
LABORATORY DATA SHEET 

WESTERN ELECTRIC 

VACUUM TUBES 

THREE ELEMENT COLD CATHODE 

313C 313GB 313CC 333A 346B 353A 359A 3?2A 376A 395A ?2?A 

Classification 

Double gap, cold cathode gas filled tubes for use as 
relays, rectifiers, or voltage regulators. 

The elements of these tubes consist of a cathode, a con
trol anode and a main anode. The conduction path between the 
cathode and the control anode is known as the control gap. The 
conduction path between the cathode and the main anode is known 
as the main gap. In some types a resistor is mounted in the base 
and is included in a control anode lead. 

The glass bulb of some of the tubes has been given an 
opaque coating so that the discharge is not visible while the 
tube is operating. 

The 395A and ?2?A vacuum tubes are siMilar with the 
exception that the 395A tube is designed to withstand high 
mechanical shock. 

The tubes may be mounted in either a vertical or hori
zontal position. 

The following three types of bases are employed: a 
four prong base suitable for use in a standard four prong thrus~ 
type vacuum tube socket; an octal base suitable for mounting in 
any standard octal type vacuum tube socket; a four prong base suitable 
for stud mounting on a special bracket. 

The base dimensions are shown on Figures 2, 3, 5, ?, 10 
and 12. 

The 35~A, ~95A and ?2?A vacuum tubes are unbased and de
signed for wiring into the circuit by soldering to the lead out 
wires. These tubes should be supported by a suitable clamp or 
holder in such a manner that no high local pressure will be exerted 
against the glass envel ope. 

Definitions 

Control-gap breakdovm voltage is the positive control 
anode potential required to 1n1t1ate ionization and thereby start 
conduction in the control gap. 
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Control-gap sustaining voltage is the voJtage drop 
across the control gap when current is flowing. It is ap
proximately independent of current. It is this property which 
perniHs the tube to be used as a voltage regulator. 

Main-gap breakdown voltage is the positive main anode 
potential required to start conduction in the main gap when no 
ionization is occurring in the control gap. 

Main-gap working voltage is the voltage impressed be
tween the ma in anode and the cathode. 'l'his voltage must be less 
than the main-gap breakdown voltage in order that operation of 
the tube may be controlled by the control-gap. 

:Main-gap sustaining voltage is the voltage drop across 
the main gap when current is flowine. It is approximately in
dependent of current when the current passes through the tube 
in the normal direction. When current passes through the tube 
in the reverse direction the sustaining voltage increases rapid
ly with current. It is this asymmetry in the properties of the 
main gap which enables the tube to be used as a rectifier. 
Current-voltage characteristics of the main gap are shown in 
Figure 16. · 

Transfer current is the control-gap current required 
to start conduction in the main gap. The value of the transfer 
current is determined by the anode voltage and the tube design, 
it is zero at the main-gap breakdown voltage and approaches in
finity at the main-gap sustaining voltage. The transfer current 
varies considerably from tube to tube and during the life of a 
given tube but will, in general, be well below the rated maximum 
value. 

Deionization time is the time during which the voltage 
must be removed from the tube in order that the discharge shall 
not be reestablished when the voltage is restored. This time 
is greatly affected by the potentials applied to the tube 
electrodes during the deionization period. The deionization 
time increases with increasing applied voltage and with increas
ing current through the tube before the deionization period. 
To specify the deionization time completely a family of curves 
are required. For cor.iparat i ve purposes, however, the time .is 
quoted as that required when a current of 20 milliamperes has 
been flowine; through the tube and thereapplied potenth1.l is 130 volts 
_in the main gap, or 5 volts above sustaining voltage in the con
trol gap. 

Transfer time is the time dur in€ , which the control
gap must be energized in order that the discharge may trans
fer to the main-gap. This time increases with decreasing 
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control-gap current and with decreasing main-gap voltage. The 
transfer time varies considerably from tube to tube and through 
the life of a given tube. For main-gap voltages of 130 or more 
and for control-gap currents equal to or greater than the 
maximum rated transfer current the transfer time is in gen
eral less than 109 microseconds. 

Current .Ratings 

The life 01' cola. cathode tubes is determined primarily 
by the current at which they are operated. In the event that 
the tube is employed in intermittent service there is no de
terioration during the idle periods. Since the life varies 
with the current through the tube and since in many applications 
the service i.s highly intermittent the tubes are given a number 
of current ratings so chosen as to yield a number 0f different 
expected current passing hours life. These ratings represent 
the average life to be expected from a group of tubes operating 
at the stRted currents. Individual variations are considerable 
and rc.ay be expected to be ol' the order of plus or minus 50% of 
the stated figures. The tube life is considered to be ended 
when either the control gap breakdown voltage or the main gap 
sustaining voltage exceeds the maximum value specified for nevi 
tubes by 5%. 

Inverse current is the maximum peak value of current 
which may be drawn in the reverse direction, i.e. with the 
anode negative. This r'lting is intended for use in circuit 
des.tgn ·and must be met by including a suitable resistor in the 
circuit. The valu~ of the inverse current is set by sputter
ing of anode material, Excessive values of inverse current 
result in short tube life. 

Operation Notes 

Stability of breakdown voltages. The control gap 
breakdown voltage is subject to variation during shelf life. 
Thus, a tube which has been passing current and which has a 
given breakdown voltage may not have the same breakdown volt
age after a period of standingo Atter passing current for 
a few seconds the control gap breakdown voltage will revert 
to its original value. The change in breakdown voltage due 
to shelf aging will depend upon the standirtg ti:r1e but the 
full change may be expected to occur in one week. That is, 
tubes which stand longer than one week are not expected to 
show a greater change in breakdown voltage than those tubes 
which have stood for onlv one weeko For this reason circuits 
should be so designed as"to provide adequate voltage margins. 



In general the variation in control gap breakdown voltage 
due to shelf aging will be less than± 3 volts. 

Tubes which are not subject to shelf aging but which 
pass current frequently 1IlB.Y also show changes in the control 
gap breakdown volt.age. The ve.riation in control gap breakdown 
voltage during repeated operatiQn of the tube is in general 
less than± 1 volt. 

Variation of breakdown voltage with life. The break
down voltage varies but little with life during the first 75% 
of the expected life for the current drawn. It may be expected 
to remain constant within± 3 volts during this period. Dur
ing the last 25% of the life of the tube the breakdown voltage 
rises graduall:\r• 

Effect of .light. The effect of strong illumination 
of tubes without the opaque coating is to reduce the breakdown 
voltage. In the control gap this reduction may amount to 1 or 
2 volts but in the main gap it may amount to 50 volts. The 
values of breakdown voltage given in the tables apply to normal 
room illumination. 

Variation of control gap breakdown voltage with fre
quency. The control gap breakdown voltage varies with fre
quency. An increase in frequency gives rise to an increase in 
breakdown voltage as shown in 11,igure 13. In consequence of 
this fact higher input levels must be used at higher frequen
cies. 

Breakdown time. The control gap breakdown time is 
the time required for the control gap to break down after a 
voltage in excess of the breakdown voltage has been applied to 
the control gap. The time required will depend upon the volt
age applied, the conditions of illumination, end the length of 
time the tube has been idle. 

If the tube has been standing idle and is in total 
darkness, breakdown times of the order of l to 20 milliseconds 
may be expected with control gap voltages five volts greater 
than the breakdown volt.age. On subsequent operations the 
breakdown time will be less than one millisec~md • 

. The breakdown time after standing depends upon the 
length of time the tube has been standing but the maximum 
breakdown time will be found within 24 hours of standing. 

Normal room illumination will be sufficient to re
duce the breakdown time to one millisecond or less regardless 
of the time the tube has been standing idle. 
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Effect of Ambient Temperature. The breakdown and 
sustaining voltages are independent of ambient temperature 
changes in the ro.nge of -40°C to +60°C. 

Typical Circuits 

Circuit A shows a circuit using a cold cathode tube 
as a relay. The supply voltage should be intermediate between 
the main-gap breakdown and sustaining voltages and the control 
anode may be biased at any desired potential less than the 
control-gap sustaining voltage. The resistance in the con
trol anode circuit may be of the order of 100,000 ohms. This 
circuit possesses a "lock-in" feature, since the anode poten
tial must be removed momentarily to restore the tube to a non
conducting condition. When supplied from alternating current 
this circuit does not possess a "lock-in" feature unless the 
frequency of the supply voltage is so high that the tube is 
not allowed a sufficient interval to deionize. 

Circuit B shows a circuit using a cold cathode tube 
· as a rectifier. The rectifying properties of the main-gap are 
used but the control anode should be connected into the cir
cuit as indicated, through a high resistance. This will cause 
conduction in the forward direction to begin at a voltage much 
below the main-gap breakdown voltage. It is important to note 
that as a rectifier this tube possesses a unique property not 
common to other rectifiers in that its impedance is infinite 
for voltages below the control-gap breakdown voltage. In many 
applications this is of importance since the tube may be used 
to pass current at the higher potentials without placing a 
bridge across the line for signals of lower voltage. 

Circuit C shows a circuit using the control gap of 
a cold cathode tube as a voltage regulator. 
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CHARACTERISTICS ANT) RATINC'.S 

Centro 1-Gap Main-Gap 
~E-Contro 1-Gap Susteining Recommended Sust aining 

Breakdown Voltage,d-c Maximum Main- Volt age, d-c 
Code Outline Voltage, d-c At 20 ma Gap- Workin g At 20 ma 

No. Drawings Min Nom Max Min Nom Max Volta~e 1 d-c Min Nom Max 

313C Figs. 1 & - 2 65 70 !35 55 60 ?O 150 68 75 85 
/ 

313CB Figs. l & 2 65 70 85 55 60 70 170 74 76 78 

313CC Figs. l & 2 69 72 74 55 60 70 150 6.8 75 85 

333A• Figs. 4 & 5 65 70 85 55 60 70 150 68 75 85 

346B ■ Figs. 6 & 7 65 70 85 55 60 70 225 ?5 80 85 

353A• Figs. 8 &. 7 65 70 85 55 60 70 150 68 75 85 

359A Figs. 9 &10 70 § 75 § 85 § 55•j- 50-j· 701· 165 68•l◄ 75-'r 85t 

372A• Figs. 4 c!e 3 65 70 85 55 60 70 150 68 75 85 

376A Figs 11 &12 65 75 90 55 60 70 275 65 70 80 

395A Figs 9A &10} 
74 § 77§ 80 § 55t 5o•l◄ 1ot 140 68 ..,,. 75-j◄ 95 ►j◄ 

72Il A Figs 9B &10 

Nominal 
Transfer Forward Current Deionization Peak Cathode 

Current ma,d-c For Life Of Time Millisec Inverse Current Max. 
Code At 130V Typical 10 100 1000 10000 Control- Main- Current peak ave. taveEB 

No. µa Max. Fig. hrs hrs hrs hrs" -- Gap ~ me. Max. ~ ma,d-c ~ -------
313C 5 14 100 35 20 10 3 10 5 100 35 2 

313CB 5 14 50 18 10 5 3 10 5 50 18 2 

313CC 5 14 50 18 10 5 3 10 5 50 18 2 

333A 5 14 100 35 20 10 3 10 5 100 35 2 

346B 200~:e-* 15 100 35 20 10 2 8 5 100 35 2 

353A 5 14 100 35 20 10 3 10 5 100 35 2 

359A ♦ 50 14 40 15 8 4 2 ►j◄ a ►j◄ 1 40 15 l 

372A 5 14 100 35 20 10 3 10 5 100 35 2 

376A 300 15 50 18 10 5 0.5 2 5 50 18 2 

395A ♦} 
5 14 35 13 7 4 3i• lO•j◄ 1 35 13 l 

727A ♦ . 

Note: Codes in BOLD FACE TYPE have 
same electrical characteristics, 

'" For further inform.tion see Operation Notes • .,., 
* ;:f et 110 volts, 

►i• at 10 milliamperes, d-c. 
♦ Control gap peak inverse current l milliampere. 
• 120,000 Ohms, 1/2 Watt resistance in base • 
§ These breakdown limits refer to those obtained just 

after tube has bee.n conducting. 
EB tave = maximum averaging time for cathode current. 
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