ELECTRONIC CIRCUITS NAVYSHIP S

SECTION 8
MULTIVIBRATOR CIRCUITS
PART A. ELECTRON-TUBE CIRCUITS
ASTABLE (FREE-RUNNING) MULTIV!BRATORS p

The term ostabie muit vibrowe (cigrs o one dass of
multivibrator or relaxation-oscillator citcuits that ean
function in either of two temporarily stable conditions and
is capable of rapidly switching from one temporatily
stable condition 1o the other. The astable multivibrator is
frequently referred 1o s a free-running multivibrator, It
is basically an oscillator consisting of two stages coupled
sG that the input signal 1o each stage is taken from the
Sutput of the cther, Thus the circult becomes tresnmning
because of the regenerative feedback, and the frequency of
aperation is detemmined ptimarily by fis couplingcirouit
constants tcther than by an extemal synchisnizing veltage.

‘The trequency of operstion for on astable multivibratcr
can be us iow as one cycle per minute or os high as 180
kilocycles per second, depending on the circuit desicn.

The output of the astgble multivibrator is usually
nearly rectanqular in form. A symmetrical output results
when the B-C time constants of the coupling circuits are
made equal. Rectanuler pulses of almost any desired
width {time duraticn) can be obtained by proportioning the
B-C time constants of the coupling circuits withrespect
to one another; the resulting pulse output is unsymmetrical
since the R-C time constants of the coupling &ircuits are no
longer wqual.

The operating frequency of the astable multivibrator
can be changed by switching values of B or C, or both
B and C, in the coupling circuits to alter the time constants,
For example, a multivibrator designed to operate at 800
pps can be changed 1o a lower frequency, such cs 400 pps,
by simply switching additiona! copocitors into the eircuit
in paratlel with the existing coupling capacitors o lower
the repetition frequency.

The frequency stability of the multivibrator is some-
what better than that of the typical blocking osciliator.
However, a disadvantage of the multivibrator is that its out-
put impedance is essentially equal to the plate-load resis-
tance and this resistance must be relatively high in ordes
1o obtain good frequency stability. Also, the negative-
going wavelorm is generated at a much lower unpedcmce

: . . . -
than the posiive-going wavelonm, o use a4 CROng uu

road will alsc affect the frequency stability, the output is
somelmes 2d w© ¢ cathode bllowsr, = isplaote

the load frorn the multivibrator plate circul

wisidnces the desired sutpat oot )
differentiateq waovefonn, and this waveisim, i m, i3
aoplied to the cuthade fpllower; in this cirenit confiqura-
tion the load will have the leost effect upon the multi-

vibrator frequency stability.

TRIODE PLATE-TO-GRID COUFLED ASTABLE MULTI-
YIBRATOR.
AFFLICATION.

Tre nlnieion i monlen gsmble multivinioor oro-
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duces a square-wave cutput for use as trigger or timing
pulses,

CHARACTERISIICS.
Free-tunning oscillator; does not requite trigger pulse

to produce oscillations,

Operating frequency is detemmined primarily by the R-C
time eonstants in the feedback (plate-to-grid) coupling

civeults and by applied wlwege.

Frequency stability of 3 percent can be obtained.
Input trigger pulses may be applied to the circuit for
synchronization to produce o stable cutput; it may be
synchropized at the tigger-pulse frequency or inteqral
submultiples thereof,

Symmetrical square- or rectanqular-wave output is
produwed wien e B-C time conotants of the arid cirmuite
are equol. Unsymmetrical output is produced when the
K-C time constant of ane grid circuit is purposely made
several times greater than that of the other; for this

b ~ET
cut off for uneguel perieds of

conditon ine iwe tubes e
Output impedance is essentially equal to plate-load
impedance.

CIRCUIT ANALYSIS.

General. The free-running plate~to-grid coupled
multivibrator is a basic astable multivibrator, The circuit
is fundamentally a two-stage R-C coupled amplifier with
the cutput of the second stage coupled to the input of
the first stagel Thus the output signdl is fed back in the
proper phase to reinforce the input signal; as a result,
sustained oscillations cczur,

Circuit Operation. The accompanying circuit schematic
illustraies two tricde electron tubes in o bosic freee
rurning multivibrator circuit. Electron wbes V1 and V2
are identical-type tricde tubes; although the accompany-
ing schematic illustrates two seporate tricdes, a wwin--
triode 1s frequenty used in this clreuit. Copacier C1L

HTPUT
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provides the coupling from the plate of V2 to the grid cf

V1; capaciter C2 provides the coupling from the plate of

V1 to the grid of V2. Besistors R] and B2 are the grid re-
sistors for V1 and V2, respectively; resistors R3 and R4

are the plate-load resistors for V1 and V2, respectively.

Capacitor Cl and resistor Bl form an R-C circuit to
determmine the discharge time constant in the grid circuit
of V1; capocitor C2 and resistor R2 determine the dis-
charge time constant in the grid circuit of V2.. Qutput
pulses can be taken from the plate of either or both electron
tubes. Capacitors C3 and €4 are the output coupling
capaciters for V1 and V2, respectively.

When voltage is first applied to the circuit, the grids
of both tubes are at zero bias and plate current starts to
flow through plate-load resistors B3 and B4, Also, copaci-
tors Cl and C2 begin to charge when the applied wltage
appears ot the plate of each wbhe, If the constants of beth
stages of the circuit are dike, the cutrents through both
tubes may at first be nearly equal. In proctice, the
symmetrical {ree-running multivibrator component values
are held to close tolerances in order to obtain good freq
uency stability; the value of coupling copacitors Cl end
C2 are at least 2 percent tolerance, grid resistors Rl end
R2 are ] percent tolerance, and plate-load resistors K3 and
R4 are usually 5 percent tolerance. However, in spite of
the close tolerances of the components, there will always be
some slight difference in the two currents. This small dif-
ference in tube curtents will cause a further unbalance,
resulting in o regenerative action which rapidly switches the
circuit to a condition wherein one tube is conducting max-
imum current and the other is cut off,

For example, if initially the current though tube V1
should be slightly greater than that through V2, the volt--
age drop across plate-load resistor R3 will be greater than
the drap across resistor B4, This results in o lower plate
voltage for V1. This decrease in plate vcltage is coupled
through coupling capacitor C2 to the grid of V2 as @
negative-going instantaneous grid woltage which reduces
the plate current of V2. When the curmrent through V2 is
decteased, the current through plate-load resistor B4 is
also decreased; therefore, the voltage drop across tesistor
R4 decreases, resulting in a rise in the plate woltage of
V2. This increase in plate voltage is coupled through
coupling capacitor Cl to the grid of VI as a positive-
going instantaneous grid voltage which increases the plate
current of V1. The drop across plate-load resistor R3
incregses, the plate voltage of V1 decreases, and as before,
the decrease in the plate wltage of V1 is coupled to the
grid of V2 as a negative-going voltage. The regenerative
switching action just described continues rapidly until V2
is cutoff and V1 is ot maximum conduction.

In order to cut off plate curtent in V2, the grid of V2
must be driven negative beyond the cutoff woltage, The
negative grid voltage results from e charge on coupling cop—
acitor C2. Since this charge leaks off through grid resistor
R2, the grid voltage at ¥2 does not remain in a negative
condition but starts to retum o zew as C2 dischorges
through B2 and the cathode-to-plate conduction resistance
of V1.. When C2 discharges sufficiently and the grid voltage
cutoff point is reached, slate current once agoin starts to
flow through V2, initiating another switching action
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similar to the first action described. However, this time as
V2 conducts, coupling capacitor Cl discharges through grid
resistor Bl to cut off the plate current in V1, and the
switching action ends with V1 cut off and V2 ot maximum
conduction. Here again, the negative charge existingon
coupling capacitor Cl must discharge through qrid resistor
Rl and tube VZ before the grid voltage cut off point is
reached and V1 can conduct to initiate another switching
action. The switching action repeats continucusly with
first one tube and then the other tube conducting.

For the following discussion of circuit operation, refer
to the accompanying illustration which shows a simplified
schematic and waveforms for a symmetrical ftee-running
multivibrator,

At time t, (start of time interval a) on the waveform il-
lustration, the grid of V1 {eg1) has been driven negative to
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cut off the tube, ad, as a result, the plate voltage of V1
{e1) has risen rapidly to approach the supply-voltage
value (Epp). Coupling capacitor C2 is quickly charged
through the low cathode-to-grid intetnal resistance of V2
and the plate-load resistor, 3. The yoltage waveform at
the plate of V1 {ep1) is rounded off, and the waveform at
the qrid of V2 {eq2) has o small positive spike of the same
time duration ds a result of the charging of coupling cupac-
itor C2. Since at this time the grid of V2 is slightly pesi-
tive, V2 conducts heavily and the plate voltage of VZ {epe)
drops to a minimum. Note that the plate voltage waveform
{ep2) extibits a small negative spike of the same time dur-
ation as the positive spike on the grid waveform leq2)

While coupling capacitor C2 is being charged, coupling
capariter C1 fprevicusly charged) discharges through grid
resistor Hi and through the conduction fesistance EVZ
Capacitor C1 cannot change its charge immediately; there-
fore, it produces a neqative voltage {eq1) across grid re-
zistor R1, which decays at an exponential rate (toward
zerc) us capacitor Cl discharges. The ate of discharge 1s
determined primarily by the L time constant of Bl and
Ci. Although the conduction resistance of V2 is included
in the discharge path of C1, the resistance is small as
compared with the resistance of R1, od con therefore be
neglected.

‘hen the negative voltage {eq:) produced across grid
resister R1 decreases necr the end of time interval o and
reaches cutoff, V1 immediately conducts end the plate
voltage of V1 {ep1) drops to o minimum; the circuit now
switches to the other condition with V2 cut off by the dis-
charge of capacitor C2 through grid resisict R2, This con-
dition is shown on the waveform illustration as the start of
vime interval b, Coupling capacitor C2 discharges through
grid tesistor B2 and through the conduction resistance of
V1. The rate of discharge is detemined primarily by the
B-C time constant of B2 and C2. (The conduction resis-
sanze of V1 iz small and can be neglected.)

%ihen the negative voltage (egz) produced across arid
resistor B2 decreases necr the end of time intervol b and
reaches cutoff, V2 immediately conducts and the plate volt-
age of V2 (epz) drops to o minimum; the circuit now
cwitches to the other condition with V1 cut off by the dis-
charge of capacitor C1 through grid resistor Bl. This con-
diticn is shown on the waveform illustration as the term-
ination of interval b at time th,

In the discussion of circuit operation given rbove, the
cltvibrotor was assumed to b o symmeiico! jor balanced;
lyivibroter; that is, coupling capecitors C1and C2ore
equal, resistors Rl ana K2 are equol, @ plate-ioad e
sistors A3 and R4 are olso equal. Theretore, the discharge
sime constants of Hi ang Ul ana of ma and CZ are equal.
Also, the time intervals {a, b, ¢, and d) between the switch-
1ng actions are sgual 1o cne ancmer. To obtain u pulse
antput which is unsymmetncal {osymmetrical or unbalanced),
it is necessary to proportion the time constants in the cou-
sling circuits sn that one tube remains cut oft for cnly a
short period of time while the other is cut off for ¢ much
‘onger period. For example, if the time canstant cf Bl and
1 iz made short compared to the time constant of R2 and

L
07, then V1 will be cut off fora shori pefiod of Ume whise
.

V7 will De Ut off fuF 9 lulyms peivd, i, e LREIT
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tervals a and ¢, shown on the weveform illustration will be
short while time intervals b and d will be lorg.

The time intetval for either output pulse may be approx-
imated if the voltage change across the coupling capacitor,
the R-C time constant of the discharge path, and the cut-
off voltage of the tube are known. The opproximate time
interval, t, for the capacitor to discharge to cutoff may be
deteminad by use of the fallowing farmula:

t= 230 RC log Ec

<o

{ = time interval to discharge to cutoit (seconds)
F. =maximum voltage change across capacitor
E oo = negative cutoff value for tube

R - resistonce of qrid resistor (megohms)

C = capacitance of coupling capacitar {1 f)

1f the grid resistor, B, is retumed to a positive voliage
source, such as the plate-supply voltage {Epp), the formula

hacomes:

where:

{% 230 RC log Lob* Ee.

Epb + Eeo

where: F b = plate-supply voltage
The naturcl operating frequency {cycles) of the oscillo-
tor, fo, may be calculated irom the following formula:

fo= 1
ty + tg
where: t, = time interval o discharge to cutoff for V1

grid circuit,

t, = time interval to discharge to cutoif for VI

grid circuit.
The lrea-punning multvibrator may be h
1 stable extemnal source 1o force the petiod of multivibrater
=ztinn o ne exactly the same as the synchronizing source.
Ir. this case the multivibrator is called a driven multivibra-
sz7, Zymohronizing signals, when used, are applied to the

gnd of one multivibrator tube if the impedance of the syn-
chronizing source is high, of to the cathode i the impe-
danre of the source is low. [n either case, the frequency
of the synchronizing sigual must be slightly higher than
the natural operating frequency of the multivibrator so that
the synchronizing pulse uCculs just prior to the time that
normal switching action would ocaur,

The output cf the multivibrator is taken from either or

v

~anacitor

[ .t T 1T ¥ Y o v I
Dol Ddis TiTCuUlls throuch an aitoat-nriipiing Capaciics
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(C3or C4). In cases where it is desired to minimize the
etfect of @ varying load impedance on the multivibrator fre-
guency stability, a cathode follower is used for isolation.

FAILURE ANALYSIS,

No Dutput. Assuming that the multivibrater is a free-
running type ond ne synchrenizing signal is applied, the
applied plate and filament voltages should be measured to
determine whether they are within specified values. If
either coupling capacitor C1 and €2 should become leaky or
shorted, a positive potential will be present on the grid of
the ussociated tube and, as a result, the tube will conduct
heavily; the other tube will also conduct heavily, since it
will be at zero bias. A similar condition could exist if
either coupling capacitor C1 or C2 should cpen; in this
case the feedback necessary to sustain oscillations cannot
occur and both tubes will conduct heavily because the grids
are at zero bias. If the circuit is in a nonoscillating con-
dition, the voltage at each plate should be measured to de-
termmine whether plate-load resistor B3 or B4 is open. If
either {s open, there will be no plate voltage present on
the associated plate; also, the other tube will conduct heav-
ily because of zero bias, and its plate voltage will be low.
U either output coupling capaciter {C3 or C4) should be-
come leaky or shorted, the input resistor of the following
stage can form a voltage divider which also includes the
associoted plate-load resistor (R3 or R4). If the input re-
sistor of the {ollowing stage is retumed 1o ground or to a
negative potential, veltage-divider action may reduce the
voltage available at the plate of the multivibrater to the
point where oscillations will cease; also, the additional
current through the plate-load resistor (R3 or R4) may ceuse
the resistor to bum cut.

Incorrect Frequency or Pulse Width, The critical com-
ponents govemning the frequency and pulse width of the
multivibrater are those in the coupling circuits. Any change
in components goveming the B-C discharge time constant
will directly affect frequency mnd pulse width; o change
in capaciter C1 or C2 or resistor R] or B2 will have the
greatest effect. A change in the value of plate-load resis-
tor 53 or R4 will affect the anplitude of the output, and it
will also have an effect upon the frequency, but not nearly
as much as the components menticned abaove.

A drift in frequency of the free-running multivibrator
will generally occur if the applied plate voltage should
change approximately 10 percent from the specified value;
also, scme frequency drift may occur if the filament volt-
age should drop below the specified value.

In a practical circuit, where the multivibrator is free-
running and is not synchronized {rom an external source,
meas may be provided to adjust the applied plate voltaye
or 1o adjust the value of resistance in each grid circuit,
This provision enables the circuit to be adjusted to the
correct frequency and pulse width, and compensates for
diflerences in individual tube characteristics when a tube
substitution has been made.

If either cutput counling capacitor (C3 or £4) should
become leaky or shorted, the voltage-divider action which
can occur may reduce the amplitude of the output wavelorn
and couse the multivibrator to operate at a higher frequency,
since the grid capacitor {C1 or C2} discharge time is Jepen-
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dent upon the smount of change in capacitor voltzge, The
opetation of the [ollowing siage may also be affected by
the change in grid-bias voltaye resulting from the voltaye-
divider action.

PENTODE ELECTRON-COUPLED ASTABLE MULTIVI-
BRATOR.

APPLICATION.

The pentode eiectron-coupled astacle multivibrator
produces a square- wave gutput for use as trigyer ar timing
nulses.

CHARACTERISTICS.

Free~running oscillater; does not require trigger pulse
to produce oscillations.

Operating frequency is deternined primarily by the 3-C
time constants inthe feedback {scrsen~to--rid} coupling
circuits and by the applied screen voltaga.

Frequency stability of 3 percent can be obtained.
Input trigyer pulses may be applied to the citcuit for syn-
chronization to produce g stable output; the circuit may be
syachronized at the trigyer-pulse irsquency or inteqral
submultiples thereof,

Symmetrical square- or rectanyular-wave outout is
produced when the 3-C time constants of the rid circuits
are equal. Unsymmetrical outout is produced when the
3-C time constont of one yrid circuit is purposely made
several times greater than that of the other; for this con-
dition the two tubes are cut off for unequal periods of time.

Output is ohtained from either plate circuit {or both).
<hanyes in load have minimum sffect upon multivibrator
frequency because load is isolated from pentode screen
(multivibrator plate) cireuit by electran-stream coupling
and suppressor-grid action of tube,

CIRCUIT ANALYSIS.

General. The pentode electron-coupled multivibrator
is basically a free-running {triode) plate-to-grid-coupled
multivibrator using the screen grids of sharp cuteff, pen-
tode-type tubes as plates for the multivilieqtor switching
lunction. The circuit is fundamentally a two-staye -0
amplifier with the output {screen rid) nfthe second stage
coupled to the input of the first stage. The screen grid of
each tube functionsin the oscillgtar circuit as thoush &t
were the plate of a triede. Thus, the output signal from
the screen ygrid is {ed back in the praper phasze te reinforce
the input signal; as a result, sustained oscillations oceur.
The output, taken from the olate-load resister, is coupled
to the multivibrater oscillatory circuit through the electron
stream of the pentode tube,

Circuit Oparation. The accompanying circuit schematic
iliustrates two pentode electron tubes in 4 basic {ree-running
multivibeator circuit, zlectron tubes V1 and V2 are identical
sharp cutoff, pentode~type tubes. Zapacitor Sl provides
the coupling from the screen yrid of V2 to the grid of V1;
capacitor CZ provides the coupling from the screen yrid of
V1 to the gqrid of V2. Resistors Bl and B2 are the grid
resistors for Vi and V2, respectively; resistors 33 and 24
are the screen resistors for V1 and V2. Resistors R5 and
R6 are the plate-load resistors for V1 and V2, respectively.
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Resistor R7 is ¢ series voltage-dropping resistor which is
common to both screen -yrid circuits.

Capacitor Cl and resistor R1 form an R-C circuit to
determine the discharge time constant in the grid circuit
of V1; capacitor C2 and resister R2 determine the discharge
time constant in the grid circuit of V2.

Output pulses can be tcken from the plate of either or
both electron tubes. Capaciters C3 and C4 ate the output
coupling capacitors for V1 and V2, respectively.

L

e tEbb

RS R7 RE

l( ~ QUTPUT
1 - i
C4

( O OU'LPalJT

Pentode Electron-Coupled Astable Multivibrator

The switching action of the electron-coupled multi-
vibrator is similar to that of the triode plate-to-yrid-coupled
multivibirator circuit, previously descrnibed in this section.

When voltage is first applied to the circuit, the grids of
both tubes are at zero bias and both plate and screen cur-
rents start to flow; the plate currents pass through plate-
tnad resistors R5 and RB, and the screen currents pass
through resistors B3 and R4 and through the common volteue-
ulupy;ug resistor, 27 AlSO, conacitors Cland 22 beg'.n
to charye when the apolied voltage oppears ot the screen
ol each tube, The currents through Soth tubes may be equal
at lirst; however, in spite of the close tolerances of the
componants in the control-grid and screen-gtid circuits,
there will always be some slight difference inthe total
currents of the tubes, The difference in screen-+rid cur-
rents will cause a further unbclance, resclting in g re=
genelative action which tapidly switches the circuit to @
condition wherein one tube is conducting maximum screen
and plate curents and the other is cut offl,

|
Fot cxample, if initiglly the total plate and screen

cutrent through tube V1 should be slightly greater than

that through V2, the voltage drop across screen resistor 33
will he areater than the drop acress screen resistor R4,
This resulis ina ‘xum-:x 3CTEen whuqe iar ‘.” ‘{".".is do-
crease in screen voilgge ts applied through Coupiing capa-
citor (32 to the ¢rid ot VZ as g negative yoing 1ns(antdnecus
arid voltage which reduces the plate and screen currents
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of V2. When the screen current of V2 is decreased, the
current through screen resistor R4 {and resistor R7) is

also decreased: therefore, the voltage drop across resistor
24 decreases, resulting in a rise in the screen voltage of
V2, This increase in screen voltage is fed through coupling
capacitor C1 to the grid of V1 as a positive-going instan-
taneous yrid voltaye which increases the screen current of
V1, The voltage dtop actoss screen resistor B3 increasss
as the screen current increases, the screen voltage of V1
decreases, and, as befote, the decrease in the screen vol-
tage of V1 is applied to the grid of V2 as a neyative-going
voltage. Note that as the screen current of V1 increases
tha crraan currant of V7 decreases. Since the screen
currents of V1 and V£ {low through dropping fesistor i/, the
voltaye {with respect to yound) at the junction of resistors
r3, 84, and R7 remains essentially constant throughout

tha entire period of oscillation.,

1Ie peliod 03C1l

I'he reyenerative switching action just described for
the screen-grid to control-grid coupling of the pentode
multivibrator circuit continues rapidly until V2is cut off
and V1 is ot maximum conduction. In order to cut off plate
and screen current in Y2, the yrid of VZ must be driven
neyative beyond the cutoff voltaye. The negative grid
voltaye results from a charye on coupling capacitor 2.
Since this charye leaks off theough grid resistor 32, the
gtid voltage at V2 does not remain in a neyative condition
but starts to return to zeto as CZ discharyes throuygh resistor
R2 and the conduction resistance (cathode to screen yrid)
ot V1. then capccitor C2 discharges suificiently and he
grid veltaye cutoft point is reached, the plate and screen
currents once Ggain start to flow through VZ, initiating
another switching action similar to the first action described.
However, this time as V2 conducts, couplinyg capacitor Jl
discharges through grid resistor R1 to cut off the plate and
screen currents in V1, and the switching action ends with
Vi cut off and VZ at maximum conduction. Here gyain, the
charge existing on coupling capacitor U1 must discharge
through grid resistor 111 and tube V2 before the wrid voltage
cutoff point is reached and V1 can conduct to initiate another

switehing getica,

In a shoro cutoff ventode tube, as long as the plate
voltaye is greater than the applied screen voltaye, the
“1ate current in the tube depends laryely upon the screen

ﬁuge ruu.e, than upon the value of the appliad plate
The screen yrid iz mode positive with respect
o] 'J‘... cathode and therefore attracts electrons trom the
cathode; however, most of the clectrons attracted uy the
screen pass on throuyh the screen grid and reach the plate.
Tt is this flow of electrons to the plate that couples the
Tultivibrator action to the plate cireuit, from which the out-
put waveiorm is outained. The term electron coupled fo-
fers to this method of coupling within the wie.

The fact that plate current is laryely independent of ap-

olicd plate woltage makes it possible to nraduce the desired

output waveform in the plate cucuu since the positive
potential existing on the sireen will control the number of
electrons arriving at the plai
sofeen currents are contiol b‘y’ n
grid; tnerelore, when the e 15 Gl HIXUIUN ..:U.lJua,uun
and plate curren fiow throuan the p ate-load resisiof, e

voltage drop goross the plate-load resistor is alse maximum

el
€

"1
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and the plate woltage of the tabe [s minimem. fnen the
tuze is cut ofl, the plate voltzye is at maximum. Thus,
the voltaye ot the plate of the tube 13 determined by the
coupling of the elactron stream to the plate cireuit, 1nd
this, in turn, s yoverne i by tne switching action of the
sultivitrator ascillatory circait {contral wnd screen -pids).
Tne suppressar gnd acts to shield the screen from the plate
and prevents chandges in loadiny from affecting the oscil-
latory circult; therefors, the frequency of the multivibrtor
is reasonably independent of chanues in outout loading,

Like the triode nlate-ta-yrid-coupled multivibratar,
Jescribed previously in this section, the proportioninyg of
the ii-C time constants of the coupling cireuits (3171 and
$2CJ) determine whether the outout wavelorm will be sym-
metrizal or ungymmetrical.

The output waveferm is taken from either or both plate
crrzuits ond coupled to the load through an output-counling
capacitor (T3 or C4).

FATILURE ANALYSIS.

No Output. Assuming that the multivibrator is a free-
runniny type and no synchronizing signal js aonlied, the
plate, screen, andfilament voltages should e mazasured to
detarmine whethar they are within specified values. If
either cnupling capacitar 221 or 22 should become leaky or
shorted, a positive potential will be present on the yrid of
the associated tube, and, as a result, the tube will conduct
continuously; the other tube will also conduct, since it
~ill be st zero bias. & similar condition could exist i
either coupling cavacitor 21 or 22 should apen; in this case,
the feedback necessaty to sustain ascillations cannot
occur, and both wbes will condust continuously because
the yrids are at zero bias, If this circuit is in a nonescillat-
ing condition, the voliage ot each screen grid should be
measured to determine whether screen resistor R3 or R4 is
cpen. If either is open, there will be no screen voltage pre-
sent on the associated screen grid, and the tube will be cut
off; also, the other tube will conduct continucusly because
of zero bias, and its plate and screen voltages will be low.
Furthermare, if resistor 37 snould open, there will be no
voltage at either screen grid, and baoth tubes will be cut off.

Nete that, it g plate load resistor {R5 or R6) should open,
the multivibrator oscillatory circuit (control and screen grids)
may lunction normally, but no outout waveform wili be ob-
tained from the tube associated with the open plate-load
resistor.

Incorrect Frequency or Pulse Width, The critical com-
sonents Joverning the frequency and aulse width of tne
inultivibrator are those in the coupling circuits., Any chanye
in components governing the - discharge time constant
will directly affect frequency ond pulse width; a change in
capaciter Sl or C2 of resistor .31 or 32 will have the greatest
effect. A change in the value of screen resistor (33 or 4 or
draoping resistor 17 will also have an effect upon the
{requency and pulse width, but not nearly s much as the
couplinyg components mentioned above.

[n 4 sractical circuit, where the multivitbrater is free—
tunning and Is not synchronized from an external source,

CHANGE 1

0967-000-0120 MULTIVIBRATORS
means may be nrovided to azdjust the aoplied screen voltaye
or o adjust the value of rasistince i escn control-yrid
ciccult. [This provision enables the circuit 1o be adjusted
ta the correct frequency and nulse widtn and connensates
{or differences in individual tube characteristics when a
tupe substitution has been made.

Reduced Output. A reduction in output amplitude is
qenerally caused by a defective tube; however, it can also
be caused by a decrease in the applied plate voltage or an
increase in the resistance of the associcted plate-load
resistor (35 o1 33). A similar condition can 2iso rezalt
froin 3 change in the value of the apolied screen woltage;
however, in tis case the multivibrator freuenzy will nro-
bably be affected belore a notizeable change in suthat socurs,

If either output coupling capacitor (T3 or C4) should
become leaky or shorted, the input resistor of the tallowing
stage can [orm g voltage divider which 1lso includas the
associated oplate-load resistor (B3 or ¥3). I the inpat
resistor of the following staye is returned to ground or o
1 nggative potential, veltaye-divider actian m1y reduce the
voltate availaole at the plate of the multivivrater and re-
duce the amplitude of the outpat wavelonn; 1lso, the 4i-
ditional current through the nlate-load resistor {35 or (36)
may cause the resistor to burn out. Furthernnore, the oper-
ation of the following staye may also ve affected by the
chanuye in grid-bias voltage resulting from the voltaye-
divider action.

TRIODE CATHODE-COUPLED ASTABLE MULTIVI-
BRATOR.

APPLICATION.

The triode cathede-coupled astable multivibrator pro-
duces a square- or rectangular-wave output for use as
trigger ar timing pulses.

CHARACTERISTICS.

Free-running oscillator; does not require trigger nulse
to produce oscillations.

Operating frequency is determined primarily by the
F-C time constant in the qrid circuit and by the applied
voltage.

Frequency stability is rather poor when unsychroniz-
ed; however, stability is good when synchronized by an
extermal timing pulse.

Circuit moy be synchronized at the timing-pulse
frequency or integrei submultiples thereof.

Either a symmetrical square- or rectangular-wave output
or an unsymmetrical output may be oreduced by changing
circuit constants of valtages.

Qutput impedance is essentially equal to plate-load
impedance.

CIRCUIT ANALYSIS.

General. The triode cathode-coupled asteble multivi-
brator is funetionally similar to the basic Triode Plate-to-
Grid-Coupled Astable Multivibretor discussed at the begin-
ning of Section 8 of this Hundbeok. B-C coupling is provided
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from the plate of V1 to the grid of V2, as in the basic
plate-togrid-coupled circuit, but in this instance the
coupling from V2 to V2 is direct, being affected in the
cathode circuit through @ common cathode resistor; the
3-C coupling (in the basic circuit) from the plate of V2 to
the grid of V1, is therefore, omitted. & variaticn of this
cathode-coupled circult uses separate cathode bigs resis-
tars, with VZ coupied to V1 through a capacitor rather than
directly. Output signals can be takenfrom the plate of
either or both electron tubes, gs in the basic plate-to-grid-
coupled circutt configuration,

Circwit Qperation, 1he accompaonying circuit schematic
iilustrates two triode electron tubes in a basic cathode-
zoup.ed astable Hree-running) multivibeator circuit empioy-
ing direct coupling in the cathede circuit. Electron tubes
V1 and V2 are identical-type triode tubes; although the
schematic iilustrates separate wriodes, ¢ twin-triode is
frequertly used in this circeit. Capacitor C1 provides the
coupling from the plate of V1 to the grid of V2. Resistors
A1 ond RZ ore the grid resistors of V1 and V2, respective-
ly; resistors R3 and R4 are the plete-load resistors of V1
and V2, respectively. Resistor RS is the common cathode-
coupling and bias resistor coupling V2 to V1.

c2 OUTPUT
A4 Vi
iy O

%Rs

=

Triode Cathode-Coupled Astable Multivibrator
{Direct Caupling)

Capaciters T2 and C3 are the output coupling capacitors
for V1 and V2, respectively.

o 5

Capaciter C) and resistor 2 fom end R-C sircuit
eeiublishing the tme constant in the grid clrcuit ot V2
The initgi chorge path 10r capacllol Ll 1S OM its lelt
side through V1L plate-lood resistor 83 and the slote supply
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voltage to ground, then through cathode resistor BS and
the low {approximately 1K) cathade-to-grid conduction
resistance of V2 to the right side of Cl, as illustrated by
the solid-line path in part A of the following simplified
schematic diagram. When the conductien through V2 de-
creqges, and the grid of V2 no longer draws current, the
churge patt for Cl is completed through grid resistor B2,
as illustrated by the dotted-line pathe in the same diagram.
For all practical purposes, Cl charge completely during
the time that V2 conducts; the amount of charge via R2 is
negligibie. Part B of the diagram shows the discharge
path for capacitor Cl to be through grid resistor B2,
common cathode resistor RS, ond the low cethode-to-

+Epp
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R2 | RS
s
i L
A
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Charge and Discharge Paths for Capacitor Ci

glate sendaclivn tesisloncessf VL
ge patn and the cuwiotf voitage ievel ot V1 de-
e lengthof time that VI is

swant of the discharge path and the cutoff voltage leve
VZ determine the length of time that VZ 1s cutoif.

If the time constants for the charge and discharge of Ci
are equal, a symmetrical square-wave output is produced
by the circuit; by meking the charge and discharge B-C
time constants different, the circuit produces an asym-
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Although the conduction resistence of V1 and the resistance
of cathode resistor BS are in the discharge path, their resis-
tance value is small as compared with that of B2, and are,
therefore, neglected in the discharge path time-constant
calculations,

For the following discussion or circuit eperation,
refer to the preceding illustrations in addition 1o the
accompanying Hlustration which shows the theoretical
wavetorms for o symmetrical triode cathode-coupled astable
multivibrator employing direct coupling between the
cathodes. When voltage is first applied, the grids of both
tubes are at zero bias and plote current begins to flow
through plate-load resistars R3 and B4, #hen voltage is
applied to the plate of V1, capacitor Cl begins to charge
along the path previously outlined. As Cl charges, the

bh 2 '|3*4 te gty
1) I 1

| ol b
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I
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Cl CHARGE 4 ) | THROUGH |
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(*x) |
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I
!
i
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Theoretical Waveforms far Symmetrical Cathode-
Coupled Astable Multivibrator (Direct Coupling)

grid of V2 becomes positive. Since there is no coupling
capacitor from the plate of V2 to the qrid of V1, the voltage
at the plate of V2 has no effect on the conduction of V1.
The plate current of V2 flowing through cathede resistor
R5 makes the voltage a1 the top of the resistor positive with
respect to ground. This voltage is a bias voltage os suf-
ficient amplitude to cut off conducticn of V1 and still
permit V2 to conduct, since at this time the grid of V1 is

at ground (zero volts) and the grid of V2 is at a positive
potentiol. Thus, the initial conditions of circuit operation
are established; that is, V2 is conducting and V1 is cut
off,
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The foregoing multivibrator cetion is summarized at
time t, (start of time interval o) on the waveform illustraticn,
Nate that the qrid of V2 (eq,} is driven positive, causing
heavy conduction through this tube, At the same instant,
the plate voltage of V2 (ep,) decreases (is reqative-going)
as a result of plate current through plote-loed resistor B4.
Also, the same plate current, flowing through cemman
cathode resistor RS, produces a positive veltage {ek) which
provides o bias sufficient to cut off V1 and cause the
plate voltage (ep,) cf this tube to approach B+ The
positive-going voltage at the plate of V1 is instontanesusly
coupled through capacitor Cl to the grid of V2, driving
this grid still further positive. All of the action descrited
is instantanecus and cumulative, s¢ that the high
positive potential an the grid of V2 causes this
tube to conduct heavily while V1 is cut off.

With V1 cut off, its plate veltage is at 2+, end
capacitor Cl charges toward this value. The wavelorm gt
the plate of V1 (ep,) is rounded off, and the waveform gt
the grid ¢f V2 (eq,} has a small positive spike of the same
time duration as a result cf the charging of capacitor Cl,
Since at this time V2 is conducting, its plate voltage
(ep,) drops. Note that the plate-voltage waveform has a
small negutive spike of the same time duration as the
positive spike on the grid waveforn.

As capacitor Cl charges, electrons are accumulated
on its right side; this accumulation of electrons is a
negative charge which acts in opposition 10 the positive
potential on the grid of V2, inetfect causing this potential
to decrease from its most positive excursion. This is
illustrated during time interval o (between to and t,), where
the rapid charging of Cl is represented by the steep
porticn of the V2 grid voltage {eq,) wavelorm. Note that
during the rapid chorge time of C1 the cositive voltage on
the qgrid of V2 decrecses until, at t,, it is equal to the
voltage (ek) across common cathode resistor RS, At this
instant the grid of V2 ceases to draw current. However,
Cl centinues to charge, but at a slower rate through grid
resistor RZ, which is much larger in velue then the total
resistance in the "'fost’’ charge path. This change in the
R-C time constants of the charging paths of Cl azcounts
for the abrupt change in the voltage waveiorms at t,.

During time interval b (from t, to t,), capaciter C1 con-
tinues to charge slowly and the grid voltage of V2 de-
creases slowly; this causes a reduction in the plate cur-
rent of ¥2, which results in a decreasing voltage drop
across common cathode resistor RS, This action continues
until the voltage drop acrcss resistor R5 decreases to the
level where twbe V1 is no longer held below cutoff. In
other words, since the bias on tube V1 is determined by
the cathode voltage (ek), V1 remains cut ofi so long as the
cathode voltage is pasitive with respect to ground by more
than the cutoff voltage {kias} of V1. When the cathode
voltage drops to the level of the V1 cutoff voltage, as at
t, on the cathode voltage {ek) waveform, V1 conducts and
rapidly cuts off V2 Lecause the large negative-going
signal at its plate is coupled through capacitor Cl to the
arid of VZ. Thus, the first switching action occurs: that

is, ¥2 is cutoff and V! is conducting.
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ELECTRONIC CIRCUITS NAVSHIPS
When tube V1 is conducting, capacitor Cl discharges
through grid resistor B2, common cathode resistor RS, and

the plate resistance of V1. The grid voltage of V2
approaches cutoff as capocitor C1 discherges; this is
iliustrated by the V2 qrid voltage (eq,) waovetorm during
time interval e (between 1, and tJ. At t, the qrid voliage
of V2 just reaches the cutofi level, permitting this tube 10
conduct. When the plate current of V2 increases, the
voltage across comman cathode resister RS (waveform ek)
also increases (goes positive); this increases the bias on
V1 and thereby reduces the conduction of V1. The de-
creasing plate current of V1 produces a positive-goina
signal across its plate-lood resistor, A3, which, in wn, 15
coupled through capacitor Cl 1o the qrid of V2, causing
this gric ic become highly positive. Inaddition to in-
creasing the plate current of V2, the positive grid voltage
again causes grid current flow and charges capacitor Cl.
Thus, the second switching action occurs and the cycle
is now complete as the initial conditions once again are
regched; that is, V2 is conducting and V1 is cutoff.

In the preceding discussion the multivibrator was con-
sidered to be o symmetrical type; that is, the periods for
conduction and cutoff of the tubes are equal. An asym-
metrical, or unbalanced, output can be obtaired by having
V2 cutoff for a longer peried than V1. Adjusting the value
of the cathode resistance will permit this to happen, since
it isthe hias voltage developed across the commen cathode
resistor that determines when V1 beging conduction. In this
case, the combined time intervals of a and b will be less
than time interval e.

Another configuration of a triode cathode-coupled
astable multivibrator is the circuit shown in the accompany-
ing schematic diagram. This circuit is identicel to the
basic common-cathode-resistor-coupled circuilt just dis-
cussed, except that the feedback from V2 to V1 now is by
capacitive ceupling through C4 between the two cathodes,
Although the same switching uction ocgurs between the
two tubes and the cutoff time of V2 is still determined by
the discharging of capacitor Cl through grid resistor RZ, the
cutoff time of V1in this instance is determined by the
charging of capaciter C4 through its cathode resistor, BS.
{Note that this circuit differs from the basic common-
cathode- resistor-coupled multivibrator in that, in addition
to copacitive coupling between cathodes, separate cathode
resistors are used, )

The charge and discharge paths for capaciters Cl and
4 are depicted in the following illustration. Note that
capacitor Cl {parts A and B of the illustration) the paths
are the same as in the direct-coupled circuit just discussed,
except that the cathode resistor through which capacitor
Cl now charges initially is B6. The charge path for
capacitor 4 {part C of the illustration} is trom its right
side through the low cathode-to-plate conduction resistance
of ¥2, plate-load resistor R4, and the plate-supply voltage

0967-000-0120 MULTIVIBRATORS

cz2 CUTPUT

Vi
¢ o
Ju

?

o
R3 R4
c3 QUTPUT

Trisde Cothode-Lousled Astoble
FRIVUT WU ITHWUS "WYY PITY M3 TVWIC
Mulitivibrater {Capacitive Caupling)

to ground, then through V1 cathode resistor RS to its left
side. Part D of the illustration shows the discharge path
for capacitor C4 to be from its left side through the low
cathode-to-plate conduction resistance of V1, plate-load
resistor R3, and the plate-supply voltage to ground, then
through V2 cathode resistor Rb to its right side.
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C. CAPACITOR C4 CHARGE PATH

Charge and Discharge Poths for Copacitors C1 qnd
C4 of Capacitive-Coupled Multivibrator

The free-tunning frequency of the output signal is
determined primarily by the values of B-C time constants
R2-Cl in the grid of V2 and R5C4 in the cathode circuit,
and by the value of the applied voltage. The symmetry of
the square-wave cutput signals depends upon the degree of
balance between the two tubes and their associated circuit
components.

Cansider now the operation of the asteble multivibrator
being discussed. When voltoge is first applied to the cir-
cuit, the grids of both tubes are at zero bias, and plate
current begins to flow through plate-load resistors R3 and
R4. Also, capacitor C1 begins te charge by drawing grid
current through resistor R2 and tube V2, making the grid of
this tube positive. The plate current of V2 flowing through
cathode resistor R6 makes the voltage at the top of the
resistor more positive with respect to grourd. This posi-
tive voltage swing is coupled through capacitor C4 to the
cathode of V1, where it acts as a bias voltage to hold VI
cuteff. At this instant, capacitor C4 begins charging
through resistor R5 toward the positive voltage at the top
of resistor R6. The positive voltage at the top of RS holds

CHANGE !

0967-000-0120 MULTIVIBRATORS

vi v2
= Ct
2
4 R2
RS,

B. CAPACITOR Cl DISCHARGE PATH
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D. CAPACITOR C4 DISCHARGE PATH
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V1 cut off until C4 reaches the approximate potential across
R6. At this time, the decrease in current through RS de-
creases the bias on V] and allows it to conduct, thereby
cousing the multivibrator switching action. That is, con-
duction of Vi causes the voltage at the V1 plate to de-
crease, and this negative-going voltage is coupled through
capacitor Cl to the grid of V2, where it drives the qrid
neqgative and cuts off V2.

When V2 is cutoff, capacitor Cl discharges through
R2, RS, and V1. Also, the voltage on the cathode of V2
decreases (becomes less positive); this negative geing
voltage is coupled through capaciter C4 to the cathode of
V1. Since V1 is already conducting the negative-going
signal merely aids its conduction. However, the plate
current of V1 flowing through cathode resistor RS produces
a positive voltage at the top of this resistor. Capacitor C4
now discharges through V1, plate-load resistor B3, and
cathode resistor R6. As capacitor C4 discharges, the
voltage at the top of resistor RS decreases (becomes less
positive} because of the accumulation of electrons on the
right side of capacitor C4. When the combination of the

8-A-10



20/

ELECTRONIC CIRCUITS NAVSHIPS
voltage on the grid of V2 (becoming less negative as
capacitor Cl discharges through resistor R2) and the vol-
tage on its cathode (becoming less positive as capacitor
T4 discharges through resistor R6) decreases sufficiently,
V2 ogoin conducts. The switching action repeats continuous-
ly wuh fzrst ore tu“)e Gnd"’len the o[her tube conductipq.
or both plute clrcults throuqh output coupling mpacnor

\,2 ar Lr . In cases wh(—‘re it is GESI'EG to minimize the
effect of varying load impedance on the frequency stability
of the multivibrator, a cathode follower is used for
stability,

The tricde cathode- coupled astable multivibrator, like
the plate-to-grid-coupled type, may be synchronized with
7 Stabie external source o torge the peniod of the muld
vibrator action to be exactly the same as that of the
synchronizing source. The frequency of the synchronizing
signal must be siightly higher thun the notural operating
frequency of the muitivicrator so that the synchronizing
pulse occurs just urior to the time that normal switchng
action would oceur,

FAILURE ANALYSIS.

No Output. Assuming that the multivibrator is a free-
running type and nio synchronizing signals are applied,
the plate and filament voltages should be measured to de-
termine whether they are within the speciiied values.

If coupling capaciter C1 should become leaky or shorted,
a positive potential will be present on the grid of ¥2 and,

as o rosuly, tube V2 will cond
cutoft beccuse of the high positve petential {bics) on its
cathode as a result of the heavy conduction of V2. I the
circuit does not osctliate, measure the voltage ot each
plate to determine whether plate-loed resistor 83 or R4 is
open. If either resistor is open, there wizl be no voltoge
on the gssociated plate; also, the other wbe will conduct
heavily and, as a result of the heovy cenduction, its plate
voltage will be low.

In the common-cathode-resistor-coupled circuit con-
figuration, if cathode resistor HS were to open there would
be no output because neither tebe weuld conduct, and the
plate voltage of both tubes would be ot B+. In the
capacitive-coupled-catnode circult contiguration, it ccthode
resistor RS or R6 were to open only the associated tube
(VL or V2, respectively) would not conduct. It coupling
A were IS open i

5
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N fonu
ct hegvily; V1 owill remein
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tor Cf the Iohowmq stage can form ¢ voltage divider whwh
also inciudes the ossociated plate-load resistor, K3 or R4,
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the operction of the following stage may also be cffected by
the change in grid-bias voltage resulting from the veltage-
divider action.

Incorrect Frequency or Pulse Width. The critical
components governing the frequency and pulse width of
the multivibrator are those in the zeupling circuits. Any
change in the components governing the grid or cathode
R-C time constants will dlrectly affect the frequency and
puise width: a change in the B-C combinations of RZ-Cl
or R5-C4 will have the greatest effect. A change in the
value of plate~load resistor R3 or B4 will gifect the ampli-
tude of the output; it will also have an effect on the fre-
guency, but not nearly SO much as e components mentioned
aove.

i e plutessupply voltuge, +Le0, SHOUL CIWNge approx-
imately 10 percent from the specified uwolue, o drift
cerally occur; sume frequency drift may also

l

in fre-

guency wils g
aceur if e filnment voitage should aron below
value,

In a practical circuit, where tne multivibrator is tree-
tunning and not synchronized from an extemal source, a
variahle resistor may be provided to adjust the applied
olate veltage 1

ar to adjust the velue of resistance in each
grid circuit. This provision enobles the multivibrator o

he adiusted ¢ the correct frequency and Sitle width, and
permits adjustment to compensate for differences in in-
dividual tube characteristics when a tube substitution is
made.

If either output coupling capacitor (C2 or £3) should
become leaky of shoried, the voltagesdivider uction which
can occur may reduce the amplitude of the output waveform
and cause the muitivihrator to eperote at o nlfrhﬂr frequency,

A < is dependent
{ change in cuoacnur voitage,

i

BISTABLE {START-5TOP) MULTiYIBRATORS.

The term bistable multivibrator refers to one class of
multivibrater or relaxation oscillator circuits thot can func-
tion in either of two stable states andis capeble of switch-
ing rapidly from one stable state to the other upon the ap-
plication of a trigger pulse. In the strict sense of the word,
the bistable multivibrator is not an oscillator: rather, it is
a cireuit baving two conditions of stable (histohle) squili-
Drium and reguiring two amput trinnels 10 compiete @ single
CyCle. The operation of the distapie multivibrator is de-
pencent updn e timing~control acuon Involved in the
transier of conduction from one tube to the other, initiated
Ly Gl Shpol TNGOUL pUlSS Of proper poiarity and suthclent
amplitude. Because there is ¢ sudden reversal {or “'flop-

v‘gi”ﬂu‘" from one sroble state 1o the "‘r'*-rtr‘ the tio ubi.’_‘.

...!» vinrator &TT
it

ivibrater s frequently referred 10 35 a flip-fiop circuil.
The bistable multivibrator praduces an cutput pulse,
:nore commealy called o "'gute”’, huving fast rise and fall

times and extreme flatness on top. To generate this type
st wovelora the clrcult teguites ane lll\_;qt'r pulse for
urneon (start )cru' 3 another trigoer pulse for turn-off (stop),

'

ihus neneraring o aten” & mnr‘ﬂ‘nr\ ior pach inmit trigger,

W
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generated are wide. On the other hand, when the trigger
pulses cre of constant frequency and are applied at shart
time intervals (high frequency), the gates generated are
narrew., In all cases, however, two input trigger pulses are
required to complete one cycle of operation, resulting in an
output gate frequency one-half that of the input trigger fre-
quency,

Although the turn-on and turn-off input trigger pulses
{which can be applied from different sources as well) can be
of either positive or negative polarity, a negative trigger is
preferred. A reason for this requirement is that if a tube
is biased fur beyond cutoff, a high-amplitude positive pulse
is required to drive the tube from cut off into conduction.
On the other hand, o low-amplitude regative pulse will
immediately cut off conduction of ¢ tube. In addition, the
circuit used to genercte a low-amplitude pulse requires less
power,

The rectangular-gate output of the bistable multivibrator
can be either positive or negative in polarity. Each gate
is formed by the combination of positive and negative
step functions produced by turning the multivibrater on and
off. The negative-going step is inherently faster (0.7 mi-
crosecond) than the positive-going step (2.5 microseconds).
When connecting other circuits to the bistable multivibrator
output, precautions should he taken so as to prevent the
shunting capacitance from causing undersirable effects on
the rise and fall times of the step function.

TRIODE ECCLES-JORDAN {FLIP-FLOP) MULTIVI-
8RATOR.

APPLICATION.

The triede Eccles-Jordan (flip-flop) multivibrater pro-
duces g square- or rectangular-wave output for use as
gating or timing signals, o for cn-off switching operations
in binary counter circuits.

CHARACTERISTICS.

Circuit assumes one of two stable states: one tube
normally conducting with the other tube normatly cut off,
and vice versa.

Reguires two input triggers to complete ane cycle of
operation; the circuit assumes a stable state upon comple-
tion of each half-cycle of operation.

For a constant-frequency input, the output frequency is
one-half that of the input trigger frequency.

Input triggets can be either positive or negative; posi-
tive trigger affects normally cut-off tube, and neqative
trigger affects normally conducting tube.

Symmetrical triggering occcurs when the same trigger
pulse is applied simultaneously; unsymmetrical triggering
occurs when triggers are applied separately.

Symmetrical or unsymmetrical output gate depends on
timing sequerce of input trigger pulses; input triggers
from different sources (turn-on and turn-off triggers) pro-
duce unsymmetrical gate output.

Plate-tc-grid feedback couplingis direct (through resis-
tors), with bypass capacitors used to speed up switching
from ane stable state to theother.

CHANGE 1}
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Circuit can be made to assume the same stable state
whenever voltages are applied by incorporating a definite
imbalance within the circuit or by using a manuclly con-
trolled eset'’ signal.

Tubes can be qrid-bicsed by connecting to negative
supply, or cathede=biased by connecting cathedes through
voltage divider to positive supply.

CIRCUIT ANALYSIS,

General, The triode Eccles-Jordan (flip-flop) multi-
vibrator is capable of producing a square~ or rectangular-
wave output pulse (gate) in response to two input triggers.
This type of multivibrator has two stable (bistable} states —
one tube is normally conducting while the other tube is
normally held cut off — and will function for only one-half
cycle upon the application of an input trigger. Feedback
from the plate of one tube to the grid of the other is direct
through a coupling resistor bypassed with a capacitor, whose
function is to reduce or eliminate the effects of tube intet-
electrode capacitance. Becouse twe input triggers (turn-
on and tum-off) are required to complete one cycle of opera-
tion, the output-gate frequency of the bistable multivibrator
is one-half the input trigger frequency. The output gate
length isdetermined by the time interval of the tum-on and
turn-off input trigger. Qutput signals can be taken from the
plate of either or both electron tubes.

Circuit Operation. The accompanying circuit schematic
{llustrates two triode electron tubes in the basic Eccles-

o3 oUTRUT

“ Vo ~
Epp ﬂ_ﬂ.

Al

QUTPUT
va

TURN Illl

|
INPUT  ON ri rl
t

TRIGGER }

TURN |
1

Triode Eccles-Jordan (Flip-Flop}
Multivibrater

8-A-12



RES

ELECTRONIC CIRCUITS NAYSHIPS
Jordan multivibrater circuit. Electron tubes V1 and V2 are
identical-type triode tubes; although the accompanying
schematic illustrates two separate tricdes, a twin-tricde is
frequently used in this circuit. Resistors Rl and B2 are
the grid resistors for V1 and V2, respectively. Resistor R3

prmnr-l:m the direct Mur\l‘ formm bho n|rnn of V1o the orid

ng O T + w2 WAC JTiS
1¥5) 1

of V2, und resistor R4 provides the direct coupling from the
plate of V2 to the grid of V1. Feedback resistars B3 and
R4 are bypassed with capacitors C3 and C4, respectively.
These capocitors permit faster switching action from one
tube to the other by reducing the eifects of tube inter-
electrode capacitance. Sesistors RS and BB are the plate-
load feSlSIO[b for V1 and V2, respectively. Capacitors
1 mo 72 are the Innld’-tr\jm‘!r r‘oupunﬁ capneitors tor Vi
and V2, respecuvely, they provide symmetrical triggering.
Capacitors C6 and C7 are the cutput-gate coupling ca-
pacitors for V1 and V2, respectively. Operoting bias for
this bistable muitivibrator, which is cathode-biased, is
determined by the combination of the cathode and respeciive
grid circuit voltage dividers. The cathode circuit voltage
divider consists of common cathode resister R7, bypassed
with capacitor CS5, and resistor RB; the voltage divider for
the grid circuit of V1 censists of resistors R, R4, ond R6,
and the veltage divider for the grid circuit of V2 consists
of resistors BZ, B3, and RS.

Consider now the opetation of the triode Eccles-Jordan
{flip-flop) multivibrator by referring to the preceding cir-

cuit illustration amd the accompanying illustration of the
s

ed thenretical waveforme. Alan, in order 101

fully analyze tne {iming sequence, assume that the circuit
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under consideration is for a radar application wherein it is
desirable to have the gate length controlled by the display
circuit. Thus, the roder sweep circuit provides the turn-
olf trigger 10 retuin the muitivibralor 1o its initial stable
stote.

When volioge is first appliad o the circuit, therc is
a siight conduction through both tubes. Because of the in-
herent imbalance of the circuit, however, cne tube will
conduct slightly mere than the other. For example, if in-
itially the current through V1 should be slightly greater
than that through V2, the voltage drop across plate-load
resistor 35 will be greater than the drop across plate-load
resistor 56. This results in a lower plate voltage for V1,
whick 1w anplied through resistor Hito the grid ot V2, thus
causing the volia age at this qnd 10 become more neqatlve
and reduce the current through Y2, When the plate current
thtcugh V2 is reduced, the cutreni through plate-load resister
K& lirewise is reduced; therefore, the voltage drop across
resistor BG decreases, resulting in o rise in the piate volt-
age c)f V2. The positive-going plate voltage of V2 is applied
through resistor B4 te the grid of V1, making this grid mere
nositive. The regenerative action just described continues
rapidly until V2 is cut off and V1 15 at maximum conduction.
Thus, the citcuit is in one ot its two stable states of
equilibrium, s represented by time interval o on the wave-
form illustration. Note thct the cutput at the plate of V1 is
at its most negative excursion (V1 is conducting) while
me output at the plcne of V2 is positive (V2 is cut off).

0 I T g O SV VO .. RN
ol B-U0tlme constant '_.'mui“ circuit

to drive the nonconducting tube cut of cutoff, the circuit
remains in this stable condition until an input triqger pulse
is applied.

Assume now that o negative trigger pulee of sufficient
amplitude is applied simultaneously to both qrids through
inout capacitors ”1 and C2. This trigger pulse, which is

tho trrmman inmus ke
NS WIn~-Ch inpui d

monr feam the 7 -nrlm- siming clrooits

g timing circuits,
iz applied at t, s illustrated on the waveform diagram.
Because V72 is already cut off, the input trigger has little
effect on s tube; however, the same negative trigger
pulse drives the qrid of V1 pelow cutofi, causing this
normaily conducting tube to decrease conduction. As soon
as Vi reguces conaucton, its plate voltage rises toward
the plate-supply voltaae, +Ebb. The positive-qoing signal
at the plate of V1 is now coupled through resistor B3 and
abbites tu the arid ot V2, doving Ve bio conduction,
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Close examination of the waveform illustration reveals
that the length of the output qutes is determined by the
time interval between the turn-on and turn-cff triggers. If
the frequency of the turn-off trigger is made lower, the
time interval between the triggers will increase; hence,
the gate length will likewise increase. Conversely, the
gate length will drecrease if the tum-off trigger frequency
is increased. Thus, the bistable multivibrator provides a
positive or neqative gate ocutput in response to a timing
(turn=on) input trigger pulse, with the gate being terminated
by a tum-off trigger pulse. If a single constant-frequency
trigger is used for both the turn-on and turn-off functions,
the circuit will produce @ symmetrical square-wave output
having e frequency one-half that of the input-trigger fre-
quency.-

In the symmetrical-input bistable multivibrator being
considered, positive input triqger pulses of sufficient
cmplitude can also be used to initigte the switching action
between tubes V1 and V2. When the positive trigger pulse
is applied simultaneously to the grids of the tubes, there
will be no effect on the operaticn of the conducting tube.
However, the piate current of the cut-off tube will be in-
creased, causing its plate voltage to fall. The fall in
plate voliage, when coupled 1o the grid of the conducting
tube, drives this tube into cutoff.

Although it is true that either neqgative or positive in-
put trigger pulses can cause the switching action to occur,
triggering with negative pulses is preferred. For example,
if the cut-off tube is bigsed with a high negative potentidal,
a high-amplitude pesitive pulse is required to drive the
tube inte conduction, and only the most positive portion of
the pulse has ay effect. On the other hand, a low-amplitude
negative pulse applied to the conducting tube immediately
drives this tube into cutefl, cousing an instantanegus
switching action.

FAILURE ANALYSIS.

No Output. The input trigger should be checked with
an oscilloscope to determine whether it is being applied
to the circuit and whether it is of the proper polarity and
amplitude. [.ack of an input trigger at the qrid of V1 or V2
can be due to an open coupling capacitor, Cl or CZ, or to
failure of the extemal input-trigger source.

Failure of the plate voltage supply, + Ebb, will disrupt
the operation of the circuit, as will an open cathode cir-
cuit. With tubes (or a single twin-triode tube) installed in
the circuit, the filament and plate voltages should ke
measured, as well as the bias voltage developed across the
cathode resistance, to determine whether the applied volt-
ages are within tolerance and whether plate-load resistor
R5 or RS and cathode-bias resistor R7 or B8 is open. 1f
coupling resistor R3 or B4 is open there will be no feed-
back signal to couse the multivibrator switching action.

[ bypass capacitor C3 or C4 is open [eedback will still
occur, but the intetelectrode capacitance of the tube may
cause undesirable effects on the wavefront of the feedback
signal. An open output coupling capaciter, C6 or C7, will
prevent the output-gate sigqnal from reaching the following
stage.

CHANGE 1
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Reduced Output. A reduction in output is generally
zaused by g defective tube; however, it can also be causes

by a decrease in the applied plate voltage or an increase
in the resistance of the associated plate-load resistor,

R5 or R6. A leaky or shorted output coupling capaciter,
C6 or C7, will form a voltage divider with the input resistor
of the following stage. If the input resistor of this follow-
ing stage is returned to ground or t¢ @ negative supply, the
voltage at the plate of both V1 and V2 will be reduced, and
the operation of the following stage will be upset by the
change in voltage applied o its grid. Also, the additicnal
current through plate-load resistor B3 or B6 may cause the
resistor to burn out.

Incorrect Frequency or Gate Width., The triode Eccles-
Jordan (flip-Hlop) multivibrator has no components goveming
the freguency or width of its output-gate signal; these are
both governed by the input triggers applied 1o the circuit.
Therefore, any change in the output-gate frequency or width
is a result of improper operation of the turn-on and/or turn-
off trigger genetating circuits.

PENTODE ECCLES-JORDAN (FLIP-FLOP) MULTIVI-
BRATOR.

APPLICATION.

The pentode Eccles-Jordan {flig-flop} multivibrator
produces a square- or rectangular-wave output for use as
gating or timing signals, or for on-off switching operations
in binary counter circuits.

CHARACTERISTICS.

Circuit assumes one of two stable states: one tube
normally conducting with the other tube normaily cut off,
and vice versa,

Requires two input triggers to complete one cycle of
operation; the circuit assumes a stable state upon comple
tion of each half~cycle of operation.

For a constant-frequency input, the output frequency is
one-half that of the input trigger frequency.

Input triggers can be either positive or negative; posi-
tive trigger affects normally cut-off tube, and negative
trigger aifects normally conducting tube.

Symmetrical triggering occurs when the same trigger
pulse is applied simultaneously; unsymmetrical triggering
occurs when triggers are applied separately.

Symmetrical or unsymmetrical output gate depends on
timing sequence of input trigger pulses; input triggers from
different sources (turn-on and turn-off triggers) produce un-
symmetrical gate output.

Plate-to-suppressor grid {feedback coupling is direct
(through resistors), with bypass capacitors used to speed
up switching from one stable state 1o the other,

Circuit can be made to assume the same stable state
whenever voltages are applied by incorporating @ definite
imbalance within the circuit or by using a manually control-
led "'reset’’ signal.

Tubes can be grid-biased by connecting to neqative
supply, or cathode-biased by connecting cathodes through
voltage divider to positive supply.

8-A-14
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CIRCUIT ANALYSIS.

General. The pentode Eccles-Jordan (flip-flop) multi-
vibrator is capable of producing a square- or rectanqular-
wave output pulse {gate) in response to two input trigqers,
The circuit has two stable {bistable) states — one tube is
normally conducting while the other tube 15 normally held
cutoif. Like the rricde Fecles-Jordan multivibrator, dis-
cussed earlier in this Section of the Handbook, the circuit
opetation is controlled by the application of an input trigger
pulse which couses the conduction to switch from one tube
to the other. Thus, the multivibrator will function for only
one-half cycle upon the application of sach input trigger.
Feedback from the plate of one tube to the suppressor qrid

Af the ather ie diract "hrr‘\nm\n ~ mouaeli 1
S UUpLng rcoiower ._;”auaocu

with a capacitor, whose functlon is to reduce or eliminote
the effects of whe interelectrode capacitance.

The {eedback connection to the opposit suppressor arid,
instead of the control grid, frees the contrel grid for applica
tion of the trigger pulses. Because two input triqgers
{turn-on and turn-off) are required to complete on cycle of
operation, the output-gate frequency of the histable muiti-
vibrator is one-half the input trigger frequency. The out-
put gate iength is determined by the time interval of the
tum-off Inpul triggers. Output signals can be taken from
the plate of either or both electron tubes.

Circuit Operation. The accompanying circuit schematic
illustrates two pentode electron tubes in an Eccles-Jordan
bistable multivibrator configuration. Electron tubes V1
and V2 are identical sharp cutoff pentode-type tubes.
Resistor Rl 1s o common grid resistor for both tibes. Re
sistors R2 and B3 are the suppressor grid resistors for V1
and V2, respectively. Resistor R4 provides direct-coupled
{eedback from the plate of V1 o the suppressor arid of V2-
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resistor RS provides direct-coupled feedback from the plate
of V2 to the suppressor grid of V1. Feedback resistors

R4 and RS are bypassed with capacitors Cl and C2, respec-
tively., These capocitors per

faster swi rr-}nnn action

from one tube to the other by reducing the ef!ects of tube
interelectrode caparitmees. Resistors BB nnri R7 are the

AreslAamd ramia e - P B ¥ i S R S P [S Aoy
plulu logd resistors for V1 and V Ly x:ayc\.uv:xy, e screen

arids are tied directly to the supply voltage, +Ebb. Sup-
pressor grid voltage for V1 is obtained from a voltage
divider consisting of resistors R2, RS, and R7; suppressor
grrd veltege for V2 is obtained fmm a veltage divider con-
sisting ot resistors K3, R4, and R6. Capacitors C4 and

C5 are the output coupling capacitors for V1 and V2, re=
spectvely. Cperating bios fof this bistuble melivibioi,
which is cathode-bicsed, isobtained from a voltage divider
consisting of common cathode tesistor B8, bypassed with
capositor C3, and resistor R9. A comparison of the pentode
and 1y

i

ie Eucles-Jurdan multivibrator circuits reveals their
milarities and differences.

Consider now the operation of the pentode Eccles-Jordan
multtvibrator by referring to the preceding circuit illustration.
Since the output-gate waveforms of the pentode circuit are
similar to those of the triode Eccles-Jordan multivibrator
presented earlier in this Section of the Handbook, reference
to the trinde circuit waveforms can be made for this pentode
circuit as well. The waveforms are reproduced in the
accompanying fiqure for convenience,
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When voltage is first applied to the circuit, there is
a slight conduction through beth tubes. However, because
of the inherent imbalance of the circuit, one tube will con-
duct slightly more then the other. For example, if initially
the current through V1 should be slightly qreater than that
through V2, the voltage drop across plate-lcad resistor BS
will be greater than the drop across plate-load resistor R7.
This results in a lower plate voltage for V1, which is ap-
plied through resistor R4 to the suppressor grid of V2. The
neqative-qoing signal on the V2 suppressor qrid reduces
the plate corrent of this tube, thus reducing the current
through plate-load resistor R7 and causing a voltage rise at
the plateof V2. This positive-going voltage is coupled
through resistor RS to the suppressor grid of V1, further
increasing the plate curreat of V1. Suppressor grid current
flows at a slight positive suppressor grid voltage, but de-
creases at a high positive suppressor grid voltage, such as
when the positive-qoing signal is opplied from the plate of
V2. The piote current of Y1 incregses further, and a re-
generative action occurs instantaneously to drive V1 into
heavy conduction and V2 into cutoff. Thus, the multi-
vibrator is in one of its stable states, as depicted during time
interval e in the waveform illustration referenced pre-
viously. Since there is no intemal B-C time constant
timing circuit to drive the nonconducting tube out of cutoff,
the circuit remainsin this stable state until a timing pulse
is applied 1o the control grids to cause the switching action.

Assume now that a negative trigger pulse of sufficient
amplitude is applied simultaneously to both control crids.
The trigger pulse, applied at t,, has little effect on the
operaticn of V2 since this tube is already cut off. However,
the same nagative trigge: drives the grid of V1 below cut-
off, causing this tube to reduce conduction. As scon as
V1 reduces cenduction, its plate voltage rises toward the
plate supply volioge, +Ebb. The positive-going signal at
the plate of V1 is now coupled through resistor B4 and
applied to the suppressor of V2 driving V2 into conduction.
Thus, at instant t, a switching action occurs, with the 1e-
sult that V2 now becomes the conducting tube and V1 is cut
off. Thus, the circuit is in the second of its two stable
states, as depicted during time interval b. The multivibrator
remains in the condition wherein V2 is conducting and V1
is cut off until the next negative trigger pulse is opplied
to cause ancther switching action.

When the desired gate duraticn is attained, the negative
turn-off trigger is applied {at t,} and the gate is terminated.
The negative-going turn-off trigger cuts off conduction of
V2 and causes a switching action that retums the multi-
vibrator to its criginal stable state wherein V1 is conduct-
ing and V2 is cut off. The circuit remains in this condition
(time interval ) until another negotive trigger from the
timing circuits, the tum-on trigger, is applied at t,.

As in the triode Eccles-Jordan multivibrator, the length
of the output gates of the pentode configuration is deter~
mined by the time interval between the tumn-on and tum-~
off triggers. The gote length will increase if the tumn-off
trigger frequency is decreased; conversely, the gate length
will decrease if the turn-off trigger frequency is increased.

CHANGE 1
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If a single constant-frequency trigger is used for both the
turn-on ond tum-off functions, the circuit will produce a
symmetrical square-wave output having a frequency one-half
that of the input-trigger frequency.

Although positive trigger pulses could be used to "drive!’
the pentode Eccles-Jordan histable multivibrator, neqative
trigger pulses are preferred; a small~amplitude neqotive
pulse when applied to the conducting tube will immediately
drive this tube into cutoff to cause an instantaeous switch-
ing action. The output of the multivibrator is token from
either or both plate circuits through an output coupling
capacitor {C4 or C9). A cathode follower should be used
couple the positive gate output to a circuit that requires
grid current, since the multivibrator may occasionaily fail.

FAILURE ANALYSIS.

Mo Output. The input trigger should be checked with
an oscilloscope to determine whether it is heing applied
to the circuit and whether it is of the proper polarity and
amplitude. Lack of an input trigger at the grid of V1 or V2
can be due to failure of the external input-trigger source or
to the coupling from the trigger source to the multivibrator.

Failure of the supply-voltage source, +Ebb, will disrupt
the operation of the circuit, ¢s will an open cathode ciz-
cuit. With tubes installed in the circuit, the filament, plate,
screen grid, and suppressor grid voltages should be meas-
ured, as well as the bias voltage developed ccross the
cathode resistance, 10 determine whether the applied volt-
ages are within tolerance and whether any of the respective
electrode resistors are open (resistors R2 through R9). If
coupling resistor R4 or RS iscopen, there will be no feed-
back signal to affect the multivibrator switching action; in
addition, the d-c operating potential from the asscciated
suppressor grid will be removed. If bypass capacitor C1
or CZ is open, feedback will still occur, but the interelec-
trode capocitance of the tube may cause undesirable effects
on the wavelront of the feedback signal. An open cutput
coupling capacitor, C6 or C7, will prevent the output-qate
signal from reaching the fellowing stage.

Reduced Qutput. A reduction in ocutput is generally
caused by ¢ defective tube; however, it can also be caused
by a decrease in the applied voltage or an increase in the
resistonce of the associated plote-load resistor, BE ar R7.
A leaky or shorted output coupling capacitor, C4 or C5,
will tor.a a voltage divider with the input resister of the
following stage. If the input resistor of this foliowing
stage is returned to ground or to a neqative supply, the volt-
age at the plate, screen grid, and suppressor qrid of both V1
and V2 will be reduced, and the operation of the following
stage will be upset by the change in voltage applied to its
grid. Also, the additional current through the resistors
associated with the electrodes mentioned previously may
cause the resistors 10 bum out.

Incorrect Frequency ond Gate Width. The pentode
Eccles-Jordan (flip-flop) multivibrator has no components
governing the frequency or width of its output-gate signals;
these are both govemned by the input triggers applied to the
circuit. Therefore, any change in the cutput-qate fre-
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quency or width s o result of improper operation of the turn-
on and-or turn-off trigger generating circuits.

MONOSTABLE (ONE-SHOT) MULTIVIBRATORS.

The term monestable multivibrater refers to one class
of multivibrator or relaxation oscillater circuits that function
in a stable condition until the application of a trigger pulse.
At this time the circuit switches rapidly and goes through
one complete cycle of cperation, after which it reverts to
{ts original stable condition, in which it remains unti!
the application of ancther trigger pulse. The monostable
{or one-shot) multivibrator is essentially 2 two-stage
resistance-capocitmee-coupledamplifier, indnnt anasrillaar
11 the Strict sense of the wotd, with one tube normaily cut
off and the other tube normally conducting. The one-shot
multivibrator operates in much the same manner as the
free-running, or astable, type discussed earlier in Section
B of this Handbook, except that this circuit requires an in-
put trigger to initiate the multivibrater action and produce
the output signal.

The monostable multivibrator produces a square- or
rectangular-wave output pulse, more commonly calied g
"gate’, having fast rise and foll times and extreme flatness
on top; the pulse is produced only in response to an input
trigger. The output frequency is determined by the frequency
of the input trigger, and the duration of the gate length is
determined by the circuit design. The one-shot multivibrater
can be used ot pulse-repetition rates from zerc to maximum
which is determined by the gate length ond the R-C time
constant of the circuit. A nominal range of gate time duro-
tion s from 30 to 2500 microsecernds, which will accomme-
date uigger pulses in the range of 200 to 2000 pps.

In applications requiring different gate lengths, the
gate-determining components can be switched in value to
produce the desired gate length! Also, the monostable
rultivibrator may supply both positive and negative gates
1o as many as four branches. A precaution is that the
positive-gate output should not be applied to a circuit requir-
ing qrid current as the multivibretor may occasionally fail;
the use of a cothode foliower or buffer circuit will eliminate
this disadvantage. Because the monostable multivibeator
is not well suited for contrelling the gate length with a
rurn-off trigger pulse, a histable multivibrator should ke

used when this wvoe of control 15 desirad
used when this type of control is desired.

Although the output from the monostable maltivibiator is
sometimes differentiated to provide a pulse sither 3t the
leading edge or the trailing edqe of the gate waveforn, in
most cases only the leading edge of the waveform must be
extremely fost; the trailing edge s usually not used for
critical timing cpplications. A negative-going lecding
edge is used whenever possibie since such o gute can be
obtained rather easily from any tube electrode except the
cathode. In addition, a negative gate at the plate of @
multivibrator tuhe will always be generated at o lower
impedance than a positive gate at the same plate.

A fast positive-qoing leading edge can be obtained on

the piate of one tuke of the multivibrator onlyv it direct
the plete of one twike of the mulllvibrator only i clrect
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coupling is provided to the control grid of the opposite tube.
Even in this case, caution should be used t¢ ensure that the
value of the asscciated speed-up capacitor is just enoucgh
1o match the input capacitance of the opposite tube; if the
value of this capacitor is too large, the voltage rise on the
plate will be delayed. An output gate with a fast positive-
qoing leading edge may be obtained from the plate of a
cathode-coupled monostable multivibrator, since this cir-
cuit has a free plate not involved directly in the circuit
multivibrator acticn. A fast positive-going leading edge

at a decreased amplitude can be obtained at the cathode of
the multivibrator tube that is normally cut off.

TRIODE PLATE-TO-GRID-COUPLED MONOSTABLE
MULTIVIBRATOR

APPLICATION.

The tricde plate-to~grid~coupled monostable multivibra-
tor produces a square-wave or rectanqular-wave output for
use @s gating or tming signals.

CHARACTERISTICS.

Circuit assumes a stable state in which one tube normally
conducts and the other tube is normally cut off.

Requires an input trigger t0 cause circuit operation;
circuit returns to stable state upon completion of one cycle
of operation,

Input trigger can be either negative or positive; neqgative
trigger affects tube that is normally conducting, and positive
trigqer affects tube that is normally cut off.

Produces square-wave or rectangular-wave cutput gates
of both posttive and negative polarity in response to an in-
put trigger.

Output gate lenqgth isdetermined by R-C time constant
i grid circuit and by the applied voltege; outpi frequency
is determined by input trigger frequency.

CIRCUIT ANALYSIS.

General, The triode plate-to-grid-coupled monostable
multivibrator is g two-stage resistance-capacitance-coupled
amplifier capable of producing a square-wave ar rectanqular-
wave gutput pulse (gate) in response to an input trigger.
The monostable multivibrator has only one stable stote, in

B T N e T o e e o ] 'NLHE tha malomr sobm $a
Winilll ONT tUoc Nonhday Cundulis Wiing oic OUITT o 13

normalhly cut off, and will function {or only one complete
cycle upon the application of the input trigger. To achieve
trhe stable condition, the grid of the normally conducting
tube is usually returned to B+, while the qrid of the tube
that is normally cut off is returned to ground or to @ negative
voltage source. Feedback from the plate of one wbe to
grid of the opposite tube is through R-C coupling. Be-
cause the monostable multivibrator operates for only one
cycle in response to on input-trigger pulse, the output fre-
quency of this circuit is dapendent upon the input trigoer
frequency; the output gate length is determined by the R-C
time constant of the plate-to-grid teedback network and the
applied voliage., Output simals can be taken from the plate

to
P AT SRS [y sty
1
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Circuit Operstion. The accompanying circuit schematic
itlustrates two triode electron tubes in o plate-to-grid-
coupled monostable multivibrator confiquration. Electron
tubes V1 and V2 are identical-type triode tubes; although
the accompanying schematic illustrates two separate tri-
odes, a twin-triode is frequently used in this circuit. Co-

ERS R2 R4

4 OUTPUT
",
Ve i i
c2 i
Q
INPUT
TRIGGER

Triode Plate-to-Grid-Couplew
Monostable Myltivibrator

pacitor C1 provides coupling from the plate of V2 to the

grid of V1, and capacitor C2 provides coupling from the plate
of V1 to the grid of V2. Resistor Rl retums the qrid of V1
to the negative voltage (bias) supply, -Eec, and resistor

RZ retums the grid of V2 to the positive voltage supply,
+Ebb. Resistors R3 and R4 are the plate-load resistors

for V1 and V2, respectively. Capacitors C3 and C4 are the
output coupling capacitors for V1 and V2, respectively.

The tube that is normally cut off is V1, end the tube that

is normally conducting is V2.

The following simplified schematic diagram ilius-
trates the charge and discharge paths for feedback ca-
pacitor C2. The cutoff time of V2 is determined by the
discharge of capacitor C2 through resistor R2 toward the
positive voitage supply, +Ebb. Although the conduction
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R3

A
CHARGE PATH

va

DISCHARGE PATH
Charge ond Discharge Paths for Capacitor C2

resistance of V1 is included in the discharge path of C2,

it is smali as compared with the resistance of B2, and can
therefore be neglected. The cutoff time of V1 is determined
by the period of the input trigger pulse. If the R2-C2 time
censtant is made exactly one=half the period of the trigger
pulse, the multivibrator produces a symmetrical square-
wave output; if the R2-C2 time constant is made longer or
shorter than one-hal{ the trigger pulse period, on asymmetri-
cal rectangular-wave output is produced.

Consider now the operation of the triode plate-to-grid-
coupled monoestable multivibrator by referring to the pre-
ceding circuit illustrations and the eccompanying illustre-
tion of the idealized theoretical waveforms. When veltage is
first applied, V2 goes inte conduction and V1 cuts off.

This action zesults from the fact that the qrid of V2 is
returned through resistor B2 to a positive voltage, while

the grid of V1 is returned through resistor R1 to a negative
valtage. Thus, at time t, (start of time interval a) on the
waveform illustration, the grid voltage of V2 (eq,) is slight-
ly positive, causing conductien through V2, and a decrease
in its plate voltage {ep,). The negative-going voltage at the
plate of V2 is coupled through capacitor Cl to the grid of
V1, thus aiding in cutting off this tube (waveform eq,). Alsg,
at t,, coupling capaciter C2 charges through the low cathode-
te-grid intemal resistance of V2 {approximately 1K) and the
V1 plate-load resistor, R3. The veltage at the plate of V1

is represented by the ep, waveform. At t,, then, the plote-
to-grid-coupled monostable multivibrator assumes its

8-A-18
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ELECTRONIC CIRCUITS NAVYSHIPS
by @ decrease in the applied plate voltage or an increase
in the resistance of the sssociated plate-load resistor, R3
or R4, A ledky or shorted output coupling capacitor, C3
or C4, will form @ voltage divider with the input resistor
of the following stage. In this input resistor is retumed to
ground or to a negative voltage supply, the voltage at the
plate of both V] and V2 will be reduced, and the operation
of the following stage will beupset by the change in volt-
age applied to its grid. Also, the additicnal current through
plate-load resistor R3 or R4 moy caouse the resistor to burn
out.

Incorrect Frequency or Gote Width. The plate-to-grid-
coupled monastable multivibretor has no components govern-
ing the frequency of its output-gate signal; this frequency
is governed by the input trigger applied to the circuit.
Therefore, any change in the output-gate frequency is a
result of improper operation of the trigger generating cir-
cuits. A change in the output-gate width, however, will
result if there is a change in thevalue of either resistor
R2, capacitor C2, or the applied voltage. A change in the
resistance or capacitance of the B2-C2 timing control
circuit will have the greatest efiect on the gate width;
changes in the applied voltage will affect the qate width
to a lesser degree.

TRIODE COMMON-CATHODE-RESISTOR-COUPLED
MONOSTABLE MULTIVIBRATOR.

APPLICATION,

The triode common-cathode-resistor-coupled monostable
multivibrator produces a square-wave or rectanqular-wave
output for use as gating or timing signals.

CHARACTERISTICS.

Circuit assumes a stable state, in which cne tube normal-
ly conducts and the other tube is normally cut off.

Requires an input trigger to couse circuit operation;
circuit returns to stable state upon completion of one cycle
of operation.

Input trigger can be either neqative or positive; neqative
trigger affects tube that is normally conducting, and posttive
trigger affects tube that is normally cut off,

Produces square-wave or rectangular-wave output gates
of both positive and negative polarity in respense to an
input trigger.

Output gate length isdetermined by B-C time constant
in grid circuit and by the applied voltage; output frequency
is determined by input trigger frequency.

CIRCUIT ANALYSIS,

General. The triode common-cathode-resistor-coupled
monostable multivibrator is functionally similar to the
Triode Plate-to~Grid-Coupled Monastable Multivibrator
discussed previcusly in Section 8 of this Handbook. The
circuit has only one stable state, in which one tube normally
conducts while the other tube is normally cut off, end will
function for only one complete cycle upon the application

CHANGE 1
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of an input trigger pulse. To achieve the stable condi-
tion, the grid of the normally conducting tube is usually
retumed to its cathode or to B+ while the grid of the tube
that is normally cut off is returned to ground or to a neaative
voltage (bias) supply. B-C coupling is provided from the
plate of V1 to the grid of V2, but the coupling from V2

to V1 is effected across a common cathode resistor. Be-
cause the monostakle multivibrator operates for only one
cycle in response to an input trigget pulse, the output fre-
quency of this circuit is dependent upon the input trigger
time constant of the grid circuit and by the applied volt-
age. Qutput signals can be taken from the plate of either
or both electron tubes.

Circuit Opeeation. The accompanying circuit schematic
illustrates two triode electron tubes in a common-cathode-
resistor-coupled monostable multivibrator confiquration.
Electron tubes V1 and V2 are identical-type triode tubes;
although the accompanying schematic tllustrates two sep-

QUTPUT

cl

1

INPUT
TRIGGER

Triede Common-Cathode-Resistor-Coupled
Monostable Myltivibrator

arate triodes, a twin-triode is frequently used in this circuit.
Capacitor Cl is the input coupling capacitor for application
of a pesitive trigger to the qrid of V1. Capacitor C2 pro-
vides coupling from the plate of V1 to the grid of V2. Re-
sistor R1 returns the grid of V1 to ground, and resistor

R2 returns the grid of V2 to the common cathode connection.
Resistors R3 and R4 are the plote-load resistors for V1 and
V2, respectively. Resistor R5 is the common cathode bias
and coupling resistor for coupling from V2 to V1. Co-
pacitors C3 and C4 are the output coupling capacitors for

8-A-20
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V1and V2, respectively. The tube that is normaily cut
off is V1, and the tube that is normally conducting is VZ.

The iclicwing simplitied schematic diagram illustrates
the charge and discharge paths for copacitor CZ. The cut-
off time of V2 is determined by the discharge of capacitor
(2 through resistor R2. Although the conduction resis-
tance of V1 is included in the discharge path of C2, it is
frequency; the output gate length 15 deterniined by the R-C
smoll os compared with the resistance of RZ, cnd can there-
fore be neglected. The cutoff time of V1 is determined by
the period of the input trigger puise. I the RZ-CZ time
constant is made exactly one-half the period of the trigger
pulse, the multivibrator produces a symmetrical sguare-
wave Gutput; if the B2-C2 tme constant is mede lenger o
shorter than one-half the tr ;qqer pulse peried, o csymmetri-
cu r”t_tungulu:-.vcve vulpal is ..»wducr:d-

Consider now the operation of the tricde commart- ca&ode—

reslsioli-ciupled Lhiosiah,

nulunu&unvt uv ILA .
the preceding circuit iliystrations and the accompanying
1“‘~{r'”1un of the idealized theoretical waveforms., When
; intc conduction and V
off. This action results from the tact that the gria of VZis
retumned through resistor RZ o the catnode, initially
placing this grid at the same potential as the cathode, and

thus allowing V2 1o conduct heavily, The plate current flow

'f

e}
9]
iz
e

G through common cathode rasistor RS makes the volt-
age ui tig iop Oi the resisiol pooitve with regpect v
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ground, producing a bigs voltage of sufficient amplitude to
hold V1 cut off (since its grid is retumned to ground through
resistor R1), and still permit V2 to conduct. Thus, at time
t, (start of time interval a) on the waveform illustration,
the grid voltage of V2 (eq,} is slightly positive, causing
rondnction through V2; as a result, the plate voltage (ep,)
3 fg g
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Theoretical Waveforms for Triode Common-Cathade-
Resister-Counled Monostable Multivibratar

ot V2 decreases because of plate current flow through clate-
load resistor R4. Also, as a result of V2 plate current,
there is o positive voltage {ex) developed acress common
cathode resister RS, which provides the bios to cut off V1,
he cosmve—qomg voltage ot the piate of V1 (ep,} is
coupled through copaciter CZ to the grid of V2, diiving the
wrid further positive, Alsn, at 1, rcoupling capacitor 02
charges through the low CClthOd&tO*g‘rid internal resistance

H
1

e :
of Vi upp{umu ately 1K) and the plate-load resister, R3,
iV he common=uthoderesistor-coupled

monostable multivibrator assumes its stable state, in which
V2 normally conducts md V1 is nomelly cat o{f the cir-
cuit re 1ains In this condition until a trigger pulse is

amplitude to cuuse the he ta Loﬁuu\-t iz apphied 1o the
qrid of VI througn coupling capaciter Ul The effect of
this trigger pulse {sin, cpplisd ot 4} is to drive V1 inw
f‘or*d*-cnon thus Lausmq a increase in current through V1
and udeciease in theplato voltage (ng of V1, Thisneqative-
going volage is apphed instantaneously through ca-
pacitor £2 to the grid of V2, driving the grid voltage of

Va2 (5_.::) pelow outaff. When the V2 olate current cease
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the valtage drop (ek) across cathode resistor BS decreases
to the level where it decregses the bias on V1, permitting
this tube to conduct more heavily. Thus, at t,, a switching
action occurs and the multivibrator is in o "temporary’”
stable state, in which V1 conducts and V2 is cut off,

During this temporary stable state (time interval b}, ca-
pacitor C2 begins to discharge, causing the arid vaoltage of
V2 {eq,) 1o become less negative. The discharge path of
C2 is downward through 4qrid resistor RZ and then upward
through the low cathodeto-plate canduction resistance of
V1. At this time V1 alone is conducting; its plate current
is limited by its own cathode bias, which is not sufficient
to cut off V1. As the voltage (eg,) on the grid of V2 be-
comes less neqative, because of the discharging of ca-
pacitor CZ, it soon reaches the point, at t,, where is is no
longer of sufficient amplitude to hold V2 in cutoff. Con-
sequently, Y2 once again conducts, and the flow of V2
plate current through common cathode resistor BS increases
the voltage drop (ek) ceross this resistor, agdin increasing
the bias of V1 and reducing the flow of plate current through
Vi. As the conduction through V1 decreases, the plate volt-
age (ep,) of V1 rises toward the potential of the positive
voltage, supply, +Ebb. The positive-going signal at the
plate of V1 is coupled throuzh capaciter C2 to the qrid of
V2, driving this gqrid positive {(waveform eg,, ot ,}. Thus,
copacitor C2 stops discharging and again begins charging.
The voltage wavelorm at the plate of V1 {ep,) is rounded
off, and the voltage waveform at the grid of V2 (eq,) has a
small positive spike of the same time duration, as g result
of the charging of coupling capacitor C2 when V2 agaoin
conducts. The plate voltage waveform of V2 (ep,) has a small
negative spike, and the voltage waveform across common
cathode resistor BS (ek) has @ small positive spike of the
same time duration as the positive spike on the V2 qrid
voitage waveform (eq,). Hence, at t,, the multivibrater
reverts 1o its original stable condition in which V2 conducts
and V1 is cut off; the circuit remains in this condition
(time interval ) until another positive trigger pulse is
applied at 1,.

Close examination of the wavelorms teveals that the
monostable multivibrator goes through one complete cycle
of operation for each input trigger pulse. Also, the time
of application of the trigger pulse determines when V1 is
driven into conduction, and the R-C time constant of R2-C2
and the applied voltage determine when V2 is driven into
conduction. Thus, the moncstable multivibrator output fre-
quency is determined by the input trigger frequency, and
the output gate width is determined by the discharging of
capacitor C2 through resistor R2 toward the potential of
the positive voltage supply.

A positive trigger pulse applied to the grid of the tube
that is normally cutoff, as was done in this case, is not the
only method by which the muitivibrator circuit can be trig-
gered. A negative trigger pulse applied directly to the
cothode of V1 or applied to the grid of V2 and coupled to
the cathode of V1 through the cathode-follower action of RS
serves the same purpose. In some practical-circuit applice-
tions, a positivetrigger is appiied to the qrid of a "'trigqer-

CHANGE 1
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inverter” stoge whose plate is conrected in paratlel with
the plate of V1; the invertec trigger is then couple? through
cepaciter CZ to the grid of V2 as a negative trigger pulse.
In any event, a cycle of multivibrator apetation is initiated
by driving the notmally conducting tube into cutol, or by
drivirg the tube that is normally cut off into conduction.

FAILURE ANALYSIS,

No Ouwtput, The input trigger should be checked with
an oscillescope 1o determine whether it is being applied
to the circuit and whether it is of the proper pelarity and
amplitude. Lack of an input trigger at the aqrid of V1 can
be due to an open coupling capaciter, C, or to failure of
the external input-trigger source.

Failure of the pesitive voltage supply, +Ebb, will dis-
rupt the operation of the circuit, as will an open cathode
circuit. With tubes (or o single twin-triode tube) installed
in the circuit, the filament and plate voltages should be
measured, as well as the bias voltage developed across
the cathode resistance, to determine whether the applied
voltages are within tolerance and whether plate-locd resistor
R3 or R4 or cathode bias resistor RS is open. If coupling
capacitor C2 opens, there will be no feedback signal to
effect the multivibrator switching action. An open output
coupling capacitor, C3 or C4, will prevent the output-qate
signal from recching the following stage.

Reduced Output. A reduction in output is generally
caused by a defective tube; however, it can also be caused
by a decrease in the applied voltage or an increase in the
resistance of the associated plate-load resistor, B3 or R4,
A leaky or shorted output coupling capacitor, C3 or C4,
will form a voltage divider with the input resistor of the
following stage. If the input resistor of this following
stage is returned to ground or to a negative voltage supply,
the voltage at the plate of both V1 and V2 will be reduced,
and the operation of this following stage will be upset by
the change in voltage applied to its grid. Also, the addi-
tional current through plate-load resistor B3 or R4 may
cause the resistor to burn out.

Incorrect Frequency or Gate Width. The common-cathode-
resistor~coupled monostable multivibtator has no components
governing the frequency of its output-gate signal; this
frequency is governed by the input trigger applied to the sir-
cuit. Therefore, any change in the output-gate freguency
is a result of improper operation of the trigger-generating
circuits. A change in the output-gate width, however, will
result if there is a change in the value of either resistor R2,
capacitor C2, or the applied voltage. A change in the re-
sistance ot copacitance of the R2-C2 timing control cir-
cuit will have the greatest effect on the gate width; changes
in the applied voltage will affect the qate width to a lesser
degree,

Rl
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PHANTASTRON MULTIYIBRATOR.

APPLICATION.
Tre phantasiron multvibrator is used to generale a rec-
sanaular-wave ouiput having extreme linearity and accuracy,

far use as qaing w lining sighals.

CHARACTERISTICS.

Operation i5 similar to that of a monoswable multi-
viprator.

Pulse width or delay varles lineasly with the applied
cantre, voliage,

reduaes an alector fube of te penmde of pentogrid
e
wation of negative
12 the suppressor, of
cf o pentaarid tube;

Gioce s RelEs
wrn-oli is autumaiio py i
Output can oe laen Gom
srd may be either pesitive ur negative, as selected.
Provides either a low-impedance or high-impedance cui-
RS determired by cutput connecticns.

CIRCULT AMALYSIS.

General. The phantoslron cliIcuit is consigered to be g
relaxation oscillator similar 1o the multivibrator in operation;
the screen-coupled and cathode<coupled phantastron circuits
are eralogous o the piote-to-grid-coupled and cathode-

*.HC ultivibrators, .-c-Qm-*-r-HvPl" A dif-

terence in the gperation of 1
aple multivibrater derives its uming from an ex;;onemial
wavelorr. developed oy an [-C network, whereas tne phan-
tIowon uEes a hasie ‘-.{1ller-tvpe SWeep Jeneratar toopro-
duce @ Lineor Liming wavelorm. The phortastren is usually
tumed on by the spplication cf 2 gating or trigger pulss,

£

p=)
{2,

angd iz turnea ott mn!nmmlcmly by an interncliy generaisa
waveform . Hoth o pesitive and a negative rectanqular-wave
b owell-defined Jeqdmn edaes may be obtained from
the poantastrss de:e. et o e R ke

Fara tnorouqn o ¢ circuit opprct:ov, and
tne opetation of the a;reen-coup:ec cathode-coupied, and
tasllecuvely periude pluaniauicsn circults, relor to bection
20 of this riandbook.

Cirewit Operation. [he accvpmymg SChetmulie Li-

Fraartians ars f’v«mr"rqlp4 ae

mca.ioouonE are

= Crm..rm ’J"! ~F
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Pentagrid Phantastron Multivibrater

The tunctions of the electrodes of the pentagrid tube
used in this circuit are as follows: Grid 1, which is the
conwrol quid, controls the total tube (catbode) current. Grids
7 and 4, connected internaliy, act as the screen grid. The
cathede, the control grid (grid 1), and the screen grid (grids
2 and 4) correspond 1o the normally conducting tube of the
cathode-coupled monostable multivibrator. {For analysis of
Triode Common-Cathode-Resistor-Coupled Menoswble
Muitivi r operation, refer to the gpplicabie discussion

giver earlier in Section B of this Mandbock.} Grid 3, which

sir) :,'T.d, contrals the divicion between

13 antiviom

screen and piate current; a negative voliage on this grid
reduces plate curtent and increases screen curtent; a posi-
nve voltage has the opposite effect. Also, grid 3 has the
sifect of changuie the cuthode curent, since some of the
electrons returned toward the cothode by it1s action poss
through the screen grid and reduce the space charge near
the cathade, thereby cnnsing the increase of screen current
1 be less thar the comresponding decrease in plate current.
nnected intermnclly to the cathode, is suppressor
:;r'.d. s ~athore r‘ne additional control artd {grid 3}, and

5
G
n
(6]
D Ch

uewgy.e_ & “"cs:::b‘n "‘u“w"ﬁm'ﬁr
o t5 of the pentagrid-tube rhantos-
uitivibrator serve the following functions: Hesistors
i and R7 form o voltage divider from the positive voltage
sugply (+Ebb) 10 ground, setting the bias level ot grig 3
thereby initizlly holding plate current cut off. Resistor
3 ¢ phate-loed resizior. The cathode-bias resistor,
4. alse serves as the cathode-load resistor. Resistors
Y6 and k7 form @ voltage dwvider from the pusitive voltage
suiaby | satting the operating voltage evei
of the screen qris. Besistor RSreturns the control grid to
e positive voltage s"p;:!‘,', getting the hinz lavel that
initially permits the screen qrid to conduct heavily. Opera-
tor of the sircuit occurs at tne rate determined by the dis-
: af feadhack capacitor C2 througn resistor RY; in some

e Ter) to ey
wrkEl o ooron
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circuits this grid-return resistor, which usually ks a value
exceeding | megohm, is mode variable to set the maxirum
delay or pulse width of the output gate. Capacitor T2 also
provides feedback from plate to grid to allow rapid response
to any changes in the plate voltage. Capacitor Cl couples
the input trigger to grid 3; this trigger initictes (ar turns on)
the phantastron action. Capaciters C3 and £4 are the out-
put coupling capacitors for the screen grid and cathode,
respectively; ¢ positive gate is obtained from the screen
arid, and a negative gate from the cathode. If desired, a
linear sawtcoth wavelorm con be obtained from the plate of
the phantastron circuit.

The following simplified schematic diagram shows the
charge and dischazge paths for capacitor C2. The charge
path {part A of the illustration) is from ground through
cathode resistor R4, the low cathode-to-grid conduction re-
Sistance of V1, to the right side of the capacitor, and then

+Ep +Epp

RS

&=

R4
A B
CHARGE PATH DISCHARGE PATH
{EXPONENTIAL) (LINEAR)

Charge ond Discharge Poths for Copatitor €2

from the lett side of the capacitor through plate-load re-
sistor K3 and the positive voltage supply back to ground.
This path causes capacitor C2 to charge at an exponential
rate during the time that plate current is cut off and the
tube is drawing heavy screen current and only slight control
qrid current, The discharge path (part B of the itlusmation)
for capacitor C2 is from its right side through qrid-bias re-
sistor RS and the positive veltage supply (+Ebb) to ground,
ard then from qround through cothode resistor R4 and the
low cothode-to-plate conduction resistance of V1 to the left
side of the capacitor, This path causes capacitor G2 to
discharge ot o linear rate during the time that screen cur-
Tent is low (near cutoff) and the tube is drawing heavy
plate current. The linear discharge of capacitor C2 results
from the Milier eftect of tube V1, producing a much longer
discharge circuit than could be obtained from R5-C2 alane.

CHANGE 1

PLATE VOLTAGE

CATHODE VOLTAGE +

i
ACROSS R4
oK)
!
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That is, although the discharge rate of capacitor C2 is
determined by the time constant of R5-C2, the discharge
capacitance is not the vaiue of C2 alone, but is effectively
the value of C2 times the quantity unity plus the gain of V]
{1 + A), which is the Miller effect.

The operation of the phantastron multivibrator can be
more eusily understoad by referring to the preceding circuit
illustrations gnd the accorpanying waveform illustration
during the following discussion. When voltage is first up-
plied, the plate section of the tube is in cutoff and there is
heavy screen grid current. The conduction of screen cur-

‘o Y L) t3 tg

t

]

3RID 3 VOLTAGE " ;
(8g3) i |

] 1

T2 CHARGE
(ep) ™ (EXPONENTIAL)

I
o—-——PLATE GURRENT—-:
CUTOFF

CONTROL GRID VOLTAGE +
Legl) I ’
0 4 1

i el
T trstARE
1 I {LINEAR)

[} T i
! !

I
1
T
SCREEN CURRENT !

J+— CONUSTiNG
SCREEN GRID vOLTAGE + — T | |
{eg2,4) JCURRENT | ' :
JUTOEF i i
C‘] | ; { i
Q| v ! c rood o

Theoreticol Wavetorms for Pentagrid
Phantastron Multivibrotor

rent is a result of the operating voltage on this electrode,
as determined by voltage divider resistors B6 and R7. The
voltage is sufficiently positive to attract electrons emitted
by the cathode as o result of the positive bias on the ¢on-
trol arid (positive voltage return to B+ through resistor R5);
this permits the flow of cathode current «t this tme. [n ad-
dition to permitting heavy screen current, the positive con-
trol qrid draws current and charges capacitor C2 through
the poth described previously. The total screen and con-
ol grid cutrent through cathode-bias resistor R4 produces
a voltage drop acress this resistor. Comparison of the ex
and eq, wavelorms reveals that the positive potentiel at the
top of resistor R4 is now greater than the positive potential
at grid 3, which is obtained from the action of voltage divid-
er resistors Rl and R2. A bias voltage is therefore estab-
lished between grid 3 and the cathode; this bias is suf-
ficient to cut off plate current, while having no effect on
screen of control grid current. Because there is no plate
current, the plate potential is maximum positive (at B+), as

8-A-24
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depicted by the ep voltage woveform during time interval

Notice, also, during time interval o, that the screen volt-
age (eqy,,) is at ¢ minimum as a result of heavy screen cur-
rent, the cathode voltage (ek) is positive, and the control
arig voltage (eq,) is positive because the positive-going
signal at the plate is fed back through capacitor CZ4 Ihis,
then, i the stable state of the phantastron multivibrator;
the circuit remains in this condition (heavy screen current
and plate current cut off} until o positive uigger pulse is
applied w qrid 3 at 1.

When the rositive trigger {ein) is applied through capa-
citor C1 to grid 3, it overcomes the bigs on this grid and
pomiits plate currant tn flow. This current, in turn, causes
an (mmediate drap In the plate voltage ceveloped olloss
piate-load resistor R3. The negative-going sigral at the
clate s coupled u.rouqh capacitar C2 to the control grid,
where it drives the grid sufficiently negative to reduce the
total cathode current. Since the total cathode current is
reduced, the screen current is alse reduced; thus a positive-
going voltage is produced at the screen grid.  Through
cathode-follower action, the negative-going signal at the
control qrid is coupled to the cathode, where it reduces the
bigs between the cathode and grid 3. With o decrease in this
blgs voltage there is an incregse I plete current, resuiting
in a further drop in plate voltage. The action just described
is cumulative and instantaneous, so that when the positive
trigger is applied to grid 3 at t,, there is an immediate
increase in plate current and g shatp fall in plate voliage,

o decrease in screen current and @ shafp increase in screen
voltage, a decrease in total cathode curtent and sharp de-
crecse in caothede voltoae, and the control grid is driven
negative. All of the voltage relationships are depicted at ¢,
on the wavetorn illustration.

The fact that the plate cument increcses while the cati-
ode curtent decreases is possible because the screen cur-
rent is now decreasing. Therefore, the tise in plate current
results from the fact that the plote draws current which
had previously gone to the screen qrid. That is, the bias
retween the cathode and grid 3 is decregsing, which 1s a
regenarative action, causing the plate current (¢ increase,
Sirultanescusly, the bias between the cathode and conusi
grid 18 increasing, which is a degenerative action, cousing
tho o'zl whe rurrent (and streen qrid current) to decrease,
reen grid current s only reduced—not cut off com-

it 1t were cut off completely, the piale cuaient weouid

[unc'lor- H»‘-’lce, there
effects are equal and the current swbilizes for on mbmnt.
This s the nstant (ol [, wWhen (oe SNorp dIGy i0 Riaie vl
age Ceases) at which capacitor CF begins 1ts linear dis-
charge acticn.

As capaciter CZ disch i
joses electrons from its ¢ ht ozde in eﬁeci mckmg this
side ri the ropacttor (cmd the contrel grid as well) more
positive to reduce the bias between the control grid and the
~athode. The reduction in contro! grid bios permits o
reavier flow nf niate current through the tube, which gradu-

slly raises the yoltane drop qoross cathiode-5ids 1515187

CHANGE 1
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R4 (ek wavetorm) and lowers the plate voltage (ep wave-
fom), as iliustrated during ume intervals b. The rate of
change in tube curfent is governed by the discharge rate of
capacitar C2 through resister R5. Thus, in dischorging, the
contro} arid side of capacitor C2 gradually becomes more
pasitive, ceusing dn inciesse in plate current that produces
a conatant decrease in plate voitage. The positive s voltage
increment on the control qrid is always slightly greater than
the negative-going plate signal it produces; therefore, the
the grid potential qradually rises and the plate potential
aradually drogs, as depicted by the respective grid (eg,)
and plate (ep) waveforms during time interval b.

An important characteristic of this circutt is the ex-
treme linearity of the rote ot change 1n the plule voliuge and
arid voltage during time interval b, The positive-going
gnid increases tube conduction, thereby decreasing the
internal resistance of the wbe. A decreasing resistance in
series with a capacitor results in a unea‘ vsltuqe discharge
of the capacitor, instead of the exponential dischﬁ!ge ob-
tained when o fixed value of resistance is in series with a
capacitor. The phantastron plate voltage durinq ume inter-
val b is, therefore, a linear downward-sloping voltage, and
the qrid voltaqe is a linear upward-sloping voltage.

The action described during time interval b continues
until the plate voltage becomes so low (only o few volits)
that the tube can no longer amplify the changes in plate
voltage. At this instant, t,, capacitor C2 stops discharging
and the contral qrid is rapidly driven positive, cousing the
Wik Cuffent 1o incrogse ot o very fast rate. The rapid rise
of current through cathode-pigs resister A4 produces a high
sositive potential on the cathode, which, in relation to the
positive potential at qrid 3, is a bias sufticient to cut off
plate current. Since the totel tube curtent is increusing at
this instant, the additional cument must flow in the screen
grid circuit. The action now occuring is regenerative; as
the plate valtnae qoes positive because of piate-current
cutoff, the control grid qoes positive and causes an in-
crease in tube cugrent, which produces o higher voltage
drop across resistor R4 to increase the bias on grid 2and
turther cut off plate current. Thus, the phantastron multi-
vibrator has returned to 1ts original stable state of plate
current curofl and noxinum screen gud ourrent, a9 fllus-
trated during time interval e, until the next trigger pulse
at t, agoin causes a cycle of phantasiron action., Sefore
the chantaston is eady for the next ovele of operation,
Lowever, copacitor 2 must charge through the relatively

s ol nal B0 vime conatapt cireuit of R3C2. He-
cause of the relmwe;y slow recharging of CZ, a iong pe-
zampletion of the rhantastron gate be-

iSedlnaeh TERBAEE

1oTe tne appiication of (ne next uigger pulse. The long
FhEtad uine g Clis deni: ~ted on the Dia'e voltage {ep}
wavelcrm during time mtervc! c.

As menuocned previuusly, when the phantastron is trig-
geted (wrned on) there is a sudden drop in the screen cur-
rent. This produces on the screen grid ¢ pusitive-going
valtage with @ steep leading edge (eg,,, waveform). As the
twpe current amoumlv increases, producing the linear drop

AL e
e ST

inpl ROTEN CUTent inCregses in
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manner, but by @ much smaller amount. The screen waveform
will therefere decracse linearly by o small amount until

the point of plate-current cuto!f {described previously) is
reached. At the instant of plate-current cutoff, the screen
current increases sharply, cousing a sharp drop in screen
voltage, as depicted by the trailing edge of the eg,,, voltage
waveform; this is the positive-gate output wavefom coupled
through capacitor C3 to the screen cutput terminals. The
resultant neqative-gaole output, ek, taken across cathode
resistor R4, is coupled through capacitor C4 to the cathode
output terminals. This negativegate wavelorm also has
steep leading and toiling edges, with the flat portion fal-
ling off in amplitude at a linear rate.

From the circuit action just described, it is evident that
¢changing the value of the applied voltage will determine the
point, and the time, at which the plate voltage "*betioms?!,
with respect to the time of application of the input trigger.
Changing the value of either feedback capacitor C2 or grid
resistor R will also affect the pulse width by controlling
the rate of discharge of capacitor C2. For exanple, in-
creasing the value of either resistor RS or capacitor C2 will
increase their R-C time constant, thereby causing capacitor
T2 to discharge more slowly and increcse the width of the
delay gete. A decrease in the value of either resistor RSor
capacitor C2 will have the opposite effect on the width of
the delay gate. In some phantastron circuits the grid
resistor, K3 in this case, is made varigble so as 1o contrel
the maximum width of the delay qate,

Varigtions of the phantastron multivibrator include sep-
arate diodes for input trigger opplication and clamping the
plate voltage at a predetermined level, and a cathode fol-
lower in the charging circuit of feedback capacitor C2. The
diode in the input trigger circuit acts as a trigger injector
and also as a discennecting diode 1o effectively isolate the
trigger circuit after the pheantastron action hos started, The
'plate-voltage catching”, or clamping, dicde establishes
the maximum level of plate voltage, and, since the turnc
level is fixed, effectively controls the time during which
the phantastron produces the linear delay gate. The cathode
foilower is added to reduce the time required for recharging
the feedback capacitor, C2 in this cuse, between gates; the
plate circuit of the pentagrid tube merely mises the qrid
voltage of the cathode follower, and conductian through this
tube charges the capacitor at a much faster rate than
through the normal plate-load-resistor charge path. The
latter type of circuit is known as g Hfast-recovery phan-
tastron’, All the varitions in phantastron circuitry men-
tioned in this paragraph are described in more detai] in
Section X of this Handbeok; refer to that Section of ad-
ditional information.

FAILURE ANALYSIS.

No Output. The input trigger should be checked with an
oscilloscope te determine whether it is being applied to the
circult and whether it is of the proper polarity end ampli-
tude. Lack of an input trigger at the additicnal control grid
(grid 3} can be due o an Cpen input coupling capaciter, C1,
or to failure of the external input-trigger source. It is also

CHANGE |
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possible for excessive bias to make the citcuit inoperative
because the 1nput trigger amplitude is not suflicient to
overceme the bias and initiate the phantastron action. Such
a conditzon is indicated when an input trigger can be seen
with an osciilescope on grid 3 of the pentagrid tube and
voltage appears on all twbe elements, but either the con-
trol grid ar cathode voltage is higher than normal. This is
most likely ta occur when a negative voltage source is
used with @ comman bleeder network to obiain the bias (as
i a screen-coupled circuit). Since this cathode-coupled
pentagrid circuit develops its own bias, an excessive CUl-
rent drain or short-circuit condition would be needed to
increase the bias to the noneperating point.

Failure of the positive voltage supply, +Ebb, will dis-
rupt the operation of the circuit, as wili an open cathode
circuit. With a tube installed in the circuit, the filament,
plate, screen, and grid 3 voltages should be meagsured, as
well as the bias voltage developed across the cathode re-
sistance, to determine whether the applied voltages are
within tolerance and whether an associated electiode re-
sistor is open, !f leedback capacitor C2 is open, there will
be no feedback signal to promote the phantastron action.

An open output coupling capacitor, C3 or C4, will prevent
the output-gate siqnal from reaching the following stage.

Reduced Qutput. A reduction in cutput is generally
caused by a defective tube; however, g low screen gate out-
put can also be caused by a decrease in applied voltage or
a change in resistance value in the screen circuit. Low
cathode gate output indicates low cathode current, which is
the sum of all tube element currents, and thus may be caused
by any ore of numercus conditions (decreased tube conduc-
tance, reduce plate or screen voltage, etc). Usually, a volt-
age check will locate the defective circuit and component.
A leaky or shorted output coupling capacitor, C3 or C4, will
form a voliage divider with the input resistor of the next
stage. If the input resistor of this next stage is retumed
1o ground or to a negative supply, the voltage at the screen
grid or cathode will be reduced, mé the operction of the
stage will upset by the change in voltage applied to its
arid.

Distorted or Unstable Output. Distortion is indicated
by a nonlinear wavetorm or an inaccurate time delay. Line-
arity and accuracy of the output gate waveform development
is the basic property of this circuit, with the controlling
elements being the applied d-¢ control voliage and the R-C
time constant in the feedback circuit. Contro) voltage trou-
ble may cccur when the circuit uses a separate external
control voltage from g separate power supply, since power
supply fluctuations can easily change the operating level
and, therefore, the gate duration. A change of time constant
due to changes in circuit values or to feedback capacitor
fatlure or leckage will change the rate of operation and
hence the gate length; this should be most noticeable for
the longer gate lengths. False triggering due to pickup of
noise or stray pulses in the control cabling {on remote units)
may affect both the turn-on and turn-off of the gate. This
instability, or jitter, can also be caused by power supply
fluctuations. An oscilloscope waveform check at each elec-
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trode is usually the best method of checking for the cause
of the jitter, which can then be traced to its source.

Incorrect Frequeney. 1he phantastron multivibrator has
1o componants governing the frequency of its output gate
signal; this frequency is governed by the input trigger ap-
plied to the circvit. Therelore, any change in the
guie frequency is a resull of improper operation of the trig-
ger generating circuits.

mribrark
0 nl SUpuU
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PART B. SEMICONDUCTOR CIRCUITS
ASTABLE MULTIVIBRATORS.

The telm astabie muitivibrator ref
vibrator or relaxation-osciliater oisc

s | - HE S - e P e
in cither of two tempararity stable conditions and IS capable

fiunstis

of rapidly switching from one temporaiily staple condition

to the other. The astable multivizrzior (= freguently retames
10 38 @ free-running multivibrater. it is Dasiczily an oscil-
lator consisting of two stages coupled 5o that the input
signal to each stage i3 taken from the oul
dpelat

Tne stage conduc

oo o oo :
that is, the stage which nad Deen CONAUTTL Chts Ui, ulia
the stage that iad been cut 2ff conducto, Thus. the clrouit
necomes {ree-runulr.q beccuse of i

—‘-nﬁ.wu—ly-l‘ nem T

[ﬂf]-C‘[CUlt CrnsAnts rater
synci ro nizing pulse.

Most transistor multivibrotor ©
of multivibrater circuits using ele
the collector-coupied 'rcqsr"
to the plate-to~yrid coupied elect
emitter-couplea ansistor must
cathode~coupled electron-tube multivibrotor. Another {orm
of transistor astable multivibrator circuit whicr is used
primarily to convert low-voitage de to high ""A:ge ac :or
reCtlfICGUOI’l is discussed in the DC-TD DO-0 SR

in Secticn 4, Part B, Powel
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The most common astable multivibrator circuit is the
common-ernitter configuration; therefore, the output wave-
form is taken ‘rom tne ccllector circuit, Jf the wavelorm is
netrical, e output ¢an be taken |

om the =cllegtar

i

S PL= i4E.
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Circuit Operation. The accompanying circuit schematic
illustrates two transistors in a basic free-tunning multi-
vibrator circuit.

If

Basic Free-Running Astable Multivibeatar Using
PNP Transistors

Transistors Q1 and Q2 are identicol PNP transistors
used in a common-emitter circuit contiguration; either junc-
tion or point contact transistors may be used in this ¢ircuit.
Hesistors K1 and R4 are the collector load resistors for
Q1 and Q2, respectively; B2 and R3 are the base-biasing
resistors for Q1 and Q2, respectively. Capacitor Cl pro-
vides the coupling from the collector of Gl to the base of
Q2; capacitor C2 provides the coupling from the collector
of Q2 to the base of Q1. Capacitor C1 ad resistor B3 form
an R-C circuit to determine the discharge time constant for
the base of Q2; capacitor O2 and resistor &2 determine the
discharge time constant for the base of Q1. Capacitors C3
and C4 are tne output coupling capacitors for 31 and G2,
respectively. An output waveform can be tgken from the
collector element of either transistor, of cutput waveforms
can be taken {rom the collector elements of both transistors.

The common-emitter confiquration illustrated uses @
single-battery power saurce, Yoo, Forward bias for the
base of transistor Q1 is obtained through the low-Tesistance
emitter-base junction, which is in series with resistor K2
across the voltage source, Voo since the base of U1 is
placed ot a negative potential with respect to its emitter,
the required {orward bios for the PNP transister is thereby
established. In a like manner, forward bias for the base of
transistor J2 is obtained through the emitter-base junction
and resistor 3. Wnen voltage is first applied to the multi-
vibrator, the current which flows in each collecter load
resistor, Rl and R4, is determined by the effective resist-
ance offered by transistors Q1 and Q2 for a given value
of base-bias voltage,

The multivibrator circuit shown in the schematic ap-
pears to be a balanced (or symmetrical) circuit, since each
R-C-coupled stage is identical to the sther: however, in
spite of the use of close-tolerance companents, there will
always be minaor differences in circuit resistances and in

ORIGINAL

900,000,102 MUL TIVIBRATORS
junction resistaonces within the transistors themselves,

{A balanced circuit is assumed here and not necessarily a
multivibrator designed for unsymmetrical output.) As a
resuit of this inherent unbalance, the initial collector cur-
rent (resulting from the forward-tigs conditions set up by
the emitter-base junction resistances and bigs resistors H2
aud R3) for each transistor is different, and the immediate
effect produced by regenerative gction between the coupled
stages is that one transistor conducts while the other is
cut off., Fart the purpose of this explanation, assume that
initially more collector current flows through tronsistor Q1
than through transistor Q2; thus, as the collector current

of Q1 increases, the voltage at the collector of Ql decreases
with respect 1o its emitter, or ground. In other words, the
collector of Q1 becomes less neyative and this, in effect,
octs as a positive-going pulse, which is coupled through
capacitor Cl to the base of transister Q2. The pasitive-
going pulse at the base of Q2 makes the base positive with
respect to its emitter {rround) and, ¢ a result, Q2 ap-
proaches cutoff. The collector current of Q2 decreases
because of the reverse-bigs acticn, and the voltage at the
collecter of Q2 increases, and approaches the supply volt-
age, —vce. In other words, the eollector of Q2 becomes
more negative and this, in effect, acts as a negative-going
pulse, which is coupled through capacitor C2 to the base

of transistor Ql. The neqative-yoing pulse at the base of
31 places the base neqative with respect to its emitter
{yround}, and the collectar current of Q1 is further incregsed
because of the forward-bias action. This regenerative pro-
cess continues until Q1 is driven into saturation {as a result
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of increased forward-bias), and Q2 is cut off {as a result
of the reverse-bias conditions).

For the following discussion of circuit operation, refer
to the circuit schematic shown previously, and also to the
waveforms shown in the accompanying illustration.

Assume that transistor Q1 is conducting und has just
reached saturation. When Q1 is ot saturation, its coliector
current no tonger increuses but rather becomes a constant
value (see Q1 collector waveform for peried T1); therefore,
there is no further change in collector voltage to be coupled
through capacitor C1 to the base of transistor Q2. The
voltage at the base of Q1 is only a {ew tenths of a volt
neuative, and, as a result, capacitor C2 quickly charges
1see Ol base wavelorn for pericd T1) through the low re-
sistance of R4 to a potentiol which is approximately equal
to - Yce. Since the collector voltage at Q1 (Q1 is con-
ducting heavily} is at neerly ground potential, capacitor C1
(previcusly charged) starts discharging {see Q2 base wave-
form for veriod T1) at a tate which is equal to the time
constant R3C1, through transistor Q1, the voltage source,
and resistor R3.

As capaciter C1 discharges, the voltage at the base of
02 becomes less and less positive (negative-going) until a
point is reached where reverse bias is no longer applied and
Q2 is able to conduct {as shown in the Q2 base waveform
at the end of period T1}.

When the base of Q7 returns to « forward-bias condition,
Q2 begins to conduct and its ccllector current begins to
tlow tnrough load resistor R4, As the gollector voltage ot
Q2 drops (see Q2 collector waveiorm for period T2), a
changing (positive~going pulse) voltage is coupled through
capacitor CZ to the base of transistor 1. The voltage at
the base of Q1 is only a few tenths of a volt negative, and,
as a result of the cherge on capacitor C2, reverse bias is
applied to the base of Q1. Transistor Q1 is driven to cutofi,
and the collector voltage of QL rises {see Q1 collector
waveform for period T2). This rise, coupled through C1,
will drive the base of Q2 further into the forward-bias con-
dition. The voltage at the base of Q2 is only a few tenths
of a volt negative, and the collector voltage at Q1 is approxi-
mately -Vee; as a result, capacitor C1 quickly recharges
(see Q2 base waveform for period T2} through the low re-
sistance of R1 to a potential which is appreximately equal
to -VYeo. Since the collector voltage at Q2 {Q2 is con-
ducting heavily) is at nearly ground potential {see $2 col-
lector waveform for period T2), capacitor C2 {previcusly
charged) starts dischorging at @ rate which (s equdl s the
time constant R2C2, through transistor Q2, the voltage
source, and resistor RZ.

As capacitor C2 discharges {see Q1 base waveform for
period T2}, the veltage at the base of 1 becomes less and
less positive (neqgative-going) until @ point is reached where
reverse bias is no longer applied, and Q1 is able to conduct.

When the base of 01 begins 1o conduct, cotlector cur-
rent begins to increase through load resistor RL. As the
voltage drops at the collector of 31 a changing (positive-
4otng pulse} voltage is coupled through capacitor Cl tc

Lo,
= 1 P =T H
For euch half-cycle of operation, whenever o change-

over of the multivibrator takes place one of two actions
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occurs: in one case capacitor Cl recharges through load
resistor R1 and the base-emitter junction of Q2 to the value
of the supply voltage, Vee, while capacitor C2 discharges
through the series circuit consisting of transistor Q2, the
voltage source, and resistor R2; in the other case, capaci-
tor C2 recharges through load resistor R4 and the base-
emitiel junction of Q1 to the value of the supply voltage,
Vee, while capacitor C1 discharges through the series
circuit consisting of transistor Q1, the voitege source, and
resistor R3.

The discharge times of capacitors Cl and C2 are rela-
tively long as compared with their charge times; thus, the
capaciter which is charging reaches its final potential long
before the viher cupuliton hds completely discharged, This
action can be clearly seen if the Q1 ond Q2 base waveforms
in the illustration are compared for periods T1 and T2.

The waveforms shown in the preceding illustration are
for @ symmeuical multivibrator, and the output taken from
the collector of either transistor is a square wave, The
waveforms shown in the accompanying illustration are for
an unsymmetrical multivibrator, and the output waveforms
have unequal time durations. The generail circuit operation
is identical with that of the symmetrical multivibrator;
however, the on and off times, or charge and discharge
iimes, are different since different R-C values are used.
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FAILURE ANALYSIS.
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nidsea condition. s weil as a detective transistor, can

cause lack of output. The transistor element voltages can
be checked ayainst theit proper values o deter
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defective component. With the circuit in the non-oscillating
condition, a check of the voltages at the collector of each
transistor will reveal whether load resister Rl or R4 is
open. [f either resistor is open, there wiil be no collector
voltage on the associated transistor; also, the other tran-
sistor will conduct heavily because of the reduced bias
{the circuit is inoperative), and its collector voltage will
be low. (In this case the collector resistor can burn out.)
I coupling capacitor Cl or C2 is leoky or shorted, the
collector resistor of one transistor wiil be shunted across
the base resistor of the other transistor, and the fixed bias
on the base of the transistor to which the defective capaci-
tor is connected, will be increased. [f the increase in bias
is sufficient, the transistor will be rendered inoperative.
{Under certain conditions, an unsymmetrical output can
oceour.) Also, if coupling cepacitor Cl or C2 is open, or if
resistor B3 or B4 is open, the circuit will be rendered in-
operative, since the R-C circuit 1esistance will be infinite,
If output capacitor C3 or C4 is open, the gircuit will operate
at a slightly different frequency because of load changes,
but no output will be observed.

Incorrect Frequancy and Pulse Width, The critical com-
ponents governing the frequency and pulse width of the
multivibrator are those in the coupling circuits. Any
chonge in the components goveming the B~C discharge
time constant will directly affect the frequency and pulse
width, A change in value of coupling capocitor Cl or $2
or in the base resistance R2 or R3 will have the greatest
effect. Although a change in the value of collector resis-
tor R1 or B4 will affect the frequency and pulse width, it
will have o greater effect on the output amplitude of the
waveform,

A 10 percent variation in the collector veltage may
couse some frequency drift. However, in practical circuits
where the multivibrator is unsynchronized and free-running,
adjustments are usually provided to adjust the collectar
voltage or the base resistance (usually the latter). In this
manner the circuit can be set to the correct frequency and
puise width, and can be compensated {or the difference in
transistor charqcteristics when 9 replacement is made.

H output coupling capacitor C3 or C4 is leaky or short-
ed, the voltage divider action which can occur through the
base resistance of the next stage may reduce the amplitude
of the output waveform and cause the multivibrator to
opergte at a higher frequency. This is true becouse the
discharge time in the base circuit is dependent on the
amount of change in the voitage applied to the capacitor.
Another effect can be a change in the operation of the follow-
ing stage caused by the bias voltage resulting from this
voltage divider action.

If this following stage employs a PNP transistor, the
forward bias on the wensistor will be increased, with a
resultant increase in collector current. The excessive
collector curteat may cause burmout of the collector resistor
or the transistor, depending on the ratings of those parts.

If the stage employs an NPN transistor the bias will be
reversed and cutoff may occur.

CHANGE 1
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BISTABLE MULTIYIBRATORS.

The term bistable multivibrator tefers 1o one class of
multivibrator or relaxation oscillator circuits that con
function in either of two stable states, ond is copable of
switching rapidly from one stable state to the other upon
the application of a trigger pulse. [n the strict sense of
the word, the histable multivibrator is not an oscillator;
rather, it is a circuit having two conditions of stable (hi-
stable) equilibrium and requiring two input triggers to
complete a single cycle. That is, the bistable multivibrator
is initiclly ot 1est in either one of two stable states; when
triggered by an input pulse, the circuit switches to the
second stable state, wherte it temains until triggered by on-
other pulse. Thus, the cperation of the semiconductor bi-
stable multivibrator is dependent upon the timing-control
action invalved in the transfer of conduction from one tran-
sistor to the other, initiated by an input trigger pulse of
proper polarity and sulticient amplitude. Because there is
a sudden reversal {or “"flopping’’) from one stable state to
the other, the bistable multivibrator is frequently referred
to as ¢ flip-flep circuit.

Most semiconductor multivibrator circuits are counter-
parts of multivibrator circuits using electron tubes. For
example, the basic transistor bistable multivibrator is
analogous to the triode electron tube Eccles-Jordan bistable
multivibrator. In both cases, the bistable multivibrator
produces an output pulse, more commonly called o "gate’’,
having fast rise end fall times and extreme {latness on top.
Ta genetate this type of wavefomm, the circuit requires
one trigget pulse for tum-on (start) and ether trigger
pulse for tum-cff (stop), thus generating a ‘step’ function
for each input trigger. When the trigger pulses are of con-
stant frequency and are applied at long time intervals (low
frequency), the gates generated are wide. On the other
hand, when the trigger pulses are of constant frequency
and are applied at short time intervals (high frequency),
the gates generated are narrow. In all cases, however, two
input trigger pulses are required to complete one cycie of
operaticn, resulting in an output gate frequency one-half
that of the input trigger frequency.

The rectangular-gate output of the bistable multivibrater
can be either positive or negative in polarity. Each qate
is formed by the combination of pesitive and negative step
functions produced by turning the multivibrator on and off,
that is, driving the transistor from cutolf to saturation, and
vice versa,

When o transistor is opercting in the sotutation region,
a phenomenon known as minarity carrier storage OCCUIS.
Because the collector-base valtage is limited in its ex-
cursion by the resistance in the collector circuit, the
collector cannot accept all of the minority carriers injected
by the emitter, and, as a result, an excess of minority
carriers is built up in the bose region. [n a PNP transistor
that is in a state of saturation, an excess of holes is built
up in the base; before the transistor can be turned off, this
excess must be removed. Thus, the tum-oif operation is a
function of the amount of minority cartier storage. Minority
carrier storage is one limiting factor in the switching speed
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of the multivibrator; other factors that limit the switching
speed are the operating level of the transistors, collector
capacitance, and extemal circuit elements.

Minority carrier storage can be prevented by limiting the

excursion of the collector voltage of o switching stage to

an area cutside the saturation region of the transistor. In

tme el ramiabAe A bt sl o AREEN P,

WG CIrCUll [aisldnce, cul 1Gaer b‘y‘ the maximum current
limitgtion of the trensistor. This is the basis of operation
of the “nonsaturating multivibrator'’; this circuit is dis-
cussed in detail later in this section, as are several other
semiconductor bistable multivibrator circuits and bistable
multivibrator triggering techniques.

BASIC FLiP-FLOP MULTIVIBRATOR.

3
APPLICATION,

The bosic flip-flop multivibrator mwoduces g square-or
rectanjular-wave output for use as gating or timing signals
in radar sets. It is alsc used in switching=circuit applica-
tions, and for computer logic cperations which include
counting, shift-registers, clock pulses, end memory cir-
cuitry. This circuit is often used for relay~control functions,
and for o variety of similar applications in radar and com-
munications systems.

CHARACTERISTICS.

Circuit assumes one of two stable states: one trans-
istor notma lly conducts while the other transistor is cut off,
and vice versa.

Requires two input triggers to complete one cycle of
operation; the circuit assumes ¢ stable state upon comple-
ticn of each half-cycle of operation.

For o constant-frequency input, the output frequency is
one-haif that of the input trigger frequency.

Input triggers can be either pesitive or negative (posi-
tive trigger may be applied to base of conducting transister,
and negative trigger may be agpplied to base of cut-off
transistor in common-emitter circuit configuration).

Symmetrical triggering occurs when the same trigger
pulse is applied simultaneously; unsymmetrical triggering
occurs when triggers are applied separately.

Symmetrical or unsymmetrical output gote depends on
timing sequence cf input trigger pulses; input triggers from

CHANGE 1

0967-000-0120 MULTIVIBRATORS
different sources {turn-on and turn-off triggers) produce
unsymmetrical output gate.

Collector-to-base feedback coupling is direct {through
resistors), with bypass capacitars used to speed up switch-
ing from one stable state to the other.

{Circuit can be made o assume the same initicl stoble

state whenaver voltages are applied by incorporating o
definite imbhalance within the circuit, or by using o manually
controlled "reset!’ signal.

Cutput istaken from collector of either transistor in
commen-emitter circuit contiguration.

Output impedance is low when transister is in conduct-
ing (on) state; output impaedance is approximately equal to
collector load resistance when transister is in cutoff (off)

CIRCUIT ANALYSIS.

General. The basic flip-flop multivibrator is capable
of producing o square- or rectangular-wave cutput pulse
{gate} in response to twe input triggers. This type of multi-
vibrater has two stable (bistable) states — one wransistor is
normally conducting while the other tansistar is normally
held cut off — each one functions for only one-half cycle
when triggered. Feedback [rom the collector of one tronsis-
tor to the base of the other is direct through a caupling re-
sistor bypassec by o capacitor. Thecapacity shunts the
high-frequency components of the pulse from collector to
base around the coupling resistor so that the rapid change
taking place at cne collector is coupled, with minimum
attenuaticn, to the base of the other transistor. Because
two nput triggers {turn-on and turn-off} are required to com-
plete one cycle of operation, the output gate frequancy of
the flip-tlop multivibrator is ene-half the input trigger fre-
quency. The output qate length is determined by the time
interval between the turn-on and tum-off triggers. Qutput
signals are taken from the ccollector of either or both transis-
tors in the common-emitter circuit configuration.

Circuit Operatien. The accompanying circuit schematic
illustrates two transistors in abasic flip-flop multivibrator
circuit. Transistors Ql and QZ are identical PNP transis-
tors used in a common-emitter circuit configuration; either
junction or point-contact fransistors may be used in this
circuit. Resistors Rl and RZ are the base-bigsing resistars
tor W1 ana W2, respectively. Resistor R3 provides the di-
rect coupling from the collectar of Q1 to the base of Q2, and
resistor R4 provides the direct coupling from the collector
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Busic Flip-Flop Multivibrator Using PNP Transisters

of Q2 to the base of Q1. Feedback resistors R3 and R4 are
bypassed with capacitors C3 and C4, respectively; these
capacitas permit faster switching action from one transis-
tor to the other. HResistors RS and R§ are the collector-
load and output resistars for Q1 and Q2, respectively, Ca-
pacitors Cl and C2 are the input trigger coupling capacitors
for Ql and Q2, respectively; they provide unsymmetrical
triggering. Capacitors C5 and C6 are the output-qate coupl-
ing capacitors for Q1 and Q2, respectively. An output wave-
form can be taken from the collector element of either trans-
istor, or output waveforms can be token from the collector
elements of both transistors simultanecusly.

Fixed bias for the PNP trmsistors of this flip-flop multi-
vibrator is obtained from two separate d-c voltage sources
via voltage-divider netwerks. Resistors R1, R4, md R6
form one voltage divider between the positive dc (+VEB)
and negative dc (-Vcc) supply voltages, The resistor
values are selected so that the voltage ot the top of Rl is
negative with respect to the grounded P-type emitter of Q1:
thus, the emitter of Q1 is ferward bicsed with respect to
the N-type base, Another veltage divider, consisting of re-
sistars 2, R3, and RS between the positive and neqative
supply valtages, faward biases the emitter of Q2 in the
same manner. That is, the voltage at the top of B2 (at the
N-type base of Q2} is neqative with respect ot the P-type
emitter of Q2. Because of the voltaqe-divider action, the
voltege at the ¢collectar of each transistor is more neqative
than the veltage at its base; thus, the collector-base junc-
tlon of each PNP transistor is reverse biased,

When voltage is first applied to the circuit, the current
which flows in each collector load resistor (R5 and F6) is

CHANGE 2

determined by the effactive resistance offered by transistors
Q1 and Q2 for a given value of hase-bias voltage, Although
the muitivibrator shown in the schematic appears to be a
balanced circuit, and in spite of the use of close-tolerance
components, there is aiways miner differences in internal
resistance within the transistors. As a result of this in-
herent imbalance, the initicl collector current (resulting
from the forward-blas conditions set up by the emitter-base
junction resistonces and bios resistors Rl and B2} foreach
transistor is different, and the immediate effect produced
by regenerative action between the coupled stages is that
one transistor conducts while the other is cut off.

For the purpose of this explanation, assume initiaily that
more collector current flows through transistor Q1 than
through transistor Q2: thus, as the collectar current of Q1
increases, the neqative voltage at the collector of Q1 de-
creases with respect to its emitter, or ground, Thus, the
collector of Ql becomes less neqative and this, in effect,
acts as a positive-qoing pulse, which is directly coupled
through resistor B3 to the base of transistor 2. The
positive-geing pulse at the base of Q2 makes the base posi-
tive with respect to the emitter (ground} and, as a result,
Q2 is reverse-biased and approaches cutoff, The collector
current of Q2 decreases because of the reverse-bias action
between its base and emitter, and the voltage at the collec-
tor of Q2 increases, rising towards the value of the supply
voltage. In other wards, os the collector of Q2 becomes
more negative ¢ neqative-qoing pulse is developed across
RE, which is directly coupled through resister R4 to the
base of transister Q1. The neqative-going pulse at the base
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of Q1 makes the base negative with respect to its emitter
(ground), and increase the forward bias on the base, caus-
ing the coliector cumrent of Q1 to further increase, This
regenetative process cantinues until Q1 is driven into sat-
wation {83 6 result of the ingreosed forward-hins), and Q2
is cut off (as a result of the increased reverse-bias). Thus,
with the initia] application of d< power, one transistor is
turned on while the other is cut off, and each transistor is
then held in this particular state of operation by the feedback
{rom the other transister until the off-trigger arrives.

For the following discussion of basic Hip-fiop multi-
vibrator circuit operation, refer to the preceding zircuit
schemauic and the accompanying itlusiruiiun of e ideuls
ized theoretical waveforms, Assume that transistor Q1 has
been initiclly turned on and is conducting heavily in a sat-
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(Using PNP Transistors)

uroted state, whiletransistor U2 remains cut oit, Thus the
ircuit is resting in one of its two stable states of equili-
um as discussed ahove, The initial turn-on period is
represented by time interval a on the waveform illustration,
while the steady state conducting condition of Q1 is repre-
cented by time 1nterval b, Therefore, the output at the col-

lector of Q) is ot its most pesitive excursion, while the

rae oy

CHANGE 1

0967-000-0120 MULTIVIBRATORS
output at the collector of Q2 is at its most negative excur-
sion (Q2 is cuteff). Since there is no internal time constant
circuit provided to permit the nonconducting transistor to

be cutomatically raised above cutoff (the fixed bios net-
wark ensures that it isheld below cutoft), the circuit re-
mains in this stable condition until o pasitive off-trigger

is applied QL.

At time t,, the positive tumn-off trigger is applied to
terminal B, and the base of Ql is instantanecusly driven
below cutoff. Collector current flow through Q1 reduces,
cnd heavy collector current flow through Q2 develops a
positive-going output voltage across BE, which is alsc op-
Dlied through B4 ond T4 to reverce bine the hrse of (1.
This additional reverse-bios quickly causes Q1 collector
current o cease, and the collector voltage rises quickly
towards the supply value, praducing a negative-going autput
through 5. At the same time, this negative-going collector
voltage is fed back through B3 and C3 to the base of Q2 as
a forward bias. This continuous feedback action of reverse
bias on Q1 and forward bias on Q2 centinues unti! the col-
lector voltage on Q2 bottoms, or saturation is reached. The
circuit now rests in 1ts second stable state, (during time
interval ¢) with Q1 non-conducting while Q2 conducts heav-
tly. The switching action is speeded up by capacitas €3
and C4 which allow the instantenecus changes to be im-
mediately applied to the assodated base element to produce
the steep leading and trailing edges of the wavefam. The
circuit remains in this condition (time interval ¢} until
anather turn-on trigger of posttive polarity is applied to
terminal A,

At time 1,, the positive turm-on trigger is applied to C2
and the base of J2 which is faward bigsed and heavily con-
ducting. The instantansous positive bias produced by the
input signal cancels the existing forwer bias and reverse-
biases 02, stopping collector current fow, As the collector
current of ()2 ceases, the collector voitage of J7 rises to-
wards that of the supply and produces a neqative-going
output signal. Meanwhile, this negative output voltage
is also fed back to the bose of Q1 through feedback re-
sistor P4 which is bypassed by C4. The instantaneous ne-
gative swing through C4 quickly drives the base of Q1 in
a forward-bigsed direction, and causes Q1 to conduct. As
Q1 conducts, on ocutput voltage of positive—going polarity
is developed across RS, and is fed back through R3, by-
passed by U3, to the base of JZ driving it still further to-
wards cutoff. Thus GZ 1sheid cut off, while Q1 once ugeln
conducts neavily near scturation. This 15 the staring condi-
tion and the other stable cperating point (time interval d on
the wavetorm),

Close examination of the waveforn: illustration reveals
that tne leagth of the ocutput gotes is determined by the
time interval petween the tum-on and tumn-off triggers. I
the frequency of the turn-off trigger is made lower, the tine
interval between the triggers will increase; hence, the gate
length will decrease if the tumn-off trigger frequency is in-
creased. Thus, the bistable multivibrator provides a posi-
tive or negative output gate in respense 1o Uming input

o
{torn-on) trigger pulse, with the vole being @rminated by
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turn-cif trigger pulse. If o single constant-frequency trig-
ger is used for both the tum-on and turn-off functions, the
circuit produces @ symmetrical square wave output, with o
frequency one-haif that of the trigger frequency. A single
pulse con be used for triggering becouse either the leading
or the trailing edge of the trigger can be used. When con-
ducting, ond the leading edge is applied, o pesitive trigger
operates to reverse bias the conducting transistor while the
feedback couses the nonconducting transistor to be tumed
on. Conversely, if the trailing edge of the trigger pulse is
applied to the nonconducting transister, it produces a
torward-biosed condition and starts the transistor conducting,
while feedback from the transistor produces a reverse hias
to stop the first transistor from operating. This action is
tue as long as the wrigger is a sharp pulse of short duratien.
If of long duration, an unsymmetrical output will be pro-
duced.

In the symmetrical-input bistable multivibrator undes
discussion, negative trigger pulses of sufficient amplitude
can also be used to initiate the switching action between
transistors Q1 and Q2. When the negative pulse is applied
simultanesusly to the base of the transistors, there will
be no effect on the operation of the conducting tube,
However, the collector cutrent on the cut-off transistor will
be increosed, causing the collector voltage to decrease,
The decrease in collector voltage when coupled to the grid
of the noncenducting ansistor drives this transistor into
full conduction. In turn, feedhack through this newly tumed
on transistor buases off the originglly conducting transistor.

Although it is true that either negative or positive input
trigger pulses can cause the switching action to occur,
triggering with positive pulses is preferred. For example,
if the cut-off transistor is biased with @ highly positive
potential, a high-emplitude negative pulse is required to
drive it into conduction, and enly the most negative portion
of the pulse has any effect. On the other hand, a low empli-
tude positive pulse applied to the conducting transistor
immediately drives this transistor into cutofi, causing @
relatively instantanecus switching action.

FAILURE ANALYSIS.

No Output. The input trigger should be checked with
an oscilloscope to determine whether it {s being applied
to the circuit, and whether it is of the proper emplitude and
polarity. Lack of an input trigger at the base of Gl or Q2
can be due to an open coupling capacitor, Cl or C2, or 0
failure of the external input-trigger source. If the input
signal does not appear on the base side of the capacitor
use an in-circuit capaeitance checker to check Cl or C2
for proper capacitance or an open circuit,

Failure of the base higs or collector bias supply will
disrupt cperation of the circuit as would on open feedback
circuit. Use a voltmeter to check the base bias, collecter,
and supply voltages. Normal voltage indications on these
elements alse indicates that neither R1 nor R2 is open and,
likewise, R3 ond R4 alse. If either C3 or C4 is sherted,
the circuit will still operate as ¢ directcoupled unit and
operation will be somewhat slowed up, but an output will
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still be cbtained. If normal signals appear on the collec-
tors but not at the output, coupling capacitor C5 or C6 is
probably open. Use an in-circuit capacitance checker to
verify the capacitance value and to check for an open or
shorted condition.

Reducad Outpet. A reduction of output is usually
caused by low collector voltage, improper bigs, or a de-
fective transistor, A change in the resistance of the associ-
ated collector-load resistor RS or RE will also affect the
output amplitude, Check the resistance with an chmmeter,
A leaky or shorted output coupling capocitor, C5 or C6,
will form a voltage divider with the input resistor of the
following stage. If the input tesistor of the following stage
is retumed to ground or to a bias supply, the collector
voltage on either Q1 or 02 will be changed and operation
of the following stage will be upset by the change in volt-
age on its grid. In addition, this may possibly cause addi-
tional collector current flow through collector resistor RS
or R6 and may cause the resistor to bum cut.

Incorrect Frequency or Gate Width. The basic flip-flop
multivibrator has no parts governing the frequency or width
of the output gate signal; these are both governed by the
input triggers applied to the circuit. Therefore, any change
in the output-gate frequency or width is a direct result of
improper operation of the turn-on and/or turn-off trigger
generating circuits.

DIRECT COUPLED (OR BINARY} MULTIVIBRATOR,

APPLICATION.

The direct-coupled {or binory) multivibrator produces a
square or rectangular cutput waveform primarily for use in
computer circuit end switching cperations such as computer
logic, counting ond shift register operatins, clock pulse
generation and memory circult.

Because of its simplicity is alsc serves a variety of
similar applications jn radar and electronic equipments.

CHARACTERISTICS.
Usually employs self bigs.
Provides two outputs (one is the inverse of the other).
Requires a turn-off or reset trigger to change state.
Requires a minimum number of parts.
Operates at low levels {10-15 millivolt input controls
200-300 miliivelt output).

CIRCUIT ANALYSIS.

General. The d-c coupled or binary (count-by-two cir-
cuit) multivibrator offers design simplicity and a minimum of
parts which leads to its frequent use in logic circultry. Tt
is basically, a bistable multivibrater with two states of
stable operation. In the on-state, ene transistor continu-
ously conducts while the other remains cut off, Inthe off-
state, the previously conducting transistor is cut off and
the previously nonconducting transistor is switched on,
The change of state is occomplished only by o separate
trigger. There is no R-C timing network to permit automatic
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chatge or discharqe to control the switching rate. Design
is usuclly such that the conducting transistor cpergtes in
a satrated ocondition, Thus thebase voltage is higher
than the emitter and the collector voltages, and all element
volteaes are iow in value with only a fraction of a voit
difference between them. Consequently, the conducting
transistor has o low value of dissipation, and the output

is also low. As g resuit, the d-c multivibrator usually re-
quires o stage of external amplification if other transistas
are to be drlven by it. When operated as o saturated flip-
flop it requires a higher turn-off power than that of the non-
saturating type (discussed later in this section ¢f the Hand-

hook), Since no emitter racictare nre need, the ~iranit is

STl fe oinll

somewhat sensitive to temperature changes asove Gy degrees
Centigrade.

-«-u

Circuit Operation. The accompanying schematic illu-
strotes o basic d-e flin flor

SRS S ousil o

INPUT
Basic PNP Direct-Coupled {Binary) Flip Fiop

Note that only two resistors (Bl and B2) are used, which
serve both as collector resistars and as feedback resistars,
and acress which the cutout is developed, For simplicity,
the control trigger circuitry is not shown.

Initially a forward bias is applied to both transistors
by connecting the base of Q1 and Q2 to R2, and K1, respec-
tively (the negative suwply vaitage through the 1esistar

AP R U Ry

prsiil e pen o7l s
LaceEs d lUquJ.d .nguuue higs on the tansiston). n the

. |
u;.:t:.‘x Ce Ul & Uigger yubt. uvun Latielicis lena to cond

However, the first une to e:.tobusn a tiow of collec[or cur-

ient vlbk—uh—t‘u 5 pSELUVe-G LIy Colelian Swing which is Spm
plied to £ias the OppGSltE wCnsistor beiow cutoli, Because

71 TR S 1 T woprmmin s

Ol the inflersn igat difference in base resistance betweern
—— 1 H o Ly e

similar ensisiors, cne wonsistor will chways corduc: more

heav:ly than the otner. Assume for the sake of discussion
at Ol is conducting and QZ is driven to cutoif, Since

this cirauit orerates at coilector saturation, ¢ heavy cur-

rert flows from the supply through resistor R, and transis-

tor Q1 10 ground. The How of 1c as shown on the schematics
proGuces G positive velioge drop acress Bl. This posiiive-
CHANGE 1
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going voltage 1s fed back directly to the basze of QZ as are-
verse bigs which immediately stops conduction through (2.
The heavy flow of ic drops the collector voltage of Q] to
almost zero {it is saturated). Meanwhile, since Q2 stops
conducting its collector voltage nses 1o nearly the full neg-
ative supply value, Since the base of ] 1s connected to the
collector end of R2, this negative-going feedback voltage

is applied to the base of Ql as a lorge forward bias. The
base voltage on (1 isnow higher than that of the collector,
and since the emitter is grounded and eifectively at zero
potential, the base vcltage is also higher than the emitter.
Thus the base voltage is the dominating veltage which
holds Ol conducting until a turn-off trigger arrives. The
crrcuit is now operating between iutervals tl and 12§63
shown on the ooccompanying wavelorm illustration.

INPUT | INPUT 2
i b
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' !
o |
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I |
1
o - ——F — - —_———_—— e ———
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Typical Weveforms

At sime 1 the wm-off triger arrives, and o negqotive
input pulse is appliea via npul 2. Consequentiy, € neds-
tive input on the base drives Q2 i a forward direction {the
small saturation vaitage fed irom the collector of Gt is
easily avercome by the neqgetive input pulse), and 02 con-
ducts. 1mmeamtew, current hcw through R2 ¢causes a pooi-
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voltage to the base of Q2, Thus, Q2 is quickly switched
into conductien while Q1 is tumed-off. At time t, the sec-
ond stable stote is cecomplished, and now the circuit awaits
another tum-off trigger at ime t,, This is merely a repeat
of the sequence of operation at time t,. Nemely, o negative
trigger is applied to input 1 which drives the base of Q1 in
a forward direction, causes colleetor current flow through
Rl and feeds back ¢ positive-going veltage to the base of
Q2 causing it to stop corducting. Instontanecusly, the
collecter voitage of Q2 tises towards the negative supply
value, and drives the base of Q1 into heavy conduction,
The circuit isnow resting in the initial state, with Q1 con-
ducting heavily and Q2 cut off.

The circuit schematic of a practical binary multivibrator
is shown in the accompanying illustration, with control
circuitry. Except for the operation of transistors Q3 and
(4, circuit operation is identical and correspanding parts
are labelled identically so that the discussien above ap-
plies.

OUTPUT
10

INPUTI INPUT 2

Vv Vv

Typical PNP Binary Multivibrator

Transistor Q3 and Q4 merely act as switches, when a nega-
tive trigger is applied 1o their base they conduct, and when
no trigger is present they are held nonconducting. The
control ronsistor connected to the conducting multivibrator
transistor is held at cutoff by the low saturation voltage of
the collector to which it is connected, while the other is
held cutoff by the high reverse bias at the non-conducting
collector. Since their emitters are connected directly to
ground, when triggered, they develop o shut-off pulse which
stops the conducting transister from operating ond couses
the switching. Feor example, assume Q1 heavily conducting,
with its base held negative by the feedback from B2. Q4 is
resting reverse biased awaiting the control trigger. When
the negative control trigger (input 2) arrives, the base of

Q4 is driven negative and this forward bias causes the
transistor te conduct through K2, Flow of collecter current
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in Q4 develops o positive swinging pulse across RZ and
drives the base of Ql positive to cutoff. Thus Ql is
stopped from conducting. Transistor Q3 operates similarly,
assuming Q2 conducting and Q1 cut off, the negative input
to Q3 (input 1} causes collectar conduction and produces

a positive pulse acress Rl, thereby driving Q2 base posi-
tive to cutoff, and switching Q1 into conduction by the
feedback developed as the coliectar of Q2 rises towards
the negative supply at cutoff.

FAILURE ANALYSIS.

Partial or No Output. A no-ouptup condition can only
be caused by a lack of bigs voltage because of a blown
fuse or defect in the supply, o because both transistars
Q1 and Q2 or load resistors Rl and R2 are defective. If
either Q1 or Q2 is operable and either Fl or K2 is not open,
o single unswitched output will be obtained, since the cir-
cuit has two states of operation. First check the supply
voltage with a high resistance voltmeter to ascertain that
o blown fuse or defective power supply isnot at fault.

Then check the collector voltage to ground. Transistors
Q1 and Q3 will show either a high negative voltage or prac-
tically zero voltage depending on whether or not Q1 is con-
ducting, while Q2 and Q4 will moduce exactly the opposite
indication under normal operation. If both Q1 and Q2 in-
dicate either a low voltage or @ high voltage, one or both
of the transistors is at foult. Use an in circui transistor

checker to locate the defective one. In the absence of a \S)
transistor checker use an ohmmeter, and check the forwerd

and reverse resistance of the emitter and collector junc- fﬁl)
tions with the bias removed. The forward resistance should f\{
be considerably lower than the reverse resistance. Replace Y

any defective transistors with known good cnes. Since
control transistors Q3 and Q4 shunt the multivibrator tran-
sistors, if defective, the output will also be shunted to
ground. If inoperative, there will still be a single cutput
and the stage will not change state. If they are simultane-
ously shorted, there will be no cutput and both Q1 and Q2
collector voltage will be almest zero. If only cne is
shorted there still will remain a single output whick cannot
pe switched by application of an input trigger.

Reduced Quiput. A teduced output is usually coused by
low collector voltage, improper bias, or a defective transis-
tor. Any change in the resistance of collector load resistors
R1 or R2 will also affect the output amplitude. Use o high
resistance voltmeter to check the supply and collector
voltages, aid measure the resistance of Rl and RZ with an
ohmmeter. If the voltages are normal and both Rl and R2
are of proper value the transistor must be atfault. Check
the beta of both transisters with an in-circuit checker to
determine which has a loss of gain, or use m oscilloscope
to locate the low output waveform and associated transistor,

Incorrect Frequency or Gate Width, The direct-coupled
multivibrator has no parts governing the intemal frequency
or width of the output gate signal; these are solely con-
trolled by the input triggers epplied to the circuit. Taere-
fore, any change in cutput gate frequency or width can only
be o direct result of improper operation of the twrn-on or
turn-of f trigger generating cireuits, not the multivibrator,
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SQUARING MULTIVIBRATOR CIRCUIT.

APPLICATION,

The squaring multivibrator, also known as the Schmitt
trigger or emitter-coupled bistable muitivibrotor, is
primarily used to supply d square of recmguiar oUIpUT
when triggered by a sine-wave, sawtcoth, or other irreg-
ularly shaped waveforms.

CHARACTERISTICS.

May be self or fixed bigsed.

Has two stable (bistcble) states of operation (cne
transistor conducts while the other is cut off, and vice
versa).

Provides o symmetrical output gete regardless of input
waveform.

Collector to base feedback provides one switching peth,
while common emitter coupling feedback provides the other
switching path.

Uses common emitter confiquration,

CIRCUIT ANALYSIS.

General. The Schmitt circuit differs from the conventional
bistable multivibrator circuit in that cne of the coupling
(feedback) networks is replaced by a common emitter re-
sistor {the equivalent of cathode coupling in the electron
tube). The additional regenerative feedback developed by
the common emitter-feedback coupling arrangement provides
quicker action and straighter leading and trailing edges on
the output waveform than in other multivibrators. Because
of the relatively instantaneous switching action of this
arrengement, the waveform of the input trigger has no
effect on the output so that essentially square-wave output
signals are olways produced.

Circult Operation. The schematic ¢f ¢ typicd Schemint
type squacing circuit is shown in the accompanying
illustration.

~Y%ec “Yee

i le

R2 R6

e )

PNP Sguaring Multivibrater
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Transistor Q2 is the initially conducting transistor,
which is supplied with forward base bias by resistor net-
work B2, B3, and B5 connected as a voltage divider between
the negative voltage supply and ground. Capacitor Cec and
base resistor RB1 form a conventional B-C input coupling
circuii. Resisior R4 Is ihe leedbeck {coupling) resistor
which is common to both emitters, and Hb is the collector
resistor of G2 across which the output waveform is
developed. Capacitor C3 bypasses feedback resistor K3
to help speed up switching action.

Initially, transistor 02 conducts heavily becouse of
the large forward bias supplied by the voltoge divider
consisting of collector resistor B2, feedback resistor K3,
annc base resistor 15, senies-connected between the nogo
tive supply and ground. A reverse collector bias is applied
1 through R2, and o reverse emitter-bias is developed
across the commen emitter resister B4 by Q2 current flow.
Base cutrent flow through R1 is also 1n q direction whach
produces a reverse base bias on Q1, so that Q1 cannot con-
duct until triggered. Thus, Q) remains cutoff, while Q2 con-
ducts. With Q2 conducting, a positive-going output voltage
is developed across collector resistor 36 which lowers the
effective collector voltage of Q2 to almest zerc, No cutput
coupling capacitor is shown since the circuit may be direct
coupled to the following driver stage, if desired.

Assume now a sine-wave input signal is applied to Cee.
During the positive half-cycle of operation the positive
input voltage cpplied across R1 keeps Q1 reverse-biased
56 that it cannot conduct. Since in this condition the
output {s developing a positive signal similar to that
through inftial conduction, as explained previously, it is
evident that the input and output are in phase. When the
input signal swings negative during the opposite half-
cycle of operation, o negative voltage appears acress Rl
ns Cee discherges. The base of (1 is thereby driven
negative and forward biased, starting collector current flow
through R2. The direction of electron flow is such that the
collector end of R2 becomes positive (as marked on the
schematic), and this instantaneous positive swing is coupled
through C1 to the base of Q2, appearing as a positive
reverse bias which instantly stops current flow through QZ.
‘The reduction of collector current flow through Ko produces
a voltage of opposite polarity to that shown on the schematic,
that is a negative output valtage, as the collector of Q2
rises owards the suppiy voltage (time 1, 1o on the wave-
form iliustration),
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Typical Input and Output Waveforms

Although B3 connects the collector of Q1 to the hase
of G2, and any voltage appearing on the collector of Q1
will also eventually appear on Q2 base, ¢ speed up of
this oction is obtoined by bypassing B3 with capacitor
Cl. Thus, the high frequency components of the collector
signal are not slowed up by the resistance of B3 so that
switching action is faster than without C1.

Consider now the effect of the common coupling re-
sistor (R4) in the emitter circuit. Initially the heavy
current through Q2 produced a negative drop across R4,
as marked on the schematic. Thia negative emitter bigs
which is degenetative, because no bypass capacitor is
employed, also tends 1o prevent Q2 current flow. However,
the base bias of Q2 is much larger and the degenerative
emitter voltage produced ccross R4 has little effect on
2 collector cument fiow. However, Q1 is already at
cutoff, and this additional negative emitter bias ensures
that it remcins =0 until sufficient base input is applied
(on the next half-cycle) to overcome this reverse bigs,

With the collector current flow of Q2 reducing, the de-
generative voitage developed across R4 also reduces,
which is the same as applying an increasing positive
voltage between emitter and ground. Thus, while the base
of Gl is driven in a forward-biased direction by the input
signal, a regenerative feedback is developed in the emitter
circuit by the reduction of Q2 current flow. Consequently,
transistor Q1 is quickly driven into heavy conduction near
saturation. The resulting instantaneous positive swing
developed across R2 is instantly opplied through Cl to the
bose of Q2, and quickly drives Q2 1o cutoff. The sircuit
now rests in its second stable state (interval t, to t,) until
angther trigger arrives to drive Q2 inte conduction and
cut off YL

iwhen the input signcl again swings in a positive
direction (time interval t,), the positive voltage appearing
actoss H1 causes g reverse bias to be cpplied Q1 base
and reduce collector current flow through R2; this produces
a negative swinging voltage across B2, which is applied
to the base of U2 through capecitor Cl. The negative swing
forward-bigses Q2 md starts it conducting, and deveiops a
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positive-going veltage swing acress R to provide an in-
phase output voltage. Simultaneously, the incregsed ne
gative emitter (reverse) bias developed aeross feedback
resistor R4 further stops conduction in Q1. This regenera-
tive feedback action quickly drives (2 to collector satura-
tion and Q1 to cutoff, whereupon the rising negative collectar
voltage of 1 applied tobase of Q2 through C1 and B3
holds Q2 strongly conducting despite the degenerative
emitter voltage developed across B4 (time interval t, to
ty). This is the initial order of conduction and the tran-
sistar awaits the next trigger (ot time t,) to turn off Q2 and
turn on QL. Because of the extreme regenerative action of
the emitter-coupled circuit, once started, the switching
action is quickly accomplished, and the shape of the input
trigger has no effect in determining the output waveform.
Cutoft and turn-on is sharp ond the sides of the waveform
are steep. The width of the output waveform like the
other bistable multivibrators is controlled by the difference
in time between the off and on pulses. When symmetrical
and equal a true square wave is produced.

FAILURE ANALYSIS,
Constant or No OQutput. [Lack of supply voltage, an
open commen emitter resistor, or defective transistors
are about the only three items which con cause @ no out-
put condition, since at least one steady output can always
be cbtained if any voltage is present. Check the supply ):y\
voltage with a high resistance voltmeter to make certain =
that ¢ blown fuse or defective supply are not at fault, ]

e

Since R4 connects both transistors to ground and they are (\{
reverse collector biased, no conduction will cocur if R4

is open, and q steady negative output will be ohtained.

A zero emitter tc ground voltage reading will indicate that
R4 should be replaced. If a steady positive, or near zero
but constant voltage is cbtained, Q1 is probably defective
and should be replaced with a knewn good transistor. On
the other hand if Q2 is shorted the same indicaticn

would ocour. Likewise, if Q2 is open a steady negative
autput voltage would be obtained through R6. It is

evident that it is rather difficult because of the feedback
and direct connections in this type of circuit to chtain a
specific indication which conclusively points to only one
cause of trouble. Therefore, a simple voltage check plus

a resistance analysis of the few parts involved should
quickly lecate the defective component. If the voltage

and resistance are correct but an unswitchable steady
sutput is still obtained, check that an input trigger is being
received on both sides of coupling capacitor Cee, using

an oscilloscope.

Reduced Output. A reduced output can eccur because
of low supply voltages, improper bias voltage, or defective
transistors. Check the supply and bias voltage with o high
resistance voltmeter. Use an incircuit transistor checker,
or check for a low forward-resistance and a high reverse-
resistance with on ohmmeter.

Incorrect Pulse Width or Frequeney. Like the other
bistable multivibrators, an effect on frequency or pulse
width i{s controlled by the time difference between the on-
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and off-triggers. Thus any faulty operation of this type is
due solely to defects in the trigger generating circuits

and not the multivibrator.

SATURATING MULTI¥iBRATOR.
APPLICATION.

The saturating multivibrator is used to supply a rec-
tanqular gate, of trigger, in radar and control applications,
and in the logic switching circuits of computers and similar
devices.

CHARACTERISTICS.

Usually uses fixed bias.

Provides two outputs simultaneously, one the inverse
of the other. HRequires a turn-on or tum-off trigger to change
state.

Has twe (bistable) stable states (one transistor con-
ducts while the other remains cut off and vice versa).

Output power is considercbly lower than that of the
nensaturating type.

Operating speed is slower than the nensaturating multi-
VILTGtOr,

CIRCUIT ANALYSIS.

General. In the soturating multivibrator, the emitter
and collector voltages are lower than the base voltage and
there is only o few tenihs ol ¢ vult difference between
them. Consequently, it takes more driving power in this
saturating circuit, as compared with the nonsaturating
cireuit, to drive the stage out of saturation {a larger trigger
is required). The output voltage is also less, Thus,
while g certain amount of stability may be imparted by
saturated operation the gain and speed sufier, The gain
is limited by the low saturation voltages, and the speed
by the ameunt of time required to obtain hole dispersion
(the extremely heavy saturation current injects extrg holes
in the base, which require g {inite recovery time to remove
them). As aresult, the saturated circult is used where
its simplicity makes it more economically fegsiple than
the non-saturating type.

Cirevit Operation. The schematic of ¢ typical saturated
misltivibrator is shown in the accompanying illustration.

CHANGE 1
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TRIGGER

Scturated PNP Multivibrator

Fixed bias is applied by a voltage divider arrangement,
consisting of B, R3, and B for transister 02, and RZ,
R4, and HS for Q1, connected between the negative supply

Cndbarsl macictmes
1 SEALGCR TGRS 0

ang gfuuud-
by capacitors Cl end CZ, respectively, to speed up
response. An output is taken from each collector, and

the input trigger is applied across emitter resistor 77,
which is common 1o both transistors, This circuit
grrangement is that of the conventionel bistable multi-
vibrotor arranged for common emitter triggeting.

In the guiescent condition, with no trigger gpplied, both
trapsistors conduct immediately when the supply voltage is
applied, since they are both forward biased through voltage
dividers to the negative supply. Although the circuit is
symmetrical, that is, the collector, feedback, und base
resistors are ail of equal values to minimize any unbalance,
there still exists a slight ditference in base resistance
between transistors ¢f the same types. Thus, one tran-
sistor always tends to conduct more heavily than does
its counterpart, and thiough feedback from the collector
to the opposite base drives the associated transistor to
cutoff, and itself w full conduction, Assume for the suke
of discussicn the normaliy-on tansistor is C1, while Q2
is the normally-oil transistor, [rom time 1, o ¢, {as shown
on the accompanying waveform illustration) the initial
conduction is established ns previously sxplained, so

. -

] a

g R4 arsibiigacad

off. Since the turn-off input trigger at this time is stopping
{2 there is no effect and the circuit rests in its initially-
on state until time t,.
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Typical Waveforms

During the intetval from t, to t, o continuous positive
{reverse) bias exists at the base of Q2 due to base
current flow from ground through R6, producing o voltage
drop of the polarity shown on the schematic (this current
is actually produced hy reverse collector current lceo).
Thus, with reverse base bias and a reverse collector bias,
Q2 remains cut off until the next turn-on trigger arrives.
Since no collector current flows threugh B2 the collector
of Q2 rises towards the value of the negative supply
voltage and drives Q1 base in a forward-biased direction,
causing heavy conduction through Q1. The heavy collector
current drops the veltage across R1 to almost zero, and o
positive-going output is produced at A, while g neqative
output from Q2 is produced at teminal B, Once saturated,
the collecter voltage of Q1 is less than the base veltage
fed back from Q2. With high current but low voltage, the
power dissipation of the transister is well within ratings
{one advantage of saturated operation is the low collector
dissipation involved). They hegvy emitter current tlow
through the commaon, emittes-coupling resistor 7 places
a large degenerative voltage on the emitter of Q2 which
effectively reverse-bigses Q2. Thus Q2 is held in its off-
state, regardless of whether ornot the off peried is long
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enouch for Cl to discharge. The only effect on operation
that C1 has is thet of speeding up the switching operation
by shunting the high frequency transients around H3 to
help speed up turn-on, of tam-off, switching action,

When the negative trigger is applied at t, the emitter
of Ql is driven negative, which is the same os driving
the bose positive to reverse bias the transistor. Since
transistor Q2 is already reverse-biased, this trigger has
no effect on Q2, only on Ql. Consequently, the collector
and emitter current of Q1 is reduced. This reduction of
collector current produces a negative-swinging voltage
across collector resistor R1, and through C1 to the base of
Q2. The instontanecus neguiive swing applied to the
base of Q2 drives Q2 in ¢ forward-biased direction, and
causes collector current flow through collector resistor R2.
The voltage drop across R2 produced by the increasing
collector current reduces the collecter voltage, effectively
producing a positive-swinging veltage at the collector,
which is fed back through capacitor C2 to the base of Ql.
The positive-swinging veltage drives the base of Q1
instantaneously in ¢ reverse-bigsed direction and causes
g further drop in collector cutrent. The regenerative feed-
back action continues smoothly and quickly until Q2 is
driven into collector saturation (collector veltage bottoms),
while Q1 is cut off, While this regenerative feedback
and switching action cceurs, o degenerative voltage is
developed across common resistor H7 in the emitter cir-
cuits of both tronsistors. Although this degenerative
emitter voltage normally is of such polarity gs to oppose
the increase of current, it is not of as great gn amplitude
os the feedback voltoge developed across RS which is
driving QI to cutctf, or the feedback voltage developed
across Rl which is driving Q2 into conduction. It does,
however, aid in obtaining collector current cut off on Q1

since the transistor is already being driven in that direction.

and eventually reaching saturation. Because the heavy
collector saturation current of (1 produces extra holes

in the base of Q1, transistor Q1 does not stop conduction
immediately when its base voltage is driven positive and
base current flow is stopped. But instead, the collector
current continues to flow for a finite interval, even
though there is no forward bias on Ql, until the holes
are removed from the base of Q1 and cut-off prevails.
With no collector current flow, the collector of Q1 rises
in « negative direction towards the full supply voltage,
and a negative output is produced at terminal A. Mean-
while, as Q2 conducts heavily saturated, the collector
current is almost zero, and ¢ positive output voltage is
produced ot terminal B by the voltege drop across coliector
resistor R2 of Q2. Conditions are now exactly opposite
the criginal state and Q2 rests in the on-state (interval
12t 13), while Q1 rests in the cutoff state awaiting a
negative turn-cn trigger at time t3.

When the tum-on trigger arrives at time t3, the emitter
of Q1 and Q2 is driven negative. Since Q! is already in
a non-conducting state the trigger cannoct further stop
conduction so it hes no effect on the operation of QL.
However, the trigger does drive Q2 in g reverse-bigsed
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direction {a negative emitter trigger has the same effect

as a positive base trigger), and couses a reducticn of
collector current flow through RZ2. Immediately a negative-
swinging voltage is developed ocross B2 and applied
through C1 to the base of {1, which drives Q1 in a for-
ward direction towards saturation. The incrensing

mmllatar miwrsnt flan theanabh 21 wnmin resdivmne ~
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positive-swinging collecter voltage which is opplied
through C1 to the base of Q2, further driving Q2 in a
reverse biased direction and further reducing collector
curtent flow. This regenetative switching action is
smooth, continuous and relatively fast so that except

for @ slight delay coused by hole storage, as explained
pevisdaly for the opgosite condition of conduction in. §1,
the switching is considered to be almost instantaneous.
When Q1 reaches saturation and G2 is completely cutoff,
minimize hole storage time and produce speedy operation,
even as high oy 20 megacycles. Thus, the tendency is to
uge saturated circuitry generally for its simplicity and
econcmy. Non-soturated circuits are usually only used
when output power requirements call for more power than
can be produced with saturated circuits.

FAILURE ANALYSIS.

General. When making voltage checks use a vocuum-tube
voltmeter to avoid the low values of shunting resistance
employed on the low voltage ranges. Be careful also to
observe proper polarity when checking continuity with an
ohmmeter, since a forward bias through any of the tran-
sistor junctions will couse a false low-resistance recding.

Partial or Stecdy Output. Failure of one half of the
circuit to operate will produce a partial output in the
form of a steady single polarity output, Failure of the
supply voltage, or emitter resistor R7, are about the orly
two possibilities of chtaining no output at all. Because
of the feedback connections it becomes rather difficult
to isclate the trouble by symptom along. It is quicker to
make a voltage check and determine if the supply voltage
is present, and that no fuse or power supply is at fault.
Then use an chmmeter to the stage ggain rests in the
criginal conducting state awaiting a tum-on trigger for G2
to change operation (interval t3 to t4), Mecnwhile, a
positive output is developed across HZ and applied output
terminal B, while ¢ negative output is developed.across
Fland applied to termingl A

Practicelly oll the norrclamped multivibrators are of
the srturated type, since clombing the waveform to oper-
ate within the norma! operating regicn of the transistor
! th I|qet‘? as nn 1'"'”7'}\‘!91‘ \Q r\Pf‘eCCﬂw AC l("ﬂ'\ﬂ e 7‘\?

sase drive is allowed to draw collecter curtent unti!

the transtistor collector voltage bottoms, saturation will
always occur. Therefore to produce the uncharging steady
current represented by the flat top of the cutput pulse
there must be no further ch ange of collector current.

in the simple multivibrator this is achievec by collector
current saturation, and in the more complicated types of
multivibrators by clamping diodes. At the time transistors

o Fisnr AlmamaraAd AanAd amelinA ta thin fueee AF cirouit,
word ST QiGCOVOITO GnO SDPLILC 10 1010 YRe O CirC
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hole storage time effects caused a serious limitation in

the speed of operation at which practical multivibrators
could be made to operate. At the present state of the art,
however, specinl switching transistors have heen developed
which check for continuity and proper resistance values

to locate the defective part.

1f aither enllector resistor Kl or B2 is open, no
it either coilector resisior NI Or B2 ls open, N

collector volt age will appear on the associated transis-
tor, Q1 or Q2, respectively, and the bias voitoge div-
ider will be ocpen. Therefore, the other transistor will be
effectively cutoff biased by the flogting base, and the
normal teverse collector bigs. With no conduction, a
single negative output will be produced while the other

H Ln g A [ Tes
uu;yu; Wil o TOTTD QUC WS INC Spia COaaCTIOT CITTulls an

the event emitter resistor R7 which is common to both
transistors opens, there will be no flow of current througn
enher 1runsistor bu't a negotive cutput wiil avpear ot both
operate as if both were higsed to cutcff. Thusf b'gt-h
collector voltages will rise to the full value of the supply.
Therefore, if either transistor fails, or both fail, o nego-
time output will be produced.

Normal voltage indications on the base and collector
elements of the transistors usually indicates that any
associgted series resistors have continuity and proper
value, However, it is just as easy to check the resistance
of each resistor with an ochmmeter because of the few
varts involved. Sinee it is important to check that the
propet polarity and amplitude of input trigger exists and
that it is present, use an oscilloscope to ohserve the
waveforms. When the waveforms are improper or missing
it locates tre genercl areq of the trouble, which must
then be further localized by voltage and resistance checks.

Reduced Output. A reduced output is usually caused by
low collecter voltage, improper bias, or a defective
transistor. A change in the associcted coliector load
resistor, Rl or R2, will also affect the output amplitude.
Use an oscilloscope to observe the waveforms and deter-
mine where the reduced amplitude exists. Then check for
proper bias and ccllector voltage in that portion of the

circuit, and make certain that the collector resistance
is normal,. Wnormal voltages mepresentiond the enllector

resistance is within tolerance, and a low output amplitude
still exists, it must be because of reduced wansisto
current. Beplace the doubtiul rransistors with known good
anes.

Incorrect Frequency ar Gate Width. Since the miiti-
vibrator has no parts which govern tae frequency or wiath
~f the outpt signq} .'!’.e:e ~re hath ﬂ\.’Pa-.P-‘ bsploasinprs
‘riggerz’ applied to the :
varametets must be the direct resclt of imprerer crerction
of the turn-on of turn-off trigger genercating circuits,

Hen W, SNy chig

............ drisbrarar e gead o winoi o
NE TIGABGIUTSURG MUILVIDICICT 15 UDCC 10 2Lpply J
TECVJFQ‘_!C' qare of trigger in Pdar and comire esn
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and in the logic switching ¢ircuits of computers and similar
devices. Particularly where o large power output is re-
quired.

CHARACTERISTICS.
Usually uses {ixed bias.
Provides twa simultaneous outputs, uae is the inverse
of the cther.
Requires ¢ turn-on or a turn-off trigger to change state.
Has two stable operating states (bistable).
Qutput frequency is one-half that of the trigger frequency.
Output power is greater than that of the saturating type.
Operating speed is faster than the saturating multi-
vibrator.
Uses clamping diodes to prevent saturation effects.

CIRCUIT ANALYSIS.

General. The nonsaturating multivibrator uses clamping
diodes to stop collector saturation, and steering dicdes to

make certain the proper trigger is received, thus aveiding
false triggering. In the circuit discussed below breckdown
diodes are also used to prevent forward biasing of the col-
lector which would cause saturation, Consequently, the
transistors cperate in the normal operating region (over the
lineat portion of their transfer curve). Basically the circuit
is that of a conventional emitter~coupled bistable multi-
vibrater, with the steering, clamping, and breakdown diodes
added.

Circuit Operstien. The schematic of a typical nonsaturat-
ing multivibrator is shown in the accompanying illustration.

+ Vee

R R R2 R4
CR1 c2 CR2
e 1 I -
B 5 b—i4
A ouTPUT .
o—¢ R
n f{ ,v‘j\' . QUTPUT 5
ca LI
cR3 CR4
Ll i
™ Lz
bpea c3 ==

TRIGGER-IN

NPN Nonsaturating Multivibrator
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Resistors B] and K2 are the collector resistors of Q1
and (2, respectively. The collector to base feedback net-
works are C2 and RB5, and C4 and R6, with the common
coupling-emitter resistor RB, bypassed by C5 to prevent
degeneration. Resistors R7 and R9 are the base return re-
sistors. The clamping diodes are CR1 and CR2 which
shunt R3 and R4. Dicdes CR3 and CR4 are the respective
steering diodes of Q1 and Q2. Breakdown diodes CR5 and
(CH6 are saturation limiters which prevent the collector volt-

age of Q] and Q2 from being forward bigsed when conducting.

Input triggering pulses are injected at input terminal [ (con-
nected for parallel triggering), while terminals A and B are
the output terminals from which the square wave output is
taken. Transistor Q2 is considered to be the normally-on
transistor, while Gl is normaliy-off. When the negative in-
put trigger is applied to the base of Q2, these conditions
are reversed and Q2 is turned off, while Q1 is turned on.
When the next negative trigger is applied to the base of Q,
the circuit reverts back to the initial state of operation, with
Q1 off, and Q2 on.

In the absence of an input signal, both transistors
initially conduct. Aithough the multivibrator circuit is sym-
metrical (corresponding resistors have the same value),
there is always a slight difference in collector resistivity
between transistors of the same type, so that one transistor
will conduct more heavily then the cother. In turn, the heav-
ier-conducting transistor preduces ¢ feedback voltage which
cuis off the light-conducting transistor. Assume for the
sake of discussion that Q1 is initially in the off-conditicn
while Q2 is in the cn-condition.

In the quiescent condition, then, Q1 is effectively ot
cutotf, or at its lowest limit of conduction held by a nega-
tive, reverse-bigs feedback voltage from the collector of
Q2 via R-C network RS, C2 (NPN transistors require @ nega-
tive bias voltage for cutoff), With no collector curtent flow-
ing through Rl1, the collector of Q1 is at a high positive
voltage near the supply value (reverse-biased collector),
and both steering diode CR3 and clamping dicde CR1 are
held in a reverse-biased condition, At the same time, the
negative feedback voltage produced by collector current
flow through R2, and applies through C2 and B5 holdsbreak-
down diode CR5 in a forward-biased condition but cuts off
the base of Ql. In a similar manner, the emitter bias devel-
oped across R8 and C5 holds the emitter-base junction of
Q1 in a reverse-biased condition preventing conduction.
Meanwhile, a positive feedback voltage from the collector
of Q1 is appiied via C4 and R6 to the base of 2 through
breakdown diode CR6. Because of the high reverse voltage
{collector of Q1 is near supply level), breakdown dicde CR6
conducts in a reverse direction and maintains a constant
forward bias on Q2, which causes heavy current flow but
not collector saturation, The hegvy collector curtent flow
through collector resistor R2 develops a negative-going
voltage which is applied to terminal B as on output, simui-
taneously with the positive output from terminal A. As Q2
collector curtent increases, the voltage drop ccross R2 in-
creases ¢lso, and the collector voltage of (2 reduces becom-
ing less positive. Since steering diode CR4 is connected
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to the collector of Q2 through R4, when the collector volt-
age drops lower than the positive feedback veltage devel-
oped across Rl (which is applied through R§ to the gnade of
dicde CR4) the diode becomes forward-biased and conducts,
and as the collector voltage drops further CR2 eventually

’1 H Ay e ~tad thraseds
Sendigts, The.colleelerahing i sgweriispiod hissuah

the two diodes to the cathode of breckdown diode CRO and

the junction of R6. As iong as the breakdown diode maintains

a constant potential between the base and collector of Q2,
the collector voltage cannot fall lower than the bese volt-
age. Therefore, the coliector cannot be forward biased ang
saturation cannot occur, Although the collector current may
still increase if additiong! base current drive s supplied,
thie moilector ootentlal TRmAINS CenEtIl 91 the fived Tani-
mum value. The operating range of Q2 (and later Q1) then,
is from the minimum value of collector voltage 1o almost the
full supply voltage at cutoff. The stege is now in its ini-
tial conducting of on-state with 2 cunductling and Q1 oii,

and Iesis in this condition until a wn-oif tiigger 18 recewved,
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Multivibrator Waveforms
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At time t,, the next negative trigger is applied through 01
o the camoae of dicde CH3 and simultanecusiy to OR4 via
C3. Since {1 is nonconducting and the base is aiready
negative, no eftect 1s telt on (1. However, when tne nega-
tive pulse passes through B4 and CFF and appears on the

Dingrantly parnally
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rent flow through R2. As the collector current decreases,
the drop across R2 is reduced and the collector voltage be-
comes more positive, This positive-going volitage is applied
as feedback through C2 and RS, causing breakdown dicde
CR5 to conduct in @ reverse direction, and driving the base
Sharang fad eEs AR aElEs, el e e
fiows through H1 and produces ¢ neqative-going voltage
which is applied through feedback network C4 and BS ta the
base of {2 through preakdown diode CR6. Thus (2 is driven
further in a reverse-blased direction, and a larger turn-on
voltage is fed buck aguin to the base of {7} by the increas-
ing collector current flow through R]. The regenerative
feedback continues smoothly and rapidly until 1 is fully
conauetng while Y 18 rumed-att, Lhe
its second stabie state (interval 1, 1o t,) until triggered off
again gt tir"e . When 9! conducts, dicdes CR3 and CR1
are activa sinilariy to dlode° "RZ and CR4 ix the dis-

SIMTT NOW rests in

o~ em ]

tinug to conduct, while a negative cuiput puxbe i8 produced
at terminal A. With Q2 held at cutoff by feedback from Q1,
a positive square-wave output pulse is obtained at terminal
B us the collector valtage of Q2 rises toward the full supply
value. In this instance, the emitter bias developed across
RE by conduction of Q1 keeps Q2 emitter reverse-biased,
while breakdown diode CRS maintains o constant difference
in potential between the base and collector of Q1. Thus,
while additional current may be drewn through Q1 if the base
current drive increases, the collector voituge remains steady

toite minimiorn Alrmaed snbarneisl O TE L d 0 ~1 =
af e minimum cigmped pelonticl. i adoilional cumrant is

required, it is supplied through the shunt diode circuit from
the cut-off side of the circuit via B2, and B5. Since any
addiilonal base current suppliea at this time would cause
only a small increase of collector current this shunting
action will not appreciabiy reduce the cutput vaitage devel-
oped across B2, But, what is more important, i3 that od-

ditional collector current throush R1 cannet oocur and drop

QUG Lannll OUCUl QLG CICD

the collector of 1 to zero and cause satration. At time
t,. the next negative trigger is applied through C1, and CR3,
and G5, to the pase of Jl, reducing the tlow of collector
cutrent because of the reverse hias it applies. Subsequent-
iy, the previously discussed cycle of feedback through C4
und Hb occurs, arvang the base of U2 1into conduction, ana
produces additional feedback through C2 and RS to drive
the base of 3} 1n the of{-d]rectxon. Thus time t, corre-

to the init el i e s P
¢ Hatvi ;“\jijA Gl %, WhiCh was pIc uuuuq COon

e i P R Ty PR g
sidored “.cifcum_, mnsevwssiainegy saanned a0

i ievelse-Didsus Uie GBI disdes ar

lrlggermg pOlI‘* in me circuit. Alter the mlse ceab

Lhe trmlmg edge of a neqauve trigger is also eliminated m

this fashion providing a fast recovery time. Diodes CR7 and

resistor B10, shown in dotted Lines in the schematic, are

trigger shaping devices to allow speedy triggering, they are
]

ot nece-‘:(‘[u n pcrf r“ the muinyvibrat

u o e ievay o1
i

1ot e angasnidis e pnd
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cannot occur. Diode CR7 acts as a gate for negative trig-
gers and shunts them arcund R10 to avoid any attenuation,
while forcing any positive excursions to travel through R10.
Feedback capacitors C2 and C4 functicn only to pass the
high frequency component of the switching transients from
collector to base without attenuation. Thus the switching
action is speeded up, and the output waveform has steep
leading and trailing edges rathet than sloping sides pro-
duced by slow switching action.

Although clamping and steering dicdes provide improv-
ed operation, it is possible 1o design nonsaturating multi-
vibrators using the standard saturated multivibrator circuit
with different values of component parts. In this case, parts
values are chesen so that saturation does not occur. it is
also of interest to note that, while the saturated circuits
use heavy currents at very low voltages the dissipation is
less than that involved in the nonsaturating circuit, which
uses near-saturation currents at higher voltages with
a consequent increase in gverage collector dissipation.
Therefore, the nonsaturating circuit usually requires tran-
sistors with higher ratings.

FAILURE ANALYSIS,

General. When moking voitage checks, use a vacuum-
tube voltmeter to avoid the low values of shunting resist-
ance employed on the low voltage ranges. Be careful alsc
to observe the proper polarity when checking contiruity with
ar ohmmeter, since a forward bias through any of the tran-
sistor junction will cause a false low-resistance reading.

Partial or No Qutput. It is necessary that the proper
polarity and amplitude trigger be applied before the circuit
will switch from one state to another. However, it will rest
in one stable state and produce a single output if unable to
respond to a trigger, or if disabled. Use an oscillescope to
determine that the proper trigger is opplied, and then check
the element voitages to determine if the circuit is otherwise
normal, Check the supply voltage first to make certain the
fault is not in a blown fuse or defective power supply. With
the ncrmal voltages present and a proper trigger at the input,
if switching will not occur check steering diodes CR3 and
CR4 to see if they pass the pulse. If not, replace the
delective dicde with o known good one. Should emmitter
resistor RB which is common to both Q] and Q2 open, neither
will function but a dual positive output will be cbtained
from terminals A and B since they will rise to the full value
of the supply voltage. Failure of breakdown diodes CRS
and CR6 will allow saturation to occur, but will net prevent
obtaining an cutput. When the collector voltage is found to
be lower than the base voltage the associated breakdown
diode is inoperative and should be replaced with ane known
to be good.

Low Outpur. Low collector voltage, improper bias,
failure of the breckdown diodes, or the transistors them-
selves can cause a low output. If emitter bypass capaciter
C5 is open, degeneration w:ll cause a reduction of output.
Use an in-circuit capacitance checker for this test. A
change in the associated collector load resistors, Rl or R2,
will also effect the output amplitude. Use an oscilloscope
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to observe the output wavelorm cnd determine where the
reduced amplitude exists, Then check for the proper bias
and collector voltage in that portion of the circuit. If normal
voltage is present and the collector resistor is within
tolerance, but low output amplitude still exists it must be
caused by reduced collecter curtent. Replace the doubtiul
transistors with known good ones.

Incorrect Frequency or Gate Width. Since the multi-
vikrater has no parts which govern the frequency or width
of the output signal, these are both governed by the input
triggers applied to the circuit. Hence, any change in these
parameters must be the direct result of improper cperation
of the turn-on or turn-on or turn-oif trigger generating cir-
cuits.

RELAY CONTROL MULTIVIBRATOR.

APPLICATION.

The relay control multivibrator is used in computers and
electronic switching circuits to control a relay or similar
electromechanical device where the ratio of the on-off cur-
rents is 10 ot more.

CHARACTERISTICS.

Usually uses fixed bias,

Requires a turn-on and a turn-off trigger to change state.

Hus two stable states (bistable),

Operates at a frequency of one half the trigger pulse
frequency.

Is a saturating type of multivibrator.

Uses steering diodes for stability.

Inductive kickback from the relay coil is prevented by a
diode clipper.

Operating speed is Limited by the relay cperating speed.

CIRCUIT ANALYSIS.

General. In the relay control multivibrator, one tran-
sistor is used to operate the relay, with a pull-in to drop-cut
current ratio of approximately 15 to 1. A rectangular output
is simultanecusly obtained from the other transistor; a
positive output is ubtained with the relay closed, and a
negative output with the relay open. Steering dicdes are
provided to prevent false triggering and a protective diode
is placed across the relay cperating coil to prevent induc-
tive operating transients from affecting the transistor to which
the relay is connected.

Circuit Operation. The schematic of a typical relay
contrel multivibrator is shown in the following illustration,

8-B-18




bu-—’

]
]

~
<

g

ELECTRONIC CIRCUITS

NAYSHIPS

+¥eel Ve

R2
Cl ce

! ST

SET RESET
INPUT iNPUT
(RELAY OFF} {RELAY ONJ

NFN Relay Contrel Multivibrator

As can be seen from the schematic, relay K| 1s operated by
transistor J1, while Q2 provides a rectangular output voli-
age. The negative input trigger is applied through attenuat-

ing resistors 89 or R10 and capacitors C3 or C4 to tarn off
the conducting transistor, Resistor 34 is the collector re-

sistor for 02, while the relav coil of K1 functions similarly

for Q1. The feedback network for Q1 consists of C2 and R3,

while 02 is held in conduction by a voltoge divider arrange-
ment of Bl and R2 together with bigs resistor R7. Dicde

oL CL

i
¥
¥
b
3
9]

TR2 prevents the collector volinge swing of Q1 acrese relay
coil K1 from supplying the feedback to operate J2, Hesiz=-
tors R6 and R7 are the base bigs resistors. Note that fxed
bias is supplied from a separate base bias source, and that
two different collector supplies are used, with that of ()1
(Vec,) being the lowest.

Nomally, transisior Q2 is the condu
while Ji is cut off. lnitially, both tronsistors will conduct,
but with bios voltage divider R1, B2, and R7 connected
hetween the high pasitive voltage of Vee, and neqative hase
bias supply Vbb, a positive (forward) bias exists on J2
base. Therefcre, Q7 conducts heaviiy and develops o nega-
tive-going veltege across collector resister R4, which s

fod bazk tl«‘-r\n.«h O ard B2 tn thn hooa of ﬂ\ Arivrimey it

[PPSO B o 1 (IR

1§ s ston
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into cutoff. As the voltage across K] coil rises to the sup-
ply value of Vec,, diode CR? is reverse biased and prevents
any feedback from the collector of Ql to the base of 2.
The negative feedback voltage on 1 base holds NPN
transistor Q1 in a non-conducting condmon with enly a small
reverse=collector current flow through K1 relay coil, At
this time, any voltage drop across K1 places a positive
bias on protective diode CRI to keep it reverse-biased and
nonconducting, As long as the cathode of diode CR2 re-
mains at the positive level of Vee,, and as long as the volt-
age drop across R keeps the anode lower than the cathode
voltage, CR2 also remains in o noncenducting condition.

When a neqnnwe trigaer is aoplied 1o the reset input
terminal through KLU and U4, the base of {z 1s momentarily
driven negative by the conduction of sieering diode CR4,
and causes {2 to stop conducting, Thus, as the forward
bigs on 2 is reduced by the input trigger, the collector
current voltage drop across R4 reduces (becomes positive-
going).

The feedback of the positiveswinging collector voltage
through C2 and R3 to the base of Q1 produces a {orward
bigs which causes Q1 collector current to incregse. The
flow of Q1 collector current through the relay coil of K1

of a polarity which keeps CR] reverse-biased. CTR2 also
remains reverse biased, until the collector potential of Q1
drops below the anode potenticl applied through Rl and R2.
As (2 collectar current decreases and Q1 collector current
increases the base of Q1 is further driven towards satura-
tion by the feedback from 4. Eventuaily, reiay K1 pulls
in, and transistor Q1 is in saturation, while transister Q2 is
cut off. At this time g positive veltage is developed at the
cutput terminal of Q2 as the collector volage of G2 rises to
the supply vaiue of Vee,. At saturation the collector volt-
age of (31 is less than the base voltage {only a few tenths
of o volt) and CR? is forward-bigsed. Electron current flow
from ground through (1 and CRZ w0 Bl, and voitage supply
Ve, produces a neyative reverse bias voltage which is fed
back through B2 to Q2 base to hold Q2 in ¢ noncenducting
state. This is the second stable state, with Q1 on and

32 off,

When a negative trigger is applied through B9 and C3
from the set<input of (1, steering diode CR3 temporarily
conducts and produces a momentary reverse bias
!'\o hc.se of 01, causing 21 callector current to redure.,
L'ectcr current atlews the voltage on the
10 rise 1n a positive difecllon 10WArds sup-
pl) vcmge ~,fcc1 ang eventually reverse-nigses the diode.
The positive voltage fed back to the base of G2 through Ri
spd B2 now causes 7 10 again conduct, Thus Jy quickiy
reaches the initial stable conducting state with Q1 cut off by
the negative teedback through L2 and R3. When the col-
iector curfent flowing through relay coil of K} is reduced o
zerc, the inductive field about the coll collapses and causes
"R} to momentarily conduct when a negative trasient appears
on the cathode. The negotive inductive kick is thereby effec-
tively clipped off, protecting (1 from the inductive surge
voltage.,

Steering dicdes CH3 and URA wiil not allow 4 positive

igyel pu..:e WL Ul Ul Uie o Ui Uil \,, e .,J(,, Ml
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false triggering is prevented. Resistors R9 and R10 are not
always required, in fact, they are reclly not a part of the
multivibrator. They are used to piovide a high impedance
input instead of the approximcte 300 ohm impedance offered
by the coupling capacitors alone. These resistors also
prolong the discharge time of the tigger, ensuring that the
switching action aeccurs before the wigger is removed. With
the steering diode cathodes connected back to their asse-
ciated ccllector through RS and R8, the conducting tran-
sistor mainteins the diode in an almost forward biased con-
dition {in saturation the collector is almost the same value
as the base voltage ~ within tenths of g volt), Thus the
large trigger pulse instantly turns the diode on and triggers
the conducting transister off. If a negative trigger pulse
was qccidentally applied to the nonconducting fransister,
the large collector to base reverse bias would prevent the
diode from being forwerd biesed, and the trigger would be
ineffective.

Since the output voltage is in-phase with the closing of
the relay it may be used to signal the position of the relay
or to trigger an associated circuit. The prime purpose of
this multivibrator circuit, however, is to control the relay.
Since the relay is ¢ mechanical device, it operites ot slow-
er speeds than the electronic circuit; thus the relay operat-
ing speed determines the maximum switching speed.

FAILURE AMALYSIS.

General. When making voltage checks, use a vacuum-
tube voltmeter to avoid the low values of shunting resist-
ance employed on the low voltage ranges. Be careful to
abserve proper polarity when checking continuity with an
chmmeter, since ¢ forward bigs through any of the transistor
junctions will cause o false low-resistance reading.

No Output or Partial Output. Total loss of output could
only result from lack of supply voltage, since on output will
be produced even if both trunsistors are inoperative. Al-
though the relay will not operate if Q1 is defective or has
a defective circuit part, a positive voltage equal to the
Vee, supply will still be obtained from G2, if inoperative,
or a negative output if opercble. Use an oscilloscope to
determine that the proper input trigger exists and passes
through the correct steering diode (an open diode can pre-
vent triggering}. Then measure the supply voltage and
check the collector voltage on both transistors. With the
correct collector bias supply voltage and base bias voltage
present, the collector of the conducting transistor should
measure very low {(a few tenths of a volt), while the cut off
transistor will have a high collector voltage almost the
same as that of the supply voitage. If both collectar volt-
ages are low, either relay coil K1 or collector resistor R4
is open, or the transistor (s} are shotted, Check the 18-
sistance of R4 and K] coil, if the resistances are satis-
factory, replace the transistor (s).

Where an cutput is obtained but no switching oceurs,
in addition to defective steering diodes, either B3, R10,
C3 or C4 can be open, Hence the necessity to use the os-
cilloscope to determine if the input trigger appears at the
transistor base terminal. The circuit will operate without
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feedback capacitors C1 and C2 but will be somewhat slowed
down, and will most probably couse sloping leading and
trailing edges on the output waveform at high switching
speeds.

Erratic Operation. Since the circuit is controlled by an
external trigger it is important to observe the trigger with an
oscilloscope 1o be certain that the trigger itself is not er-
ratic, If the trigger appears ncrmal in shape and amplitude,
check operation of the steering diodes and the resistance
of R5and R8. If the resistance of RS or B8 increases with
age, of they become open, the biasing of the steering diodes
and the discharge time of B9, C3 or R10, C4 will be changed.
Such condition might also be caused by defective transistors.
Check the resistors with an ohmmeter, and the diodes and
rransistors with an in-circuit checker, if possible. Otherwise,
substitute known good diodes or transistors to determine
which are defective.

Incorrect Frequency or Gate Width, Since the multi-
vibrator hos no ports which govern the frequency or width
of the output signal, these are both govemed by the input
triggers applied to the circuit. Hence, any change in these
parameters must be the direct result of improper operation
of the tum-cn or tum-cif trigger generating circuits.

Low Qutput. Low collector voltage, improper bias, or
defective transistors can cause a low output voltage. A
change in collector resistor R4 will also affect the sutput
cmplitude. Use en oscilloscope to check the output wave-
torm and determine where the reduced amplitude exists.
Then check for the proper bias and collector voltages in
that portion of the circuit, If normal voltages are present
and the collector resistor is within tolerance, but low out-
put amplitude still exists, it can only be because of reduced
collector current. Replace the doubtful transistor with one
known to be good.

i &

MONOSTABLE MULTIVIBRATORS.

The monostable multivibrator, as contrasted with the
bistable type of multivibrator, has only one fixed or stable
siate. The other state is an operationgl state determined by
an RC time-constant network. Initially, the monostable cir-
cuit is triggered into action. Once triggered, the change of
state occurs and the formerly conducting transistor is cut
off, while the other transistor conducts. This action con-
tinues until the RC network is discharged sufficiently to
trigger the nonconducting tube on aguin and restere the ini-
tial stote of operation which existed before the trigger was
applied. The monostable circuit con usually be easily rec-
ognized by the base biasing connection ¢f the normally-
conducting transistor, It usually consists of a voltage divid-
er connected to the negative supply {for PNP transistors)
which holds the tronsistor forward biesed until cut off by the
action of the trigger pulse, whereas the other type of multi-
vibrctors have symnietrice] feedback networks. Because of
the single stable state of operaticn, this circuit is also
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known in other publications as g one-shat, single-swing, cr
single-shat multivibrator, It is sometimes also called a
flip-flip circuit, because once the trigger initiates the ini-
end of the BC discharge time. Because of the time-constant
switching action the cizcuitl needs unly une UIggEr PeT out-
put wavelorm, and opefates at the same irequency as the In-
put trigger, instead of half the trigger frequency gs in other
multivibrators.

The basic monostable multivibrator is discussed in fol-
lowing paragraphs. Somewhat more stable circuits can be
produced by using steering diodes and clamping dicdes to
ensure positive iriggering. However, these circuits all
operate suuilatly to the basic one-ghot multivibrator except
that the diodes prevent false triggering by positive noise
pulses.

BASIC ONE-SHOT MULTIVIBRATOR.

APPLICATION.

The basic one-shet multivibrator is used to provide a
delay function for compatible logic circuijts, of is used as a
gate in computers, electronic control of communication
equipment,

CHARACTERISTICS.

Usually uses fixed bias.

Hequires an on-trigger, hul will gutomatizally wm i-
self off.

Operates at the same repetition frequency as that of the
trigger.

Has one stable state {monostable).

Is a saturating type of multivibrator,

CIRCUIT ANALYSIS,

General. The basic one-shot multivibrator is g triggered
circuit, which requires a trigger pulse to initiate action.
Once the trigger pulse 1nitigtes the action, the circuit uses
its own power to complete the operation. Either the stable
state of cutoff or saturation is used. Normally, one transis-
tor is operated saturated while the other 1s at cutoff, When
the circuit is triggered by an external pulse, the operating
point is moved from the initial stable region to the ather
stable {operating} region. Meanwhile, the ume constant of
the circuit elements holds the opetating point in the new

Tha

stabite {opetating; region for g shurt penad of time,

operating point then moves back 1o the original stable region.

sl bages

Cireuit Operation, The schemalic of o iypacal basic
monostable (one-shot) multivibrator 1s shown i the gc-
companying tustrution.
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Basic PNP One-Shot Meltivibrator

Fixed forward bias is applied to the base of Q2 by resistor
K2, whiie the voitege divider consistung ol R4, R3, and B
form a fixed bias divider between the base bigs supply and
the ~cllector supply and ground. Thus Q1 is biased slightly
positive, and is cut off by this reverse-blas, HResistor R4
also is the collector resistor for Q2, and Rl serves a simi-
lar {unction for JI. Resistor R3 serves as the collector-to-
base feedback resistor for Q1, while C1 is the feedback ca-
pacitor for (2. Both emitlers are grounded and o cross-con-
nected, agrounded-emitter circuit iz used. The input is ap-
plied through coupling capacitor Cec, while the output is
taken directly from the collector of Q2. i desired, the out-
put load could also be capacitively coupled,

In the quiescent conditien, transistor (2 conducts heav-
1ly while transistor Q1 is cul off. This ection cccurs -
tially because of the large neqotive forwerd bias placed on
the base of Q2 by resistor R2, which is connected back to
the pegative suppiy. Tnus on applicaticn of power Q2
quickly sqturates, and gevelops a pusilive-swinging cuipat
across R4, which 1s ted back to the base of ) through re-
sistor R3, holding the transistor at cut off. During the on-
period of (J2, teedback capacitor U} 1s churged positvely,
through K] and the low base-emitter saturation resistance ot
2. The low saturanusn resistance of (2 base-emitier
junction gcts as a switch, connecting Bl and C1 in series
with the negative supply source and ground.

When the neqative trigger is applied to Q1 base through
coupling capacitor Cee (time t, in the following woveform
illustration), tansistor Q1 is instantly driven into conduc-
Lion by this forward bics. The flow of (1 collector current
through R teduces the effecuve coliector vaitage and pro-
duLes u posilive-swinging veltage across B4, which ie ane

plied thicugh feedback capecitor £ as o positive reverse-
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bias to cut off Q2. As the collector current of Q2 reduces,
the voltage across collector resistor R4 rises toward that

of the negative collector supply, and an increasing forward-
bias is fed back to the base of Q1 through feedback resistor
R3. Thus Q2 is cut off and Q1 is turned on. Operation is
now reversed and the output from Q2 is a negative voitage.
Since C1 is pesitively charged, when disconnected from
ground by (32 being driven into cut off, the capacitor holds
the base of Q2 highly positive (reverse-bigsed) while it dis-
charges., The dischatge path is through the low collector-to-
emitter saturation resistance of 1, and ground on one side,
and thzough R2 to the negative supply on the other side.
The discharge is shown by the typical RC discharge curve
on the trailing edge of the Vb, waveform (time t, to t,) in the
waveform illustration. Q2 remains nonconducting until the
base voltage drops to zero and the base of Q2 goes slightly
negative at time t,. Q2 immediately starts to conduct, and
the flow of collector current through R4 produces a positive-
swinging voltage, which is applied through feedback resis-
tor R3 to drive Q1 in a reverse-biased direction and stop con-
duction through Q1. This regenerative feedback action ac-
curs quickly, and the output of (2 is now a positive square
wave voltage. The quiescent state of operation continues
until the next trigger (time t,), whereupon the switching
action described above is again repeated,
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FAILURE ANALYSIS.

Generel. When making voltage checks, use a vacuum-
tube voltmeter to avoid the low values of shunting resist-
ance employed on the low veltage ranges. Be careful to ob-
serve proper polarity when checking continuity with an ohm-
meter, since a forward bias through any of the transistor
junctions will cause a folse low—resistance reading,

Ne Output. Lack of supply veltage, an open collector
resistor, R4, ot o defective wansistor con cause a no-output
indication. Measure the supply and cellector voltages with
a high resistonce voltmeter, if the supply voltage is normal
but the collector voltage is low or zero, either R4 is open
or Q2 is shorted, Checking the resistance of R4 with an
ohmmeter will determire if Q2 needs replacement. When re-
placing transistors use known good ones.

Continuous Output, If bias resistor R2 increases with
age or opens, the base of Q2 will tend to fleat in a zero-
biased conditicn. The collector of Q2 will rise to the sup-
ply value, and a continucus cutput with no switching action
will occur. The same indication will elso occur i R3 is
apen, since Q1 will be biosed beyond cut off and the trigger
will not be large enough to initiate action. At the very best,
an attempt to switch may be noticed, with the circuit revert-
ing back to the cut off condition when the trigger ceases.
Such action is best chserved with an oscilloscope. Should
R5 cpen, a negative (forward-bias) will be placed or Q1, and
both Q1 and Q2 will conduct with a continuous positive out-
put from Q2. On the other hand if Q1 is stopped from con-
ducting by a short across BS, Q2 will continue to operate
clone, also producing a continucus positive cutput. Because
of the few resistors in the circuit a quick check with an ohm-
meter will determine if they are satisfactory. Shouid C] be
open circuited, no feedback can be applied from the col-
lector of Q] to the base of Q2 and switching will rot occur,
again Q2 will rest in ¢ conducting position with a pesitive
output near zero, if C] becomes short circuited, R1 and R2
will be paralleled and o higher forward bias will be applied
Q2 base, holding it in conduction and preventing operation.
Use an in-circuit copacitonce checker to check the capac-
ity of C1. If the resistors ate satisfaciory, together with
C1, then (1 must be defective if o continuous output still
occurs,

Low Output. Low collector voltage, improper bias, or
defective transistors can cause a low output voltage. A
change in collector tesistor R4 will clso affect the output
amplitude. Use an oscilloscope to check the output wave-
farm and determine where the reduced omplitude exists, Then
check for the proper bias and collector voltages in that
pottion of the circuit. If normal voltages are present and
the coliector resistor is within tolerance, but a low output
amplitude still exists, it can only be because of reduced
collector current. Beplace the doubtful transistor with one
knawn to be good.,

incorrect Frequency. Since the multivibrator has no
patts which govern the frequency of operation, it is governed
by the applied input trigger. Hence any change in frequency
must be the result of improper operation of the turn-on trig-
ger generating circuits,
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Incorrect Pulse Width. While the frequency is govemned
by the input trigger, the length of time the circuit operates
befare flipping back to the initia)] stable conditicn is de-
termined by the circuit Ume-constant govemed by the charge
and discharge of C1 through R2, and also R1. Thus if the

ges, or if the

sulutaiion resistunce of Tunsisior (2 changes uppieciably,
a different pulse width may be expected, Chservotion of
the output pulse on an oscilloscope will show any change in
width. Measure the value of C1 with an in<circuit capac-
itance checker, and check the resistance of R] and R2. If
these parts appear satisfactory replace 2 with a known
good transistor. Any delays in switching are the result of
mInority carrier mjecuaon into the base at saturation, which
requires a finite discharge time until the circuit can be trig-
gered. Should a noticeable delay in switching occur after
the circuit has been operating properly, first check all parts
values, if satisfactory, replace the transistor {s) with good
cnes {usually G2 will be at fault).
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