from JEDEC release #4257, May 13, 1963

DESCRIPTION

The ML-B130 is a five-inch direct-view storage tube
capable of storing high-brighrness, flicker-free, half-rone dis-
plays of information. Displays can be erased instanranecusly
or gradually. The tube is designed for operation under ex-
treme environmental conditions and is shielded from seray
magnetic helds. Typical applications are:

1. Airborne search and fire control

. Navigational radar

N

Arrport surveillance
. Transient studies
Weacher radar

ENVIFA

Dara cransmission systems requiring narrow
band width

The tube is provided with a P-20 aluminized screen (see
Fig. 1) coated on a flat faceplate of optical quality glass.
With a view-screen voltage of 10 kV, the display brlghmess
is in the order of 2000 fooc-lamberts. Minimum writing spee
of the tube is 300000 inches per second. Fascer speeds ma
be obtained by increasing write-beam currenc. Pisglays <.a
be stored for 30 seconds or more. The rate of etasure can be
conrrolled by changing the width, shape or frequency of\a
series of pulses applied to the backing chrmde Thr: storage
ability of the tube permits integratién of we'1k5s1gnals and
prolonged observacion of transients. Hﬂf tane displays may
be obtained by amplicude modilation.. ot (h(.‘ %vme -gun input
signal. Precise alignment of guas and/colljmatmg electrodes
contribute to the excellent umform(:ty/ofP display over the
entire view screen. Fdcusing, and deﬂgcnon of the electron
beams are accomplished electrostatically, eliminating need for
coils and simplifying magneri¢-shielding.

The ML-8130 is designed for military airborne operation
and is intended tw meer requirements of applicable military
specifications. The tube, including its clectrical terminals, is
potted in a resilient silicone compound and enclosed in an
effective, light-weight Netic Co-WNetic magnetic shield. Leads
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ML-8130

DIRECT-VIEW
STORAGE TUBE

DESCRIPTION & RATINGS

from each electrode are brought out through the potring
compound in Hexible cables, which are an incegral part of che
tube assembly. These cables may be furnished in special lengths
and firted with rerminal connectors as specified by the user.
This external construction combined with the rugged internal
construction of this tube assure its prorection against vibra-
nion, mechanical qhock vardtions in environmental pressure,
and stray magnetic fields /Thc/u)nsrrucru)n also greatly sim-

plifies tube mbggll\anonv
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Figure | — P-20 Spectral Energy Emission Characteristics
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PRINCIPLES OF OPERATION
Arrangement of Electrodes

Figs. 2 and 3 illustrate schemarically the various internal

TABLE A
TUBE CONNECTIONS

components of the tube. Symbols used o identify electrodes Symbol Eloctrod c'“"’""‘i" Catl
. .. . . . . mbho echrode annection able

are in accordance with JEDEC Publication No. 33 in which Y

the prefix "w” denores a component of che write-gun section th flood-gun heater Pin 7 A

and the prefix “f" denotes a component of the flood-gun th flood-gun heater Pin8 A

section. The letter "g" denotes a grid, “h” a heater, "k” a fk flood-gun cathode (1.C. w0 th) Pin9 A

cathode, and "D” a deflection plate fgl  flood-gun control grid Pin6 A

T o . f : fg2  flood-gun anode Pin 10 A

The viewing screen (vs) is a coating of phosphor facing fg3  flood-gun collimaror Cap 4 D

the eleciron guns. The backing electrode, or storage mesh fg4  Aood-gun collimaror Caps D

be),isafi i h, th -side of which i

{ ‘e), is a fine, meta ;c mesh, the gun s‘,lde of w 1fch is vcoated @ collector electrode (mesh) Cap 3 D

with a thin deposic of dielectric marerial, which funcrions as ss stotage surface N.C. N.C.

the storage surface (ss). The nature of the material used for be backing electrode (storage mesh)  Cap 6 D

the storage surface is such thar it will mainrain a pateern of vs view screen Capl c

charges for a considerable period of time. This surface, for wh write-gun heater Pin 1 B

analytical purposes, can be considered an atray of minute, iso- wh  write-gun hearer Pin 14 B

lated storage areas each capacitively coupled with the backing wk  write-gun cathode Pin 2 B

electrode. The collector electrode (ce) is a high-transparency “’g; wre-gun CO“:‘)l grid gf“ ?0 i

. . wg write-gun anode in

metal mesh in Ffose proximity to the storage s-urface. wg3  write-gun focus elecrode Pin 13 B
The remainder of the components comprise two eleciron- wed  write-gun anode Pin 10 A

gun systems — one for viewing, the other for writing — as wD1  write-gun rear deflection plate Pin 4 A

illustrated. Flood-gun grid fg3 is a conductive coating on the wD2  write-gun rear deflection plate Pin 12 A

inside of the rube envelope. Flood-gun grid fg2 is a similar wD3  write-gun front deflection place Pin 5 A

) . ! ] i wD4  write-gun fronr deflection plate Pin 11 A

conductive coating electrically connected to write-gun grids

wg2 and wgi. 1.C. 1o fg4. Do not use Cap2&7 —
Table A identifies each electrode with reference to the

symbol used. Reference should also be made to electrode

voltages given under “Typical Operating Conditions” in order

to better understand the description of tube operation which

follows.

be ss fgd g3

\ [ VIEWING | WRITING

{
1
1

7 — SECTION | SECTION

g: fg2 ~fgl .k ~M ) wgle wk- wh
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Figure 2 — Construction of Tube Shown Schematically

[ SIGNIFIES BULB CONTACTS (NOT IN RELATIVE
POSITIONS ).

(OSIGNIFIES PIN CONTACTS {IN RELATIVE POSI-
TIONS).

NUMBERED CONTACTS ARE ENCAPSULATED IN

THE MAGNETIC SHIELD OF THE ML-8I30. RE-
FER TO TABLE "A" FOR CONNECTIONS,

Figure 3 — Basing Diagram
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Viewing

. . 2000
The flood gun produces a divergent beam of low-velocity

elecerons, which travel roward the storage surface. The colli-

mating eleccrodes (fg3, fgd) align the electrons in a parallel 1750
path so that they continuously flood the storage surface with

) 1 s CI] . ‘. . ial ! t be = + 5 VOLTS

equal energy components. Collimation is essential so thar the  + 120 VOLTS

flood electrons will approach the storage surface in perpen- 1500 192+ +100 VOLTS
1g3} ADJUST FOR MOST

dicular paths, resulting in a uniform display. fal ONIFORM DISPLAY

The storage surface (ss), acting much in the same

manner as a conuol grid in a triode, modulates the crans- 1250 /

00 /!

mission of flood-gun electrons o the viewing screen. When
the storage surface is ar the same potential as the flood-gun

cachode, 0 vols, all flood-gun electrons pass through openings
in the storage mesh and are accelerated to the viewing screen
causing it to fluoresce brightly. This condition, zero porential

of the storage surface. is referred o as a condition of “sat-

urated brightness”. When the storage surface is charged to

“cut-off voltage”, abour —8 voles, or some more negative volt- 500 y

age, electrons are repelled back to the collector electrode (ce)
and none reach rhe viewing screen. The cube will then be in a
"black™ or "unwriten” state, Wich the storage surface at 250
some intermediate voltage, some electrons reach che viewing

LIGHT CUTPUT IN FT.-LAMBERTS

screen and some are repelled. The screen will then fluoresce

o ] a-28101
o 2 4 6 B8 1O

VIEW-SCREEN KILOVOLTS

at some intermediate brightness in the “half-tone range™
When a pattern of charges of different potential 1s applied
to the storage surface, the charges ranging from cutoff voltage
to zero potential, some electrons will reach the viewing screen Figure 4 — Average Light OQutput
and some will be repelled. The potential charge on any in- a5
dividual storage surface elemenc determines the quanuty of

electrons passing through the mesh opening at that particular

element. The flood electrons strike the phosphor screen at a

vs,ca,ba,ss, g3, fgd4 = +25C VOLTS
an elect duce a visual image of o f i
gun elecurons produce a visual image of the storage surface wg3 = ADJUST FOR

FOCUS
wg2,wa4 = +100 VOLTS

25 /

. /

point directly opposite this elemenc. In this manner, the flood-

charges on the viewing screen. The overall degree of viewing

brightness is derermined by the view-screen volrage and the
density of the flood-gun electrons. A higher view-screen
voltage will produce greater acceleration of the electrons,

causing them to strike the view screen with greater velocity
and resulting in increased phosphor fluorescence (see Fig. 4).

When viewing-section voltages are first applied, the
storage surface assumes a positive potential with respect to

the fload-gun cathode due o close capacitive coupling with
the backing electrode. A portion of the flood-gun electrons

BEAM CURRENT IN MICROAMPERES

are intercepted by the collector mesh, bur the remainder are

decelerated to near zero velocity ar the storage surface. Elec-
tron landing velocity is so low that the secondary emission
ratio of the storage surface is less than unity; ie., the secondary /
electrons lost due to collision are less than the primary elec- 5 /
trons landing on the storage surface. The storage surface is

consequently charged negatively to the same potential as the al26100

flood-gun cathode, and a condiric f s ; i :
g , and a condition of saturated brightness o 20 30 2 0 80 70

€XiSLs.
xists WRITE - GUN GRID NO. | DRIVE FROM CUTOFF IN VOLTS

Since, in normal operatton, the storage surface 1s always
negarive with respect to the tlood-gun cathode, it can control

iransmission of flood-gun electrons bur none of these elecrrons Figure 5 — Write-Gun Transfer Characteristics
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will strike ie and modify its charge. A negative voltage pattern
on the storage surface is thus unaffected by the flood-gun
emission and would exist indefinitely were it not for ion cut-
rents, which are described subsequently under “Erasing”,
and insulation leakage.

Writing

The writing gun is similar to electron guns used in in-
dustrial and military cathode ray tubes of the type which
employ electrostatic focus and deflection. Its beam may be
modulated in the same manner (see Fig. 5). It is a high-
resolution-gun yielding a low-current high-velocity beam. The
cathode is normally operated at a potential of —2000 voles
with respect to the flood-gun cathode.

Before writing can rake place, the storage surface must
be at a negarive, curoff potential with respect to the backing
electrade; the tube is then in a "black”, unwricten state. This
is accomplished by rthe erasing operation, which will be
described subsequently.

After the writing beam is deflected, it passes through
the collector mesh and strikes the dielectric coating on the
backing electrode. It impinges wich sufficient velocity for the
dielectric to yield a secondary emission ratio greater than
unity (the number of electrons emitted by the collision is
greater than the number landing). With the collector ar a
positive porential and in close proximity to the storage mesh,
complete collection of secondary electrons is possible. The
net effect 1s 1o charge each individual scanned element of the
storage grid in a positive direction. The amount of stored
charge on each of the elements is proportional to the energy
of the writing beam ar the instant of impact. Thus, with the
beam being modulated and scanned, a pattern of charges of
differenct potentials is established on the storage surface. These
potentials range anywhere between storage surface cut-off
voltage and the zero potential of the flood-gun cathode (see
Fig. 6). During the writing operation, the storage surface
cannot build up any charges more positive than flood-gun
carhode potential due o the nullifying action of flood-gun
electrons. As described previously, under "Viewing”, a volrage
pattern wrirten on the storage surface produces a visual
image on the view screen due to the action of the flood-gun
electrons.

Erasing

Wich the Aood gun in operacion, the amount of time a
charge pattern can be stored on the storage surface is limited
by ion current. lons are praduced by collisions of flood-gun
electrons with residual gas molecules in the tube. Posituve
ions between the collector electrode and the flood gun are re-
pelled from the storage surface by the positive-potential
collector eleccrode. Positive ions between the collector clec-
trode and che storage surface are actracted o the negative-
potential storage surface neutralizing its charge and slowly
changing the surface potential to a level of saturated bright-
ness. Maximum image storage time is thereby limited to a
period of abour one minute. The loss of charge due o ion
current, which is called "ion writing”, also limits the rime

RELATIVE BRIGHTNESS IN PERCENT OF SATURATED BRIGHTNESS
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Figure 6 — Storage Characteristics
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Figure 7 — Erase Characteristics



available for writing and viewing following intenrional
erasure to a black, unwritren stare.

To erase an image intencionally, a series of positive-
going pulses is applied to the backing electrode. This is
termed "dynamic erasure” and permits a gradual fade-ouc
of stored information.

When a positive-going pulse is applied to the backing
electrode, the storage surface, due to capacitive coupling, will
also become more positive. Electrons from che flood gun are
then atcracred 1o posicive areas of the storage surface. Since
flood-gun electrons are low-energy electrons, the secondary
emission ratio ac the storage surface is less than unity and the
storage surface becomes less positive. At the end of each pulse,
che backing electrode returns to its original, lower positive
voltage. The voltage of each element of the storage surface
will then foliow the drop in backing-elecirode volrage o a
voleage which is more negative than befare the pulse was
applied, After a number of erase pulses of sufficient duration
have been applied, all written areas of che storage surface will
have acquired the same potential as the Hood-gun cathade. At
this poine the storage surface potential will return to a nega-
tive value which is ar or below cut-off. The tube is then in a
“black”, unwrirten state, and the tmage has been crased. By
limiting frequency or width of the pulses, the rime required
for complete erasure can be extended (see Fig. 7).

Wich a rectangular erasing pulse, all elements of the
storage surface are discharged at the same rate; the less-
positive, or low-brightness, areas will disappear first; and
half-tones disappear before high-brighiness areas. With a
more sawtooth-shaped erase pulse {see Fig. 7}, the less-
negative, high-brightness areas are discharged for a longer

ML-8130
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period of time during each pulse. With proper selection of
pulse shape, it is then possible o preserve low-brighmess
detail during the entire erase cycle.

With this tube, the amplitude of the erase pulse is nor
ordinarily varied to change rhe rate of erasure. For optimum
rendition of half-tones, the proper erase-pulse amplitude is
that which allows the storage surface to be charged to exact
cur-off poreatial by the erasing operation. 1f the erasc-pulse
amplitude is less than the optimum value, all pordons of the
storage surface will not return to cur-off voltage after removal
of the erase pulse, and complete erasure is not possible. If che
erase-pulse amplitude is grearer than che optimum value, the
storage surface might return to a value which is more negative
than cut-off voltage (“blacker rhan black™) when erase-pulse
operation is terminated. The latcer condition would adversely
affect the qualiry of subsequent writing operations.

/I‘& ,r
<wD4 CLOSEST -§ NECK
TO SCREEN]. - “OF TUBE

G VIEW SCQ

B FLOOD GUN

=pvs

{VIEW LOOKING AT SCREEN)

Figure 9 — Deflection Plate Orientation
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PERFORMANCE Viewing Section
Values given are for typical tube unloss otbherwise specified. th Peak Volrage:
Writing Speed, misuimun (10 gA beam curreat) 300,000 in/sec fh negative ... 180 w
Light Output (vs voltage = 10 kY), minimum 1700 fil fh positive ... 180 v
Written Resolution {10 ¢A beam current) ....... 60 lines/in fk Voltage ..o 0 v
Erase Time (single-pulse erasure} ............ 5010 250 ms fgl Voltages:
Half Tones, minimun ... e 5 Negative bias ..o 125 Vdc
Deflection Factor Uniformity ... ... 4 % Positive bias ... 0 Vdc
Positive peak ..o 0 v
fgl Circuit Resistance ... 1.0 Meg
GENERAL CHARACTERISTICS fg2 Voltage ... 150 Vdc
Optical fg3 Voltage ... 200 WVdc
Phosphor Type ................. (8ee Fig. 1) P-20 Aluminized fpd VFJltage R T 300 Vde
Fluorescence ..........ccoooviiivnesivnrne. Green-Yellow fgd Circuit Resistance, minimums .............. 1600 chms
phOSPhOl’ESCCI’ICC 7 . Green-Yellow e V?Itase ..... IR e 300 Vdc
Faceplate .. ... Flar, optical-guality glass ce Circuic Resistance, memimunt ... 1000  ohms
be Voltage 200 Vdc
; be Circuic Resistance ... .oiiiiiiinns 5000 ohms
Mechanical 95 VOIABE oo oo 11000 Vde
Overall Length ... - 13%8 in vs DisSIPation ... 10 W
Maximum Diameter ... 5% in vs Circuit Resistance, minimum ... 1.0 Meg
Useful Screen Diameter, minimam ... 4 in
Base (encapsulated) ... See Fig. 8 . .
Mounting Position ... Any Writing Section
Weight Less Leads, approximate .................... 534 lbs wh Peak Volrage:
wh negative T ... 180 v
Electrical wh positive T ... 180 v
whk Voltage ... ... ... —3000 Vdc
Heater Characteristics, Fload or Write Guan: wil Voltages:
Hearter Volwage, ACor DC ... ... 6.3+ 109, V Negative bias t 125 Vdc
Heater Current Per Gun at 6.3 Volts ........ 0o x10% A Positive bias T ..o 0 Vdc
Focusing Method, Write Gun . ... Electrostatic Positive peak t o 2 v
Deflection Method, Wrice Gun ................. Electrosatic waul Circuit Resistance 10 Meg
Deflection Orientation .............ccoooooreieeen See Fig. 9 w2 VOMAZE - oo 150 Vdc
Deflection Factors: wg3 Voltage .. ... —2500 Vdc
wDT, wD2 251040 V/in/kV wid Voltage .. ... 150 Vdc
wD3, wD4 250 40 V/in/kV
Direct Interelectrode Capacitances, approx.:
wk to all other electrades ... 10 pf TYPICAL OPERATING CONDITIONS
wgl to all other electrodes ................... 14 pf All voliages are referenced to fk unless otherwise specified.
wD3rowna o Viewing Section
w1 to all other electrodes .o 13 pf fk Voltage oo 0 Vde
wD2 1o all other electrodes . ) 12 pf fgt Bias Voltage ...........ccooo v 0w —50 Vdc
wD3 1o all other electrodes ... ... 13 pf fg2 Voltage - ... 100 Vdc
w4 1o all other electrodes ... ... 12 pf fg3 Volrage .. 151040 Vde
tgd Voltage 251050 Vdc
ce Volage 120 Vdc
RATINGS be Voltage ... .. 2 Vde
Ratings given are absolute maximum valnes unless otherwise specified. vs Voltage ... 2000 Vde
All voltages are referenced to fk unlers otherwite specified. Writing Section
General wk Voltage ... —2000 Vdc
Alieade 20000 fe wgl Bias Voltage ..o S —30tw—060 Vdc
Pressure, absolute ..o 45 psi wg2 Voltage . .. ] 100 Vde
Ambient Temperature: wgd Voltage t ... ... 28010660 Vdc
Minimunr —55 °C wed Voltage 100 Vdc
Maximum +8% °C tVolwages referenced to wk.
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