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TRIGGER CIRCUITS

Definition

Circuits that possess two or more stable ope-
rating conditions, that is circuits in which one or
more currents or voitages change abruptly from one
stable value to another stable value at a critical
value of some voltage or reslistance and change back
abruptly to approximately their original values at
a different critical value of the controlling voltage

or resistance are called "trigcser circults,"”

Criterium for a trigzer circult

The criterium as to whether a circuit element
can serve as the basis of a trigger circuit can be
determined from the characteristic current-voltage

curve of the element.




Let us have the circuit element M, in series
a resistance R, and a battery supply E, fig.
The voltare across the element M 1s given by
lation:

EsEp - IR
This voltege across the element is also a function

of the current through the element according to the

equsation:

This equation represent the charecteristic curve of

the element X.
straight line, xy, the resistance line,
point on the voltage axls corresponding
ply voltage Ep, having a negative slope

per volt equal to the reciprocal of the

in series with the element.

Equation E=Zy ~ IR 1s that of a

through a
to the sup-
in amperes

resistance

Equilibrium values of

currents are determined by the intersection of the

characteristic curve with the resistance line.
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If the characteristic curve has a portion whose

slove 1ls negative, the resistance line may inter-

sect tne curve in three voints 1,2,3, as seen in

fig. (2), indicating that there are three possible
equilibrium values of current. An increase of cur-
rent at constant &y and R from that represented by
point 2 1s accompanied by a cdecrease of voltage a-
cross the element k. ©Iore voltage 1s thus made &svail-
able to send current through the resistance and the
current will rise further iIn the same menner. Any
increase in current through the element reduces the
voltuge avallaeble across the resistance and thus
causes a further reduction of current. Polint 2,
therefore corresvonds to unstable equilibrium &and
practically 1s not observed experimentelly. If the
applied voltage 1s raised progressively from zero,

the Intersection will :love along the branch OA of

the characteristic curve. When the intersection is at
A, en infinitesimal increase of voltage will cause th
current to fall abruptly to the value of E. Further
increase of suwvply voltage causes the intersection

to rise toward C. If the battery voltage is then
continuously decreased, the intersection will move
down the branch BC until point B is reached at which the
current will again jump aﬁruptly to the value corres-

ponding to point D.



It 1s seen that similar avrupt changes ofcur-
rent result if the slove of the resistance line is
varied by chenging the resistance R, or even if the
characteristic curve is displaced vertically or hor-
izontally. With trigrer elements incorporating va-
cuun tubes this disolacement can be accompiished by
varyingzg the electrode voltezes. From the above ana-
lysis 1t follows that &a circult element whose current-

voltage characteristic has a portion with negative

slope mey serve as the basls of a trigger circuit.

Practical Tricger circults

The best known trigger circuit is that of Eccles

&)

and Jordan shown in basic form in fig. (3).
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This circuit functions by virtue of the fact that
only one tube at a time passes plate current. Let

i1t be assumed that both tubes can conduct simultane-

odusly: Then an increase of current in either tube
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incresses the negative grid voltage of the other tube,
which reduces the plate current of that tube. This in
turn reduces the negstive grid voltage of the first
tube and causes further increa=e of plate current of
the first tube. The action 1s cumuletive and only one
tube conducts at a given time. In verificatlion of the
general theory, let us find experimentally the current-
voltegze characteristic curve and the resistance line
of the curcult by using the battery Ep connected to
the points A and B. The curve of external current
versus voltage between A and B is found to be of the
form shown in fig. (4), when the battery Ep is con-
nected to the points A and B through a resistance R

as shown in fig. (3), then the corresvonding resis-

tance line 1s of the form of VN in fig. (4).

f‘g.(‘*)
If R exceeds in megnitude the value of the re-
clprocal of the slope of the curve at soint O, then

abrupt changes of current throvgh R and of voltage







between A and B can be made to occur by varying Ep or
shifting the characteristic by changing the operating
voltages of the tubes. As R is increased, MH becomes
more nearly horizontal and in the limiting case, when
R is infinite, becomes the voltage axis. The external
current is then zero, but changes 1In electrocde voltages
can cause an abrudt transfer of current from one tube
to the other and a reversal of voltage between A and B.
The need of more than one voltage supply 1s avoilded

by the use of the circuit of fig. (5), in which the
couvling between tubes is made by means of voltuge di-

viders.

R¢ L LYV VY YN R
uwtl T g ¢
3—- "l “'4 e ¢

Popp S e ™

R,‘ p ’_ NT, j R:

ye

AAAAAAAAAANAAA
M VAWMV

yvy

Fg-(5)
Let the total current flowing in the left-hand

lead resistance be 1i,, equal to the sum of 1, of
plate current and 13 of current in the potential di-
vider.

The voltage at the plate of the left-hand tube is:

E"" - Lst Vo“'s



The entire difference of potential across the
first potentlal divider, ARCREM, is therefore:
(Eye - k.Rb) + Enme volts.
of which,
’
[(F.,,,-l.Rb) *Euv] %‘M) volts
appear across the lower section of the divider, Ré,
consequently the grid of the right-hand tube is held

at a potential of
[( Eyo - 4.Rb) + E-m‘g e ) - Ewp VOlts

Re* Re

This grid voltage 1s sufficiently negative to en-

sure that the plate current of the right-hand tube will
be very small if not actually ,ero. In other words,
the right-hand tube 1s bilased near the cutoff level,
in some cases below the cutoff level. Consequently,
the right-hand plate potential hes risen nearly to tne
level of the plate-supply voltage. The potentisl of
the right-hand plate is therefore almost equal to Eyp

Hence the voltage across the second potential di-
vider 1is:

Euvr * Eme volts
If tne grid current of the left-hand tube could

be neglected, thls grid would be held at a voltage of:

(ENP . EM’)( R;R:CRQ) volts

above the potential of the M point or

(Ene * E"P)(E%ﬁﬁ - Eme volts



Although this highly positive value 1is reduced
negrly to zero by the actual grid current superimposed
upon the network, the grid potential remains slightly
positive, being high enough to permit the 1y current
to flow througn the tube with the low internal voltage
drop of: Eue- 4R

lHHence, the entire system of highly unequal currents
and unequal voltages 1s now self-consistent and self-
perpetuating, there being no unbalanced voltsges tend-

ing to produce or assist any further change,

Design of the Trigsger Uircuit

The design of a trigger circuit such as the one
shown in fig. (6), 1s a relstively easy matter. A1l
that 1s required is to make sure that with one tube con-
ducting the grid of the other is below tne cutoff value,
and that the tube which is nonconducting makes the grid

of the opposite tube zero or even positive.

current (m.a )

100 200
. volts

Fig- (o)






Caoosing Ry 25,000 ohms. E, 200 volts. Ekx 45v.

and using a 6J5 triode:
Ip (total) = g%gUOO = 0.008 ain.
The load line intersects the zerc grid voltage cha-
racteristic at a current value of 5.4 ma. fiz. (6).
This leaves for the voltege at the plate of the lef®
hand tube:
B - 1, Ry
200 - (0.0004) (25,0.0) s 200 - 135 = 65 V.
The cutoff grid voltage for a 6J5 operating &t 200v.

plate voltage is =-15v. &ccording to thne churacteristic
curve. In order to be sure thaet the circuit will not
trigger prematurely, we shall be safer by placing the
grid of the nonconducting tube VI, at a level consid-
erably more nezsative wlth respect to the cathode than
this value; let us decide for instance et -25v.
With the cathode established &t a level of 45v., point
N,must tnerefore be at a level of 45 ¢ (-25) = 20 v.
Let us assume that VI, is conducting and VTa is non-
conducting. Point A will then be at & level of 45 & 65=Wov.
while point B will be at a level about 200v. 1f the re-
sistances Ry, and Ré of the voltage divider are of high
value comnared to the 25,000 ohm load resistor;
As polint N must be at a potential of 20 v. and A at 110 v.

. ; . / . :
it means that the resistances kg and R; must be 1n the
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ratio, wo-20 = q
—e0 - T

3 [gre N 1 ' VYA
In this case R, can be made 450,00C wnd R, 100,000

ohms.
. 5 8] = - . ,
Let us caeck now whether the resistors Rg and Rg
wnich will meke tube VT, nonconducting (by meking its

S

grid 25v. negotive with resvect to the cathode) will

€5

also maxe the grid of tube VI, zero witn respect to the

[
catnode as we had assuined.
With tube VI, nonconducting, point B will be Jjust

a few volta below the Z24tv. level owing to tne small

current taken by the voltuge divider. With the resistors

Y ’ - ) . - . .
R, and Rg equal to 450,000 and 100,000 ohms respectively
’ - =
golnt M would be at a level of approximutely Sov. or 1lOv.
’
positive with respect to the catnode level. When i 1s

connected to the grid of tube VI, zrid current will be-
gin to flow znd will prevent the grid from becoming mom
than a fraction of a volt positive with resvect to the
cathode.

If this check had reveasled that the grid failed to
become zero or positive, another start with different

load resistor, (cathode resistor) would have to be made.



Trigzering Methods

4 common method of trigcering the circult is to
insert a negative pulse in the grid of let us say VT,

througn a small couplings capacitor in series, fig. (7)

R( Re Roe
C. c Re
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fig- (7)

The charge on the plate of this capacitor cannot be
eltered instantly due to the resistance in series
with this capacitor. Hence, by applying a negative
pulse at g,k the drop in the potential of point & pro-

duces a corresponding drop in »otential at g; no al-

teration 1n the potential difference between the plates
of the cavacitor being possible In this first insteant.
If VL, was already not conducting, that is the grid a
was blocked pelow cutoff, the tube does not ressond,
the negative pulse belng disregarded. However, if tuoe

VT, has been carrying the heavy current, the sudden re-

duction of the positive potential of its grid causes a



sudden and violent drop in current accompanied by a
simultaneous rise in current of tube Vip,. If the 1in-
stantaneous current values meet and pass, the circult
triggers, flipping over to the opposite terminus con-
dition.

The steeper the pulse the better because a slo-
ping wave front permits a portion of the avsilable
voltage to be expended in the capacitor C,, so a de-
creased vportion 1s available for use at g; The cap-
acitor Cicannot be made larger to compensate a sloning
wave front because 1its twin C: ties the grid § to the
inactive votentiel source 2, snd the desired repid
rise in potential of Ejmust be accompanied by an al-
teration in the charge of Ca» which for that reason
rust be kept as low as possible at that phase of the
triggering action; a large value of capacltance de-
creases the sensitivity by limiting the suddenness
of the rise of current in the plate resistor which is
imoortant for the triggering action. 4Actually, con-
densers of value 25 or 50u4 can be used.

The circuit having switched the main current over

to VI, then disregsrds any additional negative pulses

imposed at point a wnile awaiting the occurrence of the

next negative odulse applled at point b.

12



In some applications the points 4 and b are jolned
togetner, fig. (8), pulses from a single external chan-
nel being avplied simultaneously to each coupling cep-

ecitor, C, and Cjp.

Fig-(®)

In this case, the use of the commutating capa-

citors C:and C; is necessary to prevent the circuit
from staliing when egual negative pulces are applied
simultaneously to coucrling capacitors C,and C,.
Suppose that tube VI, is conducting, avnlica-
tion of a nezative pulse st the common 1nsut ter-
minal causes a sharp droo of plate current tarough
tube A. The resultant sudden rise of plate voltage
transferred through QL to the grid of tube B over-
powers the negetive pulse, of external origin, thut
is apolied through Cpto the grid of tube VIz. IThe
first osulse flips the rmain current over from A to B,
the next -ulse flins it back. The size of C} and C;

is not critical. Usually they are twice as larse as

C,and Cy.
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Trizcer Circult using pentodes

A modification of the basic curcuit is obtalned

by using pentodes as shown below fig. (9).
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fia. (a)

Here, the suppressor grids of pentodes serve the
same function as the triode control grids of the cir-
cuit described above. The screen grids are used in
the normel manner end the control grids &are used for
triggering the circult. One very desirable characteris-
tic of this circuit 1s that the circuit may be triggered
by a very small nerstive voltege impressed uvon the
control grid of the conducting tube, but it is insen-
sitive to posltive voltages ap>lied to the control grid
of either tube. The functions of the control and sup-
pressor grids may also be interchanged but the result-
ing circuit 1s then sensitive to triggering voltege

of either polarity. -
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ingle pentode, under certain conditions, may also

be

of

in

in

of

used as a trigger tube. If the suppressor voltage
a pentode 1s varied with screen voltesge, the change
suppressor voltage being prooortional to the change

screen voltage and in the same dlrection, the curve

screen current versus screen voltsesze 1s of the form

shown in fig. (10).

L,

Ecgz ecz

Pig- (o)

A negative voltage imoressed upon the suppressor

grid causes electrons thast have passed through the

screen grid to turn back to the screen so high

screen current results. A positive increment of sup-

pressor voltage (decrease of negative voltage) allows

more electrons to go to the plate and thus decreuses
the screen current, wnich means that the suppressor-
screen transconductance 1s negative. Under proper
operating conditions the screen current decreases
with a positive increment of suporessor voltage even
when the screen voltage 1s given an equal increment.
An increase le,in the screen voltage 1s accom-
panied by an equal change e, of suppressor voltage.
Dec, would by itself change 4c¢, by the amount A‘g/@,

and Au, ascting alone would change Lc, by the amount

Aecy g5, .

1]



the net change of ic, will be the sum of the two changes.
Dic, = Be BDecyg,, = Aecy (- + 4,
: re, ('sz )
Since 932 has been shown to be negative, it follows
that, if the magnitude °f$3; exceeds the magnitude of
}/ s an increase of screen voltage 1s accompanied by
Tsz
a decrease of screen current. This means that between

plate and screen the circuit will exhibit negative re-

sistance of magnitude:
f1
P= Vo ';z‘ész

The current-voltage characteristic having a neg-
etive slope proves that such circuit can be used as a
trigger circuit. With sufficiently high screen resis-
tance, the load line corresponding to this resistance
can lntersect the iﬁgeczcharacteristic at three points,
1,3,2. The currents corresponding to points 1 and 3
are stable. If the load line has a position to the
left of that shown by the lower dasned line, the cur-
rent can have only one value wnich must lie on the
section a-b of the characteristic. As the line 1is
moved to the right by increasing the supply voltage,
the current increases continuously until the voint b
is reached, beyond wnich it will jump abruptly to the
value corresponding to point 5. If the load line 1s

then moved to the left by reducing the supply voltsage,

the current will huave values corresponding to points on
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the branch c-d of the chearacteristic until point ¢ 1s
reached, from which the current will jump to the val-
ue at 4. Similar abrupt cnanges of current are ob-
tained when the other electrode voltages are varied or
when the slope of the lead line 1s chansed by varying
the resistance.

The connections reali,ing a pentode tube as a

trigger circult are shown below in fig. (W).

R.
AAAAA AN
\AAMA A4

R,

VWW\-
I ,|
At
oy

\ 4

fig-(u)

In this circult, the resistors R,, Ry, Ry, form a
voltage divider wnich causes the suppressor voltage to
very with screen voltege in the desired manner. The
combination of resistors also forms the screen loead re-
sistance. The operating voltzges being oroperly chosen,
the suppressor voltage corresponding to the upper values
of screen current is so negative that the 2late current

s to tne lower

o

is zero. The »nlate current correspondin
values of screen current depends upon the circult con-

stants and operzting-.voltages. Thus the plsate current



may be turned on and off abruptly by small changes of

resistance or voltage.

Experimental values of resistances and voltages

are as follows:

VT ¢ 6J7

R, 100,000
R 47,000
Ra 100,000
Rp 10,000

The following

Tee
24
23
53
40
45
51
56
60
62
63
65
68
80
90

100

109

ohms
1"

n
n

values

EL(.. "%
Ewy 90
Ecey =39
Ew 222

volts

have been obtained:

Ieer. Mo,

0.01
0.04
0.08
0.12
0.16
0.20
0.24
0.27
0.28
0625
0.24
0.22
0.25
0.30
0.35
0.40

OO O
OO

e o o ¢ o o o
PO

HOOOOOOOOOOoOOoOCCCO
O ©
»no

These values give a good trigzer characteristic curve.

The most satisfactory method of controlling the

circuit by voltage 1s to introduce the control voltage

In series with the suppressor grid or the control gride.

e control grid is the more sensitive, but the use of

vositive control-grid voltuge muay cause tne flow of con-

trol-grid current, which may be objectioneble.



However, the circuit described above wcs far
from beins criticsal in i1ts operation. 4aAn experi-
mental rearrangement of the values was made glving

the following results,

R, = 100,000 ohms BEcc, : =3 Volts
R, = 50,000 " Eccg = 115 "
R, = 100,000 " Ecc, - -55 "
Ry = 10 " Eob . 225 "

A resistance of 1,000 oluims had also to be in-
serted between the first grid and Egg,

The trizger circult ottained was very critical
giving for the egquilibrium values, for high screen
current of 0.07 ma. plate current corresponding to
0 ma. and for low screen current of 0.52 ma. plate
current corressonding to 1.4 ma. the circuit will be
trigpered by pulses of less than one volt in amuli-
tude through a condenser or resistance in series with

~ave better results

the suopresor grid. Suppresor grid g

compared to the control grid due to a small control

zrid current.

19
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Ilodifications in Triscer Circuits

Pnototubes can be used to control trigger cir-
cults. In the basic trigser circuit, vhototubes con-

nected as shown in fig. (%), can trip the circuit.

V4
R R N\
a ¢ ‘% __wXA'A A Rc
" .. S
h———— - 7 coaa=
\T, VT
, 1: ' l_l ’
Re 2 p . Re

f'.s.(n.)

As long as a light beam falls upon the phototubes,
the stable condition is unaltered but as soon as the
light beam 1s interrupted the sabrupt change in current
is enough to initlate the current transfer, that is
the triggering action 1s performed. Heslstance Rg
can be omitted.

Phototubes connected as shown in fig. (V3), can

also trip the circuit.
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The device Is used in connection with illumi-
nation. An increasse in i1llumination initiates again
the current transfer. Also here agaln resistances Ré
can be omitted.

Applications of Trizrer Circuits

Triggcr circults are used in a multitude of elect-
ronic circults, from simcle ones to some very compli-
cated devices.

a) Voltmeter Circuit

A very useful type of meter for the measurement
of crest or direct voltages is the slide-back tyve of
voltmeter. A trigger circuit used in the construction
of that type of voltmeter makes 1t a very sensitive in-
strument.

The theory of operation of a slide-back voltmeter
is based upon the cutting off of triode plate current
by negative grid voltage. Just sufficient nejjative
grid bias 1s applied to a triode to reduce the plate
current to gzero. The addition of signal voltage in
the grid circuit results in the flow of current dur-
ing the positive nalf cycles of the signal voltage,
and 1n order to prevent the flow of plate current at
any time during the signal-voltage cycle, the bias
must be 1ncreased by an amount equal to the positive
crest signal. *n operation the bisas is adjusted to re-

duce the plate current to zero with and without signal



voltage, the difference 1in the two values of bias in-
dicating the crest signal voltage of the positive hslf-
cycle. To read direct voltages, the bias is adjusted
to give any convenient reading of vlate current. The
change in bias required to return the plate current to
this value when input 1is applied is equal to the in-
put voltage.

A slide-back voltmeter based upon the trigger cir-

cuit is shown in fig. (14).

R¢ 100000 o

lnpul ° VA
1 Re Ro
Ba\onc'n\%l s f & \0000 &
Vo\\ase - i
Jdr L Re
, —- T-45« - \woeos &
Re
VT\ VT?.
»
_-|=: 33,
fia- (14)

To operate the meter switch S 1s first onened
momentarily, which causes the plate current of VT,
to stop flowing. The balancing voltage is then ad-
Justed until the current transfers back from VT, to VT, .
The operation is then repeated with signal voltage ap-
plied. The difference in balancing volteges equals

the direct or crest alternating voltage.

22
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b) Counting Circulls

Talking about trigger circults utilizing pentodes,
we nave seen that the triggering takes place only dur-
ing the negative pulse, the positive pulse not affect-
ing the distribution of currents. Using the circuit
shown in fig. (18) an output voltsage corresponding to

the variations of currents can be obtained.

qd
ol R :E
32 50 57000 50000 | Ro —_— 3
i = e T
eomos 637 --_-- $37 .
: ==z =R T G

" VT —i VT <

& ° ) - ' 2 ::

iié Elab W _216. v 3
‘ 1 % e et ot

I!\PU’* d 40 nexl slage
~ R >
_T_ Bec 22% .
s\s . (\5)

Wnen the current transfers from tube 2 to tube 1
due to a negaetive pulse applied at the ingput, we get
a positive pulse in the output, a next negative pulse
in the input transfers the current from tube 1 to tube
2, giving rise to a negative pulse for output. If the
time constant RyCo 1s very small comoared to the inter-
val between pulses, the outvnut circuit ylelds sharp pul-

ses, one positive and one negative for every peir of
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negative vulses arriving at the Input terminals. FThe
positive pulse being disregarded, only the negative

pulse triggers the next stuge, so we see theat every
trigger circuit pair may be employed to cause a re-
diction by a factor of two in the number of negative
pulses applied through the device. This process may

be repeated using N successive stages of scale of two

to obtain any scaling ratio, oW , desired.

The trigger circuit using a single pentode described

previously can be used as a counting circuit. The con-

nections of input and output pulses are shown in fig. (16).
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—t— 00s 100000 o

lnvg* 35 ¥

;ig.(\b)

In this case the circult responding to a pulse of
elther polarity, coupling tubes must be used between
stages.

c) Time Measuring Circuits

The charging or discharging of a condenser may be
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readily used as the basis of a circuit for the measur-
ement of time. In order to make use of this method 1t
1s necessary to find means for starting and stopping the
charging current at the beginning and end of the time
interval and for measuring the voltage of the conden-
ser without discharging it. The condenser voltage may
be measured by a simple form of vacuum tube voltmeter,
The trigger circult shown in fig. (5) can be used sa-
tisfactorily. The current may be caused to transfer from
tube 1 to tube 2 by short circuiting R of tube 1 and
from tube 2 to tube 1 by short circuiting Ré of tube 2.
The voltage drop across the resistance Rp may be applied
to the control grid of another tube, whose plate cur-
rent charges a condenser. The charging current can then
be started and stopped by causing the current to trans-
fer from one tube of the trip circuit to the other.

Fiz. (1) shows the diagram of a single timing cir-

o

cuit based on this principle.
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fig. (\T)



Kormally plate cufrent
tage drop through Ry biases
that no plate current flows
transfers the

closing of S,

thus removing the bias from

flows in VIa. The vol-
VTs, beyond cut-off, so
in V3. <The momentary
current from V3 to Vy ,

the grid of VIs and caus-

ing plsate current to flow through VT3 and charge the

the current

condenser C. Closing Sz again transfers

from Vy to Vgand sto»s the charging of C. The voltage
of C, which is a function of the elapsed time 1is mesas-
ured by the vlate current of the voltmeter tube Vgq .

The length of the time intervals which can be measured
can be adjusted over a wide range by means of the con-
denser size and screen voltage of Vi , which controls

the amount of charging current. The 300 oluan resistor

in the cathode circuit of Vg4 provides sufficient bias
to prevent the flow of grid current of Vg4 into the con-

denser when the condenser voltage 1s low.

\
k)
&
R
)
i
$
[
[ 4

Fime (sec.)
s

f(g-(\t)
(18) shows the curve of meter reading against

Fige
length of time interval for our circuit. The circuit

holds 1ts calibration-over long periods 1f the screen
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voltage of V3 is not changed. To insure that this vol-
tage cannot be accidentally cheanped, it is advisable in
most applications to replace the potentiometer P with
fixed resistors, reduction of battery voltege with use
is compensated by means of R,, the correct setting be-
ing indicated by the milllammeter,

d) Phasemeter

When we want to measure rapid alterations of phase
between two sinusoidal volteges, trigger circults can

be used succesfully.
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Having two sinusoidal voltages whose relative
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Input

phase angle 1s to be determined, we applg one of the
signal to the left-hand grid and the other voltage
signal to the right-nand grid through a clipper to
square the wave, then through a differentiator and
then througnh a clippef-to clip off the positive peaks,

fig. (19).

RY



(3]

If the voltages have a different phase relation-
ship, the main current will flow for unegual intervals
of time in each tube. As tne current waves within the
trigger circult are rectanpguler, a d-c méter connected
in the proper cathode lead reads an average current

linearly proportionszl to the phase angle.



(1)
(2)

(3)

(4)

(8)
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