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New Voltage Stabilisers with Ignition Electrode 

by G. Marx 

A series of new neon stabilisers designated ZZ 1010, ZZ 1020 and ZZ 1040 is now available 
for applications in regulating and control circuits for industrial automation. These new types 
differ from customary tubes in that they are provided with an additonal ignition electrode, 
which can carry a weak auxiliary current. Due to this additional discharge the static charac-
teristic, which is shown in Fig.l for a tube without auxiliary current, can be altered in the 
section where the characteristic drops for low transverse currents. This section of the charac-
teristic, in which the differential resistance assumes negative values, is the cause of a number 
of possible interferences that must be prevented in automatic industrial electronic circuits for 
reasons of reliability. 

The characteristic of a tube operated with auxiliary current is shown in Fig. 2. In addition, by 
this additional discharge the occurence of interfering ignition peaks is prevented, the control 
range is extended, the thermal load is reduced and the circuit complexity is reduced. More-
over, arbitrary large capacitances may be connected in parallel without the occurrence of 
interfering oscillations. This feature in particular renders the new stabiliser suitable for con-
trol circuits in industrial electronics because in such applications constant voltage sources are 
frequently required which need to supply only weak mean currents but shall be loaded with 
high transient currents. 
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Fig. 2. Uoa = f (la) characteristic of a neon stabiliser 
operated without auxiliory current operated with auxiliary current 

Fig. 3 a shows an example for such a circuit, in which a capacitor C charged to the voltage 
UB shall generate a strong current pulse in the load resistor Rn on the arrival of a control 
signal at the control electrode z of the switching tube SR. Circuits, in which the electrical 
energy stored in a capacitor is converted into a current pulse, are frequently employed in 
control systems where, for example, the load resistor RA may be an electro-mechanical relay 
or step switch mechanism to which a high power peak is applied for the moment when the 
armature pulls up. The circuit shown is also frequently used as pulse amplifier or as a so-
called self-quenching pulse shaper stage in which output pulses of constant amplitude and 
shape are generated across the usually low-impedance load resistor RA on the arrival of 
weak control signals at the control electrode z. 

The circuit shown in Fig.3 b supplies a stabilised bias for the control electrode of switching or 
amplifier tubes. The neon stabiliser STV used to generate the stabilised voltage must be 
shunted by the capacitance C if the tube Ro shall be driven by pulses or RF voltages. In this 
manner a short-circuit in respect of AC shall be established for the discharge gap of the 
stabiliser whose resistance is greatly dependent on frequency. This measure is most import-
ant in cases where the stabiliser shall be employed for the simultaneous voltage supply of 
several tubes featuring different switching functions. 
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Fig. 3. Circuit for neon stabilisers with capacitive load 
a) pulse shaper stage with relay tube 
b) generator stage for stabilised biasses 
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Fig. 4. Simplified equivalent circuit 
of a gas discharge gap 

Where neon stabilisers could be used for the circuit examples indicated here as regards the 
current requirement, far more complex methods of stabilisation were employed in practice 
hitherto due to the fact that neon stabilisers without an ignition electrode cannot be oper-
ated with arbitrary large parallel capacitances. 

1. The Discharge Gap without Auxiliary Current with Parallel Capacitor 

For previous neon stabilisers the limitation of parallel capacitances to the permissible maxi-
mum ratings Cpmax quoted in the data sheet is closely associated with the permissible mini-
mum current Imin• The ratings for Ppmax invariably refer to the case that the characteristic of 
the stabiliser type can be fully exploited to the minimum current Im;n quoted. However, if 
care is taken by appropriate circuit ratings that the transverse current flowing in the dis-
charge gap always remains higher than the minimum current indicated, then the parallel ca-
pacitance may also be increased. Inversely, at parallel capacitances Cp < Cpmax, the permis-
sible tube current may drop below the value for Imin within certain limits. In the past the cir-
ciut designer was unable to find adequate data on the relationships implied here in the 
appropriate literature: in consequence this relationship will be explained in the following as 
far as necessary for proper appreciation. 

First of all, let us consider the characteristic of a discherge gap without an ignition electrode, 
as is customary for all neon stabilisers (cf. Fig. 1). Normally the section between points A and 
B is exploited for stabilisation, and is termed the control range. This range is limited by the 
maximum permissible transverse current lamax (point A), which must not be exceeded for con-
tinuous operation without the tube being thermally overloaded. Towards lower transverse 
currents the control range is limited by the minimum current lamin (point B), at which the ope-
rating voltage reaches its lowest rating. When the transverse current drops further the ope-
rating voltage rises rapidly to reach its maximum rating at point C at very low currents, na-
mely the ignition voltage UaZ. At this point the automatic discharge ceases and changes into 
a dependent discharge. Though the section between points Band C, which is called the 
"subnormal range" of a neon discharge, is not used for stabilisation since the current is 
highly dependent on the operating voltage, it nevertheless plays an important part in the 
design of a stabilisation circuit with a parallel capacitance, as we shall see in the following. 

The differential resistance C~ Ua g/L1 la of the static characteristic, which is frequently (errone-
ously) termed the internal AC resistance R;, has negative values in the range below normal 
as is shown in Fig. 1. Moreover, since the discharge gap in operation may be considered an 
inductance and the electrode arrangement is loaded by the unavoidable capacitance CaK, an 

equivalent circuit results in accordance with Fig. 4. Accordingly self-excitation can arise for 
each operating point within the subnormal range. And in actual fact the occurrence of sine 
oscillations can als~~ be easily proved, just as the conductance values of the discharge gap 
can be measured along the entire characteristic. The sine oscillations are stimulated by the 
noise and can be limited in amplitude, reproduced and kept stable by appropriate circuit 
measures. 

If the frequency of the sine oscillations arising is varied by a variable capacitor Cpm con-
nected in parallel to the tube (Fig. 5), then at a known capacitance the inductance can be 
stated from the frequency for the static operating point adjusted in each case. The frequency 
of the stimulated sine oscillations reaches a maximum value of some kc/s. When the capaci-
tance Cam is further reduced the oscillations can no longer be self-excited. It is found namely 
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Fig. 5. Circuit for the measurement 
of the incipience of oscillations 
of a discharge gap in the 
subnormal range 
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that the negative resistances, which can be observed in the static characteristic for the sub-
normal range, drop very quickly with rising frequency, become zero and change their sign. 

This dependence on frequency of the complex conductance, which occurs as a delay effect, 
is noticeable at very low frequencies due to the different inertia of the charge carriers in-
volved in gas discharges contrary to the phenomena in vacuum tubes. For further considera-
tions it is quite sufficient to state here that the real and imaginary portions of the conduc-
tance of a gas discharge tube are dependent on both frequency and current. This dynamic 
behaviour arises in principle irrespective of whether the operating point is situated in the ris-
ing of tallirg section of the static characteristic. Self-excitation can only occur in discharge 
ranges with falling characteristic, and even then only up to frequencies at which the real 
component of the resistance dependent on frequency remains negative still. Due to this last 
reason only is it possible at all to measure the static characteristic in the subnormal region. 
However, it is assumed that the parallel capacitance Cp is kept low enough to drive the fre-
quencies, for which stimulation would possibly not be conceivable at all, so high that the real 
component of the path resistance has already become positive for them and self-excitation 
can therefore not take place. In such cases the circuit capacitance must be rated so much 
lower the further the static characteristic shall be measured free of oscillations in the sub-
normal region towards lower currents because both the inductive and negative real compo-
nents of the track conductance are approximately proportional to the direct current flowing 
in the circuit. It is thus obvious that for each current value in the subnormal region there 
exists a very definite rating of the parallel capacitance at which the boundary is reached 
between self-excitation and operation free of oscillations, or at which the discharge current 
does not drop below a definite minimum value for each parallel capacitance, if self-excita-
tion shall be prevented. 

In Fig.6 the curve a, which refers to a tube ZZ 1020 operated without auxiliary current, con-
stitutes the boundary below which self-excitation does not occur. The figures along the curve 
indicate the sine frequency at which the circuit Fig. S commences to oscillate when the cur-
rent starts to drop below the boundary at this point. Once oscillations have started the am-
plitude of the sine oscillation rapidly swings to such a height that the momentary voltage 
across capacitor Cp drops below the minimum voltage (point B in Fig. 1) and relaxation os-
cillations result. The amplitude of these relaxation oscillations are approximately equal to 
the voltage diffrence between ignition voltage UaZ and the minimum voltage associated with 
point B. Relaxation may be initiated by one single slight drop below the boundary a in Fig. 6 
and will now be sustained, and cannot be stopped again simply by shifting the operating 
point just over this boundary. 

To this end the current applied by the voltage supply must be substantially increased, which 
can be achieved by increasing the supply voltage or by reducing the input resistance rating. 
The current which then results as a stationary transverse current immediately after relaxation 

,.,, oscillations cease, corresponds to curve b in Fig. 6. 
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It is useful to divide this curve into three sections. Section 1 covers the range of small capa-
citance up to approx. 25 nF, in which the operating point may be situated below Iamin — thus 
more or less far inside the subnormal region —without self-excitated relaxation oscillations 
being sustained. Section II ranges from approx. 25 nF to approx. luF. In this range the con-
stant operating point must be more or less situated as a function of the parallel capacitance 
if self-excited relaxation oscillations shall be precluded. In Section III with parallel capacitan-
ces in excess of 1 uF, there is no tendency to oscillate at currents above Iamin• 

A number of interrelated factors are responsible for this differing behaviour, which cannot 
be dealt with here in detail. During the relaxation operation discharges take place dynamic-
ally to such an extent that there is no sense in orientation by the static characteristic. By re-
cording oscillograms it can be shown graphically how the dynamic current-voltage lines 
swing over the static characteristic in both directions, draw closer and closer to it with incre-
asing current and appropriately rising relaxation frequency and relaxation oscillations then 
cease. 

Hitherto, the occurrence of relaxation oscillations was considered the sequel of a previous 
self-excitation of sine oscillations. To this end the current in the tube already in operation 
would have to be decreased to a greater or or less extent below the minimum current de-
pending on the rating of the parallel capacitance. In practice this effect may occur when the 
mains voltage drops for a short period. Moreover, the primary initiation of a relaxation 
process always takes place when the feed voltage is applied to the stabilisation circuit and 
the tube is ignited because part of the relaxation cycle is performed. The permanent operat-
ing point must be situated above the boundary curve b in Fig. 6 in both cases. But this means 
that the characteristic cannot be exploited for capacitance ratings within Section II, and in 
Section III there is no adequate security against relaxation oscillations. From these factors it 
is obvious that a rating of Cpmax is quoted in data sheets for which the characteristic may be 
exploited to the minimum current without the risk of relaxation oscillations existing. However, 
the first ignition peak is still present when the tube is switched on. It often gives rise to im-
proper switching in modern automatic circuits which are mainly driven by pulses, and thus 
limits the applications of neon stabilisers not provided with an ignition electrode. 

2. The Discharge Gap with Ignition Electrode and Parallel Capacitance. 

Since the difficulties encountered in neon stabilisers not fitted with an ignition electrode may 
all be attrituted in principle to the same cause, namely the difference between ignition and 
operating voltages, ways and means must be found to reduce the ratio between ignition volt-
age and operating voltage to 1:1 as far as possible. This was achieved in the new neon sta-
bilisers by sustaining a discharge by introducing an additional discharge near the main gap. 
The auxiliary discharge gap comprises the cathode k, which is common for the auxiliary and 
main discharges, and an auxiliary anode z, through which a weak auxiliary current IZ may 
be carried without influencing the discharge features of the main gap in the control range. 
The influence of the auxiliary discharge on the characteristic curve of the main gap ka is 
shown in Fig. 7 for the subnormal range. The ignition voltage, which corresponds to the cust-
omary ratio ignition voltage to operating voltage Uza/UaB -= 4/3 in neon diodes when the 
auxiliary current IZ = 0 at 110 V is lacking, is reduced to the operating voltage rating at a 
mean operating current by an auxiliary current IZ = 0.1 mA. Actually we can no longer speak 
of an anode ignition voltage in the customary sense of the word because the main discharge 
is sustained in any case, irrespective of the magnitude of the anode current. It is more ap-
propriate to indicate the highest excessive voltage arising in the subnormal region with 
respect to the minimum voltage, the excessive voltage being dependent on the magnitude of 
the auxiliary current. At IZ = O A this excessive voltage amounts to approx. 30 V, but only 
approx. 0.4 V at IZ = 0.1 mA, and drops to zero at IZ = 0.25 mA approximately. 

As long as the excessive voltage increase exists, the static characteristic curve drops in a 
certain sense. But this range decreases with growing auxiliary current IZ because at anode 
currents less than IZ/0.3 (dashed line in Fig. 7), the characteristic rises and stimulated resonance 
is no longer possible. *) 

*) Since the dashed function Ua8 = f (la) with IZ/la = const. = 0.3 is the envelope for all operating points at which 

0 UaB/0 la = const. has positive ratings, self-excitation cannot arise although the function constitutes a curve featur-
ing a falling characteristic. 
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Pig. 7. Ua s = f (Ia) characteristic of the ZZ 1020 in the 
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In accordance with the presentation given in Fig. b, which indicates the tendency to oscillate 
.~ as a function of parallel capacitance on the absence of auxiliary current, Fig. 8 indicates 

the ranges in which the tube stil l oscillates if the auxiliary currents IZ are 0.05 mA, 0.1 mA and 
0.2 mA. The experimental result shown in Fig. 8 confirms the behaviour to be expected in 
view of the family of static characteristics. (Fig. 7). With rising auxiliary current IZ the ranges, 
in which the stimulation of oscillations is possible at all diminishes more and more to dis-
appear completely at IZ = 0.25 mA, even at higher parallel capacitances. For each capacit-
ance rating Cp a definite auxiliary current IZ may be stated, which is a minimum if the start of 
oscillations shall be prevented completely. However, if the current drops slightly below the 
critical auxiliary current IZ associated with each parallel capacitance, then oscillations tend 
to start only if the anode current assumes a quite definite critical value lak,;,. For all ratings 
la ~ lakrit there is no possibility of the stimulation of oscillations. In Fig. 8 the associated pairs 
of ratings for IZ and lak,;r may be read off for each capacitance: for example an auxiliary 
current having the minimum rating IZ = 0.1 mA is associated with a parallel capacitance Cp 
= 0.12 i~F if the anode current assumes its critical value lakrir = 0.47 mA. For the design of 
practical stabilisation circuits using the tube ZZ 1020 Fig.9 may be considered a reference. 
An adequate degree of safety has been included, which takes into consideration the cust-
omary tolerances of the components and production tolerances of the voltage stabiliser tube. 
From this graph presentation we must read off for each parallel capacitance CP the minimum 
current IZ for the auxiliary gap which must invariably flow for operation without undesired 
oscillations if the anode current may reach a critical value Iakrit• 

3. The Design of Stabilising Circuits using Neon Stabilisers with Ignition Electrode 

3.1. The auxiliary current 

On designing a stabilising circuit it must be borne in mind that the auxiliary current is not 
constant and changes in accordance with supply voltage fluctuations since it is applied as a 
rule by the supply voltage source. 

Whereas the auxiliary current IZ = (US — UZs)/RZ is substantially independent of the anode 
current la (cf. Fig. 10) for all cases encountered in practice, the anode current la = [(Us —
UaB)/R„] — I~ is dependent on both supply voltage Us and on load current I~. Due to the requi-
rement that for operation free of oscillations the auxiliary current does not drop below the 
minimum rating shown in Fig.9 at the associated critical anode current lakr;,, we may differ-
entiate between two typical cases of operation when selecting the rating of resistor RZ. 

In the first case the load current I~ changes, which is derived from the circuit. It may happen 
that the anode current passes through all values la c lokrit and IZ must be rated by suitable 
selection of the input resistance RZ in such a manner that the minimum current IZ read off in 
Fig.9 flows when the supply voltage reaches its minimum rating USmin• This happens when 
RZ ~ (Usmin — UZB)/IZ. 
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In the second case the load current remains constant, and auxiliary current and anode cur-
rent change in the same sense only with the supply voltage. The auxiliary current IZ indicated 
in Fig. 9 need only be maintained at the appropraite value for lakr;~. For fixed ratings of IL
and R„ this is the case at a definite supply voltage Us. When US drops further IZ is also re-
duced though Ia drops at the same time and in a relatively greater measure than IZ so that 
the ratio IZ/la grows, the operating state drawing away more and more from the range of the 
greatest tendency to oscillate despite the drop below the rating for IZ. Since for each operat-
ing state RZ = (US—UZB)JIZ and U = R„ (la + IL) +UaB it follows that 

1 
RZ = [UaB + R,, (Ia + IL) —UZB] 

IZ

and if for Ia and IZ the critical anode current and the associated values for IZ from Fig. 9 and 
UZB =UaB are inserted, then 

R„ 
Rz <   (lakrit + IL) 

IZ

R~ _ 
_ 

~
~ 

Ur ~ ' RL UaB _ 
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I z =0, 1.. O,SmA ~~~ 
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-i I q /mA 
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(1) 

Fig. 10. 
Operating voltage of the auxiliary discharge gap 
when the main discharge of the ZZ 1020 is taking 
place: UZB = f (IQ ) at low auxiliary currents I z = 0.1 

to 0.5 mA 

3.2. Prevention of ignition peaks 

Automatic circuits are often required to automatically resume their normal functions after a 
mains failure has been rectified. If the voltages needed to supply such units are stabilised 
with conventional stabilisers, then the ignition peak already mentioned occurs when mains 
voltage is applied again. It may happen that in this manner incorrect switching is initiated 
in the unit in consequence. This problem does not arise when voltage stabilisers provided 
with an ignition electrode are used because the proper ignition of the auxiliary gap can be 
forced before the voltage across the anode has accumulated to such a value where exces-
sive voltage would be present. Once the auxiliary gap has been properly ignited the anode 
effects discharge even at voltages below the normal operating voltage (cf. Fig. 7). 

A possibility would be given for the delayed accumulation of anode voltage in respect of 
ignition voltage for the auxiliary gap if the capacitor Cp is rated high enough to ensure that 
the time contstant :~ from the circuit components R,,, RL and Cz (Fig. 9) is higher than the time 
constant ~2 from RZ and the capacitor CZk. In respect of the tube types discussed here the ne-
cessary parallel capacitance would have to be in the order of 1 ~~F approximately. However, 
by this method ignition peaks can only be prevented if the supply voltage is applied moment-
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arily at full value. If the supply voltage were to rise slowly, as is the case when generously 
rated filter elements are used after rectification and the time constant - i would not suffice to 
ensure the requisite delay, then the output voltage could still rise to the anode ignition volt-
age without a load being connected. To prevent ignition peaks in such circumstances a fixed 
load resistor R'p is added which, in conjunction with the preceding resistor R,,, acts as voltage 
divider and reduces the voltage across the anode to such an extent that the anode can per-
form the discharge when the auxiliary gap is ignited at voltage UZz but no excessive voltage 
is present (cf. circuit in Fig. 11). In the tubes described here discharge is performed by the 
anode when a voltage Ua = 2 UZz/3 is applied to it. Hence the following equation describes 
the condition for the continuous entering of the output voltage in the value of the operating 
voltage (operation free of ignition peaks even when the supply voltage rises very slowly). 

R„ + R'p UZz 3 (2)
- orR'p~2R„ 

R'p — Ua — ~ 2 

Should the load not constitute a ballast in itself which is equal to twice the rating of the pre-
ceding resistor, then for operation free of ignition peaks the voltage divider ratio must be ob-
tained under all circumstances by adding a fixed resistor Rp parallel to the output. 

The rating of components R„ and Rp is dependent lust as much on the condition given at the 
output by the load as on the tube data and the available supply voltage with its fluctuations 
which must be eliminated. 

.., If the load varies the current IL consumed by the load should preferably be divided into a 
fixed component ILm;n corresponding to the minimum load current, and into the component 

(~ IL = IL —ILmin 
< 

~ IL = ILmax — ILmin 

Should it be necessary to connect an additional resistor Rp in parallel due to the requirement 
for operation free of ignition peaks, in order to satisfy the condition R'p ~ 2 R„ even at the 
minimum load current li_m;n, then the stabilisation circuit must provide additionally the cur-
rent Ip, which can be combined with ILm;n to I'p =ILmin + Ip. Then namely at a fixed supply 
voltage 

US =Uag + R„ (la + b I L + I'p) (3) 

the sum (la + S IL) as well as I'p is also stable even when the load fluctuates. At R„ = R'p/2 = 
Uag/(2 I'p) the supply voltage for a stabilisation circuit free of ignition peaks becomes 

1 
US =  

2 
Uag I 3 + 

l a +b l L

I p
(4) 

The minimum rating Usmin is obtained by inserting for la the minimum tube current as recom-
mended for the various tubes in the table, by inserting for Ua g the operating voltage at this 
current and for 81L the maximum load fluctuation ~ IL. The maximum permissible supply 
voltage Usmax results if we insert the admissible tube current lamax for (la + 8 IL) and the oper-

~., ating voltage at lamax for Uag. If the operating voltage at maximum tube current is referred to 
the operating voltage at minimum tube current by inserting 

UaB (la max) — UaB (Ia min) + RI (Ia max — la min) — UaB (Ia min) + ` - UOB 

then the equations for minimum and maximum supply voltages read 

1 lamin +OIL 1 lamax 3 n Uag ' (5a) 
Usmin = ~  ~   Uag ( 3 Uag 3 + Usmax 

2 I'p 2 I'p Ua g (5b) 

where the difference in operating voltages UaB (Iamax) — UaB (Iamin) must be inserted for 
Uag, and the operating voltage at minimum tube current lamin for Uag. The relationship 

3 + 
Ia max 3 ~Ua6

r K I a  Ua g 
(Sc) 

3 
_ Ia min _ D IL

I. 
P 

indicates the permissible voltage fluctuation factor K (p% above and q% below the nominal 
rating) for full exploitation of the characteristic. From this we obtain the constant current 
component at the load end 

Usmax _ 1 ~0 + p 

Usmin 100 — ~l 

__ Iamax — K (lamin + 0 IL) 

I p 3 (K — ([\ UaB/Uag) — 1) 

7 

(6) 
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at which with given fluctuation factor K (at the supply voltage input end the tube character-
istic is fully exploited from lam;n to lamax, and load 0 li is regulated. 

These relationships are presented in Figs. 11, 12 and 13 for the tubes ZZ 1020, ZZ 1010 and 
ZZ 1040, and will be illustrated here by means of some calculation examples. These diagrams 
indicate clearly the tube type suitable for the specified load and voltage conditions. The 
other data required from the data sheet for the calculation may be obtained from the table 
and the characteristic Ua6 = f (la) Figs. 14, 15 and 16) for the types in question. 
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Fig. 11. 
Supply voltage of 
ZZ 1020 as function 
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Fig. 12. 
Supply voltage of 
ZZ 1010 as function 
of I'p, ~ I~ and K 
with la max = 70 mA 
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Fig. 13. Supply voltage of ZZ 1040 as function of Ip, ` II_ and K with la max = 60 mA 

Table: The data of stabiliser tubes with ignition electrode required to design a stabilisation circuit 

Tube type 
ZZ 1020 
sub-min. 

ZZ 1010 ZZ 1040 
min magnoval 

Operating voltage at la min UaB 

la max 

la min 

UaB 

IZ 

~ UZs 

U~z 
Usmin 

V 

mA 

mA 

81.4 81.4 100 

Max. anode current 8 

0.5 

70 60 

Min. anode current ') at auxiliary current IZ 0.5 1 

Max. operating voltage difference for full 
drive la min. .. lamax 

m A 

V 

V 
V 

3.2 6.5 0 

Auxiliary discharge current `) 0 2 0.2 1 

Operating voltage of auxiliary discharge 
gap at la min 

~- 85 -r 85 106 

Ignition voltage of auxiliary discharge gap 
= min. supply voltage *) 

122 122 150 

') recommended rating for operation free of oscillations and ignition peaks. 
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4. Calculation Example 

4.1. Example 1 
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Fig. 15. 

UaB = f (la) characteristic for ZZ 1010 for IZ = 0 

Fig. 16. 
UaB = f (la) characteristic for ZZ 1040 

The design of a circuit containing the ZZ 1020 with auxiliary current in accordance with 
Fig. 11 shall be carried out in such a manner that it supplies at the output a constant current 
of I~ = 5 mA at a stabilised voltage Uas -~= 83 V into a load R~, and that it is fed at the input 
•,with a supply voltage US whose nominal rating may fluctuate by (+ 15%, — 20%). At the 
same time it shall be possible to exploit to the fully the characteristic from lamax = 8 mA to 
la 0.5 mA in this selected example. The parallel capacitance CP shall be 4 ~~F: ignition peaks 
shall not occur. We must now ascertain the nominal supply voltage Usnenn, the input resist-
ance Rv and the resistance RZ preceding the auxiliary discharge gap. 

The load constitutes a fixed resistance RL = 16.6 kS2. Due to the requirement for freedon from 
peaks the input resistance must be Rv = 0.5 kS2 and R~ = 8.3 kS2. Since the anode current 
shall be la = 0.5 mA at the minimum supply voltage Usmin, the overall current in the input 
resistance will be IRv = la + I~ = 5.5 mA and the voltage drop UR,, = Rv ~ IR„ = 45.6 V. In ac-
cordance with Fig. 14 the operating voltage Uag amounts to approx. 81.4 V for la = 0.5 mA 
and IZ = 0.2 mA, and thus we have a minimum supply voltage Usmin =URv + Ua g = 127 V, 
or the nominal rating of the supply voltage Usnenn = Usmin/0.8 = 159 V. 

At the maximum permissible anode current lamax = 8 mA the overall current is IRv lamax + 
IL = 13 mA and the voltage drop URv = Rv ~ IRv = 108 V. As regards operating voltage the 
characteristic indicates the rating Ua B (8 mA) _= 84.6 V, and thus the maximum permissible 
supply voltage is 

Usmax = 192.6 V = Usnenn + 21 % 

To exploit to the full the characteristic la = 0.5 to 8 mA the permissible fluctuation factor 
amounts to 

Usmax 
K =  

Usmin 

~0 

100 + 21 
1.51 

100 — 20 

7t7 
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The values ascertained can be read off from the diagram Fig. 11. At a constant load current 
O I~ = 0 and the curve for Usmin at ~ i~ = 0 intersects the abscissa value I'P + 5 mA at 
Usmin = 127 V. For this point we also find the fluctuation rating K at 1.51 for full exploitation 
of the characteristic up to la = Iamax = 8 mA. The maximum permissible supply voltage 
Usmax is read off for Iamax at approx. 193 V at I'P = 5 mA. 

For the case considered here, namely that the supply voltage exceeds the nominal rating by 
maximum 15% only, the characteristic is not utilised up to Iamax. The voltage value arising at 
15% in excess voltage is US 1.15, Usnenn = 183 V and the current flowing in the preceding 
resistor 

IRS _ (Us - Upg)/R„ = 12 mA 

The tube current is then is = IR„ - I L -~ 7 mA and when the supply voltage changes from 
Usmin = 127 V to US = K •Usmin = 183 V, the cube current changes by 1 la = 6.5 mA from 
0.5 mA to 7 mA. This figure may also be obtained from the diagram (Fig. 11) by estimating 
the current change ~ I at approx. 6.5 mA for I'p = 5 mA and for supply voltage US = 183 V. 
According to the diagram ~ I = 4 mA and the tube current lanenn = v I + lamin = 4.5 mA 
for the nominal voltage Usnenn = 159 V. 

The characteristic reveals a change in operating voltage from - 1.4 V and + 1.4 V respect-
ively or ± 1.7% approximately. At a supply voltage fluctuation of - 20% and + 15% respect-
ively the stabilisation factor is S = 0 UaB/l_~ US - =̂ 10 in this design. To ascertain the receding 
resistance Fig.9 shows for Cp = 4µF the values IZ and lak,;, at 0.3 mA and 0.9 mA respect-
ively. From equation (1) RZ = R„ (lakr;t + I~)/IZ we obtain for the resistor rating RZ ~ 164 k4. 

4.2. Example 2 

The load current derived from a stabilisation circuit containing tube ZZ 1020 shall change 
between 0 and 4 mA, and the tube current shall be maintained within the limits of la = 0.5 to 
8 mA as in Example 1. The parallel capacitance shall again be Cp = 4µF, and ignition peaks 
must not occur. As regards feed voltage a fluctuation of (- 15%, - 20%) shall be permitted 
corresponding to a fluctuation factor K = (100 + 15)/(100 - 20) = 1.44. We must now find the 
necessary nominal supply voltage, and circuit design must be indicated. 

Since we may assume that the load resistance reaches the rating R~ = oo, an additional 
paralell resistance Rp = 2 R„ must be inserted in accordance with equation (2) for the sup-
pression of ignition peaks. This resistance rating is dependent on the supply voltage select-
ed, but must be high enough on the other hand to satisfy the requirement relating to the 
fluctuation factor. In accordance with equation (6) the current in the parallel resistance 
amounts to IP = I'p = 1.28 mA at lamin = 0.5 mA, l~ I~ = 4 mA, Iamax = 8 mA, ~ Uas = 3.2 V, 
Ua g (0.5 mA) = 81.4 V and K 1.44, and thus the parallel resistance is R'p = 81.4 V/1.28 mA 
= 63.6 kS2 and the preceding resistance is R„ = R'p/2 = 31.8 kS2. The minimum supply is thus 
Usmin = R„ (I'p + n IL + lamin) + Uae = 31.8 •5.78 + 81.4 = 265 V in agreement with equat-
ion (Sa) and the maximum supply voltage in accordance with equation (5b) is Usmax = K 
Usmin 380 V. In the diagram (Fig. l l) we read off the minimum supply voltage at 265 V as 

~. a function of I'P = 1.28 mA at L~ I~ = 4 mA, and the utilisable fluctuation factor follows as 
K = 1.44. The curve for maximum supply voltage indicates the rating Usmax = 380 V at max-
imum tube current Iamax for I'P = 1.28 mA. At the nominal rating of supply voltage Usnenn = 
Usmax/1.15 =Usmin/0.80 = 330 V the supply current injected is Ismax = (Usnenn -U aB)/R„ = 7.7 
mA. The auxiliary current, derived from Fig. 9 at IZ = 0.3 mA for CP = 4µF, must be main-
tained at the indicated rating for Usmin too since the anode current can assume all possible 
ratings between 0.5 and 4.5 mA, including lak,;, = 0.9 mA, due to the envisaged load change. 
With an operating voltage of the auxiliary discharge gap UZB = 85 V (Fig. 10) at la = 0.9 mA, 
then RZ ~ (Usmin - Uz6)/0.3 ~ 600 kS2. 

4.3. Example 3 

The supply voltage is given at a nominal rating Usnenn = 285 V (220 V AC mains after rectific-
ation) and the fluctuation to be stabilised is (+ 10%, - 15%) (K = 1.3). At a stabilised voltage 
of 100 V the load consumes a constant current I~min + 10 mA. Moreover, it shall be possible 
to drive an additional variable load current, whose permissible magnitude shall be determ-
ined by ~ Ir. A capacitance Cp = 10µF is connected in parallel to the load: interfering os-
cillations and ignition peaks shall not arise. A stabiliser tube type 1040 is used, whose data 
are quoted in the table. We obtain from equati 

/

on (6) 
Iamax - K llamin + ~ IL) 

I P = 
3 (K - (~ UaB/UaB) -1) 
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after inserting the values for stabiliser tube ZZ 1040 at Ua g = 100 V: DUag/Ua e = 0: lamaX = 
60 mA: lamin = 1 mA and K = 1.3 for the permissible load current change the expression 
~ IL = 45 — 0.7 I'p which, inserted in equation (5a) gives the rating for I'p at 18.5 mA from 
Usmin = USnenn ' 0.85 = 242 V =Uae [3 + (lamin)/I'p + (,~ Ir/I'p)]/ 2. This rating should ensure 
operation free of ignition peaks under the given conditions. The permissible change of load 
current is ~ I~ = 45 — 0.7 I'p = 32 mA if, by means of an additional parallel resistance Rp the 
current Ip = I'p — I~min -= 18.5 — 10 = 8.5 mA flows, corresponding to a resistance Rp = 
100 V/8.5 mA = 11.8 k4. 

In equation (2), to ascertain the resistance R„ = 0.5 • R t the highest value occurring in oper-
ation must be inserted, viz. RL = Uae/I'p = 100 V/18.5 mA = 5.4 kS2: thus R„ is 2.7 k4. 

As regards tube type ZZ 1040, operation free of oscillations is ensured with anode currents 
la down to 1 mA and below and at arbitrary parallel capacitances, if the auxiliary current IZ
amounts to 1 mA approximately. Hence the resistance RZ for the auxiliary discharge gap is 
rated RZ ~ (Usmin — UZe)/IZ = (242 V — 106 V)/1 mA 136 k4. 

5. Series Connection of Neon Stabilisers with Ignition Electrode 

Higher stabilised voltages (Fig. 17) may be produced in a simple manner by connecting sev-
eral similar stabiliser tubes in series. A circuit incorporating a number n of tubes connected 
in series is designed in the same manner as for the single tube, the values for supply voltage 
Us, the operating voltage UaB, the resistance R„ and load resistance R~ must be multiplied by 
factor n, but the value for the parallel capacitance must be multiplied by 1/n. When tubes 

Rvrt 

s~r-rrl 

Fig. 17. Series connection of stabilisers 
provided with ignition electrode 

Fig. 18. Neon stabilisers for voltage limitation 
(a) without ignition electrode 
(b) with ignition electrode 

dispensing with an auxiliary discharge are used, the reduction of the parallel capacitance 
permissible for the series circuit means a limitation of the applications in some cases. How-
ever, if tubes provided with an auxiliary discharge gap are used, arbitrary capacitances may 
be connected in parallel again, and interfering ignition peaks prevented. 

The voltage required to ignite all auxiliary discharge gaps is not n times the ignition voltage 
UZz of the single tube, but is only (UZz — Uae) higher than n times the operating voltage Ua6. 
When no load is connected to the output (UZz — Uae) is the ignition peak, which arises just 
as in the single tube, and its absolute rating is not dependent on the number of tubes con-
nected in series. 

Here too, the excessive voltage is suppressed by the same measures as with the single tube 
(cf. section 3.2) by dividing the supply voltage by inserting a parallel resistor Rp to such an 
extent that the voltage across the final tube (Ro 4 in Fig. 17) cannot exceed the operating 
voltage if the supply voltage just reaches the value at which this tube is ignited via its auxili-
ary anode. This is the case if 

Uaz — Uae Rpn 

n UaB Rpn 

or Rpn
n Rvn 

(UZz/Uae) — 1 

For tube types ZZ 1010, ZZ 1020 and ZZ 1040 we have (UZz/Uae) — 1 = 0.5, and hence the 
condition for the suppression of the ignition peak is Rpn = 2 • n • R,,n. The magnitude of the 
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auxiliary current IZ may again be obtained from the diagram Fig.9 but, however, as already 
mentioned, the abscissa values Cp must be divided by the number of tubes n. Only the mag-
nitude of the auxiliary current for the final tube (Ro 4 in Fig. 17) is important to ensure oper-
ation free of oscillations for neon triodes connected in series since all other tubes must carry 
this current at least across the cathode. 

Hence, the following formula applies for the rating of the preceding resistance 

1 
Rzn = 

IZ
[n ~ UaB + R,,,,(Ia + I~)] — n ~ UZB 

This corresponds to the relationship (1) derived for the single tube: 

Rvn 
Rzn =   (lakrit ~+ IL) 

IZ

Further resistors RZ, via which the ignition electrodes of the other tubes could be coupled to 
supply voltage Ua, are unimportant for the maintenance of operation free of oscillation, and 
merely serve to facilitate the ignition of these tubes. Their ratings are not critical in any way 
and should be so selected that the auxiliary current amounts in each case to approx. 50 «A 
at the nominal supply voltage. 

6. Voltage Limitation with Stabilisers 

In Fig. 18 a a circuit is shown for voltage limitation by stabilisers without an ignition elec-
trode, and Fig. 18 b indicates a modification of the same circuit for the use of the same type 
of stabiliser with ignition electrode. The principle circuit shown in Fig.3 is concerned with 
feeding a switching tube (ZC 1010) operating by pulses and featuring self-quenching, for 
which high pulse power and high pulse repetition frequency are specified at the same time. 
In such cases the capacitance C cannot be charged direct by the stabiliser gaps because due 
to the high charging current peak the discharge would be extinguished immediately after the 
pulse and C would subsequently be inadmissibly charged to the ignition peak. But if C is 
charged in accordance with Fig. 18 a by the higher supply voltage US via R the discharge 
gaps are not affected by the charging current flowing into C. When the voltage across C 
has risen to the operating voltage of the gaps, the lower current resulting from the voltage 
difference US —UaB and resistor R flows via diode D into the stabiliser tubes. 

Contrary to customary stabilisation circuits, in which the charging current is derived from the 
discharge gaps, in a voltage limiter circuit in accordance with Fig. 18 a current flows into the 
discharge gaps as soon as C has been charged. Accordingly the limiter circuit must be so 
designed that when the voltage across C has dropped in the pulse in the stabiliser gaps, the 
necessary minimum transverse current is maintained, which may rise to the permissible max-
imum current lamax after completion of capacitor charging. In Fig. 18 a the minimum trans-
verse current for the neon diodes is conducted via R,,. The current which flows via R and R„ 
in the discharge gaps on completion of capacitor charging depends on the rating of parallel 
capacitance C (cf. Fig. 6 too for type ZZ 1020 on absence of auxiliary current). In conse-
quence the current range, which is available for the regulation of mains fluctuations and for 
the acceptance of the incoming current from diode D, is limited to smaller or greater extent 
depending on the rating of the incorporated capacitor. 

When stabilisers fitted with an ignition electrode are used that is not the case because when 
the auxiliary gap is in operation the anode current can drop to zero without excessive volt-
ages occurring, and the entire current range is available from zero to the permissible max-
imum current. It must only be ensured that the auxiliary current IZ read off in Fig.9 flows at 
the minimum supply voltage. The lowest value of R is then determined by the maximum 
supply voltage and the maximum current of the stabiliser tube as R ? (Usmax — Ua6)/lamax• 

Since in this case diode D is superfluous the circuit Fig. 18 b corresponds to the simple 
stabilisation circuit with neon triodes with the exception of the design modification just ment-

--. Toned. The remarks in section 3.2 apply here too as regards the prevention of ignition peaks. 

~-. 
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DIE DEUTSCHE WELTMARKE 

Empfanger-Rohren 

Verst&rker-Rohren 

Fernseh-Bildrohren 

Germanium-Dioden 

Silizium-Dioden 

Germanium-Transistoren 

Silizium-Transistoren 

Spezialrohren 

Mikrowellen-Rohren 

Oszillographen-Rohren 

Klein-Thyratrons 

Kaltkathoden-Rohren 

Bildwandler-Rohren 

Photovervielfacher 

Photozellen 

Photowiderstande 

Stabilisatoren 

Senderohren 

Vakuum-Kondensatoren 

Receiving tubes 

Amplifying tubes 

TV picture tubes 

Germanium diodes 

Silicon diodes 

Germanium transistors 

Silicon transistors 

Special tubes 

Microwave tubes 

Cathode ray tubes 

Small thyratrons 

Cold-cathode tubes 

Image converter tubes 

Photo multipliers 

Photo tubes 

Photo conductors 

Voltage stabilizers 

Transmitting tubes 

Vacuum capacitors 

Tubes Reception 

Tubes amplificateurs 

Tubes Image 

Diodes Germanium 

Diodes Silicium 

Transistors Germanium 

Transistors Silicium 

Tubes Speciaux 

Tubes hyperfrequences 

Tubes «R.C.» Mesure 

Petits Thyratrons 

Tubes a cathode froide 

Tubes convertisseurs d'images 

Photomultiplicateurs 

Cellules photo-electriques 

Cellules photo-resistances 

Stabilisateurs de tension 

Tubes Emission 

Condensateurs a vide 
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