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UNITED STATES

2,506,439

PATENT OFFICE

2,506,439
ELECTRONIC TRIGGER
Carl-A. Bergtors, Yonkers, N. Y., assignor to In-

ternational -Business Machines

Corporation,

New York, N. Y., 2 corporation of New York
‘Application December 29, 1948, Serial No. 67,885
(CL 250—27)

) 3 Claims.
1

This invention relates to - trigger-circuits and
more particularly to-a high- speed -trigger -of the
dual=tulie type:Having two-conditions of stability.

in -trigger cirecuits ~of ‘the conventional duals
tube type, the: plate :of-each tube is-connected
to the control grid -of the ofher tube.  In such
triggers, one-of the chief limiting factors affect-
ing the uppet- operating speed-is:the self-loading
due fo the-cross-donnected :plates-and grids:

Brieily, -‘the invention employs four tubes in=
cluding ‘two fubes. used -as triggers -and -two as
cathode followers. For the purpose:of-clarity. of
description, the former: are referred :to herein-as
trigger ‘tubes and the-latter as cathode follower
tubes.
lower tube are interposed between the plate. of
each trigger tube and the:grid of the:other trig-
ger tube and vice versa..

Accordingly, -t is.a. principal -object of this
invention to provide a mnovel frigger wherein the
trigger performance is relatively unaffected by
loading.

Another  object -is to provide -a. novel trigger
of extremely ‘high -operating speed and low cur-

rent. consumption comprising. cathode: followers -

for cross-coupling.the tubes. of the trigger:

Still another.object is to.provide a trigger cir=
cuit opsrable-ever the range from one c¢ycle per
second. to mere than one megacycle per second.

A further -object is- to provide a -high -speed 3

trigger. operable over ‘s wide: range of supply
voltages.

Another objeet -is: to. -provide -novel means -for
veducing the effect of input. capacitance of
trigger. ‘

‘Stiil -another. object is.to provide-a novel.trig=
ger having two- stable: -conditions. and using
two -grid contrelled tubes with the plate of each
chnnectad to the control grid-of the.other wherein
+the time constant, which determines- the time
veguired o switeh the trisger from one stable
condition to the other, is-decreased by connect~
ing each control grid of the tubes with a cathode
of a:cathode follswer tube:

‘A further ebjeet i§ o provide a-novel trigger
having ftwo 1nterc0nnect°d tubes. ‘wherein the
loadl compensating effect of the low impedance
gircuit -of ‘s cathode follower in. utilized. to. de-
crease the undesirable effects -of heavy loading
by the confrol grids of the tubes of the trigger.

Certain. electrodes: of one cathode fol- .

10

20

4 €

50

and cathode is egx.

A still further objéct ‘is to provide a trigger
having a pair of grid controlled tubes with the
plate of each connected to the control grid of
the other by means of a cathode follower.

Still ancther object is to provide a novel trig-
g6t comprising cro§s=toupled ‘tubes, and cathode
followers to reduce the effect of input capacitance
of the grids of the cross-coupled tubes.

‘Other ohjects of the invention will be pointed
oift in the following description and claimgs and
illustrated in the sccompanying-drawings, which
disclose, by way of examples; the principle of the
invention and the best micde, which has been
contemplated, -of ‘applying that principle.

Tn the drawings:

Tig. 1 i an equivalent -circiit diagram of 4
cathiode follower with a pure resistance load;

Fig. 2 is -a circuit diagram of one embodiment
of a high speed trigger;

Fig. 8 is a circuit diagram of another embodi=
ment;

'F‘ig. 4 is a circuit diagrain of a further embodi-
ment, requiring -a fewer number of voliage sup-
ply lines;

Fig. 5 is a graph illustrating the voltage on the
eontrol grids of certain tubes under certain as-
suimed conditions; and

Fig. 6 is a graph illustrating the voltage on
the conftrol grids:of certain tubes under "actual
operating conditions.

Throughout the drawings like parts are desig~
nated by like numerals.

Refore proceeding tb thie description of the
various embodiments,” it-is believed that a brief
discussion of various aSpects of a cathode fol-
lower circuit will greatly 51mp11fy the explanation
of the advantages of applicant’s novel circuits.

Referring to Pig. 1, there is illustrated the

qulvalent circuit diagram of a cathode follower
with.a pute resistance load.

By a simple mathematical analysis, an expres-
sion may ke derived for the input capacitance of
a cathode follower in térms of ifs circuit con-
stants. -In Fig. 1, the signal voltage ez is im-
pressed on.the control grid of the tube and the
output voltage ég appears across a cathode re-
sistor Re. The voltage between tlhie control grid
“The capacitance hetween

the control grid and cathode is represented.by
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Cex and the capacitance between the control grid
and plate is represented by Cep.

It is fundamental that the voltage amplifica-
tion of any amplifier is the ratio of the output
voltage to the input voltage. Therefore, accord-
ing to the designations of Fig. 1, the voltage am-
plification A obtained in a cathode follower is
the ratio of the cathode voltage ex to the signal
voltage eg or

(L)

Hence, transposing,
ex=Aey (M)

Also the control grid voltage, with respect to
cathode, designated as egx, may be written as

egr=Ey—Ek (N)

Now, substituting the value of ex expressed in (M)
for ex in (N) the following equation is obtained:

egk—=eg—Aeg (0)]

The charge Q, across any capacitor, is equal to
the value of the capacitance C times the voltage
E across the capacitor; or

Q=CE @)

It follows that the charge on the control grid Qex
due to the grid-cathode capacitance is expressed
by the following equation;

Qor=Cgr€gr Q)
Now, substituting the value of egx of (O) in (Q)
ng————Cyk(eg——Aeg) (R)

Also, the charge Qgp due to the grid-plate capaci-
tance is expressed by the following equation;

Qup=Cyrey ()

The total charge Qg on the control grid is equal
to the sum of the charges due to the grid-cathode
and grid-plate capacitances, hence by adding
(R) and (3 '

Qo=Qgp-+Qui=Cgpeg-tCorl{eg—Aey) Uy
From (P) the capacitance C, may be written as;

)

It follows that the effective input capacitance of
Cjg is obtained by dividing (T) by eg, hence,

Cg=Cgp+Cgk—ACgk )

In a similar manner, there may be derived the
equation for the input capacitance of a triode
amplifier having a pure resistance plate load.
This equation is as follows:

Cg=Cgp+Cgk—|—ACgp (W)

Equation V indicates that the input capaci-
tance of the cathode follower, is less than, the
sum of the grid-plate and grid-cathode capaci-
tances, by an amount equal to the voltage am-
plification times the grid-cathode capacitance.
The subtraction of the quantity ACe: in Equation
V indicates that the cathode voltage is in phase
with the signal voltage applied to the control
grid of the tube. This means that the feedback
voltage through the grid-cathode capacitance is
in phase with and tends to sustain the impressed
signal voltage. Hence, in the cathode foliower
circuit, the feedback through the grid-cathode
capacitance is equivalent to a reduction in the
input capacitance.

On the other hand, Equation W indicates that
the input capacitance of a triode plate-loaded
amplifier, is greater than the sum of the grid-

_Q
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plate and grid-cathode capacitance by an amount
equal to the voltage amplification times the grid-
plate capacitance. The addition of the quantity
(ACzp) indicates that the voltage applied to the
control grid is 180 degrees out of phase with the
plate voltage. This means that the feedback
voltage through the grid-plate capacitance op-
poses the impressed grid voltage. IHence, in the
plate-loaded amplifier circuit, the grid-plate ca-
pacitance serves to increase the total inpub ca-
pacitance whereas, in the cathode follower cir-
cuit, the grid-cathode capacitance is utilized to
decrease the total input capacitance.

In order to more clearly understand the partic-
ular advantages obtained from the use of a
cathode follower circuit, the values of input ca-
pacitances for a triode amplifier and a cathode
follower, using the same type of tube, in both
cases, will now be.computed and compared.

The grid-cathode capacitance Cex of a 12AUT
type tube, including the eapacitance of the socket,
is approximately 1.80 micromicrofarads and the
grid-plate capacitance Cgp is approximately 1.75
micromicrofarads. The voltage amplification A
of this 12AT7 tube, when used as a triode ampli~
fier in a conventional trigger circuit is approxi-
mately 10, while the measured voltage amplifi-
cation of this tube, used as a cathode follower, is
0.968. By substituting these values in Equation
W the input capacitance Cg of this tube, as a
triode plate-loaded amplifier, is found to be 21
micromicrofarads. However, by substituting the
above values in Equation V the input capacitance
Ce: of this tube, used as a cathode follower, is
found to be only 1.8 micromicrofarads.

From these computations it is seen that the
input capacitance of this tube, as used in the
conventional trigger, is almost twelve times that
of this same tube, as used in the cathode follower
circuit. Hence, by connecting the plates of each
trigger tube to the control grids of the cathode
follower tubes, respectively, the capacitative load
on the plates of the trigger tubes will be decreassd
by a factor of twelve. Also, since the cathode
follower grid is driven only slightly positive with
respect to cathode, loading due to grid current
is reduced to a negligible quantity.

Further, the resistive component of load cou-
pled to each of the trigger tubes when employed
wit a cathode follower is 970,000 ohms as com-~
pared with 400,000 ohms when using a conven~
tional trigger. Hence, the plate current loads,
which, it is to be noted, are inversely proportion-
al to the resistive components, are in the ratio of
2.4 to 1 between the conventional trigger and
the novel cathode follower trigger of applicant's
device,

"The effective output impedance of 12AUT tubes
employed as cathode followers can be shown to
be approximately 360 ohms and since it is only
360 ohms, it is obvious that the trigger grids,
although presenting relatively heavy loading, can
easily be driven from the low impedance source.
In other words, the current flowing in the cathode
follower from its plate to cathode automatically
adjusts itself to provide a substantially constant
value of output voltage, notwithstanding the load
presented by the control grid of the trigger tuba.

Another important advantage of the cathode
follower coupled trigger is that the trigger grids
are effectively in parallel with the cathode fol-~
lower tube cathodes. Thus the effective time
constant of the frigger tube grid circuit is re-
dutced vermitting operation at higher pulsing
rates. - - : E S



-Now referring-more particularly to:Fig. -2, the
novel :trigger device iis shown, for -example ‘48
eomprising trigger tubes:if-and {1 and'cathode
follower tubes 12 and 8. “These tubesiare ac-

tually :sections:of :a 12ATT miniature twin triode -

typetube but will be referred-to herein, as tubes,
to’ facilitate the description.

‘The.cathodes of the tubes:18:and {{ arecon~
nected throigh conductors 14 and :18§, respéc-

tively, to a:zero volt: line:46. ‘The plates of the i

tubes 10 and-11:are connected: through: resistors
{T-and: 18, respectively, esach of: 20,000 ohms and
also through a resistor 19:0f15,000:0hmstoa plus
250 :volt line.20.

The plates of the:cathode follower tukes 12:and
43 are ‘connected to the plus 250 volt “line -20
through conductors 21 and<22, respéctively, and
‘their-cathodes are.connected to the zero voltline
18, through resistors 24:and 25 respectively,each
of 24,000 ohms. “The .cathode -of -tube {2 is cou-
pled to-ilie :control-grid-of: tube 18 thiough’a ca~
paecitor 26 of 0:00005: microfardd and the cathode

of tube 3:is coupled:to.the .control grid of tube

14 through a capacitor 27.0f20,00005 microfarad.

The-plate of tube:10:is:connected alse, throvgh

a. conductor 228 :and -parallel conneéted resistor
29, of :220,000.0hms, ‘and cdpacitor 2§, of 0.00005
microfarad, to the control:grid of tube 138. The
control grid: of -tube ‘13:is connected throtigh ‘a
resistor 31 of 750,000 - ohms'to 2 minus:250 voli
line 82. The ‘plate of tube 11 is similarly con-
nected through a’conductor-323 @nd parallel ¢con-
nected resistor 34; 6f 220,000 ohms, and: capacitor
35, of 0.00005 microfarad, to the:control grid: of
tube 12. "The confrol grid ef tube’2is connected
through a resistor 36 of 750,000 ohms %o ithe
'minus“250 volt line-32.

Input terminal 3T is coupled-througha capaci-
tor 38 of 0.00025 microfarad ‘and a conductor 38

4o the junction, of the resistors 17 and 48 with :

the resistor 19. "The output terminal 48 is ¢ou~
pled through 2 ¢apacitor 41 of "0.00025 ‘micro~
farad-and a-conduetor42 to the 'cathode of ‘tube
13. The grid of tube {0'is‘connected by’ resistors

43 and 44 0f20,000 6hms and 250,000 éhms, Fe- 45

speetively -to ‘the ‘minus 250 volt lirie '§2. The
cathode of tube 2°is connected to the control
grid of ‘tubke -10 through a resistor 45 of "36,600
ohms connected to ‘the ‘Junction of ‘resistors 43
and 44. Similatly the controel grid -of tube 11 -is
‘connected through resistors ‘48 and 47 of 20,000
and 240,008 ohms, respectively, to the minus ‘250
volt'line 82. The cathode of tube {2 is'connected
to the eontrol grid- of tube 11 thirough: a resistor
48 of 56,000 ohms conneeted ‘to ‘the ‘Junction ‘of
the resistors 46-and-47.

‘While no reset ‘means are shown, it ‘is “to be
understood thdt such may ‘be provided in any
‘conventional manner and-n aceordance with the
particular use to which the frigger is ‘to beiput.
The frigger, as illustrated, wheén energized, will
‘assume, by chance; one of its two stable condi-
Hons. “For the purposes ‘of‘explanation, it ‘is ds-
sumed ‘that tubes 18:and {2 -are initidlly rich~con -
‘ductive ‘and tubes ‘- and 13 cdondiuctive:
initial stable condition is veférred ‘to herein &g
the “on” condition. “When tubes 0 -and 12, be-
‘come conductive, and tubes: {1 ‘anhd 13 non~cén-
-duetive, the trigger iz in its other:stable’condition,
designated heréin as the “off” condition.

When the trlgger is “on » the potentml at the
conduetor 33 to the resistors 34 and -36. "I'he
consequent low poteéntial present at the jundtion

of resistors 34-and 36:is applied'to the cotitrol:grid

This -
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of the eathode follower tube: 12, connected-there-
to and-is-sufficierit to maintain that grid below.
cutoff potential thereby rendering fube i2: non-
conductive. ‘The potential at the cathode of this
tube -and at the control :grid of tube 18 is-de-
termrined by the voltage divider consistingof the
resistors :24, <45 ‘and 44 connected between the
zeéro volt-line 16 -and the minus-250 ‘volt line 32.
The voltage-at the:control-grid:-of tube 0 is:suf-
ficiently negative to hold it-below cutofi, to thus
render it non-econductive. The resulting high
potential at the plite of the tube 18 s trans-
ferred .over the .conductor:28 to the resistors:29
and ' 31. ‘The consequent high potential présent
at:the junction:of the resistors 29 and 31 is trans-
ferred to the control grid of tube 12, connected
thereto and renders that tube conductive. With
this cathode follower tube 43 conducting, its cath-
odepotential is relatively high, as compared to
that-of tube {2, andthe potential transferred to
the control grid of tube 11 is sufficientto keep-it
éonductive. Thus the trigger remains “on”-un-
til the potential conditions are changed by -appl~
¢ation’ of ‘a ‘megative ‘pulse to input términal-371.
A’seriés of negative. pulses are applied across
the input terminal 371 and the zere volt line 18§,
These pulses:are of sufficient amplitude and steep
wave ‘front to ‘effect switching from eithér “on”
or “off,” to the other-condition. ‘The trigger il-
lustrated’ is non-responsive to positive pulses -of
the same amplitude-as that-of the negative pulses.-
While it is shown that switching of ‘the trigger’

is obtained by suprlying pulses to the plate cir-
euit of the trigger tuibes, such does not constitute
pait of novelty of this-dévice. Tt is understood
that ‘the trigger ‘may be switched by dpplying

pulses to the eontrol ‘grids of the trigger tubes or

in any other conventional manner.
Assuming, -as stated above, that the trigger is

$ “on,” the first negative pulse applied, over ‘the

input ‘terminal 87, capacitor 38 and line 39, to
the junction of the resistors {7 and {8 with the
résistor 49, suddenly reduces the voltages on the
platés of “tubes 18 and {1. When the voltage on
the plate of tuke {1 thus momentarily decreases,
‘a negative pulse is transferred over the conductor
33 and the parailel connected resistor 34 and ¢a-
pacitor 25, to the ‘control grid of the cathode
follower tube 12 bub sitice this tube is already

" rdon-conductive, this negative pulse has no effect.

At the'sanie time, a ‘negative pulse is transferred
from the plate-of the tube {8 over the conductor
28 -and ‘the parallel connected resistor 29 and
capacitor 30 to the control grid of the cathode
follower tube 13. The control grid voltage of
the ¢athode ‘follower tuke 13 is driven beyond
the-cutoff valueby this-regative pulse and a steeb
negative pulse is produced at ifs ‘cathode. This
§teep negative pulse is transferred to the control
grid of the conducting trigger tube {{ driving’it
beyond cutoff, and thHus all four tubes 19, (1, 12
and 18 ‘are momentarily ron-conductive Which
comprises s very unstable condition. Sihice the
trigger ‘tubes 18 ‘and {! are both momentarily
non-conductive, thﬂ1r ‘anodes ‘at this instant are
athigh -petential causing the voltages on the con-
trel gnds of the cathode follower tubes {2 and {3
to rapidly rise exponentially toward a final value.

When' the voltage ‘on the -control grid, of the
originally non-condirctive tube 42, starts its ex-
ponential rise, it starts from g value of minus 40
volts ‘and, if ‘allowed to continue, would réach a
value of approgimately a plus 87 volts. At the
sarie ‘tima, the voltage oh the cohitrol grid 'of the
originally condiictive tiibe 13 is plus 40 volts and
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if allowed to continue to rise would reach & value
of plus 60 volts. In other words the voltage dif-
ferential of the control grid of tube 2 is 127
volts while that of tube {3 is only 20 volts. This
is shown clearly from inspection of Fig. 5 wherein
the dotted line curve A represents the voltage on
the control grid of tube 12 starting from minus
40 volts while the dotted line curve B represents
the voltage on the control grid of tube {8 start-
ing from plus 40 volts. These curves were traced
from an oscilloscope and were obtained by in-
creasing the negative bias voltages on the control
grids of the tubes sufficiently to prevent the trig-
ger from switching to its other stable condition
in response to input puises and therefore do not
fllustrate the actual voltages when the trigger is
operating under normal conditions. Hence, as
shown by curves A and B, the voltages on the
control grids of tubes #2 and {3 are shown as
reaching final values of plus 87 volts and plus 60
volts, respectively. These curves are drawn to
twice the scale of the curves actually traced from
the oscillescope.

The initial values of voltage, when the trigger
is “on,” are shown in Fig. 5. As is seen from
curve B, before zero time is reached, the voltage
at the control grid of tube I3 is plus 60 voits
while, as is seen from curve A, that at the con-
trol grid of the tube {2 is minus 20 volis. Ab
zero time, a twenty volt negative pulse is
to the control grids of the tubes {8 and {2 which
reduces the voltage at those grids to plus 40
volts and minus 40 volts, respectively. If is seen
from Fig. 5, that the curves A and B cross, before
either reaches the plus 45 volt line. The 45 volt
line represents the cathode follower grid poten-
tial when the trigger grid is at cutoff bias. This
means that the crossover occurs before either
tube i0 or {{ has become conductive since the
voltage on the cathode follower control grids
must reach a value of plus 45 volts, to render the
trigger tubes conductive.

In actual operation, when the trigger flips,
these dotted curves A and B of Fig. 5 are not
obtained. This is because of the fact that the
first tube which becomes conductive, causes the
trigger to assume the stable condition corre-
sponding to the conduction of that tube. Ience,
the voltage on the control grid of the conductive
cathode follower tube rises to a stable value of
plus 60 volts and the voltage on the control grid
of the other cathode follower tube decreases to
a stable value of minus 20 volts. The solid line
curves € and D of Fig. 8 are obtained under ac-
tual switching conditions and correspond respec-
tively to the curves A and B, which were obtained
when actual switching of the trigger was pre-
vented. The actual voltage on the control grid
of tuke 12 when switching of the trigger from
“on” to “off” occurs, is shown by the solid line
curve C while the voltage on the control grid of
tube {3 during the same period is shown by the
solid line curve D,

As is seen, the curves showing the voltages on

the control grids of tubes {2 and 13 during actual -

opsration are approximately the same as when
operation was prevented, if we exclude the por-
tions occurring after the curve C crosses line £5.
Tt is seen that the solid curve C ascends beyond
the plus 45 volt line, almost immediately after
it crosses the solid curve D. The curve B of Fig.
5 having rauch less slope than the curve A, would
cross the plus 45 volt line later in time.

~ When the curve C ascends beyond the plus 45
volt line, the critical voltage is exceeded and tube

applied -
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12 is rendered conductive. Hence, under actual
flipping conditions, the voltage on the control
grid of tube 12 continues fo rise, not toward a
final value of plus 87 volts as shown by dotted
curve A of Fig. 5 but toward a value of plus 60
volts, as is seen from solid curve C of Figure 6.
When tube 12 is thus rendered conductive, its
cathode volfage increases rapidly, which voltage
is transferred over capacitor 26 and resistors 4%
and 43 to the control grid of tube {0 to render it
conductive. Its plate voltage decreases sharply
and this decreased voltage is transferred over
conductor 28 and parallel connected resistor 29
and capacitor 30, to the control grid of tube 13.
This is seen from curve D representing the volt-
age on the control grid of tube 13, which declines
sharply, as the curve C ascends beyond the plus
45 volt line. As is seen from curve D, the voltage
at the control grid of tube 13 decreases until it
reaches a final value of minus 20 volts.

The curves of Fig. 6 showing the voltage on the
control grids of the cathode follower tubes §2 and
12 when the trigger is switched from “on” to “off”
may also be employed to represent the voltage on
these control grids when the frigger is switched
from “off” to “on.” When the trigger is switched
from “off” to “on,” the voltage on the control
grid of tube 12 would be represented by the
curves B and D and the voltage on the control
grid of tube i3 by the curves A and C.

Ag set forth mathematically above, the input
capacitance of a triode trigger tube is greater
than the sum of the grid-cathode and grid-plate
capacitance but the input capacitance of the
cathode follower tubes 12 and 13 is much less
than ths sum of the grid-cathode and grid-plate
capacitance. The resulting permissible decrease
in the capacitance used between the plates of
the trigger tubes and the control grids of the
cathode follower tubes means that the RC circuit
used in the novel trigger circuit of the invention
has a much lower time constant than that used
in the conventional trigger. In other words, the
switeching of the present trigger requires less
time and the trigger is therefore capable of
higher speed operation. 'This is graphically rep~
resented by the extremely steep slope of the curve
C showing the rapid increase of the control grid
voltage on the tube which is switched from the
non-conductive to the conductive state.

Resuming the detailed operation of the circuit
of Fig. 2, when the second negative pulse is ap-
plied to the input terminal 37 the voltage on the
plates of tubes I8 and {1 is again decreased. A
negative pulse is transferred from the plate of
tube {80 over the conductor 28 and parallel con-
nected, resistor 28 and capacitor 30, to the con-
trol grid of the tube 3. However, since tube {3
is now non-conductive, this negative pulse has
substantially no effect. At the same time, a
negative pulse is transferred from the plate of
tube i1 over the conductor 33 and parallel con-
nected resistor 34 and capacitor 35, to the con-
trol grid of conductive tube {2. This control grid
is driven below cutoff and tube 12 rendered non-
conductive to produce a steep negative pulse at
its cathode. This steep negative pulse is trans-
ferred over capacitor 26 and resistors 45 and 43
to the control grid of conductive tube (8 so that
this control grid is driven beyond cutoff to
render fube 18 non-conductive. At this point in
the switching of the ftrigger, as in its switching
from the “on” to the “off” condition, all four
tubes {0, 11, {2 and {3 are non-conductive.

The voltages on the confrol grids of tubes (2



and 13 rise toward:q final'value, under the control
‘af: their respective RC- circuits. It should be
:noted that:the initial-and final voltage values-of
the control grid-of tube 12 will now-correspond to
those values set-forth above for the control grid
of tube. 13, when the trigger was-switched from
‘the “on” to the “off’»:condition, in:response to:the
first negative pulse:applied:to. the input terminal
81. Also, the initialand:final veltage values:.of
the control. grid: of ‘tube 13 will now- correspond
to those values given for the control grid of tube
12, when the trigger was switched from the
“on” to the “off” condition, in response to the
first negative pulse applied-to input terminal 37.

In the same manner as that-deseribed: in. con-
nection with tubes 10 and (2, when switched. by
the first negative pulse,.the. voltage on the con-
trol grid of tube 13 rises above the critical value
and-that tube is rendered-conductive. When tube
-13. becomes- conductive, the-voltage on-the: con-
trol grid of tube.il-rises.above cutoff and:renders
it .conductive, to Dplace the trigger in. the “‘on”
condition. :

Subsequent negative pulses applied across
input terminal 37 and zero:-volt line (6, cause the
trigger to -switch -frem: “on’” -to- “off” and: vice
versa, alternately, as in response to the first and
second negative pulses, respectively.

Referring to Fig. 3, the power supply arrange-
ment is different from that used in Fig. 2. The
plus 250 volt line 20 of Fig. 2 is replaced by the
plus 150 volt line 49 of Fig. 3. The cathodes of
tubes 18 and (1 are still connected to a zero volt
line 16 but the tubes 12 and 18 are connected via
the resistors 24 and 285, respectively, to a minus
10 volt line 58 while the grids of tubes {2 and {3
are connected via resistors 36 and 3{, respec-
tively, to the minus 150 volt line 51. Further, the
cathode of tube 12 is directly connected to the
control grid of tube 10 by conductor 52 while the
cathode of tube 13 and the control grid of tube 11
are similarly connected by the conductor 53.

Referring to Fig. 4, the same circuit as in Pig.
38 is illustrated except that the cathode of tube 12
is connected to the control grid of tube (0 by
means of a conductor 52 and also a parallel con~
nected resistor 58 and capacitor 55. The cathode
of tube {3 is also connected to the control grid
of tube {1 through a conductor 53 and a parallel
connected resistor 56 and capacitor 57. Resistors
54 gnd 56 each have a value of 20,000 ohms and
the capacitors 55 and 57 each have a value of
0.00005 microfarad. Resistors 54 and 56 serve to
provide a safe current limit through the control
grids of tubes 10 and 1, respectively, when these
tubes are in a stable conductive condition. The
capacitors 55 and 57 provide a low impedance
path for the higher order harmonics present in
the steep wave front pulses normally transferred
from the cathodes of the tubes 12 and 13 to effect
switching of the trigger tubes 18 and (1.

While the circuit shown in Fig. 2 illustrates
one arrangement of the novel high speed trigger
of the invention using a minimum number of
supply lines, a wide variety of arrangements may
be used without departing from the teachings of
the invention. For example, in Fig. 4, the minus
10 volt line 50 can be eliminated, cathode re-
sistors 24 and 25 connected to the zero volt line
18 and grid bias resistors connected in series with
but intermediate the resistors 54 and 96 and the
minus 150 volt line 32. Such will require only
two voltage supplies and the voltage dividers,
each of which is associated with the cathode of
one of the cathode follower tubes and the control

10

15

20

40

60

65

70

aange..of supply: voltages.
#rigger-will operate.with plate supply voltage as

10

grid-of one: of trigger tubes; permitting a wide

choice of resistor values.

In-each-of Figs..2; 3 and 4, the circuit arrange-
ment-produces a lower-time constant, by far; than
in. the “conventional dual-tube trigger, as ex-

-pressed-suceinctlyin.the: mathematical-discussion

above.. Also; since: the: cathode follower has an
extremely.low outputb-impedance; it;is eapable-of

driving- the trigger: grid to precisely- reproduce

:any.voltage variation:applied:to-the:cathode. fol-

Jlower.grid even though the cathode-follower:-load
As.appreciable:

Alsoe; the-trigger-can: be aperated over a wide
For -example; the

Jow: as pls ¥6volts.and gridibias supply:voltage
of minus. 205 vielts. ‘With-a.plate supply voltage

-of: plus. X060+ velts.and:a. grid ‘bias:supply voltage
0% ‘minus 100 volts. the trigger was operated sat-
sisfactorily upto1:39:megacycles. The:maximum
:speed.:of- operation: was: .1.6.me., using plus. 210

-and:minus 107 volts:

Although miniature: triodes-of the .12AUT type
were.employed, -and:particular-values of compo-
‘nents were recited herein, it is fo:be understood

dhatithe:invention:is by no.means:limited:to such

tubes and component values but that any suitable
type tube and values of components may be em-
ployed without departing from the teachings of
the invention.

While there have been shown and described
and pointed out the fundamental novel features
of the invention as applied to a preferred em-
bodiment, it will be understood that various
omissions and substitutions and changes in the
form and details of the device illustrated and in
its operation may be made by those skilled in the
art, without departing from the spirit of the in-
vention. It is the intention, therefore, to be lim-
ited only as indicated by the scope of the follow-
ing claims.

What is claimed is:

1. A trigger circuit including first and second
trigger tubes alternately conductive and non-
conductive and vice versa to represent two stable
conditions; plate resistors in the plate circuit of
said tubes; a connection from said plate ecircuib
to a source of pulses for effecting a change in
the stable condition of said trigger; third and
fourth vacuum tubes each having their plates
connected directly to a voltage source and their
cathodes connected to another voltage source
through a resistor in the cathode circuit of each;
a resistor and capacitor in parallel between the
plate of said first tube and the conirel grid of
said third tube for rendering said third tube con-
ductive when said first tube is non-conductive
and rendering said third tube non-conductive
when said first tube is conductive; a connection
from the cathode of said third tube to the control
grid of said second tube for rendering said second
tube conductive and non-conductive, respectively,
as a result of the conduction and non-conduction

of said third tube, said connection including a

resistor and capacitor in paraliel; a resistor and
capacitor in paraliel between the plate of said
second tube and the control grid of said fourth
tube for rendering said fourth tube conductive
when said second tube is non-conductive and ren-
dering said fourth tube non-conductive when said
second tube is conductive, and a connection from
the cathode of said fourth tube to the control grid
of said first tube for rendering said first tube con-
ductive and non-conductive, respectively, as a re-

78 sult of the conduction and non-conduction of said.
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fourth tube, said connection including a resistor
and capacitor in parallel,

2. The circuit of claim 1 including bias resistors
connected to the control grids of the tubes.

3. A trigger circuit including first and second
trigger tubes alternately conductive and non-
conductive and vice versa to represent two stable
conditions; a resistor connected at one end to
the plate of each tube; a resistor connected to a
source of plate supply voltage at one end and at
its other end to the other ends of the resistors
connected to the plates of the tubes; third and
fourth tubes each having their plates connected
directly to said source of plate supply voltage; a
cathode voltage source connected directly to the
cathodes of said trigger tubes and through re-
sistors to the cathodes of the third and fourth
tubes; g resistor and capacitor in parallel between
the plate of said first tube and the control grid

of said third tube for rendering said third tube .

conductive when said first tube is non-conductive
and rendering said third tube non-conductive
‘when said first tube is conductive; g resistor and
capacitor in parallel between the plate of said

second tube and the control grid of the fourth .

tube for rendering said fourth tube conductive

[
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when said second tube is non-conductive and ren-
dering said fourth tube non-conductive when said
second tube is conductive; a capacitive connection
from the cathodes of the third and fourth tubes
to the control grids of the second and first tubes,
respectively; control grid bias resistors connected
from the control grids of said tubes to a source
of voltage and a resistive connection from the
control grid bias resistors of the first and second
tubes to the cathodes of the fourth and third
tubes respectively.
CARL A. BERGFORS.
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