.95 12 .147 1 20'806* 30 69,527 Thru   31  July   78

Intelsat   IVA 271H 6.0 58 3.95 30 .190 43 86'713*61'818* 502436 304 , 700361,440428,304 Thru   31  July   78Thru31July78Thru31July78

Intelsat  V 244H 4.5 55 3.95 36 .170

Intelsat  V 24911 8.5 58 3.95 36 .195

TDRSS 230H 5.5 55 3.95 36 .195

Palapa 2 7 5RA 5.0 55 3.95 36 .178

Apple 299H 5.0 55 3.95 35 .200

Comstar 275HA 5.0 55 3.95 36 .178

Comstar 277H 5.5 55 3.95 36 .189 3 78,445* 36 428 , 304 Thru   31   July   78

Comstar 272H i.5 36 3.95 15 .200 I3 30 ,275*41,074* 8 35 , 712 Thru   31  July   78

Westar 275HA 5.0 55 3.95 36 .178 24 804 ,192 Thru   31   July   78

Westar 2 7 6RA 0.4 30 3.95 12 .147 4 70,030 Thru   31  July   78

Marisat 275H 5.0 55 3.95 36 .178 - 6**36 65 ,939 Thru   31   July   78Thru31Dec76

RCA   Satcom 296H 5.0 55 3.95 36 .178 - **

Telesat 275H 5.0 55 3.95 36 .178 1,331,374

Telesat 276RA 0.4 30 3.95 12 .147 6 123.288 Thru   31   July   78

Space  Shuttle 279H 100. 0 35 6.15 50 .412 -

TWTA ' s1264HA

299H 5.0 55 3.95 30 .200

15 , 932

Thru   15   Sept   78

1264H 230H 5.5 55 3.95 30 .195

1244H 249H 8.5 58 3.95 30 .195

1243H 244H 4.5 55 3.95 30 .175

1222H 279H loo . 0
`35

6.15 42 .400

1224H 233HC 0.20 50 3.97 8 .136 2 10,220

1288H 296H 5.0 55 3.95 28 .178 2 48 957 '144 Thru   15   Sept   78

*Thru   30   April   78                                                                                                                                                                                                                                                                                30   Sept   78

**See   TWTA

EDD   12889   FEB   74



SUMMARY  0F  X-BAND  AND

HIGHER  FREQUENCY  SPACE

TWT AND  TWTA  EXPERIENCE

HUGHES
HUGHES   AIRCRAF.T   COMPANY

ELEqmon Dvnamit5 DIIii5ion

rf.',-

SPACECRAFT
"BEHPE sATURATrm   OuTpuT

CrmERFREQUENCY NOMINALTOTAll CATHODELOAI)ING
LIFE   TEST SPACE   OI'ERATI0N

NOTE
POWER GAIN NO.    OF TOTAL NO.    OF TOTAL
WATTS' dB GHz EFFICIENCY   % A/cm2 TUBES HOURS TUBES HOURS

TACSAT 240H 20 43 7.25 25 .205 2 141,269 324 66 ,000 Thru   31  Aug   78

NASA   Dev. 219H 20 37 8.45 3S .200 I 61,120**** - Thru   31  Aug   78Thru28Aug78Thru18Sept78Thru31Aug78Thru31Aug78

777 263H 0.6 32 7.5 15 .182 6 **

777 265H 20 46 7.5 31 .185 6 24 **

Skynet   11 240HA 17 47 7.25 30 .195 8 53,700**32,COO43.356 221 32 , 784

NATO   Ill 265RA 20 48 7.25 31 .190 6 **8,500

DSCS   IIR.   Ill 293H 40 50 7.5 50 .190 31I3

DSCS-Ill 298H 10 50 7.5 40 .180

SIRIO 280H 10 40 11.5 30 .200

JBS 837HI) 1.0 50 12.0 15 .145 ** **

Skylab/GEOS 837HA I.5 46 14.0 15 .145 93,02030Apr7840,817 loo
Skylab 85|H 20 40 `  14 . 0 25 .460 1 25 66%   Duty

Skylab/GEOS 852H 2500 50 14.0 1615 4.0 2 3'583667,126 1%  Duty,   Inpreg   Oath.95030N/OFFCycles0.33%I)uty,InpregCath.

Seasat 853H 2000 40 13.5 4.0 I
Data   Systems 837H 1.5 46 11.5 .145 252 Thru   19   Sept:   78Thru31Jul76

JCS 292H 4.0 50 19.0 20 .190

2.400

Comsat 267H 4.0 50 20.0 20 .155

ATS 268H 2.0 42 20.0 15 .230

ATS 254H 2.0 42 30.0 10 .283 2 2 ' 800 Thru   30   Sept   78Ixpreg.Cathode

ECS 25|H 3.0 43 31.0 20 .275

TI)RSS 845H 1.5 46 12.8 17 .156

Space  Shuttle 874H 60 42 14.4 46 .73

TWTAs1200H

263H 0.6 32 7,5 10 .182 6 326'107* 24 240,000 Thru   30   Sept   78

1202H 265H 20.0 46 7.5 22 .185 6 303 , 366* 24 240,000 Thru   30   Sep[   78

1240H 265lIA 20.0 48 7.25 22 .190 6iI 29,9075,7699,819 83i 69 .4002,160960 Thru   18   Sept:   78Thru160ct78Thru30Sept78Thru20Aug78

1238H 293H 40.0 53 7.5 34 .190.190

1248H 298H 10.0 50 7.5 35

1241H 293H 40 50 7.5 35

1255H 293H 40 50 7.5 35 .190

1292H 837HD i.0 45 12.0 10 .145

1268H 845H 1.5 46 12.8 1411 .156

1256H 853H 2000 40 13.5 4.0

1218H 837HA 1.0 45 13.9 .145 1 100

1220H 851H 20.0 40 13.9 20 .460.155 1 25

1294H 292H 4.0 50 19.0 20 5

1212H 267H 4.0 50 20.0 17

1254H 251H 3.0 43 31.0 15 .275

DEVELOPMENT1247H

286HD 20.0 60 12.0 40 .190 8*** 10.681 Thru   28  July   78

1247H 285H 20.0 40 8.5 50 .196

286HM 20.0 60 15.0 40 .190

287H 50.0 40 8.2 40 .330

274H 5.0 45 12.4 20 .280

*As   of   8-28-78                                                                                                                                                                                                                                                                                                                   30   Sept   78
**See   under   TWTAs

***TFT   only
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DESCRIPTION

The   Hughes  Model   1077H11   Traveling-Wave
Tube   Amplifier   provides   a   minimum   power
output   of   1    watt   over   the   18-26.5GHz
frequency   range.      The   amplifier   consists  of
a    Hughes   PPM   metal-ceramic   traveling-wave
tube,  a  regulated  solid  state power supply and
complete  air  cooling  system assembled within
a  compact   instrument  case.

SPECIFICATIONS*

Electrical

Frequency   .
Power   Output    (minimum)     .
Duty       .   .

Gain   At   Fated   Power   Output   (minimum)
Input    Voltage    ...............

Power   Consumption    (maximum)   .....
Noise    Figure        ...............

The     design    of    the    Hughes    Model    911H
traveling-wave  tube   utilized   in   the  amplifier,
was  derived   from  knowledge  gained   in  devel-
oping  tubes  for  spacecraft  and  other  applica-
tions  where  high  reliability  is of  prime  impor-
tance.    This  space-derived  design  allows  us  to
warrant  the  complete  amplifier  package  for  a
full  year  regardless  of  the  hours of operation.

.18 -26.5 GHz
lw

......        GIN

.   .        30   dB
115   Vac   60   Hz

180W
.-..         35   dB

VSWF}     (cold)     (maximum)        ............................        3:1

Mechanical

3)::ght   (max,mum)                     .                                                155"   X   1675"   X   35"   (3937   Cm   x   42o55pocumnd:   (898o97Ckmg}
Connectors    (RF)      .............................    :    :    .    .    :    .....           WR-42   waveguide

Environmental

Operating    Temperature    (ambient)      ..................................

Warranty

One   Year   Begardless  of   Hours   of   Operation

Protective   Features

Automatic  Time  Delay
Helix   Current   Overload
Thermal   Overload

*Specifications   are   subject   to   change   without   prior   notice.

oO  -  500c
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DESCRIPTION

The   Hughes   Model   1077H12   Traveling-Wave
Tube   Amplifier   provides   a   minimum   power
output   of    1    wal:t   over    the   26.5-40   GHz
frequency   range.      The   amplifier   consists  of
a   Hughes   PPM   metal-ceramic   traveling-wave
tube,  a  regulated  solid  sl:ate power supply and
complete  air  cooling  system assembled within
a  compact   instrument  case.

SPEcl.FICATIONS*

Electrical

The     design     of     the    Hughes    Model    912H
traveling-wave   tube   utilized   in   the   amplifier
was  derived   from  knowledge  gained   in  devel-
oping  tubes  for  spacecraft  and  other  applica-
tions  where  high  reliability  is of  prime  impor-
tance.    This  space-derived  design  allows  us  to
warrant  the  complete  amplifier  package  for  a
full  year  regardless  of  the  hours of operation.

Frequency   .....    26.5 -40 GHz
Power   Output   (minimum)     .                                                                                                                                                                                           1    W
Duty       .   .   .                                                                                                                                                                                                                                      CW

Gain   At   Rated   Power   Output   (minimum)      .......        30   dB
Input    Voltage   .......                                                                                                                                                                              115   Vac   60    Hz

Power    Consumption    (maximum)   ........................         180W

Noise    Figure       .........         35   dB

VSWR    (cold)    (maximum)      .....       3:1

Mechanical

Size....-..

Weight   (maximum)
Connectors   (FiF)

Environmental

15.5"   x   16.75"   x   3.5"   (39.37   cm   x   42.55   cm   x   8.89   cm)
........        20   pounds    (9.07    kg)

•.....................              WFL28waveguide

Operating   Temperature   (ambient)     ......

Warranty

One   Year   Begardless   of   Hours   of   Operation

Protective   Features

Automatic  Time   Delay
Helix   Current   Overload
Thermal   Overload

i+Specifications   are   subject   to   change   without   prior   notice.

oO  -  500c
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DESCRIPTION

The  Hughes  Model  1288H   is a space qualified
travel ing-wave tube ampl if ier developed for the
BCA    Communications    satellil:e.   The   small,
light-weight  amplifier  is  designed  for  long  life

SPECIFICATIONS

ELECTRICAL

Frequency......
Power  Output ....
Duty  .......    I    .
Gain  (saturation).   .   .
Input   Voltage  ....

i::emre:roynigm-p5ivd6)
Noise  Figure  .....
Spurious   Modulation  {be[ow carrier output)
VSWFi    I     ...-----.------     _     .     _     .

MECHAN_lcAL

Coo,ing......-....
Size     .    .     .    _.........

Weight..........-.
Cor`nectors ( B F ) ..-....

(dc)......

ENvmoNMENTAL

Operating Temperature   .-.

WARRANTY

Expected  Life   .......

PROTECTIVE  FEATUF}ES

Undervoltage
Current Overload

and   high   reliability.  This  traveling-wave  tube
amplifier    utilizes    the   Hughes   Model   296H
travel ing-wave tube.

.   .   3.7-4.2GHz

.__.......5W

...-.....   GIN

.    53dBminimum

.   .   .  24-36Vdc
17.7 W maximum

.   .   .   helixcurrent

.   28 dB  maximum

.   60dB  minim-urn

.     1.6:1   maximum

................,........  conduction

.   .   .     13.25" x  3.5" x 3.3"  (33-.66cm  x 8.89cm  x 8.38cm)

...................     3.75pounds(1.70kg)

............................     OSM

.....................      24pinMCDtype

00  to 550  c

•....   `   ` 7  vc:ars
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DESCRIPTloN

The   Hughes   Model   1160H   features  a  ver-
satile,  compact  package  containing  two  solid-
state  power supply  modules, a magnetic mod-
ulator and two-stage  8 F amplifier section. The

SPECIFICATIONS

Badio  Frequency  .
BFPowerlnput    .     .
BF  Poweroutput     .
BF  Gain      .....

Duty       .     .     .
Powerlnput       .     .
Cool i ng       .....
Pre-driver Tube Type
DriverTubeType      .
Size
Weight.      .     .

unit   has   a  CW  operated  pro-driver  traveling-
wave   tube   and   a   cathode-pulsed   high   level
traveling-wave   tube   driver.   Applications   in-
clude those for tactical  radar.

.     .     .   2900~3100MHz
:      .......  o.25  mw

.     .     .      2.5kw

....   70dB
:     6.0.02.5  (.in.cu.rrent  application)
.....    115,3¢,400cps,1A

conduction,  maximum  heat sink temperature 55°C
.......-....     543H

.     .    544H
x 24 inches
28 pounds
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FEATURES
•  5 Models  1-18 GHz
•  Standard  Band  Series
•  10Watts Minimum
•  Protective Features
•  Lightweight -Compact
•  Full  One Year Warranty -

No  Hour  Limit

DESCRIPTION

The  five   models   in  the  Hughes  1177H  Series
of  Standard  Band  Traveling  Wave  Tube Amp-
lifiers  cover  the  1   to   18  GHz frequency  range
with   a   minimum  power  output  of  10  watts
CW.   Each   amplifier  consists  of  a  PPM  metal-
ceramic  traveling-wave  tube,  a  regulated  solid
state  power  supply  and  complete  air  cooling
system   assembled   within   a   compact   instru-
ment case.

The    amplifiers    utilize    traveling-wave    tubes
developed  for  space  applications.  The  know-
ledge  gained  in  developing  these  'space'  tubes

APPLICATIONS
•    BFl/EMI  Testing
•   Communications
•   Antenna Testing
•   Component Testing
•    Laboratory  Instrumentation
•   System Testing

allows   us  to  warrant  the  complete  amplifier

package  for a  full  year,  regardless of the hours
of  use.

The  1177H's  light-weight  compactness  makes
it    ideal    for    either    bench    or    19-inch    rack
mounting.    This    size-weight    feature    is   the
result of the unique circuit design.

The  1177H  has  a  wide  variety  of uses  in  such
applications   as   EMl   testing,   antenna  testing,
communications,   component   testing,  system
testing   and   general   laboratory   requirements.



SPECIFICATIONS*

RF Performance

Model Frequency                                                          Power output

1177HO9 1.0-2.OGHz                                                                 10watts
1177H01                                                          2.0- 4.0 GHz                                                                 10 watts
1177H02 4.0-8.OGHz                                                              10watts
1177H03                                                       8.0-12.4GHz                                                                  10watts
1177H04 12.4-18.OGHz                                                                  10watts

Electrical

Gain at  Bated  Power Output  (low)
Duty........................

Input  Voltage   ................,

Input  Frequency .  .
Power  Consumption   ............

Noise   Figure   ..................

Spurious Modulation  (at saturation)
VSWR.......................

Mechanical

Size/Configuration
Weight..........

Connectors.........

.    30dBminimum

............ GIN

.  .  . 120  Vac ±  100/o

.......   50/60  Hz

.........    250  W

.   35 dB  maximum

.-50 dB  minimum

.  .  .   3:1   maximum

....    Seedrawing
20 pounds maximum

.   .   .   N  type female"

Environmental

Operating Temperature       ..................    0-50°C  ambient

Warranty

One  full  year  regardless of the hours of operation.

Protective Features

Automatic time delay
Helix  current overload

To Order Specify

1177H 01

Thermal  overload at TWT collector
BF  output connector  interlock*#

F- 000
F=eplacement

Tubes

Series               01-2.Oto    4.OGHz
Number          02-4.Oto    8.OGHz

03-8.Otol2.4GHz
04 -12.4 to  18.0 GHz
09-     1.Oto    2.OGHz

F    -Frontpanel      OOO-Standard                 564H
Connector                           Unit                           648H D

Rt-Rearpanel        XXX-Factory                   771HD
Connector                          Assigned                  848HD

Special                        417HD

*Specifications subject to change without  notice.
**

1177H04  uses  SMA  or  W862  waveguide,  with   uG419   Flange.     With  SMA  or  waveguide,  the  unit  will  not  have  RF
interlock.



TYPICAL PERFORMANCE

Power  Out  and  Gain  at  Rated  Output  Versus   Frequency

~, ~, `-- `--
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OPTIONS LIST

OPTION A   220/240 V INPUT VOLTAGE
Auto-transformer for 220 Vac±10% or 240 Vac±10% at 50/60 Hz operation.

OPTION  8   DC HEATER SUPPLY  (Included  in all  units)

Reduces spurious content.

OPTION C   HELIX VOLTAGE  REGULATOR  (Included  in all units)
Incorporates  regulator  in  the  helix  circuit  to  improve the short and  long term  gain  stability  and  reduce gain variations due

to  temperature  effects.     Prime   importance  for  communications  applications  or  where  a  high  degree  of  gain  stability  is
required.

OPTION  D   UNATTENDED PROTECTION
For   unattended   applications   such   as   ranges,   component  aging,  ground  terminals,  communication   links.     Protects  the

amplifier  from  possible  damage  from  extended  operation  in  the  standby  mode  by  turning  off  all  power  in  the  event  of
helix  overload.    To  restart  the  unit,  the  ac  power  line  must  be  interrupted  or  power  switch  cycled.    The  unit  will  then

time-in with the normal  (heater warm-up)  time delay.

OPTION  E   FtACKMOUNTING
For  19-inch  rack  mounting.

OPTloN  F   LOCAL/REMOTE
Duplicates  the  amplifier's   BF  on  switch  and  status  lights  up  to  a  distance  of  50  feet.  Interface  requires  15A  contacts

rated to make or break  150 VDC.

OPTION G   48 to 420 Hz
For operation from  a  primary AC  power source at any  input frequency from 48 to 420  Hz.

OPTION  H   LOGIC CIRCUIT  (TTL)

For  computer  compatible  (TTL)  logic  command  and  control  circuitry  which  provide  remote  turn-on,  turn-off,  and  reset
functions,  as  well  as  full  status  indication.  With  this option,  line power must be supplied through an  isolation transformer

external  to  the  amplifier.   Prime  power  (28  VDC)   for  these  control  circuits   is  supplied   from  an  external   input  to  the
amplifier.

OPTION  128  V  INPUT VOLTAGE
For  operation   from  a  28  (±3)  volt  dc  bus  for  various  airborne  or  special  lab  requirements.  Negative  or  positive  polarity
must be  specified  at time  of order.  This  option  is  not available for all  units.

OPTION J  ISOLATOR/CIRCULATORS
Protects  the  traveling-wave  tube  from  varying  VSWR  conditions.  All  isolators  are  mounted  within  the  amplifier with the

exception  of  the  low  and  20W  L-band,  20W  Ku-band,  and  the  lw  K-and  Ka-band  units.  Due to the  insertion  loss of the
isolator, some units  may  not meet the specified  power out at band edges.

OPTION  K  HIGH  GAIN

Adds  a  solid  state  amplifier at the  input to the traveling-wave  tube  for higher gain  when  minimal  drive  power  is available.

OPTION  L AUTOMATIC  RESET
ln  the  event  of  a  momentary  fault  condition,  such  as  a  line  voltage  surge,  helix  overload, or temporary  F}F  power reflec-
tions,  the  unit  reverts to  ``READY." This option  automatically  recycles the TWTA from  ``READY" to  '`F}F  ON" after the
initial  3  minute  time delay.  F}ecycling can  be set for  1  to 8 times or set to  recycle continuously.  If the fault condition con-
tinues  after  the  predetermined  number  of  reset  cycles,  the  unit  will  revert to the  '`OFF"  mode. The fault condition  must
then  be cleared and  the amplifier manually reset.  This option  is valuable  in  remote  unattended  sites, such  as antenna  ranges,

satellite earth stations, and  communication  links.

OPTION M -28 0R -48V  INPUT VOLTAGE
For  -25  to  -31   or  -44  1:o  -56  Vdc  bus  operation.   Designed  for  telecommunication  applications.  May  be  ordered  with

positive voltage,  must be specified  at time of order.
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New  Bochelle  10801
914/235-8838

B.D.  Sherman,  lnc.
1 041/2  Cl inton  Streel:
Fayetteville  13066
315/637-9861

Pennsylvania:

M.  Lader  Company,  lnc.
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FEATURES
•   10  Models  1.4-18  GHz

•   Protective  Features
•   Lightweight -Compact
•   Full  One Year Warranty -

No  Hour  Limit

DESCRIPTloN

The  ten  models  in  the  Hughes  1177H  Series of
1:he Mu lti-Band  Traveli ng-Wave Amplifiers, cover

the  1.4  to  4  and  4  to  18  GHz frequency range
with   a   minimum   power  output  of  20  and   10
watts CW. Each amplifier consists of a PPM  metal-
ceramic   traveling-wave  tube,   a   regulated   solid
state  power supply and  complete air cooling sys-
tern assembled within a compact instrument case.

The     amplifiers     utilize    traveling-wave    tubes

developed   for   space   applications.   The   know-
ledge  gained   in  developing   these  'space'  tubes
allows   us   to   warrant   the   complete   amplifier

APPLICATIONS
•   BFl/EMI  Testing
•   Communications
•   Antenna Testing
•   Component Testing
•   Laboratory  Instrumentation
•   System  Testing

package  for  a  full  year,  regardless  of  the hours
of  use.

The   1177H's   light-weight  compactness  makes
it     ideal     for    either    bench    or    19-inch    rack
mounting.  This  size-weight  feature  is the result
of the  unique  circuit  design.

These  amplifiers  have  a  wide  variety  of  uses  in
such   applications  as   EMl   testing,  antenna  test

patterns,     communications,    component    test-
ing,   reflectometer  systems,  and   general   labor-
atory  requirements.



SPECIFICATIONS*

R F Performance

MODEL                                         FF{EQUENCY                                           POWEF3  OUTPUT

1177H05                                     2.5-4.OGHz                                             20watts
1177H06                                      4.0 -10.5 GHz                                               10wattsl
1177H07                                       6.5 -13.5 GHz                                                10 wal:ts
1177HO8                                      10.5-18.OGHz                                                  10watts2,3
1177H10                                       1.4-2.4GHz                                               20watts
1177H13                                       3.0-8.OGHz                                                10watts
1177H14                                       5.0-10.OGHz                                                lowatts
1177H15                                        8.0-18.OGHz                                                  10watts2,3

1177H16                                         3.9-11.7GHz                                                  10wattsl
1177H17                                        7.0-16.5GHz                                                 10watts

Electrical
Gain  at   F}ated   Power  Output .   .   .   .   .   .   .   .   .   .   .   .   .   .  .   .   .   .   .   .   .   .   .   .   .   .   .   .  .   .   .   .   .   .   .   .   .   .   .  30  dB   minimum  1

CW
I nput  voltage  .  .  .                                                                                                                                               .  .  .120  VAC  ±  100/o

Input  Frequency  .   .  .  .  .  .  .   .  .   .   .   .  .  .   .                                                                                                                  .   .  .  .  .  .  .  .   50/60  Hz

Power  Consumption   ,  .  .  ,  .                                                                                                                     .  .  .  .  .  .  .  .  .  .  .  .  ,  .  .250 W

Noise   Figure   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   ,   .   ,   .   .   .   .   .   .   .   .   .   .   ,   ,   ,       ,   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .35  dB   maximum

Spurious  Modulation   (at  saturation)   .  .  .  .  .  .  .   .  .  .   .  .  .   .   .   .  .  .  .  .  .  .  .  .   .  .  .  .  .  .  .  .  .  .-50  dB  minimum

VSWR  .   .                                                                            .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   ,   .   .   .   ,   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .3:1   maximumMechanical

Size/Configuration    .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   ,   .                       .   .   .   .   .   .   .   .   .   .   .   .   .   .   See  drawing

Weight.   .                                                                                .   .   .  .   .  .   .  .   .   .  .   .  .   .  .  .  .   .   .  .   .  .   20  pounds  (44.1   kg)   maximum

Connectors  .  .  .  .                                                                                                                         .  .  .  .  .  .  .  .  .  .  .  .  .  . Type  N  female 2

Environmental
Operating  Temperature .  .  .  .  .  .  .  .  .                                                                                          .  .  .  .  .  .  .  .  0-50°C  ambient

Warranty
One full  year  regardless of the hours of operation.

Protective Features
Automatic time delay
Helix  current overload
Thermal  overload
BF  output connector  interlock3
To Order Specify

Replacement
1177H                                01                                       F -                             000                             Tubes

Series              05-2.5-4.OGHz           F-Frontpanel       OOO-Standard                 564HS
Number          06-4.O-10.5GHz                      Connector                            Unit                          648  HDS

07-6.5-13.5GHz                                                                                                          771  HDS
08-10.5-18.OGHz           R -Bear panel          XXX-Factory                   848  HDS
10-1.4-2.4GHz                      Connector                           Assigned                  419  H
13-3.0-8.OGHz                                                                      Unit                          646H
14-5.0-10.OGHz                                                                                                          746H
15-8.0-18.OGHz                                                                                                         846H
16-3.9-11.7GHz                                                                                                          664H
17-7.0-16.5GHz                                                                                                         785HD

*Specifications subject to change without notice.

1.   Models  1177H06 and  1177H16 refer to typical performance curves for minimum gain and  power output.

2.   Model  1177HO8 uses SMA or WB-62 waveguide with  U/G419/U flange as input and output connector,
model  1177H15 uses SMA only. With  waveguide output,  PIF  performance will  be degraded at low end of band.

3.    Model  1177HO8 and  1177H15 do not have an  PIF  output interlock.
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TYPICAL   PERFORMANCE

Selected  Series

Broadband  Series

OUTLINE AND MOUNTING  DRAWING

Note:    L-band   units   hav
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OPTIONS LIST

OPTION A   220/240 V  INPUT VOLTAGE
Auto-transformer for 220 Vac±10% or 240 Vac±10% at 50/60 Hz operation.

OPTION  a   DC HEATER  SUPPLY  (Included  in all  units)

Pleduces  spurious content.

OPTION C   HELIX VOLTAGE  REGULATOR  (Included  in all units)
Incorporates  regulator  in  the  helix  circuit  to  improve  the  short  and  long term  gain  stability  and  reduce  gain  variations due

to  temperature  effects.     Prime   importance  for  communications  applications  or  where  a  high  degree  of  gain  stability  is
required.

OPTION  D   UNATTENDED  PROTECTION
For   unattended   applications   such   as   ranges,   component  aging,  ground  terminals,  communication   links.     Protects  the

amplifier  from   possible   damage  from  extended  operation  in  the  standby  mode  by  turning  off  all  power  in  the  event  of

helix  overload.     To   restart  the  unit,  the  ac  power  line  must  be  interrupted  or  power  switch  cycled.    The  unit  will  then

time-in  with  the  normal  (heater warm-up)  time delay.

OPTION  E   RACKMOUNTING
For  19-inch  rack  mounting.

OPTION  F   LOCAL/REMOTE

Duplicates  the   amplifier's   RF   on  switch   and   status   lights   up  to   a  distance   of  50  feet.   Interface  requires  15A  contacts

rated to  make or break  150  VDC.

OPTION G   48 to 420 Hz
For operation from  a  primary AC  power source at any  input frequency from 48 to  420  Hz.

OPTION  H   LOGIC CIRCUIT  (TTL)

For  computer  compatible  (TTL)  logic  command  and  control  circuitry  which  provide  remote  turn-on,  turn-off,  and  reset
functions,  as  well  as  full  status  indication.  With  thi.s  option,  line  power  must  be  supplied  through  an  isolation  transformer

external   to  the  amplifier.   Prime   power   (28   VDC)   for  these   control   circuits   is  supplied   from   an   external   input  to  the

amplifier.

OPTION  128  V  INPUT VOLTAGE
For  operation   from  a  28  (±3)  volt  dc  bus  for  various  airborne  or  special  lab  requirements.  Negative  or  positive  polarity

must be  specified  at time  of  order.  This option  is  not available  for all  units.

OPTION  J  ISOLATOF}/CIRCULATORS
Protects  the  traveling-wave  tube  from  varying  VSWP  conditions.  All   isolators  are  mounted  within  the  amplifier with the

exception  of  the  low  and  20W  L-band,  20W  Ku-band,  and  the  lw  K-and  Ka-band  units.  Due to the  insertion  loss of the
isolator, some  units  may  not  meet the specified  power out at band  edges.

OPTION  K  HIGH  GAIN

Adds a  solid  state  amplifier at the  input to the  traveling-wave  tube for  higher gain  when  minimal  drive  power  is available.

OPTION  L AUTOMATIC  RESET
ln  the  event  of  a  momentary  fault  condition,  such  as  a  line  voltage  surge,  helix  overload, or temporary  RF  power reflec-
tions,  the  unit  reverts to  ``F{ EADY." This option  automatically  recycles the TWTA from  "READY" to  `'F}F  ON" after the
initial  3  minute  time delay.  Recycling can  be set for  1  to 8 times or set to  recycle  continuously.  If the fault condition con-
tinues  after  the  predetermined  number  of  reset  cycles,  the  unit  will  revert to the  "OFF"  mode. The fault condition  must
then  be cleared and  the amplifier manually reset.  This option  is valuable  in  remote  unattended  sites,  such  as antenna  ranges,

satellite  earth  stations,  and  communication  links.

OPTION  M -28 0Fi  -48V INPUT VOLTAGE
For  -25  to  -31   or  -44  to  -56  Vdc  bus  operation.   Designed  for  telecommunication  applications.  May  be  ordered  with

positive voltage,  must be specified  at time  of order.
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DESCRIPTION

The  Hughes 1177H03 Series of ampl ifiers were
designed  for  communications  and  ECM  appli-
cations. The series consists of three broadband
instrumentation  amplifiers  providing coverage
in  the  frequency  range  of  3.7  to   16.3  GHz.
With  a  midband  gain  and  power output in ex-
cess  of  50  dB  and  10  watts  respectively,  the
amplifiers    provide   several   watts   of   output
power  at  the  band  edges.

Each   amplifier   features   a   solid-state   power
converter  and  metal-ceramic  output traveling-
wave  tube  similar  in  design  to  the  tubes  used

in  the  Hughes  communication satellites. They
are  completely  protected,both  thermally  and
electrically, with an  internal  air cool ing system
operating   from   115   volts,   50/60   Hz,  single-
phase  power.

These ampl ifiers weigh only 24 pounds, making
them  particularly  suited  for  transportation  to
remote sites. They can be mounted in a 19-inch
relay   rack  with  a   panel   height  of  31/2   inches
and   a   maximum   depth   of  20   inches.   They
carry   a   one-year  warranty  with   no  limit  on
the  hours  of  operation.



SPECIFICATIONS*
F]F  PEF{FORMANCE

1177H03F** -003

Frequency  (GHz)                7.4          8.0

Poweroutput   (min.w)     10.0        10.0

Gain  (min.)                           30            30

1177H03F** -005

Frequency  (GHz)

Power Output

Gain  (min.)

10.0          11.0          11.7

10.0        10.0        10.0

50         46         40

1177H03F## -007

Frequency  (GHz)                7.9          8.0

Poweroutput   (min.w)    10.0        10.0

Gain  (min.)                           30            30

ELECTRICAL

Duty.-.....-.....'..................-....

Input  voltage       ...............................
Input  Frequency    ..............................
Power  consumption    ............................
Noise  Figure      ................................

Spurious  Modulation       ...........................
VSW F3     ....................................

MECHANICAL
Length...................................

Width....................................

Height     .............    '    .....-..............    ®    ,

Weight................-...................

Connec{ors.................................

..............    GIN

....... 120 VAC±  100/o t
50/60 Hz t

.............      250W

......     35dB  maximum

......- 35 dB  minimum

.,......   3:1   maximum

..........   15.5  inches

.........    16.75  inches

..........     3.5  inches

....   30  pounds  maximum

.......   Type  N    female

ENVIBONMENTAL
Operating  Temperature    .................................   0-50°C  ambient

WAFiRANTY
One  full  year  regardless  of  the  hours  of  operation.

PROTECTIVE   FEATURES
Automatic  time  delay
Helix  current  overload
Thermal  overload
BF  output  connector  interlock

REPLACEMENT  TUBES

1177H03F-003  .....................
1177 H03F-005  .....................
1177H03F-007  .....................

I  Specifications subject to change without  notice.
**  For rear panel  connector, use "P"  in  place of "F" when  ordering.

t   230  VAC, 50  Hz available as an  option.

785H01
785H02
785H01

u

u



PERFORMANCE CuRVES

TYPICAL SATURATED POWER OUTPUT VERSUS FFiEQUENCY
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DESCRIPTION

The   Hughes  Model   1077H11   Traveling-Wave
Tube   Amplifier   provides   a   minimum   power
output   of   1    watt   over   the   18-26.5GHz
frequency   range.      The   amplifier   consists  of
a    Hughes   PPM    metal-ceramic   traveling-wave
tube,  a  regulated  solid state power supply and
complete  air  cooling  system assembled within
a  compact   instrument  case.

SPECIFICATIONSJ'

Electrical

Frequency   .   .
Power   Output    (minimum)     ........

Duty
Gain   At   Bated   Power   Output   (minimum)
Input    Voltage    .....

Power   Consumption    (maximum)   .....
Noise    Figure       ........

VSWR    (cold)    (maximum)      .    .    :    ....

Mechanical

The     design    of    the    Hughes    Model    911H
traveling-wave  tube   utilized   in   the  amplifier,
was  derived   from  knowledge  gained   in  devel-
oping  tubes  for  spacecraft  and  other  applica-
tions  where  high  reliability   is of  prime  impor-
tance.    This  space-derived  design  allows  us  1:o
warrant  the  complete  amplifier  package  for  a
full  year  regardless  of  the  hours of operation.

.18 ~ 26.5 GHz
lw

.....-        GIN

.   .       30   dB
115   Vac   60   Hz
..-.         180W

....        35   dB
.     .         3:1

Size.....

Weight   (maximum)
Connectors   (BF)

Environmental

15.5"   x   16.75"   x   3.5"   (39.37   cm   x   42.55   cm   x   8.89   cm)
20   pounds   (9.07   kg)

......................          WB-42   waveguide

Operating   Temperature    (ambient)     ......

Warranty

One   Year   Begardless   of   Hours  of   Operation

Protective   Features

Automatic  Time   Delay
Helix   Current   Overload
Thermal   Overload

J`Specif ications   are   subject   to   change   without   prior   notice.

oO  -  5o0c
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DESCRIPTION

The    Hughes   Model    1190H   is   a    10-15   watt
S-band   traveling-wave  tube  amplifier  with  or
without  band-pass  filter   (filter  band-pass  2.2
to  2.3  GHz).  The  unit   is  qualified   for  space

SPECIFICATIONS

Frequency  (with   Filter)    .............
Power  output       ..................

Duty........................

Gain   (Saturated)     .................
I nput  voltage        ..................
Input   Power       ...................

Telemetry Outputs  (0-5 V dc)
Heater Voltage
Helix  Current
Cathode Current
Collector Voltage
Collector Temperature

Cooling......

Weight.......................

Size....-...........'.......

Connectors
BF......................

DC   Input       ..........-.......

Expected   Life       ..................

utilizing  the  Model  256H  traveling-wave  tube
manufactured      by     the     Hughes      Electron
Dynamics  Division.

.   .2.2  -2.3  GHz

.....  10-15W

....,... CW

30 dB  Minimum
.   .   .  22-32 V  dc
60 W  Maximum

..... Conduction
.   . 8.5  Pounds  Maximum

.    11   x  6  x  4.2  Inches

........... OSM

bendix  (21-200216-26P)
.   .   5 Years  Minimum



PERFORMANCE CURVE

2.I                 2.2               2.5               2.4               2.5

FBEQUENCY  (GHz)
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DESCRIPTION

The  Hughes  Model   1200H,  which  utilizes  the
Hughes    Model    263H    TWT,    is   a    long    life,
highly   reliable  space  qualified   TWTA.     This

•r\

amplifier   is  used   on   military  communication
satellil:es   as   a   driver   for   the   Hughes   model
1202H   TWTA.

SPECIFICATIONS

Frequency...................................

Power  Output    .................................

Duty......................................

Gain   (saturation)       ...............................

Input   Voltage    .................................

Input   Power    ..................................

Telemetry  Outputs  (0-5  Vdc)
•Helix  current         .Heatervoltage         .Cathode  to  Helix  voltage
•Cathode Current

Cooling......'....................`........

Focusing....................................

Weight.....................................

Size..................................'....

Connectors
FiF.....................................

DC   (power   input) .............................

(test).,................................

Expected    Life    ......,..........................

.....    7.0-8.OGHz

........   500  mw

..........        C;IN

.........      30dB

......   23-33Vdc

......      6.4Wmax.

• Input Current

......    Conduction

........... PPM

......     4.5pounds
•   .10  x  4   x   3  inches

.........       3MM
DAMA-15P-NMB-2

D E MA-9P-N M B-2
.   .   .   >  1.00,000  hours
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DESCRIPTION

The  Hughes  Model   1202H  is a  long  life  highly
reliable  space  qualified  TWTA   developed  for

a    mHitary    communication    satellite   utilizing
the  Hughes Model  265H  TWT.

•n

SPECIFICATIONS

Frequency..................................

Power   Output    .........,......................

Duty.-....................................

Gain    (saturation)      ...........,..................

Input   \/oltage    ................................

Input  Power  (at  laboratory  ambient) ....................
Telemetry Outputs (0-5 Vdc)

•Helix current         .Heatervoltage        .Cathodeto  Helix  voltage
•Cathode Current

Cooling....................................

Focusing...................................

Weight...........................,........

Size................-.............-.......

Connectors
BF......................,.............

DC    (power   input)       ...........................

(test)....................-............

Expected    Life    ............,...................

........     7-9GHz

...........   2:2IN

...........          CAN

..........       46dB

......    23-33Vdc

.......   98Wmax.

• I nput Current

......    Conduction

..........       PPM

......     9.5pounds

.   .   .12  x  5  x  3  inches

.........      3   MM

.   .  DAMA-15P-NMB-2

.   .   .  DEMA-9P-NMB-2

.   .   .  >   100,000 hours
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DESCRIPTION

The    Hughes   Model    1216H    F{F   generator   is
tunable  across  the  frequency   range  at  3.0  to
3.5  GHz  with  a  minimum  of  10  watts  of  BF
power   output.   Each   generator   consists  of  a
PPM metal-ceramic traveling-wave tube,  a  regu-
lated   solid-state  power  supply  and  complete

SPECIFICATIONS

ELECTRICAL

Frequency.........

Power Output   .......
Duty..............

Frequency Stability  .  .  .
Power Stabi I ity   ......
Besidual   FM     ........
Input  Voltage    .......
Input  Frequency   .....
Power Consumption .  .  .
Noise  Figure     ........
Spurious  Modulation   .  .
VSWB  (output)   ......

MECHANICAL

Length   ..........   '   .   .

Width..............

Height.............

Weight.............

Bear Output Connector
Mounting...........

air  cooling  system  assembled  in  a compact  in-
strument  case.  It was designed  for use  in  auto-
matic  test  equipment  and   has  other  applica-
tions  in   the  microwave  laboratory  where   10
watts of  BF  power is required.

........      3.Oto3.5GHz

..................   :   .....    10  watts  CW   minimum

...........................    :    ...........    c;IN

............................... ±0.01%/2hours

.......................    ±0.5  dB/24  hours
100  KHz  maximum  in  a  1  MHz  bandwidth  from carrier

.........................     115V±   10%

:   :   :   :    :    :   :   :    .....................,,,...       50/6o   Hz

..............,.......,.............   350W

.............................   35  dB   maximum

..............................- 35  dB   minimum

3:1   maximum

........    15.5  inches

.......   16.75  inches

.........   3.5  inches
25 pounds maximum
•..........    type    N

bench  or  19  inch  rack



SPECI FICATIONS (Cont'd)

ENVIBONMENTAL

Operating  Temperature   .............................................  5o°F  to  1 oo°F

WAF\F3ANTY

One full  year regardless of the hours of operation

PFioTECTIVE  FEATUF{ES

Automatic time delay
Helix  current overload
Thermal  overload
BF  output connector interlock

OUTLINE AND MOUNTING  DRAWING

iEil                 -

YOUB  LOCAL  REPF}ESENTATIVE

1"  MAXIMUM  REAB
MOUNTED  BF
CONNECTOBS

I-_----.-.-_--__--_i

i    HUGHES    i    ELECTRON  DYNAMICS DIVIsloN / 3100W.  LOMITA  BLVD. TOBPIANCE, CA.90509/TEL  (213)  534-2121
''
L__.____-.-.-______J
HUGHES   ^lFtcfl^FT   COWP^NV

LITHO  IN  U.S.A. -12-72



DESCRIPTION

The    Hughes    model     1220H    is   a    space-
qualified  traveling-wave  tube  amplifier  devel-
oped  for  the  Skylab  program.  This  amplifier
will   be   used   in   the   passive   microwave   and

SPECIFICATIONS

Frequency..........
Power output   .........
D_uty___      .__        ...........

Gain  (saturation) i ,......,
Input voltage    ........,
Input Power (at  laboratory ambient)
Cooling..........'

Weight...........'

Size.............

Connectors
F3F........

DC(powerinput).     .     .
DC  (test)    ......

Telemetry Outputs (0-5 V)
Helix  Current
Helix  Voltage
Helix Temperature
Heater Voltage
Col lector Cu rrent

radar  system  to  study  the  earth  from  space.
It   will   be   operated   in   a   pulsed   application
and  utilizes the  Hughes model  851 H  traveling-
wave tube.

13.5-14.0 G Hz
.     .     20W
.     .     .   CW
.     .   53dB

2!8V  +21-4
.     .140W

conduction
10.0 pounds
x 4.4 inches

UG1665/U  mates with  UG419/U
.     .     .     JTN02F}E-12-9Bendix
.     .     JTN02F}E-10-35SBendix



1 220
20  W  13.5-14.5  GHz  CW  TWTA
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DESCRIPTION

The  Hughes  Model   1224H   is  a  lightweight,
high     efficiency,     long     life     space     qualified
traveling-wave  tube  amplifier. This small  com-
pact   unit,  which  will   be  used  as  the  output
amplifier  for  analog  communications,  was de-

SPECIFICATIONS

Frequency....
Poweroutput   .    .    .
Duty......
Gain  (saturation)   .     .
Inputvoltage    .     .     .
Inputpower       .     .     .
Telemetry  (0-5 Vdc)
Cooling.....
Weight.     .
size           .       .       :       .       .       .

Connectors
RF......

DC......

ExpectedLife   .     .     .

veloped   for   the  propagation  experiment  on-
board   the   ATS-F   spacecraft.   The   amplifier
utilizes   the   Hughes   Model   233HC   traveling-
wave  tube.

.... 4.1-4.2GHz

......    2Oomw

........   C;IN

.......    52dB

.     .     .      28Vdc±2%
.......   2.9IN

.     .     .    inputcurrent
.....  conduction
.....   2.7pounds
11.0  x  3.5  x   1.7   inches

...,...      SMA

DAM-15P-N M B-1 -A 106
....    50,000hours
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FEATUFtES
•   4 Models 2-18  GHz

•   Programmable controls
•   TTL Compatible
•   Buggedized -  Lightweight
•   Protective  Features
•   Full  one year warranty -no  hour  limit

DESCRIPTION

The  Hughes  Models  1233H  through  1236H
Logic  Controlled  Traveling-Wave Tube Ampli-
fiers  provide  specialized  performance over the
frequency   range   of   2.0   to   18.0   GHz   with
power  outputs   to   20  watts.   Designed  for  a
specific    shipboard    test    system,    this    series
offers    features   and    flexibility    for   a    wide
variety  of  automated test and communication
applications.    All    control    functions   can    be
remotely    programmed    and    are    TTL    com-
patible.     Additional     logic     is     provided     for
remote   indication   of  amplifier  status   includ-
ing TWT  overload.

This   amplifier   series    is   a   reconfigured
version   of   the   proven   1177H/1277H   instru-

APPLICATIONS
•   Communications
•   Automatic Test Systems
•   Ground Terminals
•   Shipboard Systems

men{ation  amplifier  adapted   for  28  Vdc  and
115   Vac,   400   Hz  operation.   Each  amplifier
consists    of   a    PPM    metal-ceramic   traveling-
wave  tube,  regulated solid state power supply,
complete     air     cooling     system,     and     logic
control/protection  circuitry.  A  high degree of
power  supply  filtering  and  regulation  insures
stable  low spurious operation. The units carry
a   full   one   year   warranty   with   no   limit   on
hours of operation.

A  block  diagram  of  the amplifiers  is shown
in     this    data    sheet.    Special    varial:ions    are
available    to   meet   exacting   system   require-
ments.     Complete     information     is    available
upon request.
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SPECIFICATIONS

RF  PERFORMANCE 1233H 1234H 1235H 1236H

e)

Frequency 2.0 to 4.0 GHz 4.0 to 8.0 GHz 8.0 to  12.4 GHz 12.4 to  18 GHz

Saturated  RFPowerOutput 8.0 W  (minimum) 20 W  (minimum) 4 W  (minimum) 5.0 W  (minimum)

Duty CW CW CW CW

Gain at  RatedPowerOutput 35 dB  (minimum) 38 dB  (minimum) 33 dB  (minimum) 37 dB  (minimum)

Noise Power Output 3 dBm  maximum 3 dBm  maximum 4 dBm maximum 5 dBm  maximum

(Input Terminated) (average  power) (average power) (average power) (average power)

Peplacement TWTModelNumber 564H 640H 771H 848H

Electrical

Noise  Figure       .    .     .     .    .    .     .    .    .     .    .    .     .    .    .    .    .    .    .    .    .    .    .    .     .    .     .    .    .    .     .    .  35  dB   maximu uu
VSWP        .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     3.0:1    maximu

Small  signal  Gain  stability     .     .    .    .    .    .    .    .    .     .    .    .    .    .    .    .    .    .    .     .    .    .     .   ± 1 d 8  f o r  ± 1 0 0/o  I i n

Small  signal  Gain  variation       .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .12  dB  maximu

Maximum  BF  ln put  power   .   .   .   .   .   .    .   .   .   .   +10 dBm  (continuous without TWT  damage
Spurious Modula tion     .     .     .     .     .     .     .    .     .     .     .     .     .     .     .     .     .     .    .     .     .     .     .     .    .     .     .     .     .    -60  dB  typical

Input  voltage       .   .   .    .   .   .   ,    .   .   .   .   115  Vac  (± 100/o)  400  Hz  3-Phase,  28  Vdc  (+1,-3 volts)

Power  consumption      .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .      330 W  maximum

Mechanical

Size/Configuration     .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .     see  outline  drawing

Weight       .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     .     18.5   pounds

B F  Connectors nput/Output       .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    SMA  fema e
Power  connector    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   MS3124E-14-5P

Control  connector  (includes  28  Vdc)       .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .     MS3124E-14-15P

Environmental

Temperature  -Operating       .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   0  -500C
-Non-Operating    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    -451:o  +750C

Altitude             -Operating       .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .0-10,000feet
-Non-Operating    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  0 -50,000  feet

Belative  Humidity -Operating and  Non-Operating    .   .   .   .    up  to goo/o without condensation
Vibration  -Operating  and  Non-Operating    .   .   .   .   .   .   .   .   .   .   .   .   .   .    .  5  -15  Hz,  0.06"  DA

15 -25  Hz, 0.04"  DA
25 -55  Hz, 0.02"  DA

Shock  -Non-Operating    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .15  G's,11   msec,1/2  sinewave
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WARRANTY

One full  year  regardless of the  hours of operation.

PROTECTIVE  FEATURES
Automatic Time Delay
Helix  Current Overload
Thermal  Overload
Line Surge
Arc  Protection

PANEL  INDICATOR
Helix  Current  Meter
Power On
Standby
Overload
FiF  On

DESCFHPTI0N OF  REMOTE PROGRAMMING  FEATURES

The   1233H,1234H,1235H  and  1236H  amplifiers  provide  TTL  compatible  inputs/outputs  per-
mitting   remote   programming  and   monitoring.  The  incorporated   logic  circuitry  and  protection
circuitry  allows  completely  automatic  operation  and  operation  at  unattended  sites.  Three  (3)
control  lines  and  four  (4)  monitor  lines and  their associated  returns are accessible via a  rear  panel
connector.   Local  controls  can  be  optionally  provided  at  the amplifier or via  a small  control  box.

Each  control  will  be  inactive  when  the  associated  line  is  high  (+2.5  to  5.0  Vdc)  or  Logic  1   and
active  when  the  line  is  low  (0  to  +0.7  Vdc)  or  Logic 0.  The difference between the POWEA OIV
state and  SrAIVOBy state is approximately 3 minutes and determined by the power supply (high
voltage)   delay   timer.   The  amplifier  can  be  remotely  reset  from  an  Ovff?[OAO  state  (Helix
Current)  to an  f?F OAV state by a  reset  pulse (Logic 0, 21  msec)  via the  f?ES£7-control  lines.

CONTROLLINES TWTA STATES

OFF POWER ON STANDBY RFON F!ESET

1 1 0 0 0 0
2 1 1 1 0 0
3 1 1 1 1 021  msec

Four   (4)    monitor   outputs   associated   with   the   panel   indicators    /POWEA OAV,   SrArvoBy',
Ovff?ioAO,  and   f?F  OAV/   are  provided.   Logic 0  indicates  panel   indicator   is  OIV and  Logic  1
indicates the  lamp is de-energized or OFF.  Indicator  lamps and  monitor outputs relate directly to
the amplifier state.

OCK  DIAGRAM COLLECTOF]L=ANODE
IA

VacH LINERELAY

I NPUT POWEBCONDITIONINGANDCONTROL

I        LINEAR       I                  -I|F]EGULATOR RELAVHbGNHvPE%#:=Z

t
/dcuTPI 0 LUTSNITOP   -

TIME  DELAY+LOGIC LOW POWEB|CONVEBTEF]

I HEATEP

tt
CATHOD

OUTPUTS
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DESCRIPTION

The  Hughes Model  1243H traveling-wave tube           makes  this  unit  ideally  suited  for  space  com-
amplifier isa4.5watt c-Band unitdesignedand            munications  applications.    The TWTA utilizes
built   for   the   intelsat   V     spacecraft.      This           the  244H  TWT  with  an  equalizer  on  the  BF
high   efficiency,   long-life  TWTA   in   combina-
tion  with  the environmentally rugged  package

SPECIFICATIONS*

ELECTRICAL
Frequency....
Output  Power    .   .   .
Duty.......
SaturatedGain       .   .
Inputvoltage     .   .   .
Power Consumption
NoiseFigure         ..    .
VSWB  (hot  input).   .

(hot output) .
Telemetry....,.

MECHANICAL
Cooling......
Size........

input  for  constant  gain;

.......     3\.7-4.2GHz
..... 4.5   W   minimum
.........,.        CW

.......  56   dB    typical
....    25.5tl2.5V(dc)
....  17.6   W   maximum
.....  30dBmaxjmum
..........        2.5:1

..........        2.5:1

helix  current, heater on/off

Weight.......................

Connectors  ( B F )        ..................

(DC)           ...............     '     .     .

ENVI RONMENTAL
Operating  Temperature      ...............
Expected  operating  Life       ..............

PROTECTIVE  FEATURES
•   Undervoltage
•   Input Overcurrent

i+Specifications subject to  change without  prior notice.

...........      conduction

.   .   13.4"  L x  3.95" W x 4.21 "  H
(34.04 cm  x  10.03 cm x  10.7 cm)
......      3.1   pounds  (1.41   kg)
..........    SMA(female)
........   Cannon  DAM-15P

. -4o°C to +6o°C
•....    10years
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J3  lNTEF`FACE CONNECTOP
CANNON  DAMA-15P OF}  EQUIV

1 .94 ± 0.24
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DESCRIPTION

The  Hughes Model  1244H  traveling-wave tube
amplifier  is  an  8.5 watt, C-Band  unit designed
and   built   for  the   Intelsat  V  communication
satellite.    This  high  efficiency,  long-life TWTA

SPECIFICATIONS#
Electrical
Frequency...................
Output  power  .................
Duty
Saturated    Gain   ................
Input   Voltage  .,...............

Power consumption      .....,.......
Noise  Figure      .................

VSWB    (hot    input)   ..............

(hot  output)     .............
Telemetry..-......-....-...

MECHANICAL
Cooling
Size

Weight
Connectors    (.B.Fi    .    :    :    :    :    :    :    :    :    :    :    :    :    :    :

(DC)....-.........

in    combination    with     the    environmentally
rugged   package  makes  the  unit  ideally  suited
for space applications.   The TWTA utilizes the
249H TWT.

.    3.7-4.2    GHz

......    8.5W

......        GIN

.....        55dB

.   .    26.5-42.5V
29   W   maximum
.....        30dB
.....          2.5:1

...,.          2.5:1

helix  current,  heater  on/off

...........       conduction

....   13.4  L  x  3.95  W  x  4.21H
(30.04  cm  x  10.03  cm  x   10.7  cm)
.......       3.3pounds(1,5kg)
..........       SMA    Female
........   Cannon    DAM-15P

ENVI RONM ENTAL
Operating  Temperature       ............................- 40°C  to  +60°C
Expected   Operating   Life    ................................     10  years

PROTECTIVE  FEATURES
•   Undervoltage
•   Input overcurrent

ecif ications sub ect to chan e without rior  notice.
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DESCRIPTION
The   Hughes  Model   1247H   is  a   20  watt   Ku-           applications.      The   TWTA  utilizes  either  the
Band    traveling-wave    tube    amplifier.        This
long-life,   high   reliability,   space  qualified   unit

is  designed  for  telemetry  and  communication

SPECIFICATIONS#

E LE CT F} I cA L

Frequency...........,........,.......

Power  Output  ..........

Bandwidth.............

Duty................

Saturated  Gain   .........

Efficiency.............

AM/PM  Conversion ......

Noise  Figure   ...........

Telemetry.............

Input  Voltage   ..........

Design   Life   ............

MECHANICAL
Cooling   ........   '   .   '   ....

Size          TWT   ...........

EPC...........`.

Weight................

Connectors          (BF  input).
(8 F  output)
(DC).....

PROTECTIVE  FEATURES
•     Overvoltage

Hughes Model 286HP or 286HM traveling-wave
tube.

286HP  11.7-12.2  GHz

286HM  14.5-15.5  GHz

...... 20  W  minimum

.,........   500  MHz

.........,..... C;IN

.............  60  dB

......  30%  minimum

.......... <5.00/dB

.............  32  dB

........ helix  current

........  21  -35  Vdc

...........   10  years

.................................,.... conduction

.12.75"  L  x  2.5" W x  2.15"  H  (32.4 cm  x  6.4 cm  x  5.5 cm)

.12.75"  L  x 2.5" W x 4.0"  H  (32.4 cm  x  6.4 cm  x  10.2 cm)

...................,...,........   7.5   pounds   (3.4   kg)

....................,.............  SMA

:  :  :  :  :  .  :  :  :  .  .  .  286HP  (WR  75),  286HM  (WR  62 waveguide
.............................. DAMA   15P

•     Dclnputpower

jFSpecifications subject to change without  prior notice.
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FEATURES
•   5 Models  1-18 GHz
•   20WattsMinimum
•   Protective Features
•   Lightweight -Compact
•   Full  One Year Warranty -

No  Hour  Limit

DESCRIPTION

The   five   models   in   the   1277H   Traveling-
Wave  Tube  Amplifier  Series  cover  a   1  to  18
GHz  frequency  range with  a  minimum  power
output  of  20  wal:1:s  CW.   Each  amplifier  con-
sisl:s   of   a   PPM   metal-ceramic   traveling-wave
tube,  a  regulated solid stal:e power supply and
complete  air  cooling  system  assembled within
a compact instrument case.

The  1277H  Series utilizes any of five travel-
ing-wave   tubes   which   have   originated   from
our space tube family.

The      knowledge     gained      in     developing"space'`  tubes  allows  us  to  warrant  the  com-

APPLICATIONS
•   BFl/EMI  Testing
•   Communications
•   Antenna Testing
•   Component Testing
•   Laboratory  Instrumentation
•   System Testing

plete  amplifier  package  for a full  year,  regard-
less of the hours of use.

The     1277H's     light-weight     compactness
makes  it  ideal  for eil:her bench  or  19  inch  rack
mounting.    This    size-weight    feature    is    the
result of the unique circuit design.

The   1277H   has  a  wide  variety  of  uses  in
such  applications as  EMI  testing, antenna test-
ing,     communications,     component    testing,
system  testing  and  general  laboratory require-
ments.



SPECI FICATIONS * 1277H
R F Performance

Model Frequency Power Output

1277HO9 1.0-2.OGHz 20 watts
1277H01 2.0-4.OGHz 20 watts
1277H023 4.0-8.OGHz 20 watts
1277H03 8.0 -  12.4 G Hz 20 watts
1277H04                                                            12.4 -18.0 GHz 20 watts

Electrical

Gain  at  Bated  Power Output  (20 W).   . .    .    .    .    .    .    .    .    .   30dB  minimum

Duty................. .     .    .     .     .     .     -.    .     .    .     .     .    .     .     .GIN

Input  voltage       .    .    .    .    .    .    .    .    .    .    .    . .    .    .    .    .    .    .    .    .120Vac±   10%

Power consumption     .   .   .   .   .   .   .   .   . .    .    .    .    .    .    .    .    .    .    .    .    .     300    W3

Noise  Figure      .    .    .    .    .    .    .    .    .    .    .    .    . .   .    .   .    .    .   .   .    .35dB  maximum

Spurious  Modulation  (at saturation).   . -50   dB   minimum

VSWFi................ .    .    .    .    .    .    .    .    .    .    3:1   maximum

Mechanical

Size/Configuration.......... .   .   .   .   .   .   .   .   .Seebackcover

Weight       .     .     .    .     .    .     .     .    .     .    .    I     .    .     I     . •   .   .   .     20   pounds   maximumT

Connectors.............. .    .    .    .    .    .    .    .    .    .   Ntypefemale

1277H04  uses  a  WB-62 waveguide output with  UG-419/U flange and SMA  input connector.
1277H04 does not  have an  a F  interlock.  Waveguide output  is available at rear panel.

Environmental

Operating Temperature       .   .   .   .   .   . .   .   .   .   .   .   .   .    0-50°C   ambient2

Warranty

One full  year regardless of the hours of operation.

Protective Features

Automatic time delay Thermal  overload  at TWT collector
Helix  current overload BF  output connector  interlock

To Order Specify Replacement
1277H                                         01 F- 000                      Tubes

Series                    01-2.Oto    4.OGHz F - Front Panel OOO -Standard              568H
Number               02-4.Oto    8.OGHz 4   Connector Unit                         640H

03-8.Otol2.4GHz R -Bear Panel XXX -Factory                783H
04 -12.4 to  18.0 GHz Connector Assigned                856H
09-1.Oto    2.OGHz Special                     418H

Options:   See Option  List

#Specifications subject 1:o change without  prior notice.

1.   25   pounds   maximum   for   Model   1277HO9.

2.   40°C   maximum   for   1277H04.

3.   Power  consumption   350  W  for   1277H02

4.   Except   for   Model   1277HO9
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FEATURES

Covering    1    Watt    in    K-band

10   and   20   Watts   in    L-,   S-,   C-,   X-,   and    Ku-bands

DESCFHPTloN

The   Hughes  CommercialTraveling-waveTubes
( TWTs)   in   this  series  have  a  wide  variety  of
applications for laboratory testing and  systems
requirements.   Their   construction   is  based  on
knowledge  gained   in  the  design  and  manufac-
ture  of  the   Hughes  space  TWTs  which  have
won  world-wide  recognition   for  their  proven

quality     and     reliability.     Millions    of    hours
of   operation   in   space   have   been   logged   by

these    tubes   aboard   the   Surveyor,   Mariner,
Early  Bird,  Pioneer,  ATS,  Syncom, TACSAT,
Intelsat    and    ApoUo   spacecrafts.    The   same
facilities,   technical   know-how  and  craftsman-
ship   is  utilized   in  producing  these  commercial
TWTs. This, combined with  proven  reliabil itv,
allows   us   to   warrant   these   TWTs   for   one

year,  regardless of the  hours of  operation.



SPECIFICATIONS®

ELECTFtlcAL

Gain  (at  rated  power  out)
Duty  .
Noise   Figure

VSWF3    .

MECHANICAL

Construction
Cooling      .

Focusing  .

Weight   .

Connectors  (input  &  output)

.    .    .       30   dB    minimum

.CW

.  30   dB  typical,  35  dB   maximum

.      2.5:1   maximum

metal  ceramic

3  pounds  (1.4    kilograms)

conduction

max,:;:AM8

ENVI RONM ENTAL

Temperature  (baseplate)

Altitude  (non-operating)

85°C  maximum©
50,000 feet  (15,250  meters)  maximum

The  TWT   is  rugged  in  design  and,  in  general,  will  meet  the  requirements  of  MI L-E-5400.   Contact
Hughes  Electron  Dynamics  Division  for  specific  details.

WARFiANTY

One  year  ~  no  hour  limit

®Specifications   subject   to   change   without   notice

©Model   417HD   and   418HD   TWT    Is   7   pounds   (3.2   kg)     maxlmum.

©Model   number   856H   TWT   uses   WR-62   waveguide   on   the   output   only.   Model   gllH   TWT

uses   WB-42   waveguide   on   both   the   input   and   output.

©91lH   maximum   base   plate   temperature   not   to   exceed   50°C.
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OPEF3ATING   PARAMETEF3S
1   WATT   SERIES

BLAPP

Model Frequency

Cathode Cathode Anode Anode %  Collector Body

hen

Voltage   (Ek) Current   ('k) Voltage   (Ea) Current   ('a) Depression   (max.) Current   (lw)

Number (GHz) (-Vdc) (rnA  maximum) (Vdc  maximum) (rnA  maximum) (%  of  Ek' (rnA  maximum)

911H 18  -26 3700   ±200 16.0 400 0.002 70 2.0

10   WATT   SERIES

Model Frequency
Cathode Cathode Anode Anode o/o  C o I I e c t o r Body

Voltage   (Ek) Current   ('k) Voltage   (Ea) Current   ('a) Depression   (max.) Current   ('w)

Number (GHz) (-Vdc) (rnA  maximum) (Vdc  maximum) (rnA  maximum) (%  Of   Ek) (rnA  maximum)

417HD 1.0  -2.0 1750   ±100 110 400 2.0 30 15.0

564H D 2.0  -  4.0 1500   ±100 80 400 2.0 30 15.0

648H D 4.0  -  8.0 2800  ±100 65 400 2.0 50 6.0

771 H D 8.0  -12.4 3400  ±1 00 50 400 1.5 50 6.0

848H D 12.4  -18.0 3600  ±200 60 400 1.5 50 6.0

20   WATT   SERIES

Model Frequency
Cathode Cathode Anode Anode a/o  C o I I e c t o r Body

Voltage   (Ek) Current   ('k) Voltage   (Ea) Current   ('a) Depression   (max.) Current   ('w)

Number (GHz) (-Vdc) (rnA  maximum) (Vdc  maximum) (rnA  maximum) (%  Of   Ek) (rnA  maximum)

418H 1.0  -  2.0 1 700  ±1 50 165 400 2.0 30 15.0

568H 2.0  - 4.0 1950  ±100 120 400 1.0 30 15.0

640H 4.0 -  8.0 3500  ±1 50 100 400 1.0 50 6.0

783H 8.0  -12.4 3950  ±150 65 400 1.0 50 6.0

856H 12.4  -18.0 4500 ±200 80 400 0.5 50 30

CK   DIAGRAM
PF   INPUT                                                        BF   OUTPUT

_+±BRiN    'f     i     -(-I:EENI_-YELLOWla,k+-Ea +I

_1I     RED--______JlblwBLACK,,,,,+iLLl+,i,.--aj,

Eb      -                                 -JL-          -I--/-
Ek

LICATloNS

The  block  diagram  shows the  interconnection                 EXTF{EME  CAUTION  should  be  taken
between  the  tube  and  power  supply and  indi-                setting   up   tube  voltages  so  as  not  to  create

Gates   monitoring   points  for  voltages  and  Cur~                an     undervoltage     or     overvo ltage    condition.

rents.    The   configuration,   as   shown,    is   for                Power   supply   voltages    must   be   within   the
depressed  collector  operation.  As an  alternate                fol owing   tolerances   of   name   plate   vo tage

approach    for   depressed   collector   operation,                prior    to    making    connection    to    the   tube:
eliminate   the   wire   at   point   ``X"   and   substi-                Heater   (Ef   ±5°/o;   Anode   (Ea)   ±10°/o;  Cathode

tute  dashed  resistor.  For  non-clepressed  opera-                (Ek)   ±2°/o;   Co ector   (Eb)   ±5%   of   name plate
tion,    eliminate   the   wire   at   point   "X"   and                value.

connect   the   collector   lead    (red)   directly  {o

ground.
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OUTLINE   AND
MoUNTING   DRAWING                               r--T56T -|   r---9iTH ~l

ife,±E::J_.I-G.,r±'+I±1•.+----.--:.:_:

111REl,, EEi ,  .Ill
IIII1II

DC   LEAI)S   18.`   LONG   MIN
11

T-ABi:i+iE•.Et-i
i__Eii'lLti_J

IIII

0.097.,

1   WATT   SEFHES

YOUR   L,,,.

|"T AIB clD Elf GIH I J Kl

911H 10.50    I       6.10 .9o      I       2.25 2o      l        28 N,A      I        ,75 N/A 4.00 2.o5   I

DIMENSIONS    ABE    IN    INCHES

10   WATT   SERIES

TWT A a C D E F G H I J K

Calitornia  90509,  Tel  (213)  534-2121

417HD I 3.00 9,20 1.80 2.25 2.00 3'50 2.50 1.30 4.00 8.00 2.05

564HD 9.50 5.57 1.38 2.00 177 2,27 1.75 1.50 3.00 6.00 1.75

648HD 9,50 5.57 1.38 ZOO 1.77 2,27 175 1.50 3.00 6.00 '.75

771HD 9.50 5,32 1.38 200 '77 `J  '=  :
1.75 1.50 300 6.00 I.75

848HD 8`50 4`60 138 2.00 1.77 2.27 125 1.50 3.00 6.00 1.75

DJMENsloNS  ABE   IN  INCHES

20  WATT  SERIES

TVVT A a C D E F G H I J K

418H 1 6,00 1  1  .46 1.80 2.25 2.00 3.50 1.50 2.00 3.25 13.00 2.05

568H 9.50 5.57 1.38 2.00 1.77 2.27 1.75 1.50 3.00 6.00 1.75

640H 10.7 6.77 1.38 2.00 1.77 . ,- I 2-36 1.50 3,00 6.00 1.75

783H 9.sO 5.32 1.38 2.00 1.77 `- \- ) 1.75 1,50 3.00 6.00 1.75

856H 8.50 138 2.00 180 2.30 125 3.00 6.00 1.75

DIMENSIONS  ABE  IN  INCHES

OCAL   REPRESENTATlimlGDlvi5IoiiM,c;F,OwAVETVERAVELING.WAVE TUBE  PRODUCTS   3100  West  Lornita  Boiilevard.  Torrance,

Printecl    in    USA   -   8-76
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MODELS C2421 HIIOOO & C2422HIIOOO
10 GHz MATCHED GaAs

POWEFt FEts

DESCRIPTION

i`y:)```

Hughes model number C2421 H-1000 and C2422H-1000 aresinglecellanddualcell10GHzbroadbandGaAspowerFETchipsmountedoninternallymatchedchipcarriers.Thepassivatedchipsareprotectedagainstmechanicaldamage

S~                                                                                                                                                                               A    ¢()£`,^Sg--".lou-B, by a plastic cap. T50-ohmsystemwithedehnoavices are guaranteed to operate ln additionalmatchingrequiredbythe

•ie¥^`                         z           ,,,                                                           -<%       -;ife\<'(~

user over a typica y 2 GHz bandwidth.  The chip carr iers are
-------jffliifek,i   ` ¥gr\;;tH±:    v                                                               compatible with 25 mil  (0.635 mm) alumina microstnp clrcuits

'},```yfe`.A:S`ife

a[Z? -                                  -  -  -  - +   - I (0.635 x 0.0254 mm) goldeisratedat11/4Wattsminl ribbon  leads.mumoutput

` ¥`tgiv                                                           power,  and  the  sin
gle ce device is rated at 1/2 Watt minimum.

The devices can  be cascaded directly for multi-stage amplifier
applications and/or com bined with quadrature coup ers

I,+,Actual
to achieve higher power'Thematchedtransistothemeasuredvaluesofslzeefficiency,andtheassoc levels.rsare 100°/o  DC and PF tested withpoweroutput,gain,poweraddediatedbiasconditionssuppliedwith

each unit. The devi ces are BF tested in an alu mlna in crostr,p
test circult with  preclslon APC-7 to mlcrostrip transltlons.  This

FEATURES                                                                                                              test fixture,  Hughes model number Z1010H-1000,  is avalable

11/2 Watts output                                                                                      f°rTsha:eos8e#:::en'ya2GHz1dBBandwidthinspectedatl000X
Iuminum gate devices are 100°/o vlsuallymagnification.Devicesarescreenedby

27%  Efficiency                                                                                                 rejecting those wit h excessive change in DC characteristics
50 ohms in/out                                                                                                after a 72-hour high temperature bake.

ABSOLUTE MAXIMUM FtATINGS (Ambient Temperature Ta=25°C)

c242iH-iooo 1/2 WATT powEFi FEi§                                                              c2422rl-iooo 11/4 wATTs pOwEF) FEi§

Item Symbol Condition Rating Unit

lcs(

Item Symbol Condition F]ating unit

Drain-Source Voltage VDS 12 V Drain-Source Voltage VDS 12 V

Gate-Sourcevoltage VGS -6 V Gate-Source Voltage VGS -6 V

Total Power Dissipation PT Tc  =  25oc 3 W Total  Power Dissipatlon PT Tc =  25 oC 6 W

StorageTemperature Ts,g -65 to  +175 OC StorageTemperature Tstg -65 to  +175 OC

Channel Temperature Tch +175 OC Channel Temperature Tch +175 OC

Thermal  Pesistance F]'h Channel to Case 50 OCAV Thermal  F(esistance P,h Channel to Case 25 OCN

ELECTRICAL CHARACTERIST mbient Temperature Ta = 25°C)

C2421 H-10001/2 WATT POWEFt FEl§ C2422H-10001% WATTS POWER FETs

Item Symbol Test Condition
Limit Unit Item Symbol Test Condition

limit unit
Min. The. Max. Min. typ. Max.

Dram  Current loss Vr]s=2W   V Gs=CJN 300 400 450 rnA Drain  Current lDSS V Ds=2:W   V Gs=CJN 600 750 900 rnA

Transconc!uctance gin VDs=2V    IDs=200 - loo - ms Transconductance gin VDs=2V    IDs=400 - 190 - ms

Plnch-Off Voltage Vp VDs=2V    IDs=10mA - -45 - V Pinch-Oft Voltage Vp VDs=2V   IDs=10mA - -45 - V

Output Power * Pout VDs=80to90V    IDS=IDSS/2f=10GHzPln=+21dBm 27 278 - dBm Output Power* Pout VDs=80to90V    IDS=IDSS/2i-10GHzPln=+26dBm 31 318 - dBm

Power Gain Gp 6 68 - dB Power Gain Gp 5 58 - dB

Power-AddedEfficiency
7)acld - 25 - % Power-AddedEfficielcy `)    \    .   . - 27 - %

+Chip carrier tested in 50f} system with the power levels re(erencec] to the chip camer *Chip earner tested  in Son system with the power levels re{erenced to `he chip carrier



MODELS C2421HIIO00 & C2422H|1000
10 GHz MATCHED GaAs
POWEF) FETs
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INPUT IMPEDANCE VS FREQUENCY (GHz) CONTOURS OF CONSTANT OUTPUT POWER ON THE LOAD
(Model C2422H-1000 typical) lMPEDANCE PLANE AT 10 GHz (Model C2422H-1000 typical)
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OUTPUT POWER VS FREQUENCY OUTPUT POWEFt AND EFFICIENCY VS INPUT POWEFl
(Model C2422H-1000 typical) (Model C2422H-1000 typical)
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MODELS C2421H113cO & C2422H-13cO
13 GHz MATCHED GaAs

POWER FEts

DESCFtlpTION

Hughes model number C2421 H-1300 and C2422H-1300 are
•.i.--- single cell and du a  cell 13 GHz broadband GaAs power

aef,grgr&\rfufy FET chlps mounted on internally matched chip carriers. Thepassivatedchipsareprotectedagainstmechanicaldamage

yae
-"A            by a plastic cap. The devices are guaranteed to operate in a•.- 'vargr, ,  y                                                 50-ohm  system  wlth no additional matching  requ ired  by the

\fy,~           ;jj:`                                                     ,.~%                                                          useroveratypica
y 2 GHz bandwidth. The chip carriers are

•++-+++         +            +

w                                                                      Compatible with  25 mil  (0.635 mm)  alumina microstrip ci rcuits

ng                  "ne  REife                  grve?ie                                    :i;:riiFnc:e:,hx::SVT:iI (0.635 x 0.0254 mm) goldeisratedat11/4Wattsminglecelldeviceisratedat1 ribbon  leads.imumoutput/2wattminimum.

a                                                                                                   The devices can be cascaded directly for multi-stage amplifier
applications and/or combined with quadrature coup ers

!c:uls,z,e              :e;fe:c#;;:t:1i::;,#ape:os::sii

levels.rsare 100°/o  DC and  F}F tested withpoweroutput,gain,poweraddediatedbiasconditionssuppliedwith

each unit. The dev Ices are PF tested in an alu mina microstrip
test circuit wlth  precislon APC-7 to mlcrostrip transltions. This

FEATURES                                                                                                                 test flxture,  Hughes model number z1010H-1300,  |s avaiable

:'£yoH::.:c£:t:P;uLl dth                                                  ;;;::::::::;S%:hi;s::8:;n;;i
luminum gate devices are 100°/o visuallymagnification.DevicesarescreenedbyhexcessivechangeinDCcharacteristics

50 ohms in/out                                                                                                after a 72-hour high temperature bake.

ABSOLUTE MAXIMUM FtATINGS (Ambient Temperature Th=25°C)

C2421H-13cO 1/2 WATT POWEFt FE1§                                                                  C2422H-13001% WATTS POWER FET§

Item Symbol Condition Rating uni,

CS(

Iton Symbol Condition IREno Unit

Drain-Source Voltage VDS 12 V Drain-Source Voltage Vos 12 V

Gate-Source Voltage VGS -6 V Gate-SourceVoltage VGS -6 V

Total Power Dissipation PT Tc = 25oC 3 W Total Power Dissipation PT Tc = 25 oC 6 W

Storage Tern perature Ts'g -65 `o  +175 OC StorageTemperature Ts,g -65 'o  +175 OC

ChannelTemperature Tch +175 OC Channel Temperature Tch +175 OC

Thermal Reslstance Plh Channel to Case 50 OCAV Thermal  Pesistance Plh Channel (o Case 25 OCNI

ELECTF]lcALCHAF]ACTEF]lsT mbient Temperature Ta= 25°C)

C2421H-13001/2 WATT POWEF) FE1§ C2422H-1300 11/4 WATTS POWER FE1§

Item Symbol Test Condition Limit
Unit I,om Symbol Test Condition

Linit
UnitWin. typ. Max. Mid. tyT,. Mar.

Drain Current loss VDs=2V   VGs=Ow 300 400 450 rnA Dram Current lDSS VDS--ZW  VGs=Ov 600 750 900 rnA

Transconcluctance gin VDs=2V   IDs=200 - loo - ms Transconductance gin VDs=2V   IDs=400 - 190 - ms

PlnchToff Voltage Vp VDs=2V    IDs=10mA - -45 - V Pinch-Off Voltage Vp VDs=2V   IDs=10mA - -45 - V

Output Power. Pout VDs=8 0to 9 0V    IDS=IDSS/2'=13GHzPm=+21dBm 27 278 - dBm Output Power* Pout VDs=80to90V    IDS=lDSS/2f=13GHzPln=+26dBm 31 318 - dBm

Power Gain Gp 6 68 - dB Power Gain Gp 5 58 - dB

Power-Ad dedEtficieney
nyadd

- 25 - % Power-AddedEfliciency
''    1     ``. - 27 - %

•Chip camer testec! in 50rl system with the power levels referenced to the chip carner *Ch\p Garner (ested in 50f2 system with the power levels referenced to the chip c,arrier



MODELS C2421H-1300 & C2422H-13cO
13 GHz MATCHED GaAs
POWER FEts
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lNPUT IMPEDANCE VS FFtEQUENCY (GHz) CONTOUFts OF CONSTANT OUTPUT POWEFt ON THE LOAD
(Model C2422H-1300 typical) lMPEDANCE PLANE AT 13 GHz (Model C2422H-1300 typical)
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OuTPUT POWEFt VS FFtEOUENCY OUTPUT POWEFt AND EFFICIENCY VS INPUT POWEF[
(Model C2422H-1300 typical) (Model C2422H-1300 typical)
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MODELS C2421 H-1500 & C2422H11500

15 GHz MATCHED GaAs
POWEFt FE-is

DESCRIPTION

>.

Hughes model number C2421 H-1500 and C2422H-1500 aresinglecellanddualcell15GHzbroadbandGaAspowerFETchlpsmountedoninternallymatchedchipcarriers.Thepassivatedchipsareprotectedagainstmechanicaldamage

;zxp^-,y, k3%g§,jgir*A.a*
faffik    ex   \                          by  a  plast|C  cap.  The  devIces are guaranteed to operate in a

x:S#ife'     grsEN*t££%1eS     gthi
EEEEHRERE  : ;i ¥                               5o-ohm system wlersgr¥---:;err:of:,i;%xRic:t{<'~'Thedualcelldevith  no  ally2GH5mil(0il(0.63ceisradditional  matching  required  by thezbandwidth.Thechipcarriersare.635mm)aluminamircrostripcircults5x0.0254mm)goldribbonleads.tedat11/4Wattsminimumoutput

power, and the single ce device is rated at 1/2 Watt minimum.
The devices can be cascaded directly for mu ti-stage amplifier
applications and/or combined with quadrature couplers to

I,+,Actual
achieve higher power leviThematchedtransistoSIzetehff:cTeen%Sy::enddvt:'eu:%s°:cP els.rsare 100°/a  DC and PF tested withoweroutput,gain,poweraddediatedbiasconditionssuppliedwith

each unit. The dev ices are BF tested in an a umina microstrip
test circuit with  precision APC-7 to microstrip transitions,  This

FEATURES                                                                                                              test fixture,  Hughes model  number Z1010H-1500,  is available

i':i%T¥do::g:utdrlun                                                  ;;;:i::e;;3:S%%is::o:%
aluminum gate devices are 100% visuaXmagnification.DevicesarescreenedhexcessivechangeinDCcharacterist llybyics

50 ohms in/out                                                                                                 after a 72-hour high temperature bake.

ABSOLUTE MAXIMUM FIATINGS (Ambient Temperature Ta=25°C)

C2421H-15001/2 WATT MINIMUM POWER FETs                                              C2422H-150011/i WATTS MINIMUM POWER FETs

Item Symbol Condition Rating unit

lcs(

Item Symbol Condltlon Ftatlng Unit

Drain -Source Voltage VDS 12 V Dra]n-Source Voltage VDS 12 V

Gate-Source Voltage VGS -6 V Gate-Source Voltage VGS -6 V

Total Power Dissipation PT Tc=25°c 3 W Total Power Dissipation PT Tc=25°c 6 W

Storage Temperature Tstg -65 to +175 OC Storage Temperature Tstg -65 to +175 OC

Channel Temperature Tch +175 OC Channel Temperature Tch +175 OC

Thermal Pesistance Pl'h Channel to Case 50 c'Crw Thermal Ftesistance Fl,h Channel to Case 25 OCN

E LECTFllcAL C HAFIACTE FllsT mbient Temperature T.= 25°C)

C2421H-1500   1/2 WATT MINIMUM POWER FETS C2422H-1500    1y. WATTS MINIMUM POWER FETs

Item Symbol TeSt Condition
ljmi'

uni' Item Symbol Test Condition
umiI

Unl'
Min. Typ. Max. Min. Typ' Max'

Drain Current loss VDSF2:N     V®s=Ov 300 400 450 rnA Drain  Current lDSS VT>s--av    Vex.=f JN 6cO 750 9cO rnA

Transconductance gin VDs=2V     IDs=200 - 100 - ms Transconductance gin VDs=2V     los=400 - 190 - ms

Pinch+Off Voltage Vp VDs=2V      IDs=10mA - -45 - V Pinch-Off Voltage Vp VDs=2V     IDs=10mA - -4.5 - V

Output Power. Pou, VDs=8,0 to 9.OV      IDs=lDss/2t-15GHzPin=+21dBm 27 276 - dBm Output Power. Pout VDs=8.0 to 9.OV     lc)s=lDss/2f=15GHzPin=+26dBm 31 31,3 - dBm

Power Gain. Gp 6 6.6 - dB Power Galn. Gp 5 5.3 - dB

Power-Added Efficiency. 7)add
- 22 - % Power-Added Efficiency+ T)erdo - 24 - %

+Chip carrier tested in  50Jt system .with the pc)wer levels referenced to the chip carrier *Chip carrier tested in 50fl system with the power levels referenced to the chip carrier



MODELS C2421 H-1500 & C2422H-1500
15 GHz MATCHED GaAs
POWEFt FEts
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OUTPUT POWER VS FFtEQUENCY OUTPUT POWEFt AND EFFICIENCY VS INPUT POWEFl
(Model C2422H-1500 typical) (Model C2422H-1500 typical)
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44957H
94  GHz  TRANSCEIVEFt/CONVERTER

SSBUP-CONV94   GHz  i    1    GHz 'SO-

CW
lMPATT

ILO

BPFILT E 8
CO u P L E F`

lso- Gc-
VED

I

BAL-MIXEB/PBEAMP

DESCRIPTION

The    Hughes    Model    No.    44957H    94   GHz
Transceiver/Converter  is  a  complete   BF  sub-
system  that  allows  the  user  to  easily  convert
an  S-band  system  to  94  GHz  operation.  The
subsystem  consists of a single-sideband  upcon-
verter   which    is   driven    by   a   91    GHz    local
oscillator.   This  local  oscillator  also  drives  the
balanced  mixer-preamplifierwhich then down-
converts  the  received  94  GHz  signal  back  to
the    original     S-band    frequency.    Frequency

SPECIFICATIONS

91     GHz   Input    Power  ...................

S-band    Signal     Input    Power ......,.......

S-band    Signal     Frequency ................

Upconverter   Output   Power
Upper    Sideband   9   ..................

Lower    Sideband  ...................

Local     Oscillator   .   .   e   .........,......

DSB    F}eceiver    Noise    Figure ..............
F3eceiver    1F    Bandwidth   .................

Beceiver    BF-IF    Gain ...................

Receiver    LO    to    F}F     Isolation  ............

NOTE:   All  specifications   apply   at   25°   C

stability  for  this  local   oscillator  is determined
by an externally supplied 91  GHz  phase-locked
oscillator.  This  91   GHz  signal   is  amplified   by
an     injection-locked    IMPATT   oscillator   and
then   filtered   before   it   is  split  to  serve  both
the    upconverter    and    the    balanced     mixer
preamplifier.  The  output  of  the  upconverter
can   be   power   amplified   to   the   appropriate
level.

+5   dBm   minimum
+17   dBm   minimum
.  .  .    2.0 -4.0  GHz

.   0   dBm   minimum
-30   dBm   maximum
-15   dam   maximum

.  .10   dB    maximum

.  .  .    2.0  -4.0  GHz

.  .20   dB   minimum

.  .20   dB    minimum

lil  H\JGHES   '.,  ELEtTTIon DNnamlc5 LINuen  3\oo west Lj.in.i`a BouieNard. p.o. Box 2999, Torrance, Gal.itorri.ia goE,o®, " i2i3i 534-2.2i

L__________________J

R-1 Printed   in   u.S.A.   3/80



a

a



FEATURES

•  Electronic Tuning to  1200 MHz

•  Output Powers to 300 mw
•  Low AM  Noise

•  Modulation  Bates Over 40  MHz

DESCRIPTloN

The  Hughes  416XXH  Series` of 8 to  12.4  GHz
Voltage   Controlled    Oscillators   are   varactor-
tuned   Gunn  oscillators.  They  are  designed  to
achieve    high-    frequency     modulation    while

preserving  the  low AM  and  FM  noise and  high
stability  typical  of  Gunn oscillators.  Intended
for   use   in  AFC  or  phase-locked   loops  or  as
directly   modulatable   transmitter   oscillators,
the    range    of    specifications   available    make
these  oscillators  appropriate for  many custom
applications.

The  oscillators  in  this  series  deliver  from  50

mw  to  300  mw  of  power with  voltage-tuned
bandwidths  of  350 to  1-200 MHZ.  Each  unit is
factory   adjusted   to   one  specif ic   frequency,
power   level    and   tuning   bandwidth,   and    is
mechanically    tunab[e    ±50    MHz   about   the
center  frequency.   Upon   request,   Hughes  can
supply   these   oscillators   with    higher   pewer
levels_  and/or    wider    tuning    bandwidths    to
meet   specific   customer   requirements.   Addi-
tronally,   Hughes  has  several  circuits  available
for     linearizing    voltage-frequency     response,
electrically   compensating  temperature  drifts,
and regulating oscillator temperatures.

C-71 A



SPECIFICATIONS

CENTER

MINIMUM

MINIMUMVOLTAGE

MAXIMUM

TYPICAL MAXIMUM

MODEL
POWE Fi TUNING DC  BIAS THF}ESHOLD

FREQUENCY OUTPUT BANDWIDTH DC  BIAS CURRENT CU F} F} E NT

(GHz) ® (mw) (MHz) (V) (rnA) (rnA) NUMBER

8.0 - 12.4 50 1200 +12 1300 2000 41602H

50 350 +12 800 1200 41603H

100 goo +12 1300 2000 41604H

300 350 +12 1300 2000 41605H

ELECTRICAL
Mechanical  Tuning  Bandwidth     .   .

Power  stabi I itv         .....,...

Frequency stability       .......

Pushing  Factor  (primary  power)     .

Pulling  Factor  (at  maximum  VSWB)

Load  VSWF3        ...........

AM  Noise  ©     ...........

Modulation  Sensitivity     ......

Tuning Voltage  (referred to ground)
Modulation  Bate     .........

Spurious  suppression        ......

Harmonic  suppression      ......

IVIECHANICAL

Primary  DC connector        .....
VoltageTuningconnector     .   `   .   .

B F  Connector       ..........

Weight.....-........

Mounting and  Dimensions      ....

.   .   .    ±50MHzminimum

.   -0.03 dBfc maximum
-0.75 MHz/C maximum

....    15MHz/Vtypical

.....     10MHztypical

.....    1.2:1   maximum

....- 120dBctypical

.   10 to 40  MHz/V typical

.   .    +12to-25Vtypical

.   .     to40MHzminimum

.   .  -60 dBc minimum ©

.....- 25dBctypical

.......     solderpin

.......     solderpin

.....   SMA  male  ©
7.0  (108.8 g)  maximum

.   .    seeoutlinedrawing

ENVIRONMENTAL
Operating Temperature  (f lange temperature)        ...........................   o°  to  5o°c  ©

Storage  Temperature         .......................................- 54 to  +85°C

NOTES:

®  When  ordering,  specify  i:he exact  center  frequency  and  power  output.  The  value  of  center  frequency plus
tuning range cannot exceed the upper  limit of frequency  coverage.

©  AM  noise as  measured on a typical  osciHator  in a  1  kHz bandwidth  10  kHz from the carrier.

©  In  tuning bandwidth;  -60 dBc typical  8.0 to  12.4 GHz bandwidth.

©  SMA female also available.

®  Oscillators  may be operated  up to +70°C and  below 0°C without deleterious effects.  If continued  operation
at these temperatures is  required, consult  factory.

C-72A



pfH`,

-2              -10                    -20                     -30                  -40

TUNNING   VOLTAGE

TYPICAL   OUTPUT   POWER   AND   FREQUENCY

VERSES  TUNING   VOLTAGE

1                             10                             100                         1000

FBEQUENCY    FPOM   CARRIER   (kHz)

SINGLE   SIDEBAND   FM   NOISE   TO   CARRIER
RATIO   IN   A   1    kHz   BANDWIDTH

+9                          +10                               +11                             +12

GUNN   BIAS   VOLTAGE

TYPICIAL  OUTPUT  POWER   AND

FREQUENCY   VERSES   GUNN

BIAS   VOLTAGE

1                  5      10                 50    100             500    1000

FI]EQUENCY   AWAY    FPOM   CABBIEB    (kHz)

AM   NOISE   TO   CARRIER   RATIO
IN    1    kHz   BANDWIDTH

C-73A



VOLTAGE   CONTROLLED

GUNN   EFFECT   OSCILLATORS

8.0   -  12.4  GHz
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FEATURES

•       200 mw 26.5 to 96 GHz
•       50mwto ll0GHz
•         100MHZ  Electrical  Tunability
•        Integral  lsolatorand  Regulator

DESCRIPTION

Hughes  CW  IMPATT  Sources  consist  of a sili-
con  lMPATT  oscillator  with  an  integral  isola-
tor   and   a   regulator   with   connecting   cable.
They  are available  in  six  waveguide  bands be-
tween  26.5 GHz and  110 GHz.

The   sources   feature   power  outputs  of   200
mw  to  96  GHz  and  50  mw  to  110 GHz. The

frequency   of   oscillation   can   be   electrically
tuned  over   100  MHz   by  an  external  0  to  10
volt  signal   applied   to  an   input  connector  on
the  regulator.   This  tuning  feature  allows  fre-

quency    stabilization    of    the   source    by   an
external  AFC  loop.  A  complete  line  of  phase
locked  sources  is  also  available.   (See  Beceiver
Products catalog).

ELECTRICAL SPECI FICATIONS ®

Electrical  Tuning  Bandwidth  at 3 dB  pts.  (MHz  min)
Spurious  Outputs  (dBc  typ)   ..................
Frequency  Stability  (°/o/°C  typ) ................

Amplitude  Stability  (dB/°C  typ) ...............
Operating  Case Temperature  (°C  min/max) .......
DC  Power  F3equirements  (V/rnA  typ)  ...........
Tuning  Voltage   (V) .........................

POWER OUTPUTS AVAI LABLE

.... 100

..... 50

.-0.001

.  .-0.01

.  .  1 5/50
+50/ 1 00
.  .  .0-10

® Ka Q U V E W
Frequency  Band (GHz (26.5-40) (33-50) (40-60) (50-75) (60-90) (75-110)

Power Output  (mw)

200 200 200 100 50 20
200 100200 50100**200**

I.TAvailable  to  96  GHz  only.

NOTE`    All  specifications apply at  25°C ambient temperature.

®
©

Consult  factory  for  requirements  not covered  by  those specifications.

Center frequency to be specified at time of order.

#Data sheet supplements pages 6 and 7  of Transmitter  Products Catalog.

T-1



SUPPLEMENTARY  DATA  T0
TRANSMITTER  PRODUCTS  CATALOG

CW  IMPATT  SOURCES
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FBEQUENCY  BAND  (GHz)

Ka Q U V E W

(26.5-40) (33-50) (40-60) (50-75) (60-90) (75-110)

DIMENSIONS(inches(cm)) A 1.47  (3.73) 1.47  (3.73) 1.47  (3.73) 1.10  (2.79) 1.10  (2.79) 1.10  (2.79)

8 3.60  (9.14) 3.30  (8.38) 3.20  (8.13) 2.80  (7.11 ) 2.70  (6.86) 2.65  (6.73)

C 1.88  (4.77) 1.88  (4.77) 1.88  (4.77) 1.56  (3.96) 1.56  (3.96) 1.56  (3.96)

D 0.66  (1.67) 0.66  (1.67) 0.66  (1.67) 0.49  (1.24) 0.49  (1.24) 0.49  (1.24)

E 1.56  (3.96) 1.56  (3.96) 1.56  (3.96) 1.25  (3.17) 1.25  (3.17) 1.25  (3.17)

F 0.50  (1.27) 0.50  (1.27) 0.50  (1.27) 0.38  (0.96) 0.38  (0.96) 0.38  (0.96)

WAVEGUIDESIZE    ® WFi-28 WB-22 WB-19 WB-15 WB-12 WB-10

WAVEGUIDE  FLANGE    ® uG-381 /U ®, UG-383/U UG-383/Umod UG-385/U UG-387/U UG-387/Umod

UG-599/u ®

®    Befer to  page  16 of Transmitter  Products Catalog for specifications and  Ml L specification cross reference

©    Bound flange            ©    Square flange

OSCILLATOR

BIAS  INPUT
CONNECTOF3
SMA
FEMALE  MtL.C-39012               INTEGRAL

lsoLATOR

-FT-:'

L-BMAXI_

®   :ghsDsuucPITF€:EH ¥#t ,BNEKMT%u#:,ENDTfrNA
CAVITY AT 500C MAX.

REGULATOF]

_                       3.6o                         _,              ®
(9.14) ..:;?,',?:;

CND              FH/AFC     IMPATT t©             VOLTAGE     BIAS        Fh£/
DCIN                IN                 0uT      AFC 1.20

©BEE=©oN ©    ©OF@oN (3.05)LLi1.55

Ei   fa   fl   fa   rf2
-+----+-

A
1.12(2.85)

11

14)NA11

t2.33, Ltl..Z:+
®TH IS SUF}FACE  MuST  BE  MOUNTED  a

CONDUCTIVE  HEAT SINK  TO  MAINT AIN
CHASSIS  AT  500C  MAX

I-2 Printed  in  U.S.A.  3/79  AL
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FEATURES

•        10Wat35GHz
•       5Wat94GHz
•        Matched Modulator

DESCRIPTION

Hughes  4715XH   series   Pulsed   lMPATT
Sources   consist   of   a   temperature   stabilized
waveguide  cavity   lMPATT  oscillator  with  an
integral    isolator,    matched    pulse   modulator,
and   a  special   low-impedence   interconnecting
cable.    These    sources    are    available    in    Ka-
(35    GHz),     V-(60    GHz)    and    W-(94    GHz)
Bands,  with  peak power outputs ranging from
10  Watts  at  35  GHz  to  5  Watts  at  94  GHz.

Pulse   widl:hs   can   be   specified   between
50   and   100   nanoseconds   with   a   maximum
PBF  of  100  KHz.   Frequency variation  during
the  pulse,   (chirp   bandwidth),   must  be  speci-
fied   at   1:ime   of  order  and  can   be  any  value
between   0.5   and    1.0   GHz.   Power  variation

OTHER  ELECTRICAL SPECIFICATIONS ®

PU LSE  WI DTH © (nsec  min/max)  ........

during  pulse  can  be as  low as±1  dB at a chirp
bandwidth   of   1%.   A   modulator  is  provided
and   tuned  with  each  source  for  the  specific
requ i rement.

Additional  options,  such  as the  injection
locked  pulsed  source shown  in  the picture,  are
available.

.  50/100

PF}F©(KHzmax)..                                                                                                                                                                100

CHI RP  BANDWIDTH  © © (GHz  min/max) ....

EFFICIENCY   (%  typ)  ...-..

PEAK  PoWER  OUTPUTS AVAI L;BLE ® (W,  min;
Ka  BAND  (34-36  GHz)  .  .
V  BAND  (58-62 GHz)  .  .
W  BAND  (92-96  GHz)  .  .

DC  POWEFi   F`EQUIREMENTS
MODULATOFi  (V/rnA  max)

®

TEMPEF3ATUF}E  CONTFioLLER  (V/A  max)
MODU LATOF}  TFUGGER  PU LSE  .....

Consult factory for  requirements not covered  by  these specif ications .

0 5/1  0

50

5 0  or  10
10

3 0 or 5 0

+70/100
+28/1.50
+5 V TTL

®    Operations frequency  (0.15°/o)  accuracy, pulse width,  PB F  and chirp  bandwidth  to  be specified  a{ time of order.

®    Peak  power variation  is a  function  of  specified  chirp  bandwidth.  Minimum  variation  of
±  1  dB  occurs with  a  chirp  bandwidth  of  1°/o.

NOTE:      Specifications apply  at 25° Ambient Temperature.

*Data sheet supplements pages 4 and 5 of Transmitter Products Catalog
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MECHANICAL
SPECIFICATIONS

FBEQUENCY  BAND  (GHz)
Ka V W

(34-36) (58-62) (92-96)

DIMENsloNS(inches(cm))

A 1.47   (3.73) 1.21    (3.07) 1.21    (3.07)

8 3.60  (9.14) 2.80  (7.11  ) 2.65  (6.73)

C 1.88   (4.77) 1.56  (3.96) 1.56  (3.96)

D 0.66  (1.67) 0.49  (1.24) 0.49  (1.24)

E 1.56  (3.96) 1.25   (3.17) 1.25   (3.17)

F 0.50   (1.27) 0.38  (0.96) 0,38  (0.96)

WAVEGUIDE  SIZE  ® WB-28 WB-15 WB-10

WAVEGUIDE  FLANGE  ®
UG`381/U© UG-385/U UG-387/U

UG-599/U © mod

®  Refer  to  page  16  of  Transmll:ter  Products  Catalog  for speciflcations and  M I L specificatlon  cross  reference

©F{ound  flange     ©  Square  flange

*Operat

OUTLINE AND MOUNTING DRAWINGS

Pulsed  lMPATT Sources

Oc.

Bias  Pulse  Modulator

BIAS  INPUT  CONNECTOB
SMA  PEP  BEAM

-4.16 (1o.56)~                          #LL-ACcE39°'2TEMPEBATUBE  SMA PEP MIL-Cc;;2:8RxOLL\ER©z-,_falNTE-39012GF}ALISOLATOB

EFT              ©f#:E:iGN?#©(1..Z£)+7@vG@D+@vgBt

L46o(1168)_I I_ (26.6625)I    B
--5.00 (12.70)-              -3.75 (9.52)

®      Cavity temperature is preset at factory approximately 3 ®      Mountingsurfaceto bethe rmally  insulated.

Note:   Special  24inch  (61.06cm)  low  impedencecablefurnished.      ©       Heatsink  thissurfacetomaintain  chassisat50°CmaxHOWTOORDER

Model  Number*                                                                                                                4715XH-.XOXX

FrequencyBand       1.Ka

EXAMPLE:   TO  OBDEB  AW-BAND

4.V
6W

PULSED  IM PATT SOuBCE WITH
Flange  Type                  1  :F}ound 5W  PEAK  POWEPI  OUTPUT,

2:Square  (Ka-band  only) SPECIFY 47156  H-1051dattimeoforder.

Power output            111  watt
31 :3  watts
515watts
12 .10  watts

ng  (0.15% accuracy),  pulse width,  PRF and chirp  bandwidth  to be specifi

T-4
Printed  in  U.S.A.  3/79  AL
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FEATURES

•      200mwcwto96GHz
•       10Wpeakat35GHz

•      5Wpeakat94GHz

DESCRIPTION

Hughes  Millimeter  Wave  lMPATT diodes

are  silicon  single-drift  (p+nn+)  or double-drift

(p+pnn+)  diodes.  They  are  mounted  in  sealed

quartz  or ceramic  packages.

Similar    diodes    have    undergone    many

years  of  accelerated   life  testing.   This  testing
coupled   with   failure   analysis   and   corrective
measures  have enabled  Hughes to achieve very

high     predicted     median-time    before    failure

(MTBF)   rates.      The   predicted   MTBFs,   as  a
function  of diode operating junction tempera-
ture,  are shown  in  figure  1.

All  diodes  are  tested  in  a  waveguide test
cavity.  They  are  supplied  with  data giving the
measured   power  outpul:,  the  test  frequency,
capacitance and  dc bias  input.

t¢Data sheet supplements pages 6 and 7  of Transmitter  Products Catalog.
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CW  IMPATT DIODE SPECIFICATIONS

Test Circuit Waveguide  Band  (GHz)
Ka Q u V E W

(26.5-40) (33-50) (40-60) (50-75) (60-90) (75-96)

Power Outputs Available  (mw  min) 50,100,20050,100,20050,loo,20050,100,20050,100,20050,100,200

Operating  Voltage  Bange  (V) 26-50 20-42 18-38 16-34 14-32 10-28

Tol:al  Capacitance at  V=0  (pf) 1.0-3.0 1.0-3.0 0.8-3.0 0.8-3.0 0.8-2.5 0.7-2.5

Package Minidisc/Quartz Minidisc/Quartz Quartz Quartz Quartz Quartz

*Tested at specified center frequency   ±2.50/o.PULSEIMPATTDIODESPECIFICATIONS

Test Circuit Waveguide  Band Ka V W

Peak  Power Outputs Available W,  min) 5.0,10 1.0 3.0,  5.0

Test  Frequency  Bange  (GHz) 34-36 58-62 92-96

Total  Capacitance,  V=0  (pf) 1.0-3.0 1.8-3.0 0.7-2.5

Package Minid SC Quartz Quartz

APPLICATION  NOTES

The  thermal  resistance  of  a  given  diode  can  be  estimated  from  the  curves  in  the  Thermal  Besis-
{ance  graph   (shown  here  for  diodes  on  copper  heat  sink)  using  the  breakdown voltage and  capa-
citance  informal:ion  supplied with  each  diode  ordered.  The i:emperature  rise  of the diode can  then
be  estimated  by  multiplying  the  therma resistance  by  the  dc  input  power  to  the diode.  Adding
the  temperature  rise  to  the case temperature of the diode heat sink will  give the junction  temper-
ature for MTBF  predictions from  the  Beliability  graph.

ln  addition  to   F3F  and  dc testing,  all  diodes are  dc-burned  in  for 24 hours at 225°C junction  tern-

perature.  Additional  burn-in  at higher temperature can  be used  for  high  relia bility,  e.g.,  325°C  for
48  hours.

The  MINIDISC  and  Quartz  packages  have  been  previously  soldered  to  a  heat sink  in  order to  be
BF   tested.   To  solder  the  diode  to  a    heat  sink,  the  heat  sink  must  first  be  tinned  with  a  smal
amount  of   lead-tin   eutectic  so der   (63%   Sn),  e.g.,  a  0.035  inch  diameter  by  0.0015  inch  thick

preform,   with   a  nonLcorrosive  flux   that  can   be  cleaned   off  after  soldering  at  200-220°C.  The
package  must  be  oriented  so  that  the  previously  so dered  side  of  the  diode  is  adjacent  to  the
heat  sink.   A  small  amount  of  mechanical  scrubbing  and  pressure  (less  than   100  grams)  may  be
used  to  produce  a  superior  solder  joint.  A  positive  bias  voltage  should  be  applied  to  the  nickel-

plated   side   of   the   MINIDISC   package   or   the   sma -diameter,   gold~plated  side  of  the  Quartz

package.

When  applying  bias  to  1:he  diode,  care should  be taken  to ensure  protection  against current trans-
ients  by  using  a  constant  current  supply and  gradua y  increasing  the  voltage  and current.  Some
transient-limiting  circuit  should be  used  when  1:he  diode   is  sw itched   on   and   off  directly.   It  is
recommended  that  the  diode  be  biased  for power outputs that are  less than  the maximum values
while tuning for optimum  power.



SILICON  IMPATT DIODES
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FIGUBE  1. MTBF  VS JUNCTION  TEMPERATURE

PACKAGE  DIMENsloNS  (INCHES  (CM))

LAF}GE  DIAMETEP
SOLDEBED TO  HEAT SINK

QUAPITZ PACKAGE

\
1,,,1BREAKDOWN

VOLTAGE            =  12V
I I

I20V

3OV 45V

0.70 .80 .911.0        1.21.41.61.82.0           2.5       3.0      3.5   4.0

ZEF}O  BIAS JUNCTION  CAPACITANCE  Co  (Pf)

FIGURE 2. THEf}MAL  RESISTANCE VS JUNCTION
CAPACITANCE  ON COPPER  HEAT SINK

POSITIVE  SUPPLY T0
POSITIVE Supply                        NICKEL  PLATED S|DE
TO  SMALL  DIAMETEF}

QUAF}TZ  F3lNG

GOLD PLATED SIDE
SOLDEF}ED  TO
HEATSINK

MINIDISC PACKAGE
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HOW TO ORDER

CW  IMPATT  Diode
Model  Number* 4717XHOXXX

FrequencyBand       1:Ka
2:Q
3:U
4:V
5:E
6:W

Package          1:      Quartz
2:      Minidisc  (Ka-Band  only)

Power Output

05:50 mw
10: 100  mw
20:200 mw

EXAMPLE:   To order a CW  IMPATT
diode at 94 GHz with  100 mw output

power, specify 47176H-0110, center
frequency 94 GHz.

i+Specify center frequency at time of order.

Pulsed  IMPATT  Diode
Model  Number 4715XH-OXXX

FrequencyBand       1:Ka
2:Q
3:U
4:V
5:E

6:W

Package      1:Quartz
2:  Minidisc  (Ka-Band  only)

Power Output

11  : 1   watt

31 :3  watt
51 : 5 watt
12: 10 watt

EXAMPLE:  To order a  pulsed  lMPATT

diode at 60 GHz with  1  Watt output

power, specify 47154H-0111.

T-8 Printed   in   u.S.A.   3/79  AL



FEATURES

•26.5   GHz   to   110   GHz

•  1%   Frequency   Linearity

•±1.5  dB   Power   Leveling

• Computer  Compatible

DESCRIPTION

The   Hughes   Model   4772XH   series   of   Milli-
meter-wave  Full  Band  Sweep  Generators con-
sist   of   a   Hughes   Model   4712XH   Full   Band
Sweeper   S-ource,   a    Hughes   Model   4771XH
series  Leveling  Loop, a  Hughes  Model  47610H
Full    Band    Sweeper    Plug-ln    and    a    Hughes

MQdel     47560H    Main     Frame    (Hewlett-Pac-

kard  8620C).  The   Hughes   Full   Band  Sweep-
er   Source   consists   of   three   Millimeter-wave
Sweeper  Sources  (Model  410XXH  series)  and
an    electrically    actuated    waveguide    switch.
The   leveling   loop   (similar  to  Model  4476XH

series)  consists ot a  Hughes  Ferrite  Modulator,
Directional   Coupler  and   Flat   Broadband  De-
tector.    The   full    band   sweeper   plug-in   con-

tains  all  the  controls  necessary  for the sweep-
er source and  leveling  loop.

The    automatic    feature    of    this    Full    Band
sweep  generator  enables  the  user to select the
frequency  span  of  interest  by  using  the  band
select  switch   located  on  the  Hewle{t-Packard
Main     Frame.     The    10/o    frequency    linearity
makes   data   interpretation   simple   and   accu-
rate.  The  Full  Band  Sweep  Generator may  be
ordered  with  the   lEEE  488 bus compatibility
option.  This  enables  the  user  to  con figure  an
automated   test   station   with   full   computer
contro I .



MILLIMETER-WAVE

FULL   BAND   SOLID   STATE

SWEEP   GENERATOR

HUGHES
L__________________J
HUGHE:S   AIRCRAFT   COMPANY

EHcman Dgnamla DM5Ion

SPECIFICATIONS

Frequency  Band Ka Q U V E W W

UTPUT

Freauencv  Banoe  (GHz) 26.5-40 33-50 40-60 50-75 60-90 75-100 90-110

Leveled  PowerOutput(mwMin)
2 2 2 2 2 1 1

Flatness  (±dB  Max) 1.5 1.5 1.5 1.5 1.5 2.0 2.0

Linearity   (%  Typ) 1 1 1 1 1 1 1

Waveguide  Size WB-28 WR-22 WB-19 WB-15 WB-12 WB-10 WB-10

Waveguide  Flange UG-599/U I uG-383/U UG-383/U UG-385/U UG-387/U UG-387/U UG-387/U
UG-381 /u2 mod mod mod

Model   Numbers 47721 H- 47722H- 47723H- 47724H- 47725H- 47726H- 47726H-
XOXO 10XO 10XO 10XO 10XO llXO 12XO

'Square  Flange               2Bound  Flange

BLOCK DIAGRAM

I 111111111- 11111-
47560H-5000

FSWLB
'1ull-tHp862Oci                           476ioH-5OOoO   O             I-------lr-----I

HOWT

Ill -1111I    -+                 11 I

111 Iil=|rl.Ill-I-
I I   I     I     JI    I                           I
III 7J-+

:i`7''                iJL________I
L______
FULL   BAND   SWEEPEB   SOURCE                   LEVELING    LOOP
4712XH-X110                                                           4771XH-X003

0 OBDEB

Hughes  Plug-in,  Full  Band  Oscillator  and   Leveling   Loop:

Model  No. 4772XH-XXXO

Frequency  Band                                                                    0.Without  Main  Frame
1.Ka 1 :With  Main  Frame
2.Q 2:With  Main  Frame with  lEEE
3:U Bus  Compatibility  Option

4lv 11
5:E 11
6:W 0:Bands  Ka  through  E

1 :W-Band  (75-100  GHz)

2:W-Band  (90-110  GHz)

Flange  1  : Bound

2:Sciuare  (Ka  band  only

EXAMPLE:     To order a W-Band  Sweeper  (bus compatible)  90-110 GHz, specify a 47726H-1220

i   HUGHES   i  ~4E«Nwne-4RIrm  soLii>sT^TE NicAovv^vE pftoDucTs  Sloe west Lomit. Boulev.rd. Torranco, c&iiiornia so5og. T®i (213) 534-2121

prlnted   ln   uS.A.   97e                                                                                                                                                                                                                       AI.



Ivlillimeter -llllave
P_lug-in-Swie:e:irGenerator

F EATU F3 ES

•  ALL  SOLID-STATE

• 26.5  T0   110  GHz

• COMPACT   LIGHTWEIGHT   RF   SOURCE

• COMPATIBLE   WITH   HEWLETT-PACKARD
8620A   OFZ   86208  IVIAIN   FF]AME

•  PLUG-lN   DESIGN

DESCP I PTION

The  Hughes  Millimeter-wave  Plug-in  Sweep  Genera-
tor  converts  the  Hewlett-Packard  86208  Main  Frame
into  an  all  solid-state,  millimeter-wave  sweep  genera-
tor.  A wide choice of sweep test systems  in  frequency
bands from  26.5 GHz to  110 GHz are avai lable.  These
test systems consist of a  Hewlett-Packard Main Frame,
a   Hughes   Main   Frame  Adapter,  a  Series  of  Hughes
Silicon  lMPATT  Diode Source  Plug-ins,  Ferrite  Modu-
lator/Leveler   Plug-ins,   and   external   Hughes  compo-
nents    such    as    lsolators,   Couplers,   and    Detectors.

Leveled  and  unleveled  systems  with  and  without  the
capability  of  1   KHz  modulation can be assembled  to
cover  any   10  GHz  bandwidth  between  33  GHz  and
90   GHz,   4  to   7.5   GHz   bandwidths   between   26.5
and  40  GHz,  and  90  to  110  GHz  in  a  set  of sources.
This   enables   the   user   to   purchase  a  system  that  is
most   appropriate   for   his   needs   at  the  lowest  poss-
ible   cost.   The   Hewlett-Packard   86208  Main   Frame
may   be  purchased  as  a   Hughes  Model  44410H.

Main  Frame Adapter
The   Hughes   Model  44415H   Main-frame  Adapter

contains  all  the  power  supplies  and  interfaces  neces-
sary   to  adapt  the   Hughes  Model   44410H   (Hewle,tt-
Packard   86208)   Main   Frame   to   the   Hughes   Milli-
meter-wave   Plug-ins.   It  accepts  one  lMPATT  Plug-in
with  its associated  source, and  one  Modulator/Leveler
Plug-in  with  its associated  modulator.  A lighted  push-
button power switch for the  I MPATT power supply is
provided  on the front  panel  of the adapter along with
square-wave   modulation   controls   for   a   Modulator/
Leveler  Plug-in and  modulator.

C-1



lMPATT   Plug-in
The  Hughes  Model  44420H  IMPATT Plug-in, when

used  with   one  of  the  Hughes  Model  440XXH  Series
Sweeper    Sources,    proyides    millimeter-wave    power
across   a   10   GHz   bandwidth   (4   to  7.5  GHz   in  the
26.5 to  40  GHz  band).  The  Plug-in  contains  current-
limiting circuitry for  protection  of the  lMPATT diode
in  the  Sweeper  Source,  and  circuitry  to enable swept
operation  to  be controHed  by the Main  Frame.  A ten-
turn  calibrated  potentiometer  on  l:he  front  panel  of
the   lMPATT   Plug-in   adjusts   the   position   of   a   fre-
quency   marker.  Another   manual   control  adjusts  the
marker's  width.  This  marker, however, functions only
in   conjunction   with   the   Modulator/Leveler   Plug-in.

NOTE:   Each   lMPATT  Plug-in  is  specifically tuned  at
Hughes  with  the  Hughes  Sweeper Source which  must
be  purchased  at  the  same  time.   The   Plug-in   is   con-
nected  to  this  source  by  a   36-inch   (92 cm)  i lexible
cable.   The  source  is  provided  with  a   heat  sink  and
stand   allowing   operation  without  the  use  of  a  fan.

Modulator/Leveler  Plug-in
The    Hughes    Model    44425H    Modulator/Leveler

Plug-in,   when   used   with   one  of  the   Hughes   Moclel
447XXH  Series  of  Ferrite  Modulators,  provides  capa-
bility for  i   KHz square-wave  modulation, a frequency
marker,   blanking,   external   square-wave   modulation
and   leveling.   Each  Modulator/Leveler  Plug-in  is tuned
with   a   Hughes   BF   Modulator   which   must   be   pur-
chased  concurrently.   Together  they  will  provide  the
above  named  functions  for  any  number  of  sweeper
sources  operating  in that waveguide band.  The  modu-
lator  is connected to the  plug-in  by a  36-inch  (92 cm)
cable.  A detector-input connector for  leveling,  power-
level controls, and a leveli ng light indicati ng  the  leveled
condition, are all on the front panel  of the Modulator/
Leveler  Plug-in.  The selector switch  for  external  or  in-
ternal  square-wave  modulation,  a  control  to  vary the
internal  modulation  from 950  Hz to  1050  Hz,  and an
input jack  for external  modulation`are all  provided  on
the  front  panel   of  the   Hughes  Model  44415H  Main
Frame  Adapter.

OPERATION

Sweep  Functions
The  sweep  function  controls  for  the  Hughes  Milli-

meter-wave   Sweep   Generator   are   provided   by   the
Hughes Model 44410H (Hewlett-Packard 86208)  Main
Frame.  The functions are:

Start/Stop Sweep:  Sweeps from adjustable start to
stop  frequency settings.
Sweepband:   Both  start  and  stop  settings are  con-
tinuously   and   independently  adjustable  over  the
entire  frequency  range  of  the sweeper  source  and
can be set {o sweep either  up or c]o\/vn  in frequency.
AF   Sweep:    Sweeps   symmetrically   about   a   fre-
quency centered  by the START/CW frequency set-
ting  knob.

AF:  Continuously  adjustable  from zero to  10% of
the  usable frequency band.  AF width  is controHed
by  STOP/AF  setting.
CW  Operation:   Single-frequency  BF  output  is  se-
lected  by  the  function  switch  at  the  center of the
front panel.  Frequency is controlled by STABT/CW
knob.

Pi.e-Set    Frequencies:    Start   and   stop   sweep-end
points  can  be  used  as  two  pre-set  CW  frequencies
in the  manual sweep  mode.

Sweep Modes
The  sweep   modes  on  the  Hughes  Millimeter-wave

Sweep  Generator  are  provided  by  the  Hughes  Model
44410H   (Hewlett-Packard  86208)   Main  Frame.  The
modes  are:

Auto:  Sweep  recurrs  automatically.

Line: Sweep issynchronized  with  the ac power  line
for  power  line freciuencies of up to  60  Hz.

External:  Sweep  is  actuated  by  externally applied
signal   +2V   peak,   1/2  4ts   pulse  width   and   1.0  MHz
repetition rate. This signal  is applied  to  the external
trigger   input  on  the  rear  panel.  Sweep-time  is  de-
termined    by    SWEEP-TIME    F}ANGE   switch   and
SWEEP-TIME  VEFiNIER  control.

Single   Sweep:   Activated   by   a  front   panel   push-
button    (to  right  of   TF}lGGEF3   SELECT  switch).
Sweep    time    is    determined     by    SWEEP-TIME
RANGE    switch     and     SWEEP-TIME     VERNIEF}
control.

Sweep Time:  Continuously adjustable in two ranges
-fast and slow.  VE R N I E R  FAST or S LOW control
is to the left of the TIME SELECT switch.

Fast:   Typically   0.01    to   0.35  seconds/sweep.
Slow:  Typically  1  to 60 seconds/sweep.

Manual  Sweep:   Front  panel  control  provides  con-
tinuous  manual  adjustment  of  frequency  between
the end frequencies set by the STA F3T/STOP knobs.

Sweep  Output:   Direct-coupled  sawtooth,  zero  to
approximately   +10V,  concurrent  with   swept   F{F
output. Source i mpedance is approxi mately  10,000
ohms.

AM Modulation

Internal:   Square-wave   modulation    is tunable  be-
tween 950  Hz and  1050  Hz by a knob on the front
panel   of  the   Hughes   Model   44415H  Main   Frame
Adapter.    It  functions  with  all  sweep   modes.   BF
modulation  is achieved  by  biasing  the  Ferrite  Mod-
ulator associated with the Modulator/Leveler Plug-i n
alternatively   between   its   low   insertion   loss   and
high  insertion  loss states.  The on/off ratio  is 20 dB
minimum on  all  Hughes  Ferrite  Modulators.

External:  An  input jack for application  of external
modulation   voltage  for  switching  rates  up  to  50
KHz  is  provided  on  the  front  panel  of the  Hughes
Model  44415H  Main  Frame  Adapter.  An  external
voltage  of  -10  to  -40  volts  will  switch  the  Ferrite
Modulator to  its  high  insertion  loss state.

Frequency Marker
Frequency marker capabil ity is provided with  those

Hughes sweep 1:est systems which  incorporate a  Modu-
lator/Leveler   Plug-in  and  associated   modulator.   The
BF  mark  is an amplitude-modulated dip  in  BF power
and  can   be  disabled  by  means  of  a  toggle  switch  on
the front panel of the  I MPATT  Plug-in.  The frequency
position  of  the  marker  is  controlled  by  a  calibrated
ten-turn  potentiometer  and  the  width  of  the  marker
is  controlled   by  a  singlaturn   potentiometer  also  on
the front panel  of the  lMPATT Plug-in.
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Power  Leveling
Power  leveling  is  accomplished  by  varying  the  in-

sertion  loss characteristic of the .modulator conl:rolled
by   the   Modulator/Leveler   Plug-in.  A  Hughes  Model
447XXH  Series  Modulator, a  Hughes Model 4434XH-
310    Series    10   dB   Coupler,   and   a    Hughes   Model
448XXH  Series  Broadband  Detector form an external
leveling  loop. A dc amplifier in the Modulator/Leveler
Plug-in  amplifies  the  difference  between  the  output
of  the  detector and  a  reference voltage and biases the
modulator  to  a  higher   insertion   loss.  This  insertion-
loss   state   is   controlled   by   the   LEVEL   SET   knob
which  establishes  the  degree  o_f   leveling.

RF Blanking
a F blanking may be applied by using the switch on

the rear panel of the  Hughes Model 44410H  (Hewlett-
Packard  86208)  Main  Frame.   In  this  mode the  RF  is
automatically  attenuated  during  retrace  of the sweep
and turned on after completion of retrace.  The Modu-
lator/Leveler  Plug-in  uses the blanking  pulse from  the
Main  Frame  to  switch  the  modulator  into  its high  in-
sertion  loss state  (greater than 20 dB of attenuation).

Display and  Negative Blanking Outputs
Direct-coupled rectangular pulses of approxi mately

+5V   (display  blanking)   and  -5V   (negative  blanking)
into  2500  ohms  are  available  at  rear-panel  Z-AXIS/
MKF}/PEN   LIFT  and   NEGATIVE   BLANKING  con-
nectors,  respectively.  Both  pulses are coincident with
8 F blanking.

Pen  Lift
For  use  with  X-Y  graphic  recorders.  The  pen  lift

functions  with  display  blanking  output  disabled  and
with   the   center   conductor   of   rear-panel   Z-AXIS/
MKB/PEN   LIFT   connector   shorted  to  the  pen  lift
common  (outer  case  of  connector)  during sweep and
open   during   retrace.    It   is   available   only   on   slow
sweep  speed.

•    Fast  and  slow sweep speeds  with  vernier speed
adjustment

•    Pen  li-ft voltages for  X-Y graphic recorders

Hughes Components:
1.   One   Hughes   Model  44410H   (Hewlett-Packard

8620A or 86208-)  Main  Frame
2.   One Hughes Model 44415H Main-FrameAdapter
3.   As many Hughes Model 440XXH Series Sweeper

Sources as desired
4.   One Hughes Model  44420H  IMPATT  Plug-in for

each sweeper source

System 11  -  Modulated Swept System

Features
•    All the features  listed  for System  I  plus -
•    lnternalsquare-wave modulation adjus`table from

950 to  1050  KHz
•    Frequency  marker with calibrated  positioner
•    Blanking of sweep retrace
•    External  oN/OFF  modulation

Hughes Components:
1.   One   Hughes   Model  44410H   (Hewlett-Packard

8620A or 86208)  Main  Frame
2.   One Hughes Model 44415H Main Frame Adapter
3.   As many Hughes Model 440XXH Series Sweeper

Sources as desired
4.   One Hughes Model  44420H  IMPATT  Plug-in for

each Source
5.   One  Hughes  Model  447XXH  Series  Modulators

for each waveguide band
6.   One  Hughes  Model  44425H  Modulator/Leveler

Plug-in for each  modulator       -

'f+
/

i=

SWEEP TEST SYSTEM SPECI FICATIONS
The  following   system   listings  define  the   Hughes

millimeter-wave sweep test systems and  list their fea-
tures. System specifications are  listed  in  Table  1.  Each
BF  component  part  of  the test systems is fully speci-
fied on separate data sheets. These systems may at any
time  be  upgraded  to  the  next  system  by  adding  the
additional   components   necessary.  When  these  com-
ponents are  purchased  at the  same  time, they will  be
tested  by  Hughes to operate as a system.

System I  - Basic Sweep System

•    Plug-in  Solid  State  Sweeper Sources from  26.5
to   110   GHz

•    a F sweep operates into load VSWB 's of less than
5:1    (sweeper  source  contains  integral  isolator)

•    STAF}T/STOP sweep function
•    Adjustable AF sweep function
•    Manually adjustable cw operation
•    Automatic,   line,   triggered,  and  manual  sweep

modes

System  Ill -Leveled Swept System

Features
•    All  features for Systems  I  and  11  plus -
•    Power leveling

Hughes Components:

1.  One   Hughes  Model   44410H   (Hewlett-Packard
8620A  or  86208)  Main   Frame

2.  One Hughes Model 44415H Main Frame Adapter
3.  As Many Hughes Model 440XXH Series Sweeper

Sources  as  desired
4.  One   Hughes   Model   44420H   IMPAIT   Plug-in

for  each  source
5.  One  Hughes  Model  447XXH  Series  Modulator

for  each  waveguide  band
6.  One  Hughes  Model  44425H  Modulator/Leveler

Plug-in  for  each  modulator
7.   One  Hughes  Model  4434XH-310 Series Coupler

for  each  waveguide  band
8.  One  Hughes  Model  448XXH  Broadband Detec-

tor  for  each  sweeper  source
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BLOCK DIAGRAM  FOR  SYSTEM  Ill

F]FOU
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HUGHES
HUGHES

HUGHES44410H
MAIN  FRAME 44425HMODULATOR/

44420H
AND lMPATT

HUGH ES 44415H LEVELER
PLUG-lN

ADAPTER PLUG-lNI
I

powERTPUTI

HUGHES448XXHDETECTOR

I
HUGHES443XXH HUGHES •HUGHES

lDE8TABLE  I

coupLEPl
447XXHMODULATOR 440XXHSWEEPEF3SOUF3CE

I.  HUGH

NT  MODEL EM  POWEF}  LES  RF  COMPON NUMBEFt  AND  SVS EVEL  PEF`  WAVEGU

Frequency Sweeper  Source Modulator COupler Detector Minimum  Power Minim-urn  Flatness

Band  (GHz) (bandwidth  GHz) (bandwidth  GHz) Output  (mw) for  System  Ill   (dB)

SystemI System11&Ill

26.5-40 41011H   (7.5) 44712H 44341H-310 44820H   (13.5) 2 1 ±  1_.5
32-40 44056H  (4) 44712H 44341H-310 44820H   (13.5) 2 1 ±1.5
33-50 41021H   (10) 44718H44713H44705H44714H44715H 44342H-310 44812H   (10) 2 1 -±  1.5

40-6050-7560-9075-110 44066H   (10)44096H„0)44076H(10)41061H(10) 44343H-310
44821H   (17) 2 1 ±1. 5
44808H   (10)  - 2 1 ±1.5

44344H-310
_44822H   (20) 2 1 ±1.5
44802H  (10) 2 1 ±1.5

44345H-31044346H-310
44823H  (25) 2 1 ±1.5
44809H  (10) 2 1 ±2.0
44824H  (30) 2 1 ±2.0
44810H _ ( 10) 1 1/2 ±2.0
44825H  (35) 1 1/2 ±2-0

NOTE:   For component specifications see catalog data sheets.
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HUGHES MODEL 44410H  (HEWLETT-PACKARD 86208)  MAIN  FRAME SPECIFICATIONS

Power requirements  ........................  115 or  230 V ±10°/o,  50 to 400  Hz, approxi mately  140 W

Dimensions     ............................  5./4  in.  (133,  4  mm)  high,11   in.   (279,  4  mm)  deep,16%  in.

(425,  5 mm)  wide.  Back  mounting supplied  with  unit.
Weight  (not  including  Hughes  Plug-ins  or  Adapters)   ...............

HUGHES MODEL 44415H MAIN  FRAME ADAPTER  SPECIFICATIONS

Power  requirements  ...........

Voltage and frequency requirements
44415H  ...............

44415H-220  ............
4441 5 H-1 00  ............

Weight  (without  plug-ins)    .......

Size...............-.-..-.

Net  25 pounds  (11,  5  Kg)

....................................    50  W  (approximately)

•.....................................   115  V  ±10°/o,  60   Hz

.....................................   220  V  ±10°/o,   50  Hz

......................................   100  V  ±10%,  50   Hz

•...................................  7.75  pounds  (3.52   Kg)

Plugs  into any  Hughes Model  44410H  (Hewlett-Packard  86208)  Main  Frame

HUGHES  MODEL 44420H  IMPATT PLUG-IN  SPECIFICATIONS

Current  stability with  ±10%  line voltage fluctuations       ....................

Frequency Scale calibration accuracy

Marker   repeatibility   (of   indicated   frequency)*
weight...........-..................`......................

HUGHES MODEL 44425H  MODU LATOR/LEVELER  PLUG-lN SPECI FICATIONS

Internal  square+wave  modulation  frequency    ...........................

Switching  voltage for  external  modulation   ............................

Weight....................................................

...........       0.1%

.............    1 0/o

.   .  .    o.20/o  of  full  scale

0.63 pounds  (0.28  Kg)

....    950 to  1050  Hz

.......- 10to  -40  V

0.68 pounds  (0.31   Kg)

*Operable only with a  Hughes Model 44425H  Modulator  Plug-in and a  Hughes Model  447XXH Series Modulator. The  Frequency

marker dial  reading calibration  is provided  by the frequency scale supplied with the particular  lMPATT Plug-in.

YOUF}  LOCAL  HUGHES  REPF}ESENTATIVE

r----_-------_-----1

i    HUGH ES    i   fzfman 4EflJIJJn/ff4rmfflw  soLiD-STATE MicRowAVE pRODucTs  3ioo west Lomita Boulevard. Torrance, caiiiornia 9o5og, Tei (213) 534.2121
L-._-_________-____J
HUGH€S   AlficfiAFT    COMPANY
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FEATURES

•        All   solid   state

•        26.5-110   GHz

•         Proven   Beliability

•        Selectable   Center   Frequencies

•        Compact  size  and

Lightweight

SWEEPER SOURCES DESCRIPTION

The    Hughes   410XXH    series   of   electrically
tunable  Millimeter-Wave  Sweeper  Sources  are
lMPATT   Diode   Oscillators   capable  of  being
bias   tuned   over   any   8-10   GHz   bandwidth
between   40   and   90   GHz.      Below  40   GHz
6  GHz  bandwidth   is  offered.     In  the  area  of
90  GHz  to   110  GHz  a  series  of  3  sources  is
available   covering   the   20   GHz   bandwidth.

The   sources   consist   of   an    lMPATT   diode
mounted    in   a   waveguide   cavity.      The   fre-
quency   of   operation    is   determined   by   the
diode   and   cavity   parameters.       A   sawtooth
current  wave form  superimposed  on  a  dc  bias
current   tunes   the   diode   through   its  sweep
bandwidth.

The   lMPATT  oscillator   is  supplied   mounted
tb   an   adjustable   stand   that  serves  as  a  heat
sink   and   keeps   the   temperature   rise   of  the
oscillator  within  allowable  limits  without  the
use   of   a   fan.     The   stand   and   heat   sink   is
supplied   attached  to  each  source  purchased.

Each   Hughes  sweeper  source  is  supplied  with
an    integral    Faraday    rotation    type    isolator
which  assures  that  loads  with  lower  than  5:1

VSWB`s   will   not   cause   instabilities   or  spuri-
ous  responses  in   the   lMPATT  source.     Each
source  is  examined  by  observing  a wavemeter
dip   on   an   oscilloscope  display  as   it   is  tuned
over  the  entire  waveguide  band.

Several  sources  may  be  ordered  as  a  group to
give  complete  waveguide  bandwidth  coverage
at  a  substantial  reduction  in cost.   In  this case
the  frequency  and   bandwidth  of  each  indivi-
dual    source    is   not   specified   but   total   per-
formance   across   the   entire  waveguide  band-
width  is  guaranteed.   Some overlap  is automa-
tically    provided    at   lower   than   the   in-band
minimum   power   output.

These  sources   may   be   operated  by  either  a
Hughes  Model  44017H  Sweeper  Control  Unit
or  an  lMPATT  Plug~In  Model  44420H  to  the
Hughes   Millimeter-Wave   Plug-ln   Sweep  Gen-
erator.       The    sweeper   control    unit,   Model
44017H,   can   be   used  to  operate  any  swept
source.      The   lMPATT  plug-in   is  factory  ad-
justed  for  operation with a separately ordered
specif ic  sweeper  source.     Both  of  these  sup-
plies     provide    current     protection    for    the
I M PATT sou rces.



SOLID  STATE  SWEEPER  SOURCES  SPECIFICATIONS  AS  OPERATED  BY  THE  HUGHES
44017H  SWEEPER  CONTROL  UNIT  OR  THE  HUGHES  MODEL  44420H  IMPATT  PLUG-lN

F

Frequency   Band Ka Q U V E W W

Frequency    Range   (GHz) 26.5-40 33-50 40-60 50-75 60-90 75-100 100-110

Model   Numbers 41011 HA 41021 HA 41031 HA 41 04 1 H 41051H 41061 H 41061 H

Sweep   Bandwidth(SpecifyCenterFrequency)(GHz  min)
6 8 8 10 10 10 5

Power   Output   (mw   min) 2 2 2 2 2 1 1

Incidental    FM(MHztyp)
1 1.5 1,5 2 2 2.5 2.5

Temperature   Stability(AtConstantCurrent)(MHz/Octyp)
5 8 8 10 12 14 14

Electronic   Tuning(MHz/MAtyp)
40 50 50 50 50 50 50

Waveguide   Size WPl-28 WB-22 W Fi - 1 9 WR-15 WR-12 W Fi - 1 0 WP-10

Flange uG-599/U uG-383/U UG-383/U UG-385/u UG-387/u UG-387/U UG-387/U
(1) (mod) (mod) (mod)

NOTES:      A)        Specifications  on  data  sheet  in  effect  at  time  of  order  will  prevail.

8)        When  used  with  Hughes  heat-sink  stand  the  operating  ambient  temperature  is  +15  to  +35°C.
The  operating  temperature  range  of  the  cavity  is  +15  to  +50°C.

(1)        UG-381/U  available  upon  request.

ULL  WAVEGUIDE  BANDWIDTH  COVERAGE  OPTIONS

Waveguide   Bandwidth Group   Model Number   of  Sources Model   Number   of   Group   Sources
Covered   by   Group(GHz) Numbers for   Coverage

26.5-40 41011 H-010 3
41011H-011    Low   Band41011H-012MidBand41011H-013HighBand

33-50 41 02 1 H -01 0 3
41021H-001    Low   Band41021H-012MidBand41021H-013HighBand

40-60 41031H-010 3

41031H-011    Low   Band41031H-012MidBand41031H-013HighBand

50-75 41041H-010 3
41041H-011    Low   Band41041H-012MidBand41041H-013HighBand

60-90 41051H-010 3
41051H-011    Low   Band41051H-012MidBand41051H-013HighBand

75-loo 41061H-010 3
41061H-011    Low   Band41061H-012MidBand41061H-013HighBand

90- 1 1 0 41061 H-015 3
41061H-016    Low   Band41061H-017MidBand41061H-018HighBand

NOTES:        1)          For  full  waveguide  bandwidth  coverage  only  total  frequency  performance  is  guaranteed.
Bandwidth  of  each  source  within  the  group  is  not  specific.

2)         Other  specifications  are  the  same  as  listed  above  under  basic  model  numbers.
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MODEL    44017H    SWEEPER    CONTFioL
UNIT   DESCRIPTION

The    Model    44017H    sweeper   control    unit,
when    combined    with    any    of    1:he    Hughes
lMPATT   diode   sweeper   sources,   provides   a
very   economical   sweep   generator.  This  con-
trol  unit  can  be  used  with  any  of the sweeper
sources  and  provides  a  means  of  current bias-
ing  these  sources  for  CW  or  swept  operation.
The  source   is  connected   to  the  control   unit
by   a   36   inch   flexible   cable   and   diode   pro-
tection  circuit  which  is  supplied  at  no  charge
wil:h   the   purchase   of   each   source.

r\

The   44017H   provides   an   adjustable  dc  bias
current   to   the   lMPATT   diode   cavity.   The
bias  current  can  either  be  varied  manually  by
the  ten-turn  potentiometer on the f ron{ panel
of   the   instrument   labeled   `'Min.    Frequency
Adjust"   or   electronically   by   a   voltage   saw-
tooth  that  is  supplied  externally. The amount
of   sweep   bandwidth    provided   by   the   saw-
tooth   is  variable   by   means   of   another   ten-
turn   potentiometer   labeled   ''Frequency  Ad-

just,,.
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CONTROL      UNIT
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HUGHES   AIFicRAFT   COMPANY

ELEtnton Dynamies I)Ivi5ion

SPECIFICATIONS#

Sawtooth  Input  Voltage
Sawtooth  Input  Current
Power  I nput    ......

Model  44017H    .   .
Model  44017H-220
Model  44017H-100

Power  Output    .....
Current   Stability   with   TemperatureJ`¥   ...........
Current  Stability  with  Bespect  to  Line  Voltage  Fluctuations

OUTLINE  DRAWING

YOUR   LOCAL   REPRESENTATIVE

.......      15to25V   Peak

.......       1   rnA  maximum

.......       30Wmaximum

........         115V,50Hz

........        220V,  50  Hz

........         100V,50Hz

:   :   :   :   .o-.5 ¥.%Cin°#8  tiny?,cda?
.......  1.2   rnA  maximum

for  a   100/o  change  in  line  voltage

i=                              -9.4"  rmax.  (239mm)                                 =i

=©©EE0

*AIl   specifications   on   data   sheet   in   effect   at   time   of   order   will   prevail.

*]`When   operating   with   diode   cavity   or   equivalent   load.

i    HUGH ES    i   fzflmow 4irITi]whylff4mirtJW  SOLID-sT^TE MlcRowAVE pRODucTs  3ioo west Lomita Boulevard. Torrance, caliiornia 9o5og, Tel (213) 534-2121
L__-___________i___J
HUSHES   AlficfiAFT    COMPANY

llA Printed   in   U.S.A.12-75
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FEATURES

•    Full  Waveguide  Bandwidth,  26.5  -110  GHz
•   20  dB  ON/OFF  F}atio
•    Low  Insertion   Loss
•    High   Isolation

---:==T----:--::-:-i--:----:--------:.=--------:"

',

MODULATOR  DESCRIPTION

These    Hughes    millimeter-wave   ferrite    modulators
cover  full  waveguide  bands  in  the  range f rom  26.5 to
110  GHz.  The  modula{ors were designed for  use with
Hughes  modulator/leveler power supplies and plug-ins,
but  can  be  used  with  customer  power  supplies  for  a
wide  variety  of  custom  applications.

The  modulators utilize the  Faraday-rotation  principle
and consist of a section  of waveguide containing a  low
loss  ferrite  material,  matching  elements,  and  resistive
cards. The  biasing-magnetic field  is applied  by  passing
current through a center-tapped solenoid surrounding
the  ferrite  elemenl:.   Current  through  one  arm  of  the
solenoid  biases the ferrite for minimum  insertion  loss,
and  current  through  the  other arm  biases  the  ferrite
for  maximum  insertion  loss. When  biased to  its  lowest
insertion  loss  state,  the  modulator  acts as an  isolator,

providing  20 dB  minimum  isolation.

The    companion    modulator/leveler    supply,   Hughes
Model    44711H,    or   the    modulator/leveler   plug-in,
Hughes Model 44425H , provide many usefu I functions.
1000  Hz  square-wave  modulation  is  provided  for use
with  all  1000  Hz  test  equipment  and  is tunable from
950   to   1050   Hz.  A  CW  operation   mode  biases  the
modulator to its lowest  loss state for use as an  isolator.
External   modulation   may   be  applied   to  switch  the
modulator   between   its   high   and   low   insertion   loss
states.  Power  leveling  is  provided  by  using the modu-
lator  and  supply  as  part  of  an  external  leveling  loop.
A  Hughes  coupler  and  detector  are  required  to com-
plete the  loop.

A  modulator  supply,  Hughes  Model  44707H,  is  also
avaHable    performing    all    of    the    functions    of   the
44711 H, but without  leveling.
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SPECIFICATIONS*  (at  25  ±|o°C)

Frequency   Bar)d Ka Q U V E W

Frequency   Range   (GHz) 26.5-40 33-50 40-60 50-75 60_90 75-110

Forward  Insertion   LossLowState(dBmaximum)

1.5 1.5 1.8 1.8 2.0 2.5

High  State   (dB  minimum) 22 22 22 22 22 22

Isolation  at   Low   lnsertionLossState(dBminimum)

20 20 20 20 20 20

Rise  Time®   (goo/a,  Hsec  maximum) 50 50 50 50 50 50

Input  and  Output  VSWB   (maximiim) 1.5:1 1.5:  1 1.5`  1 t5:1 1.5:1 1.5`  1

Bias  Current   (rnA  maximum) 500 500 500 500 500 500

Coil   Resistance   (f2  typical) 12 12 12 5.0 4.5 4.0

Coil   lnductance   (uH  typical) 600 600 600 300 300 250

Waveguide  Size WR-28 WR-22 W Fi - 1 9 WR-15 WP-t2 W F' - 1 0

Flanges© UG-599/U © uG-383/U UG-383/U(mod.) UG-385/u UG-387/u uG-387/U(mod)

Dimensions  (maximum) A 3.50" 3.50" 3.40" 2.70" 2.70" 2.70"

(refer  to  outlinedraw,ng) (89  mm) (89  mm) (87  mm) (69  mm) (69  mm) (69  mm)

8 1.90„ 1.90„ 1 .90" 1.40„ 1.40" 1 .40"

(49  mm) (49  mm) (49  mm) (36  mm) (36  mm) (36  mm)

Model  Numbers 44712H 44718H 44713H 44705H 447'4H 44715H

®When  driven  by  a  44707H  or  44711H  supply  or  plug-in  model  44425H.

®Special  flanges  available  upon  request.

©Also  available  with  uG-381/U  flange.    (Add  -100  to  model  number.)

MODULATOR  SUPPLY  SPECIFICATIONS*  FOR  MODELS  44711H,  44707H
AND  44425H  (at 25 ±10°C)

Square-Wave   Modulation    Freciuency    (tunable)
Switching   Voltage   for   External   Modulation
ac   Input   Voltages

Models  44707H  and  44711H
Models  44707H-220  and  44711H-220  .
Models  44707H-100 and  44711H-100  .

Size......................

Weight    (approximate)   .............

I

•....................        950    to    1050    Hz

.................-....- 10    to    -40    V

.110   V,   60   Hz
...............    220    V,    50    Hz

.............,.........     100    V,    50     Hz

3.6"   (91.5   mm)   X   9.4"   (239   mm)   X    15.6"   (396   mm)
.   .      12   pounds   (5.44   kg)

Specifications  on  the  data  sheet  in  effect  at  time  of  order  will  prevail.

TYPICAL  INSERTION  LOSS  VS.  CURRENT
40

30
in
rd

co20
8J

10

0
0.5 0.3        0.10   0.1          0.3         0.5

CUBBENT   (A)

Your  Local  13epresentative

OUTLINE  DRAWING

I a- I
t

`,8"

``   A:I

Note:   The  dc connector for all  modulator  models  is
Microtech  Miniature  D84S-6 and  mates with  DP-4S~1.

ALL  DIMENSIONS  ARE  TYPICAL.
r_-___--_____----__I

i    HUGH ES    i   fzflfrm 4irwJ"Mf54M©  soLiD-sT^TE Mlcf!owAVE pRODucTs  3ioo west Lomita BOLilevard, Torrance. california 9o5og, Tei (213) 534-2121
L__________________I
HUGHES   Alf.CPAFT    COMPANY
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MODULATOR/LEVELER  SUPPLY
DESCR I PTI ON

The Hughes  Model  44711 H  Modulator/Leveler Supply
is  tuned  to  a modulator which  must be ordered  at the
same    time    as    the    supply.    The    44711H    provides
square-wave  modulation  from  i:he companion  modu-
lator or  CW operation from  the  modulator with  20 dB
of    isolation.   The   system   also   provides   an   external
leveling   loop   such   as  the   one  indicated  in  the  block
diagram   (on  the  back  page).  Power  leveling  is accom-

plished  by  varying  the  insertion  loss characteristics  of

MODULATOR/LEVELER  PLUG-lN
SUPPLY  DESCRIPTloN

The   Model   44425H   Modulator/Leveler   Plug-ln   per-
forms   all   the   functions   of  the  44711H   Modulator/
Leveler  Supply  when  used  in  the  Hughes  millimeter-
wave  plug-in  sweep  generator.  Each  44425H  Plug-ln
is  tuned  to a  modulator which  must be ordered  at the
same time  as the  Plug-ln. See the data sheet describing
the  Hughes  MHlimeter Wave  Plug-ln  Sweep  Generator
for  specifications.

the   modulator.    A   dc   amplifier   in   the   modulator/
leveler   supply   amplifies   the  difference  between   the
output  of  the  detector  and  a  reference  voltage,  and
biases  the   modulator  to  a  higher  insertion  loss.  This
insertion   loss  state  is  controlled  by  the  LEVEL  SET
knob  on  the  44711 H  which  establishes  the  degree of
leveling.    The    Modulator/Leveler   Supply    requires   a

detector  with   positive  polarity  and  with  a  minimum
sensitivity  of  50  mv/mw.



MILLIMETER-WAVE

LEVELING

LOOPS

HUGHES
HUGHES   AIRCFiAF.T   COMPANY

ELEtTRon Dvnamit5 Dlvl5ion

LEVELING  LOOP  BLOCK  DIAGRAM
Not:e:   For  leveling,  the  detector  must  have  positive  polarity  with  a  minimum  50  mv/mw  sensitivity.    Connecting  cables

and  line  cords  are  supplied  with  purchase  of  either  supply.

LEVELING  LOOP  SYSTEMS  DESCRIPTION

When   the   4434XH-310   series   10   dB   couplers   and
448XXH   series   detectors   are   ordered   at  the   same
time  as  the  44711 H  modulator/leveler  supply  and  its
companion   447XXH   series   modula{or,   the  compo-
nents   are   tested   together   to   give   the   leveling-loop
system   specifications  given   below  for  either  10  GHz

or   full    waveguide   bandwidth   leveling.   The   Hughes
components   shown    as    part    of    the    leveling    loop
system   are   fully   specified   on   separate   data   sheets.
The  dynamic  range  of  1   mw  to  100  mw  is  the  same
for  all   leveling   loops.

MODEL  NUMBERS  AND  SPECIFICATIONS*  FOR  LEVEL
LOOP  SYSTEMS OF  10  GHz  BANDWIDTH   (at  25  ±10°C)

Frequency  Band Q u V E W

Frequency   flange  (GHz) 33-50 40-60 50-75 60-90 75-110

Flatness  (±dB)   (maximum) 1.5 1.5 1.5 2.0 2.0

Insertion  and  Coupling  Loss ®    (dB)   (maximum) 2.5 2.5 2.5 3.0 3.0

Leveling  Loop  Model  Number ©     consisting  of 44750H 44751H 44752H 44753H 44754H
Modulator  Model  Number 44718H 44713H 44705H 44714H 44715H

Coupler  Model  Number 44342H-310 44343H-310 44344H-310 44345H-310 44346H-310

Detector  Model  Number 44812H 44808H 44802H 44809H 44810H

Modulator/Leveler  Supply  Model   Number 44711 H 4471 1 H 4471 1 H 4471 1 H 4471 1 H

MODEL  NUMBER  AND  SPECIFICATIONS*  FOF}  FULL
WAVEGUIDE  BANDWAVEGUIDE  BANDWIDTH  LEVEL  LOOP  SYSTEMS  (at  25  ±10uC)

Frequency  Band Ka Q u V E W
Frequency   Bange  (GHz) 26.5-40 33-50 40-60 50-75 60-90 75-Ilo
Flatness  (±dB)   (maximum) 1.5 1.5 1.5 1.5 2.0 2.0

Insertion  and  Coupling   Loss ©    (dB)   (maximum) 2.5 2.5 2.5 2.5 3.0 3.0
Leveling   Loop  Model   Number    consisting  of 44760H 44761H 44762H 44763H 44764H 44765H

Modulator  Model  Number 44712H 44718H 44713H 44705H 44714H 44715H ,
Coupler  Model  Number 44341H-310 44342H-310 44343H-310 44344H-310 44345H-310 44346H-310
Full  Band   Level   Detector  Model   Number 44820H 44821H 44822H 44823H 44824H 44825H
Modulator/Leveler  Supply   Model   Number 4471 1 H 44711 H 44711 H 44711 H 4471 1 H 4471 1 H

A
Specifications  on  the  data  sheet  in  effect  at  time  of  order  will  prevail.

®With  the  modulator  biased  to  its  lowest  insertion  loss  state.

®Add  -500  to  leveling  loop  model  number  for  plug-in  supply  model  44425H.

Your  Local  Representative

r__-___---___-_--_-|

i   HUG H ES   i  ff"W 4jLJrawh/B~  SOLID.STATE MlcRowAVE pRODucTs  3ioo wes"omita Boulevar"o„ance, calitomia go5o„el rei3) 53"121
L.___-_____________I
HuC,HIS   AlficF}AFT   COMPANY
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DESCRIPTION

Hughes   Millimeter-Wave    lsolators   cover   the
frequency   range   of  26.5  GHz  to   110  GHz   in
full  waveguide bands.They are  of the  Faraday-
rotation    type    and    consist   of   a   section   of
waveguide   containing  a   low  loss  ferrite  mate-
rial   and   resistive   elements.   An   external   mag-
netic   bias   field    is   supplied   by   a   permanent
magnet.   The   combination   gives   rise   to   the
non-reciprocal      transmission       characteristics

permitting  the devices to  function  as  isolators.

The  exceptionally   broad   bandwidth   of  these
isolators    makes   them    particularly    useful   in
swept    frequency    applications.         They    are
designed    for   use   with   the    Hughes    line   of
solid-state   millimeter-wave   sweep   generators,
but    may    also    be    used    with         backward
wave    oscillator     (BWO)     sweepers,        micro-
meter   tuned    lMPATT    oscillators   and    klys-
trons    to     prevent     instabilities    due    to    BF
reflections.

C-15
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MILLIMETER-WAVE                                      i    HUGHES    i
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PEF!FORMANCE   SPECIFICATIONS

L7.__\++i

TYPICAL   POUTLINEA

Frequency

InsertionLoss
Isolation

Input/OutputVSWFi
Model

lth                Model

(dB  max.) (dB  min,) (max.) Number

26.5   -   40   GHz 1.5 25 1.5:  1 44607H
33   -   50   GHz 1.8 25 1.5.1 44610H

40   -   60   GHz 1.8 25 1.5:  1 44604H
50   -   75   GHz 1.8 25 1.5:  1 44603H

60   -   90   GHz 2.0 25 1.5:  1 44605H

75   -110   GHz 3.0 25 1.5:  1 44606H

ERFORMANCE   CUF=VE

50
dI-1I-
i  ::       ,,,,`\`,`\`  ,~``z  \``-,,``,^`     ,``\`a
cO

20

%      3                   +44610H~44603H                           44606H
1111111111111111111111111111111I-                                                                                                                                -{0            r-446o7H-446o4H-44605H-

a,02I
i  1   `--T---- --   ------,
a:I-
LLJI-
=      °20      30        40       50        60        70        80       90      100    110

FFiEQUENCY   (GHz)

ND  MOUNTING   DATA

B   Dlameter                                                                                                                                                              Maxlmum    Dlmensions              MatesI wavegu|de        ln    Inches    (Centlmeters)                  (Flange) Number
AB

---                                         #:   :::(::)   :::(::)  ::::::;:'M.d    ::::::-|E|| WF}-19          3.20    (8.2)         1.40    (3.6)       UG-383/U    Mod. 44604H

11II==illlllllll]=nlliilllll WR-15          270    (6.9)         1 .30    (2.8)      UG-385/U 44603H
WFi-12          2.70    (6,9)          1 .30    (2.8)       UG-387/U 44605H

111±`111 WF}-10          2.60    (6.6)          1 30   (2.8)      UG-387/U    Mod.        44606H

*UG1381/U   available   upon   request.AYOUF3LOCAL

REPRESENTATIVEiHUGHESiflfl~4irJEL"MtJ4rmRT31ooWestLomitaBoulevard,Torrance,  California  9o5og,  Tel  (213)  534-2121
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FEATURES

•    Full  Waveguide  Bandwidths
•   26.5  -110  GHz  in  Six  Bands
•   Sensitivity  Flatness of  3 dB
•   Minimum  Sensitivities  of  100  mv/mw

DESCRIPTION

The  Hughes  4482XH  series of  Broadband  Millimeter-
Wave   Flat   Detectors  utilize  silicon  Schottky   barrier
diodes  mounted  in  Sharpless-type  wafers.  Sensitivity
flatness is achieved  by supplying a  resistive  load  in the
body   of  the  detector,  and   careful   tailoring   of  the
impedance  characteristics  of  the diode  mount for full
waveguide  bandwidth.  Sensitivity  f latness  of  3  dB  in
all   bands   to   75   GHz   and   4   dB   to   110   GHz   are
achieved  in  this  manner.

The  detectors are broadband  in nature with  minimum
sensitivities   of    100    mv/mw   to   75   GHz   and   75
mv/mw to  110  GHz.

C-17

When  used  in  conjunction  with  the  Hughes  4434XH
series  of  waveguide  couplers  with   1.0  dB  maximum
coupling   flatness,  the  coupler/detector  combination
can   be   used   as   part   of   any   leveling   system.  When
purchased  in  this combination, the sensitivity flatness~
specification  of the broadband detector is the specifi-
cation  for  flatness  of  the  combination.

A  complete   leveling  system  can  be  purchased  from
Hughes  consisting  of  a  model  44700H  series  modu-
lator,    44711H     modulator/leveler    supply    and    the
above  combination  of  coupler/detector.  This  combi-
nation  is  self-contained and can be purchased for any
of  the  six  waveguide  bands  from  26.5  to  110  GHz.
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SPECIFICATIONS*  (AT  25  ±|o°C)

ui

Frequency  Band Ka Q u V E W

sO509,  Tel  (213)  534-2121

Frequency   (GHz) 26.5-40 33-50 40-60 50-75 60-90 75-110

Sensitivity   Flatness  (dB) 3 3 3 3 4 4
Sensitivity  (mv/mw  minimum) 100 100 100 100 75 75

VSWB   (typical) 3:1 3:1 3:1 3:1 3:1 3:1

Saturation   Level  (mw  typical) loo 100 100 100 100 100

Waveguide WR-28 WFi-22 WB-19 WP-15 WB-12 W f] - 1 0

Flange® UG-599/U © UG-383/U uG-383/u(mod.) uG-385/U uG-387/u UG-387/u(mod.)

Dimension  A 2.60,, 2.22„ 1.94" 1.53„ 1.37" 1.20„
(66.0  mm) (56.4  mm) (49.3  mm) (38.9  mm) (34.8  mm) (30.5  mm)

Model  Number  (+  polarity) © 44820H 44821H 44822H 44823H 44824H 44825H

Model  Number  (-  polarity) © 44820H-500 44821H-500 44822H-500 44823H-500 44824H-500 44825H-500
A  Specifications  on  the  data  sheet  in  effect  at  time  of  order  will  prevail.

®Special  flanges available upon  request.

®Also  available  with  UG-381/U  flange.

©Plus and  minus  polarities are  stated  as  video  output with  respect  to  ground.

OUTLINE  DRAWING

¥tDAEjoA%KTPUTTffi                             T!°"

(38.1   mm)IIA

ALL  DIMENSIONS  AF}E  TYPICAL.YourLocalFiepresentative

HuGHESAIFi HE:S  ''',  EIEcrR0n D9namlp5 DNun  souD.SIHIE "icpidw Awe PFroDuc:is  3`oo west Lorn.i`8 Bouleva\]d, TOTrance, cat.ilorri.i
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FEATURES

•    Coverage  From  33  to  110  GHz
•    High  Sensitivity
•     Flat  Over  10  GHz  Bandwidths

DESCRIPTION

The     Hughes    448XXH    series    of    Millimeter-Wave
Leveling    Detectors    utilize   silicon    Schottky    barrier
diodes  mounted  in  Sharpless-type  wafers.  Flatness  is
achieved  by  supplying  a  resistive  load  in  the  body of
the  detector  and  by  carefully  tailoring the  impedance
characteristics   of   the   diode   mount   for   a   10   GHz
bandwidth.  Sensitivity  flatness  specifications  of  3 dB
across  any   10   GHz   bandwidth   between  33  and  75
GHz  and  4 dB over  10  GHz between  60 and  110  GHz
are  achieved  in  this  way.

The   detectors   are   broadband   with   a   sensitivity   of
100  mv/mw  minimum  across  a   10  GHz  bandwidl:h

and    typically   20   mv/mw   minimum   across   entire
waveguide   bands   in-  the   33   to   75   GHz   frequency
range.   50  mv/mw  minimum  across  a  10  GHz  band-
width   and  typically   10  mv/mw  minimum  over  the
entire  waveguide  band  are  achieved  in  the  60  to  110
GHz  band.

When    purchased    in   conjunction   with    the   Hughes
4434XH   series   of   Waveguide   Couplers,   the  flatness
of  the  detector  is  used  for  the  flatness  specification
of   the   combination.    This   coupler/detector   combi-
nation   can   be   used   as   part  of  any   leveling  system.

C-17-A
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SPECIFICATIONS#  (at  25  ±|0°C)

!HU1_-______HUGHESAlfi

Frequency  Band Q U V E W

t1.50,,(38.1mm)ce,Califomia90509, Tel  (213)  5342121

Frequency   F{ange  (GHz) 33-50 40-60 50-75 60-90 75-110

Flat  Bandwidth   (GHz) 10 10 10 10 10

Sensitivity   Flatness  (dB) 3 3 3 4 4
Sensitivity  10  GHz  BW  (mv/mw) loo 100 100 50 50
Full  Bandwidth  Sensitivity  (mv/mw) 20 20 20 10 10

VSWPl   (typical) 3:1 3:1 3:1 3:1 3:1

Saturation  Level   (mw  typical) 100 100 100 loo 100

Waveguide WP-22 WB-19 WP-15 WP-12 W Pl - 1 0

Flanges® UG-383/u uG-383/U(mod.) uG-385/U uG-387/U uG-387/u(mod.)

Dimension  A 2 22`. 1.94" 1.53" 1.37" 1.20"
(56.4  mm) (49.3  mm) (38.9  mm) (34.8  mm) (30.5  mm)

Model  Number  (+   polarity)  © 44812H 44808H 44802H 44809H 44810H

Model  Number   (-   polarity)  © 44812H-500 44808H-500 44802H-500 44809H-500 44810H-500

*  Specifications  on  the  data  sheet  in  effect  at  time  of  order  will  prevail.

®Special  flanges  available  upon  request.

©Plus  and  minus  polarities  are  stated  as  video  output  with  respect  to  ground.

OUTLINE  DRAWINGYourLocalRepresentativeHES''iiELEclronDgnamlG5 I)rmiroli  s__________i VlSIIALLOLID-STATEMICI]

MDAEjoA%%TPUTTffiADIMENSIONSABETYPICAL.OW^VEPFIODuCTS3100WestLomitaBoulevard,Torran
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FEATURES

•      Frequencycoverage26.5-110GHz
•      WideTuning  Bandwidth
•      LowCost  Be flex  Klystron  Beplacement
•      Integral  lsolators&  Begulators

DESCRIPTION

The   Hughes   412XXH   Series   of   Solid   State
Sources  are  clean,  narrow spectrum,  CW  milli-
meter-wave   sources   which   are   i:unable   over
broad   f requency   bandwidths.      The   perfor-
mance  of  these  sources  is  comparable  to  that
of a  reflex klystron, but their longer  life,  lower
voltage   requirements   and   smaller   size   offer
many  advantages  over  the  use  of  a  klystron.

The sources consist of state-of-the-art I MPATT
diodes mounted  in specially designed  oscillator
cavities.     The  diodes,  when   biased   into  aval-
anche  breakdown,  oscillate  when  the  thresh-
hold   current  is  exceeded.    The  frequency  of
oscillation    is   determined   by   the   diode   and

cavity   parameters,   and   the  dc  bias  current.

Each  source  is supplied with a  heat-sink  stand,
integral  isolator, and  attached  regulator.

The   input  to  the  regulator  is  30  to  50  volts
dc  at  500  rnA  maximum obtainable from any
well    regulated    laboratory   power   supply   by
way  of  solder  terminals.    The  source  may  be
switched   on   and   off   manually   at   the   regu-
lator  and  selected  for  operation  as  a  local  os-
cillator  or  for  FM/AFC  voltage  tuning  of  30
to  50  MHz.    This  feature aHows these sources
to   be   stabilized   by   phase-locking   and   AFC
loops.

C-21
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MILLIMETER-WAVE   SOURCES

26.5-110   GHz
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SPECIFICATIONS#

r________:HUL________HUGHEsAle

Frequency  Band Ka Q U V E W

.2121

Frequency  Bange  (GHz) 26.5-40 33-50 40-60 50-75 60-90 75-110

Model  NumbersandMinimumPowerOutputatCenterFrequency 10mw - - - - - 41261H

25mw - - - - 41252H 41262H

50mw 41213H 41223H 41233H 41243H 41253H 41263H

100 mw 41214H 41224H 41234H 41244H - -
Tuning  Bandwidth  (GHz)** 5 5 5 5 5 5

Waveguide Size WB-28 WB-22 WB-19 WB-15 WB-12 WB-10

Flange UG-599/U UG-383/U UG-383/U(mod.) UG-385/U UG-387/U UG-387/U(mod.)

Frequency   Stability    (typical)  .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .        o.oo5o/o/°C

Amplitude   Stability    (typical)  .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .     0.01    dB/°C

Spurious   Outputs   (maximum)     .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .      -30   dBcAmbientOperatingTemperature..........................15-35°C

Maximum   Bequired   dc   Power   Supply   Voltage    .    .    .    .    .    .   .    .    .    .    .    .    .    .   .    .    .    .    .        50    Vdc

J`Specifications  on  data  sheet  in  effect  at  time  of  order  will  prevail.

**Combination  of  electrical  and  mechanical  tuning.

REGULATOR  PANEL  LAYOUT

Your   Local   RepHESifffl__________i

DC   IN                GND

orrance.  Calitomia 90509,  Tel  (213)  53

©          ©        FM/AFC     IMPATTVOLTAGE   BIASoN&:©©©  ©oN

OFF     T                                                           I                 I       OFF

esentative:DElnalTfles Drvun  eio\io.sk.kE "cRO"AVE plFunlucks 3,`cO west Lorrina BOu\Ovut, T
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FEATURES

•  26.5   -110   GHz   in   Six   Waveguide   Sizes

•  Full   Waveguide   Band   Coverage

•  High   Directivity   (>40   dB)

•  Precision   Coupling

•  Ultra flat   Frequency   Besponse

Ka-band,   10  dB   directional
coupler   Model   44341H-310

DESCRIPTION

The   Hughes   Model   44340H   series   of   milli-
meter-wave   broadband    directional    couplers
are  available  with  coupli.ng  values  of  3,  6,10,
and   20   dB   covering  the  frequency  range--of
26.5  to   110  GHz   in  6  wavegujde  sizes.  Each
model   covers  the  full   waveguide  bandwidth
with  high  directivity  (>40 dB),  sma-ll  coupling
variation    (<±  0.5 dB)   and  excellent  coupling
accuracy  (<±  0.5 dB).  [n addition, the  Hughes
directional  couplers exhibit coupling  accuracy
and   frequency   variation   that  are   repeatable
from   unit   to   unit.   The   key   to   this   unique

V-band,   10   dB   directional
coupler   Model   44344H-310

feature   is   a   computer   optimized,   precision
machined   coupling   plate   used   in   the   direc-
tional   couplers.

The   Hughes   precision   millimeter-wave  direc-
tional   couplers  are   ideal+y   suited  for  broad-
band  measurement  and  instrumentation.  The
high  directivity  allows  greater  limits  of  accu-
racy   for  reflection   measurements.  The  small
coupling variation with  frequency  is useful  for

power   monitoring  and   leveling   loop  applica-
tions  over   a   broadband.

C-45



MILLIMETER-WAVE   BROADBAND   DIRECTIONAL   COUPLERS

SPECIFICATIONS*

OUTYourr_-__-_-__:HUGL__._-____

Frequency   Band Ka Q u V E W

13)  534-2121

Frequency    Bange   (GHz) 26.5  -  40 33  -  50 40  -  60 50  -  75 60  -  90 75   -110

3dB 44341 H -303 44342H-303 44343H-303 44344H-303 44345H-303 44346H-303

NominalModel1'
6dB 44341 H-306 44342H-306 44343H-306 44344H-306 44345H-306 44346H-306

Number            va|ue®                 10dB
44341 H-310 44342H-310 44343H-310 44344H-310 44345H-310 44346H-310

20dB 44341 H-320 44342H-320 44343H-320 44344H-320 44345H-320 44346H-320

Coupling   Accuracy    (dB) ±0.5 ±0.5 ±0.5 ±0.5 ±0.5 ±0.5

Coupling   Variation    (dB   maximum) ±0.5 ±0.5 ±0.5 ±0.5 ±0.5 ±0.5

Insertion   Loss   (dB   maximum)® 0.5 0.55 0.6 0.65 1.0 1.0

Directivity   (dB   minimum)® 40 40 40 40 40 40

VSWB    (maximum)
Main    Line 1.1   :  1 1.1  :  1 1,1:1 1.1:1 1.1   :1 1.1:1

Coupled   Arm 1.2: 1 1.2: 1 1.2:  1 1,2:  1 1.2:  1 1.2:  1

Waveguide   Size Wf]-28 WB-22 W Fi - 1 9 WR-15 WR-12 WP-10

Flange© UG-599/U® UG-383/U
UG-383/U(mod.) uG-385/u uG-387/U

UG-387/U(mod.)

Dimensions

A 9.7,, 8.02„ 7.09„ 5.92" 5.22„ 4.62,,
(247  mm) (204 mm) (180  mm) (151   mm) (133  mm) (118  mm)

a 0.77" 0.71,, 0.71,, 0.72" 0.72„ 0.72„
(20 mm) (18 mm) (18  mm) (19  mm) (19  mm) (19  mm)

*Specifications   subject   to   change   without   notice.

§j:°:::P:':I;,iy¥:::]eo=::gT,:o°i:::/°j(P:;2/P+1)p3)/pi]  }     Pi-=ipf                     3 ::se;'aa'vaf,I,aanb::Swa,Vtah"aub:e3°8n„rueqf|::tgeLINEDRAWINGA±O.025''(0.63mm),

I-I                             `\ I
\ \                          B    =0.o25I(0.63mm)

127"±ooas    'HEg[     ,_'
(33mm ±0.63)            -¢ a

©„0
I                                                                                I,ri\             r{

I                                                                          \O rfR©

Local   Representative__------IHESifftmaagmamuB4M©  soLio.STATE iiilcnow^vE pnoDucTs  3ioo west Lomita Boulevard. Torrance. caiifomia 9o5og, Tei (________JFTCC)MPANY

Printed   in   U.S.A.   7-75
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FEATURES

•     Temperature-Compensated
•     Broad   Band   Measurement  Convenience
•     6   Waveguide   Bands   From   26.5   to   110   GHz

DESCRIPTION

The   Hughes  4489XH   Series  of  Temperature
Compensated  Thermistor  Mounts  provide full
waveguide  bandwidth  coverage  in  the  26.5 to
90  GHz   range. With these thermistor mounts,
measurements can  be made at millimeter-wave
frequencies   with    the    same   convenience   as
those   made   in   the   lower   microwave   bands.`l  r`J

The  mount  consists  of  an  PF  and  compensa-
ting  thermistor  that  are  matched  for tempera-
ture   coeff icient   before   being   paired   in   the
waveguide   mount.  The   mount   is  designed  to
be  fully  compatible  with  the Hewlett-Packard
431     and    432    series   of   analog   and    digital

power   meters.



M I LLI M ETER-WAVE

TEMPERATURE   COMPENSATED

THERMISTOR   MOUNTS

26.5-110 GHz

r-----_-_
I

:  HUGHES
I

L_________________
HUGHES   AIRCFiAF.T   COMPANY

ELEtThon Dvnamit5 Dlvi5ion

SPECIFICATloNS*

r-________.-iHUG

Frequency    Flange
Ka Q u V E w©

13)  534-2121

26.5-40   GHz 33-50  GHz 40-60  GHz 50-75  GHz 60-90  GHz 75-110   GHz

MODEL   NUMBEFZ 44891H 44892H 44893H 44894H 44895H 44896H

VSWFi    (maximum) 2:1 2:1 2:1 2:1 2:1 2:1

Bandwidth   (GHz) Full Full Full Full Full 10

Power   F}an   e                    LOW      (HW)
10 10 10 10 10 10

9                      High    (mw)
10 10 10 10 3 3

Operating   Besistance   (ohms) 200 200 200 200 200 200

Waveguide  Size WR-28 WB-22 WB-19 WB-15 WB-12 WB-10

Flange UG-599/U ® UG-383/U
UG-383/U(mod.)

UG-385/U UG-387/U
UG-387/U(mod.)

®   Frequency   coverage   in   W-band   is   limited   to   10   GHz.      Specify   center   frequency   when   ordering.

©   Also   available   with   UG-381/U   flange.

NOTE:     Efficiency   correction   factor   in   dB   supplied   with   each   model.
J`   Specifications   on   data  sheet   inYourLocalRepresentative:------_IES'.i,ELECTrmDvnarmaI_______iTCOMPANY effect  at  time  of  order  willDniuna,Ou®js.kiE."¢E`c,"NEprevail.PflooucTS   3100 West  Lomita  Boul®vard,  Torrance,  Calltomia 90509,  Tel  (2

C-98                                                                                                     Printed  in  u.S.A.    4-76



DESCRIPTION

The Hughes Model 4734XH series of Spectrum
Analyzer  Mixers  extend  the  frequency  range
of the Hewlett Packard 8555A spectrum analy-
zer up to  100  GHz. The  mixers are specifically
designed   for   this   application   and   their  high
sensitivity,makes  them   ideally  suited  for  de-
tailed analysis of the spectral  characteristics of
mi I I i meter-wave  sig na ls.

The mixer is connected  to the "EXT M IXER"

MINIMUM  DETECTABLE SIGNAL

output  on  the  spectrum  analyzer  which auto-
matically   supplies   a   variable   dc   bias   to  the
mixer   diode.    Maximum   mixer   sensitivity   is
achieved   by  adjusting  the  bias  control  in  the
spectrum   analyzer   and   tuning   the   movable
short on  the  mixer.

The  mixers  are  available  in  six  standard wave-
guide  bands;   KA-through  W-band.   For  cover~
age above W-band,  consult factory.

Frequency  Band  (GHz) Ka Q U V E W
(26.5-40.0) (33-50) (40760) (50-75) (60-90) (75-110)

Sensitivityi+ -51  dBm -48 dBm -45 dBm -40 dBm -36 dBm -30 dBm

*Minimum detectable signal  at  mid-band.   Sensitivity at band  edges  is within  3 dB  of mid-band.

C-99



MILLIMETER-WAVE
SPECTRUM  ANALYZER
MIXERS

HUGHES
HUGHES   AIRCRAF-T   COMPANY

ELE[rnon Dgnamic5 Divi5ion

DIMENSIONS, WAVEGUIDE SIZES AND  FLANGES

Frequency  Band  (GHz) Ka a U V E W
(26.5-40) (33-50) (40-60) (50-75) (60-90) (75-110)

Dimensions 3.87 3.89 3.61 2.97 2.81 2.77
inches  (cm) (9.83) (9.88) (9.17) (7.54) (7 .14) (7.04)

Wavegu ide S ize WB-28 WB-22 WP-19 WB-15 WB-12 WB-10

Waveguide  Flange UG-599/U® UG-383/U UG-383/U UG-385/U UG-387/U UG-387/U

UG-381/U® (mod) (mod)

®Square  Flange

® F}ound  Flange

HOW TO ORDER

Model  Number                          4734XH  -X200
FrequencyBand-1:Ka-LFlangeType

2:Q
3:U
4:V
5:E

6:W

1  :Bound
2:Square  (available  in  Ka-band  only)

Example:   To  order a  U-band  unit,  specify  the following model  number:   47343H-1200

Your Local  Representative

Printed   in   USA   4/77





DESCF{IPTION

The  Model  1333H  is a completely self-contained
stainless  steel  and  ammonia  heat  pipe  device.   It
has  no  moving  parts,  requires no external  power
and can  be operated  reliably over  long  periods of
time.  This  unit is capable of transferring thermal
energy  with  little  temperature  gradient  over  the
entire active length.

FEATURES
PROVEN    RELIABILITY    -    Experience   with
successful    space    and     military    programs    and
continuous  life  test  programs  assure  long-lived,
eff icient operation.

LOW   THERMAL   MASS   -   Beduces  warm-up
time   from   cold   start;   less  stored   heat   in   the
system at shut-down.
ESSENTIALLY    ISOTHERMAL    -    Baseplates
with  unsatisfactory thermal  distribution  patterns
may  be  made  nearly  isothermal   by  use  of  heat
pipes.

SMALL  AND  LIGHTWEIGHT  -Large  thermal
transport   capacity   for  high  component-density
packaging  and  compact,  lightweight,  high-power
equipment.

WIDE      OPEPATIONAL-TEMPERATUF}E
RANGES  -  Applicable  to  space,  airborne,  and
ground  equipment  for  military  and  commercial
requirements.

AUTOMATIC   -   Self-contained   thermal   trans-
port   system   requires   no  external   electrical   or
mechanical actuation for operation.

The  1333H   may  be  used  with  a  variety  of  heat
sources   with   particular  applications   in   cooling
semiconductors,      integrated      circuits,      trans-
formers,  and  electron  tubes.  This  heat  pipe  is a
more  efficient   thermal   conductor  than   metals
such   as   copper,    making   it   ideal   for   use  as  a
replacement    for,    or    in    combination   with,   a
variety of heat sinks.

BILATEPIAL   HEAT   TRANSFER   -Equalizes
operational    temperatures    among    components
and  assem.blies.

Quick  equipment warm-up  in sub-zero ambients.

NOISELESS  -Heat pipes operate silently.  They
convey    heat   through    small    feed-throughs   to
air-flow ducts for isolation  of acoustic noise.

SEALED  METALLIC  ENVELOPE  -Cool  her-
metically sealed  units.

May    be   electrically    bonded    to,   or   insulated
from,   BFl  and  nuclear  shielding  in  through-wall
designs.

Through-wall   cooling   designs  exclude  contami-
nating vapor and dust.

ALTITUDE   IMMUNITY  -   Heat  is  transported
within   1:he   sealed   heat   pipe  envelope.   Internal
heat  transfer  capacity  is  immune  to  the  effects
of   external    positive    or    negative   atmospheric
pressures.



THERMAL CHARACTERISTICS

Thermal  Transport  Capacity
Evaporator 90° Below Condenser .
Horizontal  operation      ....
Evaporator goo Above  Condenser .

Thermal   Besistance        ......
Badial   Flux  Density       ......
Thermal   Plesponse  Time  (to equilibrium)
Temperature

Becommended  Operating  Bange   .
Maximum Temperature  Limit

PHYSICAL CHAPACTERISTICS

Envelope  Material          .......
Wick  Material
Working   Fluid            ........

Weight
Active  Length           ........
Mechanical   Limits

Torque.........
Bending
Tension

Seal  Cover  (pinch-off )  and  Mounting  Stud

OUTLINE DRAWING

50 W maximum
15 W maximum
7 W maximum

0.9OC/W`.        2:ii:iwi/:,ri

.         60 seconds

.  -80 to +90OC
1 20OC

.....       stainlesssteel

.,...       stainlesssteel

....... ammonia

....  8gramsmaximum

......    5.69inches

.....     8inchpounds

.....     4inchpounds

......    100pounds

.... Thermallyinactive.
Caution:  Do not use seal  cover

for mounting or support.



PERFORMANCE CUF}VES
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DESIGN CONSIDERATIONS

A simplified  heat  pipe  system  and  its  thermal  equivalent  are  shown  below to depict the areas of
concern  to  the  heat  pipe  user,  especially  in  the  area  of  thermal  resistance of a heat  pipe system.
The   total   thermal    resistance   of   the   heat   pipe   (exterior  evaporator  surface   to   the  exterior
condenser)    is   given   in   the   "Thermal   Characteristics"   section   of   this   data   sheet.   Additional
thermal  resistance  is  encountered  in  the  interface to the heat pipe and within the heat source and
heat  sink.  Care  should  be exercised to  insure  low thermal  resistance junctions to the heat pipe by
means of adequate mechanical  attachments and the use of thermal  paste.

HEAT PIPE SYSTEM

_            THEBMALiN"FAce            |u
xxxxxxxxxxxx                                                                                                                                 xxxxxxxxxxxxxxxxxx

HEATSOUBCE

Im
HEAT  SINK

THERMAL  EQUIVALENT

fit =  Rii  +  F}hp +  Ri2  (°C/W)

ATi  (Ct})  = Q(W)  x  Rt = Ti  - T2

Example

Assume   one   wishes  to  find  the  temperature  of  a  heat  source  dissipating   10  watts  through  a
1333H   heat   pipe   to   air-cooled   fins   with a   capacity   of   .5  W/in2/°C  above  ambient.   Further
assumptions:

Ambient temperature is 30°C
Horizontal  operation of the heat pipe
Clamping  length  on  source  1  inch
Clamping length  on sink  1.5  inches
Interfaces have .001  inch  layer of thermal  paste

(.05oC/W/in2  given by  manufacturer)

Thermal  resistance  interface  (Bi, )    =

Thermal  resistance heat pipe  (Bhp)  =

Thermal  resistance  interface  (Bi2)    =

.05
7rx  .233  X  1

=  .I yif5RfcIW

.9°C/W  (given  in  data sheet)
.05 - JJRJffcIW

"x  .188  x  1.5

Total  resistance  (Bt) =  .068 + .9 + .056 =  1.024°C/W

Temperature change source to sink  ( AT, ) =  10 W x  1.024 =  1     24°C

An  additional  temperature drop  ( AT2 ), normally the most significant one, will  be found  between
the sink  and  the  cooling  medium,  in  this  case  ambient air. This  drop  must  be  added   to AT,  to
obtain the source temperature.

AT2= low =   22.58°C + 30°C  (ambient) = 52.58°C
.5  x `7r  x  1.5  x  .188

The source temperature is AT,  plus  AT2  or 62.82°C



DESIGN  CHECK  LIST

POTENTIAL PF!OBLEM

Condenser    below   evaporator   -    Excessive
negative  inclination of the evaporator-conden-
ser  longitudinal  axis  with  respect  to  horizon-
tal  plane

Exceeding rated heat transport capacity

Exceeding  temperature ratings-Operating and
non-operating

Mechanical  loading  -  Excessive torque,  bend-
ing and tension

Hot   spots   at   evaporator   or   condenser   -
Excessive     radial     thermal    flux    density    or
`,dry-out"

Freezing

Excessive coupling resistance

Corrosion

PROBLEM AVOIDANCE

Consult   ''Maximum   Power   vs.   Orientation"
curve for capacity versus axis inclination

Befer   to  ''Badial   Flux   Density"  and   perfor-
mance curves for basic rating

Befer to  "Thermal  Characteristics" section

Befer to "Mechanical  Limits"

``Dry-out,"   sometimes   inappropriately  called
''burn-out,"  is  a  reversible  condition  in which

the  wick-pumping  rate  is  insufficient  to  sup-
ply  fluid  return  to  the  evaporator.  (''Befer to"Thermal  Characteristics"  section)

Prolonged  non-operating  exposure of the heat
pipe  to  temperatures below the freezing point
of  the working fluid will  render  it  inoperative.
Normally    no    damage    will    result.    In    most
applications,  turning-on  equipment  power  in
the  usual  manner  will  thaw  the  working fluid
and   restore   the   heat  pipe  to  full   operation.
Applications  involving  extremely  low temper-
atures    and    intermittent    high    radial    fluxes
should     be    discussed    with    our    engineering
department.

Care  should   be  exercised  to  secure  intimate
contact  at  mechanical-thermal  junctions.  Par-
ticular    attention    should    be    given    to    the
attachment   of  the   heat  source  to  the heat-
pipe  evaporator  and  the  heat-pipe  condenser
to  the  heat  sink  to  insure  low  resistance  heat
paths.   Such   mechanical   bonds  may  be  ther-
mally     enhanced     by     the     use    of    suitable
heat-conductive   pastes   between   mating   sur-
faces.

The  usual  precautions  against  use  in  corrosive
environments   should   be  observed.   Dissimilar
base  metals  and  finishes,  widely  different  in
the   galvanic  series,   should   not   be   used   for
support  or coupling to the heat pipe transport
section, evaporator, or condenser.
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c         -.-`1350H
EREHEEEEE!¥!|L `  Stainless Steel and Methanol Heat pipes

DESCRIPTION

The    1350H   Series   of   axial   stainless   steel   and
methanol  heat  pipes are completely self-contain-
ed,    have    no    moving    parts,   and    require    no
external  power.  These  pipes,  originally  designed
for   long   life  and  reliability   in  space  programs,
are  capable  of  transferring  thermal   power  with

FEATURES
PROVEN    RELIABILITY   -    Experience   with
successful    space    and    military    programs   and
continuous  life  test  programs  assure  long-lived,
efficient operation.

LOW   THEF}MAL   MASS   -   Pecluces  warm-up
time   from   cold   start;   less  stored   heat   in   the
system at shut-down.
ESSENTIALLY    ISOTHERMAL   -    Baseplates
w`ith  unsatisfactory thermal distribution patterns
may  be  made  nearly  isothermal  by  use  of  heat
pipes.
SMALL  AND  LIGHTWEIGHT -Large  thermal
transport   capacity   for  high  component-density
packaging  and  compact,  lightweight,  high-power
equipment.

WIDE      OPERATIONAL-TEMPERATUPE
RANGES  -  Applicable  to  space,  airborne,  and
ground  equipment  for  military  and  commercial
requirements.

AUTOMATIC   -   Self-contained   thermal   trans-
port   system   requires   no   external   electrical   or
mechanical actuation for operation.

little  temperature  gradient  over  their  complete
working  length.

Typical      uses     include     transformer     cores,
solid-state  devices,  circuit boards, electro-optical
systems  and   in  a   large  variety  of  other applica-
tions  where  a  more efficient  thermal  conductor
is necessary.

BILATERAL   HEAT  Tf}ANSFER   -Equalizes
operational    temperatures    among   components
and assem.bl ies.

Quick  equipment warm-up in sub-zero ambients.

NOISELESS -Heat pipes operate silently. They
convey   heat   through    small    feed-throughs   to
air-flow ducts for isolation of acoustic noise.
SEALED  METALLIC  ENVELOPE  -Cool  her-
metically sealed  units.

May    be   electrically    bonded    to,   or   insulated
from,  BFl  and  nuclear  shielding  in through-wall
designs.

Through-wall   cooling   designs  exclude  contami-
nating vapor and dust.

ALTITUDE   IMMUNITY  -   Heat  js  transported
within   the   sealed   heat   pipe  envelope.   Internal
heat  transfer  capacity  is  immune  to  the  effects
of   external    positive    or    negative   atmospheric
pressures.



THERMAL CHARACTERISTICS

Thermal  Transport  Capacity
Evaporator goo  Below Condenser
Horizontal  Operation      .....
Evaporator 900 Above  Condenser

Thermal   Besistance    .........
Thermal   Besponse  (to equilibrium)    .
Temperature

Fiecommended  Operating  Bange
Maximum Temperature  Limit

Badial   Flux  Density        ........

PHYSICAL CHARACTERISTICS

Envelope  Material    ........
Wick  Material      ..........

Working  Fluid         .........

Standard  Active  Length   .....
Mechanical   Limits

Torque        ......    a    .    .    .

Bending.........a

Tension..........

Weight.............

Seal  Cover  (pinch-off )        .....

OUTLINE  DRAWING

Size  (inches)

3/16x6        1/4x6        1/2x6

.       55     .    .    .    75   .    .    .180     .........  Wmaximum

.        17     .    .    .    25   .    .    .       60     .........  Wmaximum

•           6     .    .    .10   .    .    .       20     .........   Wmaximum

0.85     .    .    0.55   .    .       0.42    .............  oC/W
...............     50seconds  (i/4  inch  diameter)

•.....................- 40°Cto+12ooC

.,.........................      200OC

_      .     _     _     -.--................          180W/in.2

........      stainlesssteel

........      stainlesssteel

..........       methanol

..........          6inches

.........    inch  pounds

.........    inch  pounds

............  pounds

............      grams

.....      thermally  inactive.
Caution:  Do not use seal  cover

for  mounting  or support.

MODEL  NO.
(A) (a) (C) (D)

Overall  Length Active  Length Pinch-Off Cover Diameter
(in.) (in.) ( in. ) (in.)

1350H018-6 6.4 6.0 0.32 0.18

1350H025-6 6.4 6.0 0.32 0.25

1350H050-6 6.4 6.0 0.32 0.50



PERFORMANCE CURVES
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DESIGN CONSIDERATIONS

A  simplified  heat  pipe  system  and  its  thermal  equivalent  are  shown  below to depict the areas of
concern  to  the  heat  pipe  user,  especially  in  the  area  of  thermal  resistance of a  heat  pipe system.
The   total   thermal    resistance   of   the   heat   pipe   (exterior  evaporator   surface  to   the  exterior
condenser)    is   given   in   the   ''Thermal   Characteristics"   section   of   this   data   sheet.   Additional
thermal  resistance  is  encountered  in the  interface to the heat pipe and within  the heat source and
heat  sink.  Care  should  be exercised to  insure  low thermal  resistance junctions to the heat pipe by
means of adequate mechanical  attachments and the use of thermal  paste.

HEAT PIPE SYSTEM

.,.,..,
1111111
xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxx

HEAT  SOuBCE

Fiffi
HEATSINK

THEPMAL  EQUIVALENT

Pt =  Ri|  +  Plhp +  F!i2  (°C/W)

ATi  (°C)  = Q(W)  x  Ftt = Ti  - T2

Example

Assume  one  wishes  to  find  the  temperature  of  a  heat  source dissipating 20 watts  through  a heat
pipe to air cooled  fins with  a  capacity of .5 W/in2/°C above ambient.  Further assumptions:

Ambient temperature   30°C
Horizontal  operation  of  1/4  inch stainless steel  and  methanol  heat pipe
Clamping area  on  source   1  inch
Clamping area  on  sink  1.5  inches
Interfaces having  .001  inch  layer of thermal  paste  (.05°C/W/in.2  given  by  manufacturer)

Thermal  resistance interface  ( Bi] ) .05
7rx  .25  x  1

-   .064:CIW

Thermal  resistance  heat pipe  (Bhp)  =   .55°C/W  (given  in  data sheet)

Thermal  resistence  interface  (Bi2)     = .05              =   .o42oC/W
7rx  .25  x  1.5

Total  resistance  Bt =  .064 + .55 + .042 =  .656°C/W

Temperature change source to sink  (  AT, )  = 20 W x  .656 =  13.12°C

An  additional   temperature  drop,  normally  the  most  significant  one,  will  be  found  between  the
sink  and  the  cooling  medium,  in  this  case  ambient  air.  This drop  (  AT2)  must  be added  to  AT,
to obtain the source temperature.

AT2- 20W =   33.97°C + 30°C  (ambient) = 63.97°C

.5  x   7r x  1.5  x  .25

The source 1:emperature  is   AT,   plus   AT2  or  77.09°C



DESIGN  CHECK  LIST

POTENTIAL PPOBLEM

Condenser    below    evaporator    -    Excessive
negative  inclination  of the evaporator-conden-
ser  longitudinal   axis  with  respect  to  horizon-
tal  plane

Exceeding rated  heat transport capacity

Exceeding  temperature ratings-Operating and
non-operating

Mechanical  loading  -  Excessive torque,  bend-
ing and tension

Hot    spots   at   evaporator   or   condenser   -
Excessive     radial     thermal    flux     density    or"dry-out"

Freezing

Excessive coupling resistance

Corrosion

PROBLEM  AVOIDANCE

Consult   "Maximum   Power   vs.   Orientation"
curve for capacity versus axis  inclination

Befer   to  "Badial   Flux   Density"  and   perfor-
mance curves for basic rating

Befer to ''Thermal  Characteristics" section

Pefer to ''Mechanical  Limits"

'`Dry-out,"   sometimes  inappropriately  called
"burn-out,"  is  a  reversible  condition  in which

the  wick-pumping  rate  is  insuff icient  to  sup-
ply  fluid  return  to  the  evaporator.  ("Befer to"Thermal  Characteristics''  section)

Prolonged  non-operating  exposure of the heat
pipe  to  temperatures below the freezing  point
of  the working fluid will  render  it  inoperative.
Normally    no    damage    will    result.    In    most
applications,   turning-on  equipment  power  in
the  usual  manner  will  thaw  the working fluid
and   restore   the   heat  pipe  to  full  operation.
Applications  involving  extremely  low temper-
atures   and    intermittent    high    radial    fluxes
should    be    discussed    with    our    engineering
department.

Care   should   be  exercised  to  secure  intimate
contact  at  mechanical-thermal  junctions.  Par-
ticular    attention    should    be    given    to    the
attachment   of  the  heat  source  to  the heat-
pipe  evaporator  and  the  heat-pipe  condenser
to  the  heat  sink  to  insure  low resistance  heat
paths.   Such   mechanical  bonds  may  be  ther-
mally    enhanced     by     the    use    of    suitable
heat-conductive   pastes   between   mating   sur-
faces.

The  usual  precautions  against  use  in  corrosive
environments   should  be  observed.   Dissimilar
base  metals  and  finishes,  widely  different  in
the   galvanic   series,   should   not   be   used   for
support  or coupling to the heat pipe transport
section, evaporator, or condenser.



TO ORDEFi SPECIFY MODEL  NUMBER

MODEL NUMBEft
THERMAL TRANSPORT DIAMETEP ACTIVE LENGTH

CAPACITY  (watts) (inches) (inches)JE

1350H018-6 17 3/16 6
1350H025-6 25 1/4 6
1350H050-6 60 1/2 6

*Contact factory for information on special  lengths from 4 to  12 inches

YOuB  LOCAL HUGHES  PIEPPESENTATIVE

I_-_--_____-_-_-___|

i    HUGHES    i    ELECTRON DYNAMICSDIVISION / 3100W.  LOMITA BLVD.TOBBANCE, CA. 90509 /TEL (213)  534-2121
I

L____-__.__________I
HUCHES   AlficfiAFT    COMPANY

Printed  in  U.S.A.-3-74



DESCRIPTION

The   1361H  flexible  stainless  steel  and  methanol
heat pipe is intended for a  wide  range  of  poten-
tial  apblications where  relative   motion   between
the heat source and the heat sink   is experienced.
Available   in   both   seven   inch   (Model    1361H-7)
and    eight   inch    (Model    1361H-8)    lengths,   this
unique heat  pipe can  be   usedwith   each   end   vi-
brating  at  different  amplitudes  or  with  one  end
stationary   and   the  other  moving.       Itis   alsoan
ideal  choice  for  heat  transfer  when  loops,  bends

or rearrangement of components isa requirement
or  for  retrofitting  equipment  with  unpredicted
hot  spots.

The  stainless  steel  envelope  can  be  bent from   a
straight  orientation  to  a  minimum  1-1/8  inch  in-
side    radius   of   curvature   and    may    be   flexed
in  all  radial  directions.  The  1361H  has  been  engi-
neered  to  avoid wick  bunching problems.



APPLICATloNS

The   1361H   heat   pipe   is  specifically   designed   to   solve   heat  transfer   problems   in:   (1)   vibration-
isolated   components;   (2)   breadboard   designs;   and,   (3)   equipment   reoriented   during   use.

FLEXIBLE  HEAT  PIPE

(VIBF}ATING  EQUIPMENT)

THERMAL CHARACTERISTICS

Thermal  Transport Capacity
Evaporator goo  Below Condenser. .  .
Horizontal  Operation ............,
Evaporator goo Above Condenser.  .  .

Thermal  Besistance  (horizontal  operation)
Thermal  Besponse  (to equilibrium) ......
Temperature

Becommended  Operating  Bange ....
Maximum Temperature  Limit ......

Fiadial   Flux  Density .................,

PHYSICAL CHARACTERISTICS

Envelope  Material .............
Wick  Material ................
Working  Fluid ................
Minimum  Bend  Badius .........
Standard Active  Length ........,
Weight......................

Seal  Cover  (Pinch-off ) ..........

FLEXIBLE  HEAT  PIPE

(AROUND OBSTRUCTloNS)

.  .   20W  Maximum
.    7.5WMaximum
.    2.5WMaximum
.......  1.fJ0c/w

.....  loo Seconds

. -400C to +1200C

.........     1250C

......   180W/in2

Stainless Steel
Stainless Steel
.  .  .    Methanol

...... ' .........  1-1/8  inches

.............   7  or  8  inches
(7")  18,  (8")  20 grams nominal

Caution:    Do not use seal  cover for mounting or support



PEF}FORMANCE CURVES

THERMAL TRANSPORT CAPACITY
versu s o R I E NTAT I O N
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HEAT PIPE  BENT goo
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OUTLINE  DRAWINGS

I

L'7oi€po5l

MODEL  NUMBEF` (A)  OVEf}ALL  LENGTH  (lN) (a)  ACTIVE  LENGTH  (lN)

136'H-7 7.4 i 0.3 7.0 i 0.2

1361H-8 8.4 i 0,3 8.0 ± 0.2

MOUNTING  INFORMATION

Flexibility    adds   a    new   dimension    in   options
open  to  the  user  of  a  heat  pipe. There are some
limitations,   however,   beyond   which   a  flexible
vacuum    structure    should    not    be    subjected.
Continuous   flexing   within   a   ±30  degree  angle
of   deflection  from  the  center  line  of  the  heat

pipe  has  been  successfully  tested  for over 5,000
cycles.   Flexing   tests   of   ±90   degrees  from  the
center   line   indicate  that  structural   damage  can
occur   after   a   very   few   cycles.   Upon   request,
Hughes  will   provide  engineering   assistance  and
mounting   recommendations  where  extreme  vi-
bration   or   continuous  flexing   is  a  requirement.

Your   Local   Representative

''.  HIJGHES   '',  EIEtmon D9namlc5 I]M1510n  THE;"NL pFroDuors 3`oo west L:om-na Boulevard, Torrance. ctl.ilorr\.ia gosoo. Tei (2i3) &34.2i2i

Printed    in    u.S.A.-3-74



DESCRIPTION

HUGHES   1370H  SERIES  of  copper  and  water           power    supplies,     missile    electronics,     electro-
heat   pipes   provide   passive  thermal  contro for          optica systems,   standard    electronic    modules
systems  which  demand  h-igh  reliabiljty  and ong           (SEMs),    and    many   other   space   and   militarY
ife.  Typical   ap plications  inc ude  cooling  of  cir-           thermal  control  requirements.

cuit  cards,  TWTs,  integrated  circuits,  solid-state

THERMAL CHARACTERISTICS:

•  Thermal  Resistance,  R  (a:='t=2)   .  .  .  .  .  .     .  .  .  .     .o.63

•   Temperature  Differential,  AT  (°C)  .  .  .  .  .  .  .  .  .  .  .Varies with  heat pipe  length and test
configuration, see examples

•  TransportCapacity,  QOLo  (watt-inches) .  .  .  .  .  .  .760   600   380   228195162     76

AtcondenserTilt(inches)   .................+14      +6      +3         0      -3      -6-14

•   Temperature  Range .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . Recommended  +50°C to +1 50°C
Maximum  Limit +2oo°c

Note-Toobtaintransportcapacityin'`watts",calculateasfollows:£=±

where  Lo and  L'   =   effective length of heat pipe, inches

Qo and Q'   =   heat pipe power, watts

Tilt -     =   thevertical height of the condenser end of the heat pipe with respect to the
evaporator end

Aoand A'   =   heattransferarea
Toand T'   =   temperature

_I

I

ft±±±±\x±\*`j[\x\^ greg    =±:+)eeeeeeeee€`e\eeed%{fi            tD'

I-                                           ,a,                           .I.  ,C,+

Model  No.
(A) (8) (C) (D)  DIAMETER

Overall  Length Active  Length Pinch-Off Cover inches  (cm)
inches  (cm) inches  (cm) inches  (cm) unground               Ground                      Plated

1370H025-6 6.4  (16.26) 6.0  (15.24) 0.32  (0.81 ) N/A                         N/A                 0.25  (0.635)

1370H025-10 10.50  (26.67) 9.77  (24.82) 0.70  (1.78) 0,25  (0.635)     0.244  (0.620)        0.245  (0.622)

1370 H025-14 14.23  (36.14) 13.50  (34.29) 0.70  (1.78) 0.25  (0.635)     0.2435  (0.618)      0.245  (0.622)

Note:     1370H025-6 heat pipes are only available nickel  plated

1370H025-10 and -14 heat pipes are available unground, ground, or cadmium  plated



HEAT PIPES
"OFF  THE  SHELF"

1370H SERIES
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HUGHES   AIRCRAFT   COMPANY

ELE[rnon Dynamics DIvi5ion

DESIGN CONSIDERATIONS:

Heat   pipe  performance  will   vary  with  1:est  set-up  conditions.  The  following  example  is  intended  to
relate performance as measured  in  our  laboratory set-up with  potential  user set-ups.

EXAMPLE:  Test data as reported  in this data sheet is based  on the following:

HEAT SOURCE                                                                                              HEAT SINK

|]               EVAPORATOB             I                                        I                       CONDENSEP                       [|            i:::::

(1326:'m)            L-(t°:'L:'):in)         -I-(6:6L:C')I-               (15:2i8c');in)             -I                (2'52';in)
14.23,,

(36.14 cm)Lo='/ale+La+%Lc=I.A(4)+2.6+%(6)I=7.6inches            AT of heat pipe surface = Tevap. -Tcond.

QOLo = 760  (at +14 inches condenser tilt)                                                ATo =  [R/Ao]  Qo

Q° =# = :|°e°ctYoani: :apppifj:¥i:=s:ra:Pa]c#ta, = 2o watts]         ATo = %.(3:2±2)#) = 1.6°C

lf  the same heat pipe is used  in a different arrangement, or a different  length  heat pipe is used,  changes
in  operation  occur.  Assume  e.g.,  the  following  test  set-up  at  a  negative  28  degrees  rotation  from  the
horizontal,  or a  tilt  of -3  inches:I                                                                                                             I--TiLT=-3 inches

EVAP.                                                                                                                                           COND.

HLt2:foe;,in,.L            t7::oa,;.in,        64„         .,.        t5;:oc;,in,        .H

( 16.26 cm)Now,thenewL'willbe=[%(1)+3+%(2)I                           lfthe heat pipe is subjectto 20watts;

=4.5 inches                                             AT` =  [R/A']  Q'

::L'  :  :;,::  =#=43.3wattscapac,ty                     :::::(i;:3)0()3)

Note: The  above  performance  predictions do  not  apply  for  cases where  the  condenser  or evaporator
lengths  are less than 0.5  inch.  Other effects will  come  into play which  lead to rapid  performance
degradation.

i   HUGH ES   i  fHfzrm difimarfu/BZ~  THERMAL pRODucTs 31oo west Lomita Boulevard, Torranee, california 9o5og, Tel (213) 517-6oooI

Printed  in  U.S.A. 2/82



DESCRIPTION

The   Hughes  Model   1388H  Thermal   Diode  Heat
Pipe    is   a    device   used   for   thermal   control   of
airborne  missile electronics.

During    subsonic    flight,     the    heat    pipe    cools
the    missile    electronics    by    transferring    waste
heat   to   the   skin    of   the   missile   and   then   re-

jecting  it to the atmosphere.

During  supersonic  flight,  the  heat  pipe  passively
switches  off  and  acts  as  a thermal  insulator thus
protecting    the    missile    electronics   from   aero-
dynamic heat.

This   passive   thermal    control    device   has   been
fully    qualified    and    successfully    flight    proven
for  missile environments.



1388H
THERMAL   DI0DE   HEAT   PIPE
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PERFORMANCE SPECIFICATIONS

Performance:       The   Hughes    1388H    heat   pipe
meets   the   performance   requirements   specified
below   at   coolant   temperatures  of   OOC,   300C
and  770C.

Heat   Carrying   Capacity:      This   unit   will   carry
150  Watts  heat   load  at  any  condenser  temper-
ature    from    OOC    to    770C    with   a    maximum
diode  evaporator-to-condenser  AT  of  9°C  with
an  axial   loading.

Time    Response:       The   heat   pipe   will   achieve
its  maximum   AT  between  evaporator  and  con-
denser   while   carrying   a    150   Watt   load   in   less
than    90    seconds.    Transition    f rom    operating
to   non-operating   mode   will   result   in   less  than

a   50C   temperature   rise   of   the   evaporator   in
120   seconds   when   attached   to   a   five   pound
mass   aluminum    heat   sink   having   a   maximum

surface area  of 300 square  inches.

Switching    Point:        Transition   from   operating
to    non-operating    will    occur    when    the    con-
denser    temperature    exceeds    the    evaporator
temperature.

Temperature   Ranges:      The   heat   pipe  will   not
show  evidence  of  physical   damage  or  perform-
ance   degradation   when   exposed   to   a   temper-
ature  range of -450C  to  1100C.

Weight:    Less than  2  pounds  (0.9  kg).

I_---_-----__--.--_I

iHUGHES!£Jftrm4jrJlawl/tr4m©p.o.Box2999,Torrance,ca"forniago5og,Tei(213)5i7€ooo
''
L.___.__.__-_______J
HUCHES   AlficpAFT   COMPANy

Printed  in  U.S.A.  4/83 AL
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7000
SPLIT-STIRLING   COOLER

D ESC R I PT I o N

THE     HUGHES     MODEL    7000H     1-WATT
SPLIT-STIF}LING      CRYOGENIC     COOLEP
is   fully   qualified    to   typical    U.S.    Air    Force

missile  environments.

Key   features  of  this  cooler  include  construc-
tion  which   is  hermetically  sealed  and  capable

of  maintaining  a  helium  charge  pressure  for a
minimum  of  10  years.

In   addition,  this  unit   is  currently   in   full  scale

production  and  is available with  either a  brush
or brushless type  DC  motor.



7000H
SPLIT-STIRLING   COOLER
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70cOH COOLER
TYPICAL AMBIENT TEMPEF!ATURE  (23°C)

LOAD CURVES

CONFIGURATloN

7000H-1.                                                                                                                                   ..brush  type  Dc  motor

7000H-2   ............   brushless  type  DC  motor

PERFORMANCE SPECIFICATIONS#

Cooling  capacity ........ see  figure  1

Cooldown  Time  (for typical  detector  package)  .........   <3  minutes

Power  F3equired  (typical  -23°C  ambient)  .........  55 watts @ 0.5 watt  load  and  74°K

Weight ....  <7  pounds  (3.2  kg)

Operating Ambient..                                                                                                               _5o0c to+6o°C

*Performance specifications noted above are for a transfer line length of 22 inches.

Special  lengths are available upon request.
r_-__--_-____-__--_|

!HUGHEslf[ffmon4Er"whwlt5muffl4WcRvoGENlcsDEPARTMENTp.o.Box2999,Torrance,californiago5og,Te„i3)5i7€ooo
lt

L______-___________J
lluGllES    AlflcFiAFT    COMPANY
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DESCRIPTION

THE     HUGHES    MODEL    7009H    74-WATT
INTEGPIAL-STIRLING      CRYOENGINE      is

designed   to  satisfy   the  cooling   requirements
of  the  standard   60-element   U.S.   Army  com-
mon  module detector.

portant    features    of    this    cooler    include
brushless    DC    motor    with    commutation

_1

electronics    fully    enclosed    within    the   com-

pressor     housing    and     its     highly     balanced,
low   vibration,    acoustically    quiet   operation.

These   features   will   benefit  system   designers

in     controlling     cooler-induced     EMl,     micro-

phonics,  and  noise  levels.



7009H
INTEGRAL-STIRLING  COOLER

HUGHEsi
HUGHES   AIRCRAFT   COMPANY
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DESCRIPTION

THE      HUGHES     MODEL     7012H      1-WATT
I NTE GBA L-STI RL I N G  C RYOG E N I C COO LE Fi
meets  or  exceeds  the  performance  and  config-
ural:ion  requirements  of  the  U.S.  Army  "Com-
mon  Module" cooler specification M I L-C-49175
( H D-1033B/UA) .

This   particular   cooler   is   currently   integrated
with    Army    Common   Module   Detectors   for
infrared  night sights  in  tank  applications.

Hughes  engineering  has  designed   low  vibration

and     acoustically    quiet    features    into    these

production  units.

These  units  are  now  available  with  a  choice  of
two  motor  configurations. The -1  units have an
AC   motor  while  the  -2   configuration   is  avail-
able  with  a  brushless  DC  motor.  The  perform-
ance   specifications  as  outlined  on  the  reverse
side   are  the  same  for  both  the  -1   and  the  -2
configuration.



INTEGRAL-STIRLING   COOLER
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7012H COOLER
TYPICAL  LOAD CURVE

40         50         60          70          80

COLD  END  TEMPEBATUBE  (°K)

CONFIGURATION

7012H-1.                                                                                                                                                     ..withAc  motor

7012H-2   .....................   with  DC  brushless  motor

PER FORMANCE SPECI FICATIONS

Cooling  Capacity .................     1.0   W   minimum   @   80°K   and   room   temperature

Cooldown  Time  (100° K)    ........ <   10  minutes  ( 11.2 grams  of copper mass)

Power  F3equired .............   50  W  maximum

Weight ..........,..................................   3.7   pounds   (1.68   kg)

Operating  Ambient  ........- 54°C  to  +71 °C

r-_________________|

i HUGHEs i f[f"n 4Emams~  cRvoGENICS DEPARTMENT p.o. Box 2999, Torrance, california go5og, Tel (213) 517€ooo
L__________________J
HU6HES   ^lF.CFl^FT   COMP^NV

PRINTED  IN  U.S.A.11/83  P/S
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7014H
SPLITISTIRLING  COOLER

DESCRIPTION

THE     HUGHES    MODEL    7014H    1/4-WATT
spLiT-sTmLING     cRyoGENic    cooLER
is  designated   as  a  "Common  Module"  cooler
which  meets  or  exceeds  the  performance  and
configuration   requirements  of  the  latest  U.S.
Army     specifications.     Typical     applications
of this cooler  include  infrared  sights for 1:anks,
helicopters,    and    other   military   night   vision

equipment  where  optimization  of  weight  and
size  is  desirable.

The  expander  assembly  has  a  unique  feature
involving   a   self-aligning   flange   which   allows

proper    alignment    between    the   cold    finger
and    the   dewar.    This   feature    is   graphically
outlined  on  the  reverse side.

Additional   key  features  include  a  17.5 ±  0.5
VDC  brushless  motor  with  hybrid  electronics
both   fully   contained   within  the  compressor
housing.



701 4H
SPLIT-STIRLING  COOLER

I---_-----_--_-____|
'1

HUGHES:
L__________________J
HUGHES   AIRCPAF.T   COMPANY

EiEcrron Dgnamlc5 DIIilslon

3.425"
(8.70  cm)                                                                                                            TBANSFER  LINE

EXPANDE=E±::;±,             ,=T67;ooo:16;:,cf,            ,            ,4,5Z,8:5m2;g

I0"cm)

1111111111111111111±-I-11--
T(204i56:;,

('4745!o:'m¢)COMPF`ESSOF3ELECTFHCALLEADS

''
LJ

11111
HELIUMFILLPOBT0.488"(1.24cm)

5.380„
(13.67  cm)

_I`SELF-ALIGNING  FLANGE

+   +?6'4625';in)

7014H  COOLEPI
LOAD  CUPVE

30          40          50          60          70           80
COLD  END  TEMPEBATUF]E  (°K)

PERFORMANCE SPECI FICATIONS'e

Cooling  Capacity .................   0.4 W  minimum  @ 85°K  and  room  temperature

Cooldown  Time ............................ < 10  minutes  (120 joules)

Power  F]equired ................................. 30  W  maximum  @  17.5  ±  0.5  VDC

Weight ..,....,....,........................  <2.5  pounds   (1.14   kg)

Operating Ambient  ........- 40°C to +71 °C

*Performance specifications noted above are for a transfer line length of 6".

Special  lengths are available upon request.

r----_-_-__________I

!HUGHEsiffif-4E~4y©CRVoGENlcsDEPARTMENTP.O.Box2999,To„ance,California9o509.Tel(213)517-6ooo
'
L__________________J
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DESCRIPTION

The   Hughes   1395H   Series  of  Variable  Conduc-
tance   Heat   Pipes  was  designed  for  space  appli-
cations.    Heat    pipes   bridge    the    gap    between
thermal   conduction   and   pumped   coolants   for
heat   removal   from   concentrated   heat   sources,
such   as   in   traveling-wave  tubes.   These  variable
conductance  heat  pipes  are  designed  {o vary the
effective    radiator   area    on    a    spacecraft   as   a
function    of    power    and   heat   sink   variations.
Since    heat    pipes    are    passive   devices,   this   is
accomplished without the use of moving parts or
electronic controls.

The   Hughes   variable   conductance   heat   pipe  is
designed   for   low  cost  and   high   reliability.   The.
envelope   and    wick    material    is   stainless   steel
offering  low  thermal  conductance  in  the  transi-
tion  zones  for a  turn-down  ratio on the order of

6,000  to  1.  This  is done without joining dissimi-
lar  materials  in  the  heat  pipe  wall,  and  without
machining   thin-wall    sections.   The   pipe   design
offers   high   thermal   transport   capacity  at   rela-
tively   high   tilt  angles.   This  reduces  the  leveling
requirements  in spacecraft ground testing, which
reduces overall  cost.

The  heat  pipe  working  fluid  is  ammonia  which
has  excellent  compatibility  with  stainless  steel.
The    advantage    of    ammonia    over    methanol,
which   may   also  be  used   as  a  working  fluid   in
stainless   steel   heat   pipes,   is  its  higher  thermal
transport  capability  over  the  operating tempera-
ture    range.    Any    number   of   bends   may    be
incorporated  into  the  heat  pipe  to meet specific
design  requirements.



SPECIFICATIONS*

Envelope Material     .......

Wick  Material       ,..,.....

Working  Fluid          ........

Control  Gas      ..........

Thermal  Transport capacity       .
Becommended  Operating  Bange
Badial  Flux  capability        ....

Thermal  conductance        ....
Vaporcorevolume(Vc)     .   .   .
Minimum  Bend  Badius       ....

Weight............

............      stainlesssteel

............      stainlesssteel

..............       ammonia

argon  (other inert gases may be used)
.   .   .     seetypical  performancecurves
.   .     -103to+194°F(-75to+9o°c)
......  17W/.in2   (2.6IN|c:m2)"
...........      seetablebelow

.   .   .     0.0445  in3/in  (0.287  cm3/cm)

...........   2.5in   (6.35cm)

...........     seetablebelow

*All   specifications   are   subject  to  change   without  prior   notice.
**Maximum   value   measured   to  date.

OUTLINE  DRAWING

FILL TUBE                    TPANSITION TPANSITION

MODEL
L A a C D

THERMALCONDUCTANCE

w E I G H T i,INCHES INCHES INCHES INCHES INCHES (watt/Oc)

NO. (METEF!S) (METERS) (METEPIS) (METEBS) (METEBS) FULL-ON FULL-OFF POUNDS  (Kg)

1395H-10 39.4  ( 1.0) 6.0  (0.15) 7.5  (0.19) 39.0  (0.99) AS  BEQUIPIED 54 0.014 0.75  (0.34)

1395H-20 59.0 ( 1.5) 9.5  (0..24) 1 1.0  (0.28) 58.0  (1.47) AS  BEQUIBED 84 0.014 1.10  (0.50)

1395H-30 89.0 (2.25) 18.0  (0.46) 19.5  (0.50) 87.5  (2.22) AS  F}EQUIPED 152 0.014 1.70  (0.77)

*Weight  does  not  include  reservoir.
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Introduction to EDD
Hughes Aircraft Company, Electron Dynamics Division, is
an established leader in the development and manufacture
of Traveling-Wave Tubes ITWT's), Traveling-Wave Tube
Amplifiers, and Subsystems for military, space, and com-
mercial communications. Since the late  1950's, this
division has developed technologies and hardware at the
component and subsystem levels to meet the most de-
manding requirements of virtually every type of communi-
cation, radar, and ECM systems.

In earlier days, technologies and resources were
devoted to space and high power military TWT applica-
tions. More recently, increased efforts have been devoted
to high reliability space qualified TWT Amplifiers ITWTA's)
and power amplifiers for use in satellite earth stations.
Today, Electron Dynamics Division offers a wide range of
TWT's, power amplifiers, and subsystems meeting the
performance and interface requirements for satellite uplink
service. Its products range from smaller amplifiers for use
in remote earth terminals to redundant high power ampli-
fier subsystems and multi-kilowatt TWT's for major, high
traffic density, earth stations. Current and past programs
include: Syncom, ATS,  DSCS 11  & Ill,  INTELSAT IV AND V,
PCA SATCOM, TDPSS, SBS, CTS, JCS, HT/MT, OTS, AN I K,
SBS, Alaska, Indonesia, Brazil, and Space Shuttle. Our
customers are major system manufacturers, common
carriers, Government agencies, and satellite system
operators around the world.

We invite you and your company to lean on the leader
in TWT and power amplifier technology to meet your
satellite communication TWT and subsystem requirements.

u

u

®
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Satellite Transponder Shelf Space qualified traveling
wave tubes and amplifiers mounted on the communi-
cation shelf of a typical domestic satellite.

(far left and center) Launch of Communications
Satellites into synchronous orbits 22,000 miles above
the Equator. Typically include 12 to 24 space qualified
TWTamplifiers.

(left) Model 9740H02 Typical Pedundant High Power
Amplifier Subsystem including two (2) 400 Watt HPA's
and a redundant control unit to facilitate switch over
from an on-line amplifier to stand-by ampl`ifier.

@elow) Communications satellites undergoing final
checkout. Contain primary communication platforms
and suppert functions.

•         Two decades of
leadership

Model 1288H Space qualified
traveling-wave tube amplifier.
Includes electronic power
conditioner, ll^/T, and interface
circuitry in a light weight (3.75
pounds) package. This 5W 4 GHz
ll^/TA has a design life of seven
years. Forty€ight of the amplifiers
are currently in orbit providing
domestic communication service.

Model 881 H TWT. This helix ll^/T
features PPM focusing, air ccoling
and provides greater than 250
watts of BF output power at 14.0 to
14.5 GHz. The depressed collector
improves efficiency and reduces
heat dissipation. Its un.ique design
permits operations in standby with
reduced heater power and pro-
vides long life with field replace-
ment without power supply adjust-
ments.

Model 876H TWT. 700 watt
coupled cavity traveling -wave
tube at 14.0 to 14.5 GHz. A PPM
focused, air ccoled ll^/T for
satellite earth terminals. Efficiency
greater than 40 0/a . Consertive
design and dual ion pumps insure
long operational and shelf life.



Model 9740H02 AII Hughes pewer amplifiers and
subsystems offer a wide range of features and
configurations to meet Individual requirements.
Subsystem operation and control can use a
single "one button" approach or via a local or
remote panel offering a number of alarms,
controls, and diagnostic features. Also available
in  ``fail soft:' power combined configuration.

(above) Extensive Environmental testing is
performed on all communication amplifiers
and subsystems to verify design and
performance.

(immediate right) BF, power supply, and
subsystem assembly and integration require
special skills and experience to ensure a
quality and reliable end product.

Lean on the leader
for high power

amplifiers

Two (2) h'gh power amplifiers are easily integrated with a redundant
control unit to provide automatic, manlJal, or remote selection of the
on-line amplifier. This unit, shown without optional power monitor,
features a removable subchassis for servicing and manual control of
its waveguide transfer switch .

Complete subsystem integra-
tion services are offered prior
to delivery. A "drop-in" sub-
system simplifies earth station
integration.

0



Use of modules and removable
printed circuit boards enhances
H PA's serviceability.

@elow) Boutine maintenance and
servicing of H PA's and Subsystems
requires a high degree of acces-
sibility. Slide mounted chassis and
sub€hassis reduces MITB and
permits on-line adjustments of
many functions.

Dcoumentation and Design flexibility are required to meet
specific systems requirements. Deviations from standard
configurations may include adding a set of relay contacts,
addition of a motor driven attenuator, a remote control panel, BF
power combining , etc.

(left) An electronic power conditioner is integrated with
an PF unit to form this 400 Watt High Power Amplifier.
Bemote and local monitor, alarm, and control function
offered by the Model 9240H02 simplify system
integration.

(second left) ll^/T's are assembled in special clean
rcom areas.

(third left) Trained technicians and craftsmen insure the
highest quality BF assemblies.

Eiin

Model 662H TWT. This helix
traveling-wave tube features the
Hughes all metal ceramic construc-
tion. This PPM focused, air ccoled
T\^/T offers, like other Hughes

Ir::C::ots#:ab:e:S7f6a%uFf¥eu:#'ng
proit3ction. Electrical and mechani-
cal characteristics are similar to the
Model 881H making both tubes

S3r|%'s:gwn':+Res:n692eH¥r¥v:aes
400 watts of CW BF power over
5.925.6.425 GHz.

Model 9640H02 Low power                      Model 9040H02 Many small earth terminals require custom power
amplifiers and redundant subsys-              amplifier configurations for remote or bush type satellite systems.
terns are designed for use in small            Actual field experience has shown MTBF to be greater than 50,000
or lowtrafficdensityearth terminals.         hours.
Controls for LNA redundancy have
been added to this subsystem
to simplify the customers system
integratlon.



(above) A 14 GHz power amplifier provides 20 Watts of PF
output for this transportable terminal. The small power
amplifier is housed in a weatherized housing adjacent to the
antenna and controlled in a remote panel.

(second from top) Small transpor[able earth terminals using
the Hughes power amplifiers are used for oil exploration in
Cfanada.

(far left) A small bush terminal in  Kiana,
Alaska, is one of more than 100 similar earth
stations using a compact, Hughes built, 40
Watt power amplifier.

(left) Hughes 400 watt, 6 GHz HPA provides
video up-link service in transportable earth
terminal.

@elow) Large earth stations such as the DCL
site in Maryland use the Hughes 400 Watt
TWT's and high power amplifiers.

Proven
around

the world

Model 1273H. Electronic Power
Conditioner (EPC) offers special
controls and logic interfaces for
14 GHz BF terminals. Il\^/T
voltages are programmed by the
tubes permitting field replace-
ment without power supply
adjustment. This three phase, 2
KVA power supply weighs less
than 85 pounds.

Over 200 Hughes power amplifiers
operating at 14 GHz will scon be used
for satellite distribution of business
telephoning, data, and video communi-
cation throughout North America.

Lower power traveling.wave tubes are
often required for small or "thin route"
earth terminals. This 50 Watt 6 GHz
l\^/T has an MTBF of greater than
170,000 hours based on a 90 0/o confi-
dence factor in actual field experience.
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DESCRIPTloN

The   Hughes  Model  662H  traveling-wave  tube
is  designed   for  use   in  satellite  earth  terminal
transmitters.     It    is    capable    of    more    than
400  watts  of  CW  BF  output  power  over  the
frequency    range   of    5.925   to   6.425   GHz.
Design  and  construction  of  this  tube  is  based
on   Hughes'  experience   in  the  production  of
high  power CW  tubes  (output  powers greater
than  1000  watts)  and space qualified commu-
nications   tubes   that   have   won   world-wide
recognition   for   quality   and   reliability.   The
tube    is   constructed   of   metal-ceramic   with
PPM  focusing and  forced-air cooling.  A  modu-
lating   anode   is  utilized  for  fast  turn-on  and
turn-off  of  beam  current  during  normal  oper-
ating  sequencing  and   under  fault  conditions.

A   standard   '`Pierce"   design   is   used   for   the
electron  gun  and  the collector  is a single stage
depressed   type  incorporating  integral  fins for
flow-through  forced-air  cooling.   Alnico  Vlll

magnets  provide  the  focusing  field.  The  helix
circuit   is  supported  on  three  beryllia  support
rods  that  are  coated  at  their  center  sections
with   pyrolytic  carbon  to  provide  exceptional
gain    stability.    The    helix    rod   and   support
assembly  is  mounted  in  a  barrel  incorporating
integral   pole   pieces  for  the  periodic  magnet
focusing   system.    Compression    contact   be-
tween  the  barrel,   rods  and   helix  provides an
excellent   heat   transfer   path   from   the   helix
to  the  tube  body.   The  tube  body  is conduc-
tion-cooled  via  its base-plate support.

The  Model  662H  offers  a  low profile package
with  heat  clef lectors  for  horizontal  or vertical
air    flow    (input   and    output).    A    threaded
insert  is  provided   at  the  tube  collector  for  a
thermal  sensor.  Detailed  communication  per-
formance   characteristics   and    test   data   are
available  upon   request.
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SPECIFICATloNS*

RF

Frequency..........

Power  Output   ........

Duty  Cycle ..........

Bandwidth....,.....

Gain  at  Fated  Power  Output
Gain at 100 W Power Output
Gain  Variation   ........

Gain   Slope ..........

Noise    Figure .........

AM/PM    Conversion   .....

Spurious  Outputs   ......
Phase   Sensitivity     ......

Input vswB  .........

Load   VSWB  .........

Harmonic  Output   ......
Efficiency..........

5.925-6.425   GHz   minimum
.......    400Wminimum

----.-......-.      C;IN

.....      500  MHz  minimum

.......     40dBminimum

.......     45dB  minimum

±0.8   dB   maximum,   500   MHz

.   .      0.05  dB/MHz    maximum

......       35   dB   maximum

.......    50/dBmaximum

......- 70dBcminimum

......        o.750/Vnominal
2.0:1  maximum

1.5:1  maximum for specification compliance.   2.0: 1  maximum without damage
...................- 10  dBc  maximum  atratedoutpu[power
.     _     .     _     _     ....     _     ........................      25°/onominal

ELECTFtlcAL

Heater  Current     ..........

Heater   Voltage    ..........

Cathode  Voltage  (EK)      ......

Cathode  Current  (lK)    .......

Anode   Voltage    (Ea) ........

Anode   Current   (la)   ........

Body   Current   (Helix   Current,   lw)

Collector  Voltage  (Eb) .......

Collector  current  (lb)   .......

MECHANICAL

Size...........-....

Weight...............

Input  Connector  ..........

Output  Connector  .........
Power connectors   .........
Cooling..............

ENVIRONMENTAL

Operating
Temperature   Bange     ......
Altitude.............

Nan-Operating
Temperature..........

Altitude.............

*Subject  to   change   without   notice.

..........       2.Omaximum

..........    6.3   V   nominal

........- 7.5to-8.3kvdc

........  420   rnA   maximum

...........    100-400   Vdc

........    1.0   rnA   maximum

........       20  rnA  maximum

50% ±5°/o  of  cathode voltage  (EK)
........ 420   rnA   maximum

.........   see    outline    drawing

....     10   pounds   (4.5   kg)    nominal

............       SMA  (female)

.......      CMB-137F   W/G  flange

Alden  type  8112M  (2)  or  flying  leads
..............         forced  air

............   0-500c

.  up  to  10,000 feet  (3.05  kin)

.......- 500C  to  +850C
up  to  50,000  feet  (15.25  kin)
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DESCRIPTloN

The   Hughes  Model  677H  traveling-wave  tube
is  designed   for  use   in  satellite  earth  terminal
transmitters.   It   is  capable  of  more  than  125
watts   of   CW    BF    output    power   over   the
frequency    range   of    5.925   to   6.425   GHz.
Design  and  construction  of  this  tube  is  based
on   Hughes'  experience  in  the  production  of
space    qualified   communications   tubes   that
have  won  world-wide  recognition  for  quality
and    reliability.   The   tube    is   constructed   of
metal-ceramic  with  PPM focusing and  conduc-
tion   cooling.   A   modulating  anode   is  utilized
for  fast  turn-on  and  turn-off  of  beam current
during     normal     operating     sequencing     and
under fault conditions.

A  standard   ''Pierce"   design   is   used   for   the
electron  gun  and  the collector  is a single stage

depressed   type   with   conduction   cooling   to
the   baseplate.   Alnico   VIIl    magnets   provide
the   focusing   field.   The   helix   circuit   is  sup-

ported  on  1:hree  beryllia  support rods that are
coated   at   their   center   sections   with   pyro-
lytic    carbon    to    provide    exceptional    gain
stability.  The  helix  rod  and  support assembly
is  mounted   in  a  barrel.  Compression  contact
between   the   barrel,   rods  and  helix   provides
an  excellent  heat  transfer  path from the helix
to the tube body.

The  Model  677H  offers  a  low profile package
with  coaxial  input and output  BF connectors.
Detailed    communication   performance   char-
acl:eristics   and   test   data   are   available   upon
request.



SPECIFICATIONS#

riF
Frequency...............

Power  Output .............

Duty  Cycle ...............

Bandwidl:h...............

Gain at  F}atad  Power Output  .  .  .
Gain  at  10 W  Power  Output ....
Gain  Stability  .............

Gain  Variation  (peak-to-peak)   .  .
Gain  Slope ...............

Group  Delay
Linear...........--...

Parabolic..............

F3ipple.-............--

Noise  Figure ..............

AM/PM  Conversion  .........
Spurious  Outputs   ..........
Phase Sensitivity  (cathode)  ....
Amplitude Sensitivity  (cathode) .
Input  VSWB ..............

Load  VSWP  ..............

Harmonic Output   ..........
Efficiency...............

....-..-.....-..-................   5.925-6.425  GHz  minimum

I.---.-...................................    125W  minimum

..............-----.-....--.......--------..-.-....   CAN

.......................................    500  MHz  minimum

I.--....-.......-........................     42  dB  minimum

I   .........................................     49  dB  minimum

--......--.--.............................     ±0.1   dB/24  hrs

.................................      2.0  dB  maximum,  500  MHz

............................... 0.03  dB/MHz  maximum/36  MHz

:  :   :  :  :  :  :  :  :  :   :  :  :  :   :  :   :   :  :  :   :  :   :   :  :   :  :  :   :   :  :   :  :   :   :  :   :   :  :  :   :  .a.o°5Tnsnes:/C(MH!Z

-..-...-...-..-.........................     1.0  nsec  (pk  -pk)

•-....-.--.--....-.......................    35dB  maximum

........................................   4.5°/dB  maximum

-.......-....-..........................- 70  dBc  minimum

..........................................   1.o°/V  nominal

......................................     0.015  dB/V  nominal

.........................................      2.0:1   maximum

1.5:1   maximum for specification compliance.   2.0:1   maximum without damage
........................- 10 dBc  maximum  at  rated  output  power
............................................ 25°/o  nominal

lntermodulation  2  Equal  Carriers @ 36 dBm .

ELECTRICAL

Heater  Current  ....................

Heater  Voltage  ....................

Cathode  Voltage  (E K)   ...............

Cathode  Current  (I K) ................

Anode  Voltage  (Ea)  .................
Anode  Current  (la)   ...........,.....

Body  Current  (Helix  Current,  lw) ........
Collector  Voltage  (Eb)  ...............

Collector  Current  (lb)    ...............

MECHANICAL

Size..-.......-....-..,.-...--.

Weight...-.........-.........--

Input  Connector  ...................

Output  Connector ..................
Power  Connectors  ..................
Cooling-.....-..................

ENVI RONMENTAL
Operating

Temperature  Bange  (base plate)  .......
Altitude...................-..

Non-Operating
Temperature....................

Altitude...-.....-..-...-.....

t¢Subjec{ to  change without notice.

-25 d Bc

............ 2.0  A  maximum

•.......      6.3 ±  0.3 V  nominal
............ 5.8 to  6.4  kvdc
..........  170  rnA  maximum

.............. 100400  Vdc

..........    1.5  rnA  maximum
-.........     10  rnA  maximum

52% ± 2% of cathode voltage  (E K)
..........  170  rnA  maximum

........ see outline drawing

.  .7.5  pounds  (3.4  kg)  nominal

...........   SMA  (female)

..........  type  N  (female)

.............  flying  leads

130  CFM  forced  air @ sea  level

....-.....-..      0-110OC

.  .up to  10,000 feet  (3.05 kin)

.........    _4o°c to +7o°c

. up to 50,000 feet  (15.25  kin)

E=



TYPICAL PERFORMANCE CURVES

ZiiE

ill-

TYPICAL SMALL SIGNAL GAIN  VS.  FF}EQUENCY

6.025                  6.125                  6.225                   6.325
FBEQUENCY  (GHz)

TYPICAL  POWEF{  OUTPUT VS.  FPIEQUENCY

6.025                6.125                 6.225                 6.325                 6.425
FREQUENCY  (GHz)

TYPICAL PHASE  VABIATION  WITH  RF  INPUT  DFHVE

+40
-20 -15                            -10                             i5

RF  POWEPI  INPUT  IN dB  PIELATIVE TO SATUBATION

TYPICAL  INTERMODULATION  DIST0BTION

-26     -22       -18      -14       -10        -6         -2       +2
DPIVE  PIELATIVE T0 SATUBATION  (dB)



OUTLINE  DRAWING

DC  LEADS  18"  (45.7 cm)  LONG  MINIMUM

a                             f=                              PI                              FI                              I)                              F?

Tt736!°c`L(5.6cm)-±----E---
|E,                                          lc±                                          \=                                            1±                                           1=                                           1\

17.00" ± 0.04
(43.2 cm)

10.28'.± 0.04                                               I       3.40''± 0.04

±SMAFEMALE    (26. Cm+ypEN FEMALEI    (8.64Cm)I'i Firi
1'©©©©©©

Your Local  Representative:

111111 .17„ ±  0.04
(8.05 cm)

ImEiEH+HT.E  I

0.15„ ±  0.010
(0.38 cm)
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DESCRIPTION

The  Hughes   Model  881H  traveling-wave  tube
is  designed   for  use   in  satellite  earth  terminal
transmitters.      The   881H   TWT   is  capable  of
more  than  250 watts of CW BF  output power
over   the   frequency    range   of    14.0   to   14.5
GHz.      Design  and   construction   of  this  tube
is  based  on  Hughes'  experience  in the produc-
tion  of  high  power  CW  tubes  (output  powers
greater  than   1000  watts)  and  space  qualified
communications  tubes  that   have  won  world-
wide   recognition   for   quality   and   reliability.
The    881H    TWT    is   constructed    of    metal-
ceramic   with    PPM    focusing   and    forced-air
cooling.     A   modulating  anode   is  utilized  for
fast   turn-on   and   turn-off   of   beam   current
during     normal     operating     sequencing     and
under fault conditions.

The  881H  offers  internal  programming  assur-
ing   a    proper   TWT/power   supply    interface
and    simplifying    field    maintenance.    Anode,

cathode  and   heater  voltage  can  be  automati-
cally   set  when   using  a  programmable  power
supply   design.    Long    projected   cathode   life
of   25,000   to   35,000   hours   insures   low  life
cycle  costs.  An  ion  pump  is  included  to assure
vacuum   integrity   during   the   long   life  of  the
tube.  The  collector  is  a  single  stage depressed
type    incorporating     integral    fins    for    flow-
through   forced-air  cooling.   Samarium   cobalt
magnets  provide  the  focusing  field.  The  helix
is  supported  on  beryllia  rods that  are  coated
at  their  center  sections with  pyrolytic carbon
to provide exceptional  gain  stability,  The tube
body   is  conduction  cooled   through   its  base-
plate   support.   An   integral   collector  thermal
switch    is    provided    to   allow   tube   turn-off
under excessive temperature conditions.

Detailed  communication  performance  charac-
teristics   and    test    data    are    available    upon
request.



SPECIFICATIONS*

FZF

Frequency.......
Power Output  .  .
Duty  Cycle  .  .
Bandwidth.....
Gain  at  Bated  Power Output.  .
Small  Signal   Gain    ..........

Small  Signal  Gain  Variation.  .  .
Small  Signal  Gain  Slope .....
Power Stability  .  .
Noise   Figure       .............

AM/PM  Conversion  .......
Phase Sensitivity  (beam  voltage)
I nput  VSWF3   ........

Load  VSWR    ....

.....................,.    14.0-14.5  GHz

....................... 250W  minimum

•....-.............-.............  CIN

......,.............    500  MHz  minimum

........................   45  dB   typical

...........,...........  46  dB  minimum

......  0.35 dB  maximum/50 MHz
:  :  :  :  :  ..  :  .......... 0.015  dB/MHz  maximum

..... ± 0.25 dB/24  hrs
....................... 37  dB  maximum

......................    50/dB  maximum

.........................  |°/V   nominal

.......................   2.0:1    maximum

.1.3: 1   maximum  for specification  compliance
2.0: 1  maximum without damage

Harmonic  Output  .............................- 10 dBc  maximum  at  rated  output  power
Efficiency.  ,                                                                                                                                                                    .   25°/o  nominal
IM  (3rd  order two equal  carriers,  25 W each)

ELECTRICAL
Heatercurrent   .
Heater  Voltage   .....
Cathode  Voltage  (Ek)   :   :   :  ..-...........

Cathode  Current  (lk)  ....   :   :   :   :   :   ..   :   :   :   :   :   :   :   :

Anode Voltage  (Ea).  .  .
Anode  Current  (la)   .   .   .   :   :   :   :   :   :   :   :

Body  Current  (Helix  Current,  lw)   :  :  :  :  ..  :  :  :
Collector  Voltage  (Eb)    ................

Collector Current  ( lb)   ............

Ion  Pump  Voltage  ....................

Ion  Pump  Current .  .

MECHANICAL
Size  .   .
Weight.  .
I nput  Connector  ........
Output Connector ......
Power Connector ....
Cool ing  ....
Therma I  sw it;i .C;c;r;r;e.c.t6 ;

-25 dB typical

.............     2.0  A  maximum

...............    6.3  V   nominal

...........   8.4  to  8.8  kvdc
............  300  rnA  maximum
................. 50-550  Vdc
............    1.0  rnA  maximum
.............  10  rnA  maximum
.53% ±   5% of cathode voltage  (Ek)
............  300  rnA  maximum
.....................    3.4   kv

3 #A at operating maximum,  0.5 4tA surge

.... see  outline drawing
pounds  (5.0  kg)  nominal
....  WF3-75 W/G  f lange

.     WB-75W/G  flange
:  :  .  AMP  P/N  861647-7
.  . ,forced  air  ( 100 CFM)
.-......... DEMA-9P

ENVIRONMENTAL
Operating

Temperature  Bange ....
Altitude......-......

Non-Operating
Temperature  .  .
A lt itude ..................

*Subject to change without notice.

......  0-500c
.  .up to  10,000 feet  (3.05  kin)

......- 5o°C to +85°C
.up to  50,000 feet  ( 15.25  kin)

E=
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MODEL 9020H04F!,14.0 -14.5 GHz, 20 Watts

FEATURES
•  Designed for Continuous  Unattended  Operation
•   High   F3eliabili{y

•  Lightweight-Compact
•  Prol:ective  Features
•  Low Power Consumption
•  Specifically  Con figured  for Satellite  Earth  Terminals

•  AC or  DC  Input  Power
•  Bugged  Metal-Ceramic Traveling-Wave Tube
•  Integral  Cooling  System
•  Coaxial  or Waveguide  Inputs/Outputs
•  Full  One Year Warranty -No  Hour  Limit



DESCRIPTloN

Hughes   Communications   Amplifiers   are   specifically
con figured    for    use    as    output   amplifiers    in   small
capacity    satellite    earth   terminals.    The   9020H04R

provides  either  20  watts  from  the  tube  output  or  15
watts   minimum  at  the   HPA  output  after  an  isolal:or
and  filter  in  the  14  GHz  satellite  up-link  band.  These
compact  traveling-wave  tube  amplifiers  are  available
in   a   basic   configuration   including   a   power  supply,
TWT  and  control/protection  circuitry,  or  as  a  com-

plete    power    amplifier    by    including    the    optional
features described at the end  of this section.

This   power   amplifier   is   one   of   a   series   that   uses
rugged  metal  ceramic traveling-wave tubes which  have
been  derived  from  the  Hughes space qualified  devices.
Over  6,000  of  the  9000H series  power  amplifiers  are
currently    in   service   around    the   world.   More   than
150   of  one  such  amplifier  are  presently  in  service  in
the Alaska  Bush  Terminal  Program, where they  have a
field    proven    MTBF   of   greater   than   60,000   hours.
Similar  rel iabil itv  and performance have been ach ieved
in    other    programs,   including    lndonesia's   Perumtel.

The   knowledge   gained   in   these  programs  allows   us
to   warrant   the  complete  power  amplifier  for  a  full

year,  regardless of the hours of  use.

The  power  supply  offers  optimum  interface  with  the
traveling-wave   tube   for   proven   reliability   and   tube

protection.   Solid   state   circuitry   is   used   throughout
the  power  supply.   Protective  features  include  excess
helix   current   overload,  thermal   overload,  and   auto-
matic  time  delay  for  tube  warm-up.   Other  available
features  associated   with   the  power  supply  are  high
voltage  interlocks;  operation  from  115  Vac, 230  Vac,
48   Vdc   input   power;    remote   controls/status   indi-
cators   for   remote   operation;   and   redundant  power
amplifier operation.

Optional    BF   features   include:   solid  state  driver  for
increased   gain;   output   isolator  for  TWT  protection,.
output    power    monitor;    input    isolator;   and    input
adjustable  attenuator.   For  redundant  operation,  this
unit   is  designed  to  interface  with  the  Hughes  9100H
series  Bedundant  Control  unit.

INPUT
POWEFi

BASIC AMPLIFIER  CONFIGURATION

POWER  AMPLIFIER  CONFIGURATION

1



SPECIFICATloNS#
R F  Perfol.mance  (typical )
Frequency..................................

Bandwidth..................................

Power  Output  (CW)
At  TWT .......--.......................

At  Amplifier  Output   .......................
Gain  (with  solid  state driver)

At   Bated   Power    ..........................

Small   Signal   .............................

Stability...............................

Control   (continuous)   .......................

Settability..............................

Variation(over  500  MHz  band) .................
Slope  (over 40  MHz  band) ....................

Gain  (tube only,  basic  unit)
At   Fiated   Power    ..........................

Small   Signal   .............................

Group  Delay  (any 40  MHz band)
Parabo I i c   ...............................

Linear......--...................-.....

R ipple .................................

VSWFi
Input     ...............................    '    .

Output  (non-operating)    .....................

Load   (normal  operation) .....................

AM/PM  Conversion  (@  rated  power)  .................
Noise and  Spurious

11.0  -12.7   GHz  band  ......................

12.4  -18.0  GHz  band  ......................

18.0  -.-.  40.0  GHz  band  ......................

Noise  Figure
With  Solid  State  Driver ......................

Without  Solid  State  Driver    ...................

Besidual  AM  (referred  to single carrier at rated output power)
Below  10   kHz ............................

10  kHz  to  500  kHz    ........................

Above  500  kHz ...........................

Fiesidual   FM .................................

2nd  Harmonic  Output  (at  rated  output  power)  ..........

IM  (3rd  Order two  equal  carriers,1.5 W total  output) ......
E lectrical
Input   Voltage  .,..............................

Input  Power  .................................

Mechanical
Cooling   (integral   blowers)  ........................

Weight.....................................

Dimensions...,.............................

Mounting...-...........-..........

Connectors
FiF   Input  ......................

RF   Output'   ...-................

Environmental
Temperature  (operating) ............
Belative  Humidity  (without condensation)
AI{i{ude................

Shock  and  Vibration   ............

.without filter

.   .   .with  filter

.........  14.0  to  14.5  GHz

......... 500  MHz  minimum

...........   21   W  minimum

..........    15Wminimum

............. 70  dB  typical

............. 75  dB  typical

.........  ±0.25 dB/24 hours

.............. 0  to  -20  dB

................    ±0.2dB

•........  ±1.0  dB  maximum*ie
.....   0.05 dB/MHz  maximum*#

. 50 dB  minimum, 53 dB typical

. 56 dB minimum, 59  dB typical

.....  0.05  ns/MHz2  maximum

....... 0.1   ns/MHz  maximum

.   1.0  ns peak-to-peak  maximum

...........  1.5:1   maximum

...........  1.5:1   maximum

........... 2.0:1   maximum

..........   50/dB  maximum

...- 110  dBW/4  kHz  maximum***J`

....- 55 dBW/4 kHz  maximum

....- 110 dBW/MHz  maximum

..........    18dB  maximum

..........   37  dB  maximum

.......... 40 dB  maximum

:  :-?? .(1. i.I:g.1_%fo) gB ::#::
.........- 50 dBc  maximum
..........- 6  dBc  maximum
.........  ~35 dBc  maximum
..........- 28 dB  maximum

................  optional

........ 400 watts  maximum

...........................   forced  air

............. 30  pounds  (13.6  kg)  maximum
19  inches wide  X  3.5  inches high  X  19  inches deep

(48.3 cm  X 8.9 cm  X 48.3 cm)
...........................  front  rack

......................  type  SMA  female

...................        UG419/U    (W862)

...-..............................   0  to  +50OC

I..............................     95%  maximum

........................... 10,000  feet  maximum#**

as  normally  encountered  in  commercial  shipping and  handling

*Specifications subject to change without prior noitce.
t€*Measured with  0 dB  input attenuation.

i"e*40°C maximum operating temperature above 6,000 feet.
**9`t`With  optional  high  pass filter  mounted  externally at output.
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MODEL 9040H02B, 6 GHz, 40 Watts

FEATURES

•  Designed  for Continuous  Unattended Operation
•   High  Beliability
•   Lightweight-Compact
•   Protective  Features
•   Low Power Consumption
•   Specifically Con figured  for Satellite  Earth  Terminals

•   AC or  DC  Input  Power
•   Rugged  Metal-Ceramic  Traveling-Wave Tube
•   Integral  Cooling System
•   Coaxial  or Waveguide  Inputs/Outputs
•   Full  One Year Warranty -No  Hour  Limit



DESCRIPTION

Hughes  Communications  Amplifiers are speci-
fically    con figured    for    use    as    intermediate
power  amplifiers  in   large  satellite earth  termi-
nal   transmitters   and   as  output  amplifiers   in
small   capacity  terminals.   The  9040H02   pro-
vides  40  watts  of   PF   output   power  in  the
6   GHz   satellite  up-link  band.  These  compact
traveling-wave    tube   amplifiers   are   available
in    a    basic   configuration    including   a   power
supply,  TWT and  control/protection  circuitry,
or  as  a complete  power amplifier by  including
optional  features.

This   power   amplifier   series   utilizes   any   of
several    rugged    metal-ceramic   traveling-wave
tubes   derived   from   Hughes'   space   qualified
devices.    Over    6000    of    the   9000H    series
power    amplifiers    are    currently     in    service
around    the   world.    More   than    150   of   the
Model    9040H02   amplifier   are    presently    in
service  in  the  Alaska  Bush  Terminal  Program.
These   HPA's   have   a   field   proven   MTBF   of
greater  than   90,000   hours   based   on   a  goo/o
confidence     factor     in     this    program.     Sim-
ilar     reliability    and     performance    has    been

TYPICAL BLOCK  DIAGRAM

achieved    in   other   programs,   including   lndo-
nesia's   Perumtel.    The    knowledge   gained   in
these    programs   allows    us   [o    warrant    the
complete    power    amplifier   for   a   full    year,
regardless of the  hours of use.

The   power   supply  offers  optimum   interface
with   the  traveling-wave  tube  for  proven  reli-
ability   and   tube   protection.   Solid   state  cir-
cuitry   is  used   throughout  the  power  supply.
Protective   features   include   excess   helix   cur-
rent    overload,    thermal    overload    and   auto-
matic   time   delay   for   tube   warm-up.   Other
available   features   associated  with   the  power
supply  are  operation  from  115 Vac, 230 Vac,
48   Vdc  and  28  Vdc  input  power;  and  redun-
dant  power amplifier operation.

BF  features  include:   output  isolator for TWT
protection;     output    power    monitor;     input
isolator;  and   input  adjustable  attenuator.   BF
and    control   interfaces   are   available   for   use
with   the   Hughes  9100H  series  of  Bedundant
Control   units.   Optional   solid   state   driver   is
available for  increased  gain.

POWEP  AMPLIFIEF{  CONFIGUPATION
EE`



SPECIFICATI0NS#
RF  Perfol.mance  (typical)
Frequency..................................

Bandwidth..................................

Power  Output   (CW)  ............................

Gain  (with  solid  stat; .driver)
At   F{ated   Power    ..........................

Small   Signal   .............................

Stability................................

Control   (continuous)   .......................

Set{ability........'.....................

Variation  (over  500  MHz  band)   ................
Slope  (over 40  MHz  band) ....................

Gain  (without solid  state driver)
At  Rated  Power    ..........................
Small   Signal   .............................

Group  Delay  (any 40  MHz band)
Parabo I i c  ...............................

Linear.....a...........................

F?ipple................--.--..--.....-..

VSWF3
I nput     ..-.-.......-....-..-.......    '    ..-.

Output  (non-operating)    .....................
Load  (normal  operation) .....................

AM/PM  Conversion  (@  rated  power)  .................
Noise and  Spurious

3.7  to  4.2  GHz  band    .......................
4.2  to  12.0  GHz  band .......................
12.0  to  40.0  GHz  band ......................

Noise  Figure
With  Solid  State  Driver ......................

Without  Solid  State  Driver    ...................
Besidual  AM  (referred to single carrier at  rated  output  power)

Below  10  kHz ....................,.......

10  kHz  to  500  kHz   ........................
Above  500  kHz ...........................

Residual   FM  .................................

2nd  Harmonic Output  (at  rated  output  power)  ..........

IM  (3rd  Order two  equal  carriers,1.5 W each) .  :  :  :  :  :  ....  :  :  :
Electl.ical
Input  Voltage  ................................

Input  Power  .................................

Mechanical
Cooling  (integral  blowers)  ...,....................
Weight.-.-...-.....-.......-.........-..-..

D i mensions     ......................

Mounting.........

Connectors
FiF   Input  -..--.............-...

F3F  Output .....................

Sample  Port  (optional) .............

Environmental
Temperature  (operating) ............
Belative  Humidity  (without condensation)
Alt itude ..............-......-.

Shock  and  Vibration   ..............

without  isol  filter.
.   .with  isol  filter.

........  5.925  to  6.425  GHz

......... 500  MHz  minimum
..........   40  W  minimum

.   .   .  42 W typical

.   .   .70  dB typical
.   .75 dB typical

:  :  .......  ±0.25 dB/24 hours
.............. 0  to  -20  dB
.-.............-   ±0.2  dB

.........  ±1.0  dB  maximum**

.....   0.05 dB/MHz  maximum#Jt

. 42  dB  minimum, 45 dB typical

. 47  dB  minimum, 50  dB typical

.....  0.05  ns/MHz2  maximum

....... 0.1   ns/MHz  maximum

.   1.0  ns  peak-to-peak  maximum

...........  1.5:1   maximum

...........  1.5:1   maximum

........... 2.0:1   maximum

..........   5°/dB  maximum

...- 130 dBW/4  kHz  maximum*J`*]t

....- 65 dBW/4  kHz  maximum

....- 110  dBW/MHz  maximum

..........    15dB  maximum

..........    37  dB  maximum

..........- 40 dB  maximum

:._??!i.T.IO.g.1_08fagB::x:::#
.........- 50 dBc  maximum
..........- 8  dBc  maximum
.........- 40  dBc  maximum
..........- 28 dB  maximum

...-...-........  Optional

........ 400 watts  maximum

..........................   forced  air

............ 30  pounds  (13.6  kg)  maximum
19  inches wide  X  3.5  inches  high  X  19  inches deep

(48,3 cm  X  8.9 cm  X 48.3 cm)
.  . front  rack

•....-..-.....................  type  SMA  female

.....................  CPF{-137  W/G   (with  isol  filter)

.................................   SMA  female

.--.......-..................-....   0  to  +50OC

................................ 95°/o  maximum

........................... 10,000  feet  maximumjtjtJt
as  normally encountered  in  commercial  shipping  and  handling

*Specifications subject to change without  prior notice.
#*Measured with 0 dB  input attenuation.

j¢*J+40°C  maximum  operating temperal:ure above 6,000 feet.

*t`**Attenuation  is controlled  by external  W/G  connected  to the unit.10 feet  minimum  is  recommended.



9040H02
COMMUNICATloNS
POWER   AMPLIFIER
40  Watts  6  GHz

__-_-__---_I

HUGHES
HUGHE:S   AIRCRAFT   COMPANY

ELEcrmon Dynamies DIvi5ion

Printed  in  u.S.A.  5/82  AL



MODE L 9040H03B , 8  GHz, 40 Watts

FEATURES

•  Designed  for Continuous Unattended  Operation
•   High  Beliability
•   Lightweight-Compact
•   Protective  Features
•   Low Power Consumption
•   Specifically Con figured  for Satellite  Earth Terminals

•   AC or DC  Input Power
•   F3ugged  Metal-Ceramic Traveling-Wave Tube
•   Integral  Cooling System
•  Coaxial  or Waveguide  Inputs/Outputs
•   Full  One Year Warranty -No  Hour  Limit



DESCRIPTION

Hughes   Communications   Amplifiers   are   speci-
fically      con figured      for      use      as      intermediate

power   amplifiers   in   large   satellite   earth   termi-
nal     1:ransmitters    and    as    output    amplifiers    in
small    capacity   terminals.      The   9040H03   pro-
vides   40   watts   of    BF    output   power   in   the
8   GHz   satellite   up-link   band.     These  compact
traveling-wave     tube     amplifiers     are     available
in     a     basic    configuration     including    a     power
supply,   TWT   and   control/protection   circuitry,
or   as   a   complete  power  amplifier  by   including
optional  features.

This     power    amplifier    series     utilizes    any     of
several      rugged     metal-ceramic     traveling-wave
tubes     derived     from     Hughes'    space    qualified
devices.         Over    6000    of    the    9000H    series
power      amplifiers      are      currently      in     service
around    the    world.        More    than    150    of    the
6     GHz     version     of     this     amplifier    are    pre-
sently     in    service     in    the    Alaska     Bush    Ter-
minal     Program.         These     HPA's.   have    a    field
proven    MTBF    of   greater   than    90,000   hours
based    on    a    90%    confidence    factor    in    this
program.            Similar      reliability      and      perfor-
mance      has     been      achieved     in     other     pro-

TYPICAL BLOCK  DIAGRAM

grams,           including          I ndonesia's          Perumtel.
The      knowledge     gained      in     these     programs
allows     us    to    warrant     the    complete    power
amplifier    for    a    full     year,     regardless    of    the
hours of use.

The    power    supply    offers    optimum     interface
with   the   traveling-wave   tube   for   proven   reli-
ability   and    tube   protection.       Solid    state   cir-
cuitry    is    used   throughout   the   power   supply.
Protective    features    include    excess    helix    cur-
rent    overload,     thermal     overload     and     auto-
matic    time    delay   for   tube   warm-up.       Other
available    features    associated    with    the    power
supply   are   operation   from   115   Vac,  230  Vac,
and  48  Vdc  input  power;  and  redundant  power
amplifier operation.

BF   features   include:     output  isolator  for  TWT
protection;   input   isolator;   and   input  adjustable
attenuator.    BF  and control  interfaces are availa-
ble   for   use   with   the   Hughes   9100H   series   of
Bedundant   Control   units.     Optional  solid  state
driver  is available  for  increased  gain.

'\.



SPECIFICATIONS*
F=F  Performance (typical)
Frequency..................................

Bandwidth..................................

Power  Output   (CW)  ............................

Gain  (with  optional  solid  state driver)
At  Bated  Power    ..........................

Small   Signal   .............................

Stability...............................

Control   (continuous)   .......................

Settability..............................

Variation  (over  500  MHz  band)   ................
Slope  (over 40  MHz  band) ....................

Gain  (standard)
At  Rated  Power   ..........................
Small   Signal   .............................

Group  Delay  (any 40  MHz band)
Parabolic...............................

Linear.................................

Bipple.................................

VSWF3
I nput     .................................

Output  (non-operating)    .....................
Load  (normal  operation) .....................

AM/PM  Con.version  (@ rated  power)  .................
Noise and  Spurious

7.25-7.75  GHz  band   .......................

4.2  to  12.0  GHz  band .......................

12.0  to  40.0  GHz  band ......................
Noise  Figure

With  Solid  State  Driver ......................
Without Solid  State Driver  (standard  configuration) .  .  .

Plesidual  AM  (referred to single carrier at  rated output power)
Below  10  kHz ............................

10  kHz  to  500  kHz   .... `  ....................

Above  500  kHz ...........................
Residual   FM .................................

2nd  Harmonic Output  (at  rated output  power)  ..........

IM  (3rd  Order two equal  carriers,1.5 W each) .  :  :  :  :  :  :  ..  :  :  :
Electrical
Input  Voltage  .................................

Input   Power  ........................-.......,

Mechanical
Cooling  (integral  blowers)  ........................
Weight..................-......-...........

D i mensio ns    ...........................,.....

7.9 to 8.4 GHz
......... 500  MHz  minimum
...........   40W  minimum
•............  42  W  typical

............    65  dBtypical
•...........    70  dBtypical

.........  ±0.25 dB/24  hours

.............. 0  to  -20  dB

................   ±0.2  dB

.........  ±1.5dB  maximum**

.....   0.05 dB/MHz  maximumJ'J`

. 42 dB  minimum, 45 dB typical

. 47 dB  minimum, 50 dB typical

.  .  .  `  . 0.05 ns/MHz2  maximum

....... 0.1  ns/MHz  maximum

.   1.0  ns peak-to-peak  maximum

...........  1.5:1   maximum

...........  1.5:1   maximum

........... 2.0:1   maximum

..........   5°/dB  maximum

...- 130 dBW/4 kHz maximumJ""i

....- 65 dBW/4 kHz  maximum

....- 110 dBW/MHz  maximum

..........   15dB  maximum

..........    37 dB  maximum

.......... 40 dB  maximum

:  I?? !T. T .'°.g.1£fd 8B ::Xi:::
.........- 50 dBc  maximum
..........- 8  dBc  maximum
......... 40 dBc maximum
..........- 28 dB  maximum

...........   '   ...-  Optional

........ 400 watts maximum

without  isol  filter.
.   .with  isol  filter.

MOunting.............

Connectors
RF   Input  ....................   '   .

RF  Output ........-............

Environmental
Temperature  (operating) ............
Belative  Humidity  (without condensation)
Altitude..-....................

Shock  and  Vibration   ..............

iE

..........................  forced  air

...........    37  pounds  (16.8  kg)  maximum
19  inches wide X 3.5 inches high  X  19  inches deep

(48.3 cm  X 8.9 cm X 48.3 cm)
.........................  front   rack

..... type SMA female
UG51/U  (with  isol  filter)

.........  0  to  +50OC

......   95°/o  maximum

.  .10,000 feet  maximumJ"I
as  normally encountered  in  commercial  shipping  and  handling

*Specifications subject to change without  prior notice.
i"Measured with  input attenuator adjusted  for  minimum  attenuation.

Jt**40°C maximum operating temperature above 6,000 feet.
**J`*Attenuation  is controlled by external  receive band  reject filter.
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FEATUF=ES

•   High  Peliability
•   Automatic  Becycle Provisions
•   Protective  Features
•   Low Power Consumption  (<  1  kvA)
•   Fault  Indicators
•   Bemote-Local  Control

•   Operational  Status  Indicators
•   Hugged  Metal-Ceramic Traveling-wave Tube
•   Integral  Cooling Systems
•   Ease of Maintenance,  Low MTTB
•   Full  One Year Warranty -No  Hour  Limit
•   Beplaceable Modular  Design



D ESC R I PT I O N

The  Hughes  Model  9210H02  Communications Power
Amplifier  is  a  single  rack-mounted  drawer containing

the  Hughes  Model  677H  TWT and  integral  Electronic
Power  Conditioner  (EPC).
All   logic  and  control,  power conditioning, and  micro-

wave  monitoring  functions  are  performed  within  the

OPEF}ATIONAL  FEATURES

Time-totalizer  (filament on  time)

•   Non-resettable

Controls

•   Variable  BF  Input Attenuator  (0 to -20 dB)

Operational Status  Indicators  (front panel)

•    Poweron  (switch  position)

•   Stand by
•   Operate
o    Fault
•   Local-Bemote  (switch  position)

Bemote Control  Interface Connector  (rear panel)

•    All     operational     status    indicators    and    control

switches   can   be   switched   to   a   remote   control
interface  connector  to  provide  a  ready  means  of
remote   control    and   status   indication.    Interface

level    is optional  (BS422 or standard  TTL).

Protection

•    Prime  Power  (fuse)
•   TWT Warm-up Time  Delay
•   Automatic Sequencing of  High  Voltage

and  Beam  Current
•    Helix Current  Overload

•   High  VoltageArc
•   High Temperature  (TWTand

power supply)
•   High  or  Low  Line  Voltage
•   High  Beflected  Power
•   System and Safety  Interlocks
•    Input  Current  Limit  (150% of  nominal)

Metering

•   Output  Power  (optional)
•   Helix current IEEj

drawer.  This  unit  is designed  to operate as the ground
transmitter  in   a  commercial  satellite  communication

system.   The   design   takes   into  account  the  require-
ments  for  installation  in  either  manned  or unmanned

installations.

F}F  Signal  Sample  Output  (-50 dBc)

Control Switches

•   Power On-Off
•    BF  Off  (fault  reset)

•   BFstandby
•   BF Operate
•   Bemote-Local

Fault  Indicators

•   Helix  Current  Overload

•   Input over current
•   High Temperature
•    Beflected  BF
•    High  or  Low  Line Voltage
•   System  Interlock  Open

Automatic  Recycle Provision

•   Factory selectable  1  to 5 faults  in  one minute will

reset

Options

•  AC  Input
•  Output Metering
•   Bemo{e  Interface Circuitry
•  Bemote Control
•  Solid  State Amplifier



SPECI FICATIONS*
RF  Performance  (typical)
Frequency..................................

Bandwidth..................................

Power  Output  (CW)  ............................

Gain    (with  solid sl:ate driver)
At   Fiated  Power    ..........................

Small   Signal   .............................

Stability...............................

Control   (continuous)  .......................

Settability..............................

Variation  (over  500  MHz  band)   ................
Slope  (over 40  MHz  band) ....................

Gain   (without solid  state driver)
At  F}ated  Power    ..........................

Small   Signal   .............................

Group  Delay  (any 40  MHz band)
Linear.........-.......................

Parabolic...............................

F3ipple.................'...............

VSWR
I nput     ............................    I   ....

Output  (non-operating)    .....................
Load  (normal  operation) .....................

AM/PM  Conversion  (@  rated  power)  .................
Noise and  Spurious

3.7  to  42  GHz ...........................

5.925  to  6.425  GHz   .......................

4.2  to 40.0  GHz  (except as  noted)  ..............
Noise  Figure

With  Solid  State  Driver ......................

Without  Solid  State  Driver   ...................
Besidual  AM  (referred 1:o single carrier at  rated  output  power)

Below  10  kHz ............................

10  kHz  to  500  kHz   ........................

Above  500  kHz ...........................
Residual   FM .................................

Harmonic Output  (at rated output power)
lM  (3rd  Order two equal  carriers, totaling)

Electrical

Input  Voltage .......
Input  Power ........

Power  Factor  .......
Frequency.........

Mechanical
Cooling  (integral  blower)
Weight..-..--......

Dimensions........

Bated  Power.  .  .
-3..........

-i-..--....-

DC
.43-56 VDC.  .  .
.800 W maximum
•700 W typical  .  .

MOunting...........................

Connectors
RF   Input  .......................

RF  Output ......................

RF  Signal  Sample   .............,...

Environmental
Temperature  (operating) .............
Pelative  Humidity  (without condensation) .
Altitude........................

Shock  and  Vibration   ...............

...........  5.925 to  6.425  GHz

............ 500  MHz  minimum

.............    110W  minimum

....  60 dB  minimum, 65 dB typical

....  65 dB  minimum, 70 dB typical

............  ±0.25 dB/24  hours
•................ Oto  -20  dB

..-................    ±0.1   dB

.  . 2.0 dB  maximum#jtl .0 dB typical

. 0.04 dB/MHz  maximumJ"9/36 MHz

.............. 40  dB  minimum

.............. 47  dB  minimum

.......... 0.1   ns/MHz  maximum

........  0.05  ns/MHz2  maximum

....   1.0  ns  peak-to-peak  maximum

..............  1.5:1   maximum****

..............  1.2:1   maximum

.............. 2.0:1   maximum

.............    5°/dB  maximum

......- 130 dBW/4  kHz  maximum

.......- 60 dBW/4  kHz maximum

.......- 110 dBW/MHz  maximum

.............    12  dB  maximum

.............   35  dB  maximum

.............- 40  dB  maximum

....- 20  (1  + log|o f)  dB  maximum

.............- 80  dB  maximum

............- 60 dBc maximum

............- 60  dBc  maximum

.............- 10  dB  maximum

.............- 17  dB  maximum

.............- 25  dB  maximum

AC  (optional)
......... 115/120/230/240  VAC
............   1000W  maximum
-..............   850  W  typical
............... 0.75  minimum
..................   47-63  Hz

............................   forced  air

.............. 50  pounds  (22.7  kg)  maximum
19  inches wide X 8 3/4 inches high  X 24  inches deep

(48.3 cm  X 22.2 cm  X 61.0 cm)
............  rack  with  non-tilting  chassis slides

•.........................    SMAfemale

•..........................     CPB   137F

.........................   type  N  female

.......  0 to +500c

....   950/a maximum
14,000 feet  maximum*J¢#

as  normally encountered  in  commercial  shipping and  handling

*Specifications subject to change without prior notice.
Jt*Measured with 0 dB  input attenuation.

¥J¢j`30°  C  maximum  operating temperature above  10,000 ft.
**Jcj[1.2:1  with  optional  input  isola{or.



BLOCK DIAGRAMS

RF  BLOCK  DIAGF`AM

F}F Components

•   Input  lsolator  (optional)

•  Input  Variable Attenuator  (0 to -20 dB)
•  Solid  State  Driver Amplifier  (includes  interstage

isolator)

125 W  EPC  BLOCK  DIAGRAM

(

FNADui:|TORs{

§N5SD#i;N8DRs{

+-    i     =48VDC

CHOPPEf]  MODULE

MAIN  PWF`  (ON/OFF)
OFF  (PESET)

STAND  BY
OPERATE

(LCL/F`MT)

lNTEFILOCK
TEMPERATUPE
FiEFLECTED  BF

HELIX  CUBF`ENT
LINE  VOLTAGE
LINE CuBPENT

HELIX  CUBF}ENT
BF  OUTPUT
(OPTIONAL)

OFF  (BESET)
STAND  BY
OPEf}ATE

FAU LT STATUS
CONTBOL

INDICATOR

•  Output  lsolator
•  Output  Harmonic  Filter
•  Beflected  Power Protect Circuit
•   Forward  Power Monitor  (optional)

r= I-MTEDTI F--------- i
I  H.V. MODULE  6

I

I

!  3gAE3G  HEATER

L____ _____J

RF
OUTPUT

F3F
SIGNAL
SAMPLE



PERFOFiMANCE CURVES

5.925                6.025                    6.125                      6.225                      6.325                      6.425

FREQUENCY  (GHz)

SATUFiATED OUTPUT VERSUS  FREQUENCY

5.925                       6.025                     6.125                      6.225                       6.325                       6.425

FBEQUENCY  (GHz)

SMALL SIGNAL VARIATION  VERSUS  FF}EQUENCY

llllllllllllllllli= lllllIIL= -

iiiiii=
5.925                       6.025                6.125                   6.225                   6.325                  6.425

FREQUENCY  (GHz)

GF`OUP  DELAY  VERSUS  FF}EQUENCY

IB

-15-10        -7            -5      -4         -3             -2                  -1                        SAT                          +1

INPUT  POWER  BELATIVE  TO  DPllvE  PIEQUIBED  TO
PF`ODUCE  SATUBATION  (dB)

GAIN  COMPPIESSI0N

-26    -24   -22   -20   -18   -16   -14   -12   -10    -8       -6     -4     -2    SAT        +3

DFuVE  RELATIVE  T0 SINGLE  CARFilEB
SATURATION  (dB)

THmD ORDER  iNTEPIMODULATioN  pRODucTs
RELATIVE  TO  DFHVE  LEVEL

IIIZzi
-17      -10          -7              -5        4            -3               ~2                     -1                           SAT

INPUT  POWEB  RELATIVE  TO  DFilvE  BEQulBED  TO
PPODUCE  SATUBATI0N  (dB)

PHASESHIFT
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FEATURES
•   Programmable TWT Voltages
•    High  F3eliability

•   Automatic  Becycle Provisions
•   Protective  Features
•   Low Power Consumption
•    Faull:  Indicators
•   Bemote-Local  Control
•   Increased Stand  By TWT  Life

•   Beplaceable Modular Design
•   Operational  Status  Indicators
•   Hugged  Metal-Ceramic Traveling-Wave Tube
•   Integral  Cooling Systems
•   Ease of Maintenance
•   Full  One Year Warranty -No  Hour  Limit
•   Optional  Bedundant and  Power

Combined  Subsystems



DESCFHPTION

The     Hughes     Model     9225HA04    Communications
Power   Amplifier   Subsystem   consists   of  two  assem-
blies;  the  BF and  power conditioner drawers.  The  PF
drawer  contains  the  Hughes  Model  881 H  ll^/T  and
associated    BF   components.   The   electronic   power
conditioner  drawer  generates  the  necessary  voltages

OPERATIONAL  FEATUF}ES

Controls

•   Variable  BF  Input Attenuator  (0 {o -20 dB)J`*
•  Output Power  (forward)

High  Trip  Point Set

Low Trip  Point Set
•   Beflected  Power

High  Trip  Point Set
•  Power On-Off *
•  Operate/Stand-ByJ+
•   Bemote-Local
•   Fault/Beset  (lamp test)j`
•  Meter  Pange Select  (2 ranges)

Operational  Status  Indicators  (front panel)

•  Power onJ`
•  Timing#
•  Operate/Stand-Byj€
•   Fault*
•   Bemote/Local*

Fiemote  Control  Interface Connector (rear panel)

•   Operational  status  indicators,  metering and control

switches  indicated  with  an  I  can  be  switched  to a
remote   control   interface   connector  to  provide  a
ready  means of remote control and  indication.

Protection

•   Prime  Power Circuit  Breaker  (one)
•  ll/\/T Warm-up Time  Delay
•   Automatic Sequencing of High  Voltage

and  Beam  Current
•   Helix  Current Overload
•   High or  Low Cathode Voltage  (including arc)
•  High Temperature  (TWT and

power supply)
•   Low  Line Voltage
•  High  Beflected  Power
•  System and  Safety  Interlocks
•  Beduced  Heater (TWT)  Power During Stand-By

Operation

*These functions are available at  remote  interface.
**Consult factory  if these functions are required  remotely.

\-

for  the  PF  drawer and  contains all  the logic and con-
trol  functions.  This  subsystem  is  designed  to  operate
as   the   output   transmitter   in   a  commercial  satellite
communication system.  Thedesign takes into account
all  lcsc transmission  requirements.

Metering

•  Output Power'ei`
•  High Trip  Point
•  Low Trip Point
•  Bef lected  Power
•   High Trip  Point

•   lpA Power  (optional)
•  Collector VoltageJ`*
•  Cathode Voltagejt*
•  Anode Voltage
•  Heater Voltage"
•  Helix  Current**

RF Signal Sample  Ports

•   Output Sample  (-47  dBc nominal)
•   lpA Output Sample  (optional  -20 dBc nominal)

Fault  Indicators  (front panel)

•   Beflected  PIF
•   Helix Current Overload
•   High Voltage  (high/low or arc)

•  TWT Temperature (high)
•   EPC Temperature  (high)
•   Line Voltage  (low)
•   Interlock  (open)
•   Heater Voltage  (high)

Automatic  Recycle Provisions

•  2  Faults/10 Second  Interval Automatic  Beset

Fault Summary (remote only)

•   EPC Alarm -Indicates Either EPC Temperature
or  Filament Voltage

•   HPA Alarm -Indicates  Either  High  Voltage,
Interlock  Open, or  High  Pleflected  Power

•  TWT Alarm -Indicates Either TWT Temperature
or  Helix Overcurrent



SPECIFICATIONS*
RF Performance (typical)
Frequency......................

Bandwidth......................

Power  Output  (CW)  ................
Gain  (with  solid  state driver)

At  F}ated  Power   ..............
Small   Signal   .................

Stability...................

Control   (continuous)  ...........
Settability..................

Variation  (over 500  MHz  band)  ....
Slope  (over 50  MHz  band) ........

Gain  (without solid state driver)
At  F}ated  Power   ..............
Small   Signal   ................    1

Group  Delay  (any 50 MHz  band)
Parabolic...................

Linear ...-........    '    .    .    '    ....,

Ripple....................,

VSWFi
lnp,Jt....................,

Output  (non-operating)   ........,
Load  (normal  operation) .........

AM/PM Conversion  (@  rated  power)  .....
Noise and  Spurious

11.0-12.2  GHz  (with  optional  filter)
9.4  to   18.0  GHz   ..............
18.0  to  40  G Hz ..............,

Noise  Figure
With  Solid  State  Driver ..........
Without  Solid  State  Driver   ......,

Besidual  AM  (referred to single carrier at rated  output  power)
Below  10   KHz    ...............

10  KHz  to  500  KHz ............
Above  500  KHz    ..............

Fiesidual   FM .....................

Harmonic Output  (at rated  output power) .
IM  (3rd  Order two equal  carriers, 3 W each)
Electrical
Input  Voltage ....................

Input  Power .....................

Power  Factor  ....................

Mechanical
Cooling  (integral  blowers)  ............
Weight

F3 F  Drawer ..................

Power Conditioner Drawer  .......
Dimensions

BF  Drawer ..................

Power Conditioner  Drawer  .......

MOunting.....................-.

Connectors

Output.....
Signal  Sample

Environmental
Temperature  (operating) ............
Belative  Humidity  (without condensation)
Altitude.......................

Shock  and  Vibral:ion   ..............

..........  14.0  to  14.5  GHz

......... 500  MHz  minimum

..........    225W  minimum

.......... 62  dB  minimum

.......... 67  dB  minimum
.........  ±0.25 dB/24  hours
..............  Oto-20dB

................  ±0.1   dB

.........   ±1.5dB  maximum**

.....   0.02dB/MHz  maximum*#

........... 40dB  minimum
.......... 46dB  minimum

.....  0.05 ns/MHz2 maximum

....... 0.1  ns/MHz  maximum

.   1.0  ns peak-to-peak  maximum

...........  1.3:1   maximum

...........  1.2:1   maximum

...........  2.0:1   maximum

........... 6°/dB  maximum

...- 130 dBW/4  KHz  maximum

....- 65 dBW/4  KHz  maximum

....- 110 dBW/MHz  maximum

..........    18dB  maximum

..........    38dB  maximum

..........- 40 dB  maximum

. -20  (1  + logio f)  dB  maximum

..........- 80 dB maximum

.........- 60 dBc maximum

.........- 60 dBc  maximum

.........  ~25 dBc  maximum

.  .  .120/208  VAC ±  10% 50/60  Hz ± 5% three phase, 5 wireJ']`4'

...,......-.......-......--....-... 2.fJk:W  A

...............................     0.9   minimum

..................................    forced   air

.................... 45  pounds  (22.7  kg)  maximum

...................  120  pounds  (54.4  kg)  maximum

.....    19  inches wide X  8 3/4 inches high  X  24  inches deep
(48.3 cm  X  22.2 cm  X  61.0 cm)

..... 19  inches wide  X  121/4  inches  high  X  22  inches deep
(48.3 cm  X  31.1  cm  X  55.9 cm)

..................  rack  with  non-tilting chassis slides

..................................  typesMA

.........................    UG  419/u   (W862  flat)

...............................  type  N  female

.................................  0 to  +50OC--
•.............................. 950/o  maximum

..........................  10,000  feet  maximum
as normally encountered  in commercial  shipping and  handling

Jtspecifications subject to change without  prior notice.
i"`Measured with 0 dB  input attenuation.

J`*#220/240 VAC single phase optional.
****4o°C  maximum operating temperature above 6,000 feet.



BLOCK   DIAGRAMS

Typical  RF Drawer

RF  Components

•   Input  lsolator

•   Input Variable Attenuator (0 to -20 dB)

•   lpA  (solid  state driver)

•   Input  Power Sample/Monitor  (optional)

0  Tube

•  Internal  Beflected  Power Detector

Power Conditioner Drawer

•  Output  lsolator, Terminated

•  Harmonic  Filter

•  Filter  (optional)

•  Beflected Power Monitor

•  Output Power Monitor

•  Output  BF Sample (-47 dBc)

EPC BLOCK  DIAGRAM



TYPICAL   PERFORMANCE   CURVES*

14.25   GHz

FFIEQUENCY  (GHz)

SMALL  SIGNAL  GAIN  VS  FREQUENCY
-10 dB  BELOW SATUBATION

-----`                           2NSEC
`------~          ---`

--_

*Without   Solid   State   Driver
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FEATURES
•   Programmable TWT Voltages
•    High  Peliability
•   Automatic  Becycle Provisions
•   Protective  Features
•   Low Power Consumption
•   Fault  Indicators
•   Bemote-Local  Control
•    Increased Stand-By TWT  Life

•   Beplaceable  Modular  Design
•   Operational  Status  Indicators
•   Hugged  Metal-Ceramic Traveling-Wave Tube
•   Integral  Cooling Systems
•   Ease of Maintenance
•   Full  One Year Warranty -No  Hour  Limit
•   Optional  F]edundant and

Power Combined  Subsystems



D E SC R I PT I O N

The     Hughes     Model     9240HA02    Communications
Power   Amplifier   Subsystem   consists   of  two  assem-
blies;   the   PF   and   power   conditioner   drawers.  The
BF  drawer  contains  the  Hughes  Model  662HA  TWT
and  associated   BF components.  The electronic power
conditioner  drawer   generates  the  necessary  voltages

OPERATIONAL  FEATURES

Controls

•   Variable  BF  Input Attenuator  (0 to -20 dB)
•   Output Power  (forward)

High  Trip  Point  Set

Low Trip  Point Set
•   Beflected  Power

High  Trip  Point  Set
•   Power On-Off*
•   Operate/Stand-ByJ¢
•   Bemote-Local
•   Fault/Beset  (lamp test)jt

•   Meter  Bange Select  (2  ranges)

Operational Status Indicators  (front panel)

•   Poweron#
•   Timing*
•   Operate/Stand-By*
•    FaultJ¢

•   Bemote/Local*

F3emote Control  Interface Connector (rear panel)

•   Operational  status indicators,  metering and control

switches,  indicated  with  an  * ,  can  be  switched  to
a  remote  control  interface  connector  to  provide  a
ready  means of remote control  and  indication.

Protection

•    Prime  Power Circuit  Breaker  (one)

•   TWT Warm-up Time Delay
•   Automatic Sequencing of High  Voltage

and  Beam  Current
•    Helix current overload
•    High  or  Low  Cathode  Voltage  (including arc)

•    High Temperature  (TWTand
power supply)

•    Low  Line Voltage
•    High  Beflected  Power
•   System and Safety  Interlocks
•    Reduced  Heater (TWT)  Power

During Stand-By Operation

t`These functions are available at  remote  interface

for  the  BF  drawer  and  contains all  the  logic and  con-
trol  functions.  This  subsystem  is  designed  to  operate
as   the   output   transmitter   in   a  commercial   satellite
communication system.  The design takes  into account
all  lcsc  transmission  requirements.

Metering

•  Output Power
High  Trip  Point

Low Trip  Point
•   Beflected  Power

High  Trip  Point

•   lpA Power  (optional)
•  Collector  Voltage
•   Cathode Voltage
•  Anode Voltage
•   Heater Voltage
•   Helix  Current

RF Signal  Sample  Ports

•    Output Sample  (-50  dBc nominal)
•     lpA Output  Sample  (optional  -20 dBc nominal)

Fault Indicators  (front panel)

•    Beflected  BF
•    Helix  Current  Overload

•    High  Voltage  (high/low or arc)

•    TWTTemperature  (high)
•    EPC Temperature  (high)
•    Linevoltage  (low)
•    Interlock  (open)
•    Heater Voltage  (high)

Automatic Recycle Provisions

•  2  Faults/10 Second  Interval  Automatic  Beset

Fault Summary  (remote only)

•   EPC Alarm  -Indicates  Either  EPC Temperature

or  Heater Voltage  Faults
•   HPA Alarm  -Indicates  Fault Summary
•  T\/VT Temperature Alarm  -Indicates TWT

Temperature  Fault
•   Helix Current Alarm  -Indicates  Helix  Over-

current Alarm t



SPECIFICATIONS*
R F Performance (typical)
Frequency...........

Bandwidth      .    .    .
Poweroutput  (CW)        :    :    :   :    :    :    :    :
Gain  (with  solid  state  driver)

At  Bated  Power       .......
Small  signal        .....

Stability       .

Control  (continuous)    ....
Settability      .
Variation  (over. 5.o6 wihz  jahd)
Slope   (over   40   MHz   band)   .

Gain  (without solid  state driver)
At   Rated   Power    .......
Small   Signal        .........

Group  Delay  (any  40  MHz  band)
Parabolic     .    .    .

Linear.....

Ripple.....

VSWF]
I nput     ........

Output  (nonoperating)
Load  (normal  operation)    :    :    :

AM/PM Conversion  (@ rated  power)
Noise and  Spurious

.....  5.925to6.425GHz

.....    500MHzminimum
•......  350Wminimum

.......   70dBminimum
75 dB  typical

•....    ±0.25dB/24hours
......    Oto-20dB

.-.........    ±0.1   dB

•....     ±1.OdBmaximumJt*
0.02 dB/MHz maximum"

......     38dBminimum

......    44dBminimum

.   .     O.05ns/MHz2maximum

.   .    .       0.1   ns/MHzmaximum
1.0  ns  peak-to-peak  maximum

......        1.3:1   maximiim

......         1.2:1   maximum

......      2.0:1     maximum

......      5°/dBmaximum

-130 dBW/4  kHz maximum
.   -65 dBW/4  kHz maximum
.   -110 dBW/MHz  maximum

•.....      18dBmaximum
......      37dBmaximum

3.7  to  4.2  GHz  band     .......................

4.2  to   12.0  GHz  band     ...............

12.0  to  40.0  GHz  band     .....................

Noise  Figure
With  solid  state  Driver    ................

WithoutsolidstateDriver    .   .   .
F}esidual  AM  (referred  to single carrier  ai  rated  output  power)

Below  10  kHz       .......
10  kHz  to  500  kHz    .........
Above 500 kHz

Besidual   FM       ....
Harmonic  output  (at  rat;d. o.uipLt.p6vie.r) ..............-.....   :   ..

IM  @ -10  dB  below  rated  power ....................

Electrical
Input  Voltage  .......................

Input  Power  .....................,..

Power   Factor   .......................

Mechanical
Cooling  (integral  blowers)  ...............
Weight

BF  Drawer .....................

Power  Conditioner  Drawer   ..........
Dimensions

BF  Drawer .....................

Power  Conditioner  Drawer   ..........

MOunting..........................

Connectors
BF   Input  ..............    `    .......

F3F  Output .....................

RF  Signal  Sample   ................

Environmental
Temperature  (operating) ............
Belative  Humidity  (without condensation)
Altitude..-....................

Shock  and  Vibration   ..............

-40 dB maximum

i?0. t: i I.°:1g£ 8B ::X::::
.......- 50dBcmaximum
...........-...- 60  dBc

........- 25 dBc  maximum

120/208  VAC ±  10% 50/60  Hz ± 5% three phase, 5 wire*J`f+
......................... 2.5  kvA  maximum

•.............-.............. 0.9   minimum

..............................   forced  air

................ 50  pounds  (22.7  kg)  maximum

...............  120  pounds  (54.4  kg)  maximum

.   19  inches wide X 8 3/4  inches high  X  24  inches deep
(48.3 cm  X 22.2 cm  X.61.0 cm)

.19  inches wide  X  121/4  inches  high  X  22  inches deep
(48.3 cm  X 31.1  cm  X  55.9 cm)

..............  rack  with  non-tilting  chassis slides

...........................   type  N  female

•............................. CPB-137F

•..........................   type  N  female

........ o to  5o0c

..... 95%  maximum
10,000  feet  maximum**J`Jc

as  normally encountered  in  commercial  shipping and  handling

*Specifications subject to change without prior notice.
*jtAt rated output and gain.

"J`220/240 VAC  single phase optional.
#'`##40°C maximum operating temperature above 6,000 ft.



/

\

I

1



TYPICAL   PERFORMANCE   CURVES

5

4

3

2

1

-20                     -15                     -10                       -5                         0

BF    Input   Drive   Belative   to   Saturation    (dB)

AM/PM CONVEBSION  VEBSuS  INPUT  DPIVE

80.6
a)

80.,   :.

79.6  a

79.1

5.925         6.025         6.125        6.225         6.325         6.425
Frequency  (GHz)

SMALL SIGNAL CHAPACTEFHSTICS

74.0  a
73.5  i

Q-
73.0  B

5.925         6.025         6.125         6.225         6.325         6.425
Frequency  (GHz)

BATED  POWEF`  OUTPUT VEBSUS  FBEQUENCY

5.925       6.025         6.125         6.225         6.325        6.425

GROUP  DELAY VEPISUS  FPIEQUENCY

THIBD  0BDEFt  INTEBMODULATION  PPIODUCT
AS  A  FUNCTION  OF  RF  POWEPI  INPUT

-20                    -15                    -10                      -5                        0

PIF    Input   Drive   Belative   to   Saturation    (dB)

PHASE SHIFT VEBSUS  INPUT  DF`lvE

5.925 GHz

6.175  GHz

6.425  GHz'11'1

0            0.1           0.2          0.3           0.4          0.5
Input Power  (mw)

OUTPUT POWEB  VERSUS  INPUT POWEPl
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FEATURES

•   Bedundant Operation  of Two  HPAs
•  Automatic or Manual`Switching
•  S1:atus  Indicators
•   Fault  Indicators
•   Bemote or  Local  Control
•   High  Beliability

•  Bemote Status
•  Modular  Design  for  Ease of Maintenance
•  Switches Safely with  BF  Gating

•   Bapid  Switching/Selectable  Logic  Protocol
•  Designed  for Optional  Use  in  TDMA Type

Appl ication



DESCRIPTION

The     Hughes     Model     9300HA     Fiedundant
Control   Unit  consists  of  one  rack  mountable
drawer.   It   is  designed   to   provide  fully  auto-
matic    monitoring    and     switching    for    dual
transmitter   satellite   communication   systems
requiring   redundant   operation.   The   internal
logic     is     designed     to      initiate     appropriate

switching  upon  receipt of faults  in  BF  output,

power  supply,   user  system   faults,   or  missing
TDMA      pulses      (optional).      Extreme     user

OPERATIONAL  FEATURES

Controls
•   Channel  A to Antenna*
•   Channel  8 to Antennaj¢
•   Auto/ManualJ+
•   Power On/Off
•   Local/Bemote
•   Fault  F]eset*
•   LampTest*
•   Manual  Wave Guide Switch  Front  Panel  Access

F}F  Signal  Sample

•   F}F  Power to Antenna  Port  (-45 dbc)
•   F3F  Power to  Load  Port  (-45 dbc)

flexibility   of   logic   protocol   is   made  possible
by  the  Eprom-based  controller.

The  high   power  circuit  of  this  assembly  con-
sists   of   an   BF  switch,   high   power   load   and
appropriate   waveguide   interconnects,   all   ac-
tuated     by    the    control     logic    and     integral

power    supply.     Input    power    switching    or
splitting  can  be  provided  as an  option.

Operational Status  Indicators
•   Channel  A to Antenna*
•   Channel  A  FaultJ`
•   Channel  8  to Antennaj+
•   Channel  8  Faultj¢
•   Summary  Fault*
•   Auto Operation]t
•   Manual  Opera{ion*
•   Power On]+
•   Local  Operation
•   Bemote operation*
•   Fault  Beset

*These functions are available at  remote control  interface or on  optional  remote control  panel  in

addition  to TDMA A,  TDMA  a,  and  BF  fault  indications.

ANTENNA
SAMPLE

OUTPUT TO
SYSTEM
INPUT
D F„ V E

TYPICAL SYSTEM  BLOCK  DIAGPIAM

ANTENNA

LOAD
SAMPLE



SPECIFICATIONSI

FZ F  Performance  (typical)

Frequency..........

Bandwidth..........

. see  model  number chart  (below)

................    full  band

Power  Handling ................................................    500  W  maximum/channel2

Isolation  Between  Ports   ................................................. 70  dB  minimum

Insertion  Loss

Drive  Section   (optional)   ..............................................   o.5  dB  typica|5.  6

Output  Section  ..................................................  0.4  dB  maximum6

VSWFi

Drive  Section  Ports   ................................................  1.3:1   maximum4

Output  Section  Ports  ...............................................  1.2:1   maximum4

Load   (normal   operation) ............................................. 2.0:1   maximum

Switching  Speed   ..............................................    100  milliseconds  maximum

Electrical

Input  Voltage ................................. 115/230  ±  10% 50/60  Hz  ±  5°/o single  phase, 3 wire

Input  Power  ............................................................  <   75  watts

Mechanical
Weight ..........................................................  30  pounds   (13.6  kg)

Dimensions   ...................................   19  inches wide  X  7  inches  high  X  26  inches deep

(48.3 cm  X  17.8 cm  X 66.0 cm)

Mounting ..................................................  rack  with  non-movable  angles

Connectors

BF  Signal  Samples .......................................,..........   type  N  female

Environmental
Temperature  (operating) .............

Belative  Humidity  (without condensation) .

Altitude........................

Shock  and  Vibration   ...............

.................................. o  to  +5o0  c

............,................... 95°/o  maximum

•.............   i   ............ 10,000  feet  maximum3

as normally encountered  in  commercial  shipping and  handling

1 Specifications subj.ect to change without  prior notice.

2500 W rated  dry  load standard, other  load  ratings available.

34o°C maximum operating temperature above 6,000 feet.

4Measured when  BCU  is connected  to a  load  VSWB  of  1.05:1  or better. Actual  measurement when connected  in

a system will  be a function  of the VSWP to which this drawer  is connected. Typically these will  be better than
1.5: 1  for overall  subsystem.

53 dB offset for power splitting  is not  included  in these measurements.

6These  measurements do  not  include subsystem  losses associated with  connecting the  BCU to an  BF drawer  in a

typical subsystem. The  losses associated with  subsystem  interconnections are as follows:

Su bsys{em                                            B CU                                                Total

Drive  Section   ................... 1.0  ................ 0.5  ................   1.5  d B  maximum

Output  Section  .................. 0.2  ................ 0.4  ................  0.6  dB  maximum

OUTPUT  F] F
MODEL                            FF]EQUENCY  BAND                              CONNECTORS

9300HA02 .......... 5.8  -8.2  GHz   .......... WB-137  choke flange .

9300HA03 .......... 7.0  -10.0  GHz .......... WB-112  choke  flange .

9300HA04 .......... 10  -15  GHz   ........... WB-75  choke flange.  .

OPTloNAL DRIVE
SECTloN  CONNECTORS

.....  Type  N

.....  Type  N

.....  Type  SMA
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FEATURES

•  Variable  Patio  Power Combining  of Two
HPA,s

•   F{edundant Operation of Two  HPA's
•  Automatic or Manual
•  Status  Indicators
•   Fault  Indicators
•   Bemote or  Local  Control
•   Highly  Beliable

•   Easy to Maintain

•  Switches Safely with
-Full  RF  Power
-  Low VSWF3

•   Bapid  Switching
•   Designed  for  Optional  Use  in TDMA Type

Application



DESCRIPTION

The Hughes Model  9345HA04 Variable Power
Combiner    consists    of   one   rack    mountable
drawer.   It   is  designed   to   provide  fully   auto-
matic     monitoring    and     switching    for    dual
transmitter   satellite   communication   systems
requiring   either    rediindant    operation,    com-
bined  power  output  or fail  soft operation  in a
normally   power   combined   mode.   The   inter-
nal    logic   is   designed   to   initiate   appropriate
mode  switching   upon  receipt  of  faults  in  BF

output,    power    supply    or    missing    TDMA
pulses  (optional).

The  high   power  circuit  of  this  assembly  con-
sists   of   an   BF  switch,   high   power   load   and
appropriate  waveguide  plumbing,  all  actuated
by  control  logic  and  associated  power supply.
The  low  power  input  waveguide  is  composed
of a  power divider and  phase shifter.

OPERATIONAL  FEATURES

Controls

•  Channel  A to Antenna*
•   Channel  8  to  Antennaj+
•   Channel  A+B  to Antenna*
•  Auto/Manual*
•  Power On/Off
•   Local/Bemote
•   Fault  Reset*
•   Lamp Testjt
•  Phase Adjust
•   Manual  Combiner  Switch  (internal)
•   Channels A+B  to  Load  (manually selectable  internally only)

Operational  Status  Indicators

•   Channel  A to AntennaJ¢
•  Channel  A  Fault*
•  Channel  8 to Antenna*
•   Channel  8  Faultt+
•  Channel  A+B to Antenna*
•   Channel  A+B  1:o  Load  (manually  selectable)J¢
•  Auto  Operationj+
•  Manual  Operationjt
•  Power On*
•   Local  Operation
•   Bemote Operation#
•   Fault  F3eset
•   Lamp Test

F{F  Signal  Sample

•   BF  Power to Antenna  Port  (-45 dbc)
•   BF  Power to  Load  Port  (-45 dbc)

*These  functions  are  available  at  remote  control   interface  or  on   optional   remote  control   panel   in

addition  to TDMA A,  TDMA  8,  and  BF  fault  indications.



SPECIFICATIONSI

RF  Performance  (typical)

Frequency.......

Bandwidth....................

Power  Output  (CW)  at  HPA .........

at  VPC  (combined).

Isolation

Between  High  Power  Input  Ports   .

Between  High  Power Output  Ports
Between  Low  Power  Drive  Ports.  .

Insertion  Loss

Input  Section  .   .   .

Output Section .  .
Gain  Variation  (over  500  MHz  band).  .  .

Gain  Slope  (over 50  MHz  band)  .,....

Group  Delay  (any 50  MHz  band)

Linear............

................  14.0  to   14.5  GHz

.    500  MHz  minimum

............   225  W  minimum

.......   400  W  minimum

......... 30  dB  minimum

.................... 40  dB  minimum

............,........ 25dB  minimum

I...   0.5 dB  maximum6.  7

•   .   .  0.5 dB  maximum6. 7

•........  ±1.5  dB  maximum2

•   .  .   0.05  dB/MHz  maximum2

.   .0.1   ns/MHz  maximum

Parabolic  .........................  0.05  ns/MHz2  maximum

Bipple ....................................    1.0  ns  peak-to-peak  maximum

VSWF]

:nuptuptut.......:.2:::::::::
Load   (normal  operation) .................................  2.0:1   maximum

Switching  Speed   ..........................   200  milliseconds  maximum

:i:Cuttrj;:I,tage..............................||5±|o%50/60Hz±5%singlephase,3wire5

Input  power ............ < 100  watts

Mechanical

Weight................

Dimensions......

Mounting..........

Connectors
BF   Input  .....

RF   Output .............    '    .......

F]F   Signal   Samples .................

Environmental

Temperature  (operating) .............

Belative  Humidity  (without condensation).

Altitude...........

Shock  and  Vibration   ...............

............. 50  pounds  (22.7  kG)

.  .  .19  inches wide  X  101/2  inches  high  X  26  inches deep

(48.3 cm  X  26.7  cm  X  66.0 cm)
............     rack  with  non-movable  angles

..........  WB  75  choke  flange

I.......................  WB  75  choke  flange

................   type  N  female

........ 0 to  +500  C

.....    950/o  maximum

.10,000  feet  maximum3
as  normally  encountered  in commercial  shipping and  handling

Specif ications subject to change without  prior  notice.
2Measured with 0 dB  input attenuation.

340°C  maximum operating temperature above 6,000 feet.
4Measured when  VPC  is connected  to a  load  VSWB  of  1.05:1  or better. Actual  measurement when connected  in a

system will  be a  function of the  VSWPl  to which this drawer  is connected.  Typically these will  be better than
1.5: 1   for  overall  subsystem.

5230VAC operation  is available as an option.
63 dB  offset for  power splitting  and  combining  is  not  included  in  these  measurements.

7These  measurements do  not  include subsystem  losses associated with  connecting the  VPC to an  F]F drawer  in a

typical  subsystem.  The  losses associated  with subsystem  interconnections are as follows:
Subsystem                                         VPC

Input  Section  .
Output Section

.1.0   ................ 0.5

.0.2................0.5

Total
1.5 dB  maximum
0.7  dB  maximum
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