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ABSTRACT

A MONOSTABLE MULTIVIBRATOR WITH THE
TIMING PERIOD INDEPENDENT OF SUPPLY VOLTAGE

by
Gordén K. Shipp

A This thesis presents an analysis of a vacuum-tube triode
and a transistor monostable multivibrater. It is shown that the
timing period of the monostable multivibrater is independent of the
power supply voltage, thereby making it ideally suited wherever
well-regulated supplies are not available.

Circuit models are developed that will approximate the
behavior of the vacuum-tube triode and transistor. By the proper
use of these linear circuit models; a nonlinear problem is solved
by the method of linear circuit ana1y81s. :

The descrlption of the operation of the multivibrators is
presented concurrently with the analysis of the circuits. The
design criteria, voltage waveforms, and performance characteristics
evolve from this analysis, Mathematically, the timing period of
these multivibrators is proven to be 1ndependent of the value of
the supply voltage.

An experimental circuit is designed, constructed, and
tested for both the vacuum-tube and transistor multivibrators.
The measured results show excellent correlation with the values
calculated from the mathematical formulas. For the vacuum-tube
circuit, a change of 50% in the supply veltage caused only a
2.3% change in the timing peried. Correspendingly, only a 0.51%
variation was noted in the timing period of the transister
monostable multivibrater.
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CHAPTER 1

INTRODUCTION

1,1 BACKGROUND

The multivibrator is: a versatile type of circuit that finds
4 widespread application in pulse and digital circuiﬁs; In its most
common forim, the multivibrator incorporates two stages of ampiificatiOn
- with feedback from the output of one stage to the input of the othér’
stage. Ahy disturbance or signal atAan input will be amplified
through»the two stages, which are éffectively in cascade, an& then
will ﬁeappear at the original input with such a polarity as to aid the -
initial disturbance. This action constitutes the regenérative properfy _
of the circuitg.the property that can be shown to cause the circuit to
drive itself into one or the other of its two states of operationg i;eog
stable or gquasi-stable. " The circuit action is stable if it_feméins
permanentlf in the same operating condition until acted upon by an
external trigger pulse. In contrast, the circuit action is ‘quasi-
stable if it remains only temporarily in a particular mode of operation,
At the end of the auésiastable state, the circuit will autamatically |
regenerate to its other state of operation;,ﬁhiéh may be either stable
or quasi-stable.

The existence of these two states allows the multivibrator to

\

be divided into three principal subnclasses§ the bistable, astable,
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and menoestable. The blstable maltivibrator can remain 1ndef1n1te1y
in either of its stable states when free of external influences. In
confrast, the astable multivibrater has twe quasimstdble states and
oscillates between the two states with a temporary peried of time ex-
pended in each statef The monostable multivibrator is a cembinatioﬁ
of these two circuits, having one stable and one éuasi»stable state.
The monestable multivibrator will remain ﬁefmanently in its stable
state until placed in the’quasi=5tab1e state by the application of a
trigggr pulse. After a predetermined lengtﬁ of time,‘the circuit |
will automatically'regenerate back to its sfable mode of operation.
The circuit will then provide an output pulée.of a particular width
for each trigger input. The width of this output pulse is essentlally
1ndependent of the trigger signal and is determlned in most case59
by an RC time constant. The monestable mu1t1v1brator will be the

subject under discussion in this thesis.

1.2 STATEMENT OF THE PROBLEM

In puise and digital cifcuits9 there exists a definite hged;
for pulses of a particular width. A feﬁ of these circuits are trén5¢»
miésion gates, time delaysslvoltage comparators, éoincidence compafﬁtors,
and sawtooth generators. It is extremely important that the wiéth of
the pulse, which is provided by the monostable multivibrator, does not

change with repeated cycling. It can be shown, however, that the
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plate—céupled and cathode~coupled monosfabié multiviﬁrators are very
sensitive to changes in the supply voltage.* In fact, it is not un-
common for a 10% change in the suﬁply voltage to cause a 5 to 10%

change in the pulse width.l

This is net a serious problem where
well-regulated power supplies are available. However s there are
many instances where it is not feasible to have a well-regulated
supply due to its excessive bulk and cest. In many cases, the supply
voltage will be providéd by a source of power which has an output
voltage that is éenstantly changing as time progresses. For religble
operation, the circuit behavior mﬁst be insensitive to this change

in supply voltage.

It will be the aim of this thesis toe analyze and test a
monostable multivibrator that exhibits‘eicellent independence .of
changes in the suﬁply voltage. In centrasf to the pepular platé~’
coupled monostable multivibrater, this circuit alseArequires only a
single power supply° It is true that the cathode-coupled multivibrator
?equires only a single power supply, but this circuit has the disadvan-
tage that it is very sensitive to changes that may occur in thé sﬁpply

voltage.

#This argument also applies to the transistor monostable
multivibrators.

1y. Millman and H. Taub, Pulse and Digital Circuits,
McCGraw-Hill Book Company, Inc., New York, 1956, pg 194




1.3 SCOPE

Since the circuits to be analyzed @perétevin a nonlinear
' fashlen, the circuit models that will be used to approximate the be-
havier of the vacuum-tube triede and transistor will be developed in
Chapter 2. By the proper use of these circuit models, this nonlinear
problem will be solved by the methods of linear circuit analysis.
Since the circuits will be designed;around ten per cent cemponents,
it is not necessary to insist Oﬁ a precisioen analysis. The circuit -
can, of course; be adjusted to better than one per cent performance
“since the first order analysis reveals the elements that govern the:
cifcuit behavior,

The vacuum-tube monestable multivibrater will be analyzed in‘
Chapter 3 with the analysis of.its transistor counterpart to fellewi
'in Chapter 4. The design criteria, voltage waveferms, ahd performance
characteristics of théfcircuits will evolve from this analysis., |

In order to substantiate the validity of the theoretical
analysis, experimental circuits are &esigned, constructed, and tested
for both the vacuum-tube and transistor circuits. The circuits are -
tested to demonstrate the indépendence of the pulse width to changeé,
viﬁ the supply voltage. The comparison between the calculated and
measured values will be given in Chapter 5. A suﬁmary of the{results

and recommendations for further study will be given in Chapter 6.



CHAPTER 2
VACUUM~TUBE TRIODE AND TRANSISTOR CIRCUIT MODELS
2,1 INTRODUCTION

The circuit models that‘will be used to represent the vacuum—
tube triode and transiétor must be developed in the béginning in order
to simplify the operating principles and to avoid unnecessary dupli- -
cations. Since an exact analysis of the ¢ircuits tolbe‘considered’ 
is not possible, these models will be used to épproximate the propertieé
ofjthe nonlinear device. By the proper use of these linear circuit
‘models, a nonlinear problem can be solved by the methods of 1inear'
circuit analysis. Even though these models will not be exact, it
will be shown 1atef in the experimental results that the approximations
are sufficiently accurate for engineering puf’poses°

For these devices, it is possible to define three distinqt‘ ;
regions of operation. These regions will be referred to as Regions
I, II, and IIT and are briefly defined as follows:

1. Region I is that region of operation where the device

is’ said to be cut offy that is, no current is allowed
to flow in the output circuit.

2, Region I is normélly referred to aé the active or

linear region of operation and is where the device is
usually utilized for linear amplification.



3. Region ITI is characterized by the action known as
c¢lamping. Clamping is a property where the output -
current is net influenced by the input circuit. '

These three regions of operation will be considered separately), ahd

the circuit models will be developed for éach régioﬁo'

2,2 VACUUM»TUBE TRIODE CIRCUIT MODELS

The 01rcu1t to be considered is shown in Fig. 2.1 where the_v
- appropriate current and voltages have been deflnedp By the overlay-
of a 1oad 1line on the plate characterlstlc curves of the trlode, it
is possible to perform a graphical analysis of the circuit. THe load

line, as determined from the circuit, can be expressed by the equatioh
Ebm Epp -Ip. R : ’. 2.1

The plate charactehistic.Qupves;repreéent a graphical plot of;théy_
relationship that eiisﬁs;éﬁ§gg ﬁﬁe piéte current, plate voltaggQ.ghd
the grid voltage. An example of the solution for the plate current
and voltage is shown in Fig. 2.2 using the assumed values of 200
volts for Ebbs 25 kilohms for Ry, aﬁd5é4 volts for ege By the proper
selection of eg9 “the tube can,be made to operate in any one of the:

three regions showu in Flg° 2.2,

'2,2,1 REGION I OPERATION
When the grid voltage eg becomes sufficiently negative to
cause plate current to cease, the tube enters the cut off regiéha

Since no current flows through Ry, the voltage at the plate of the



FIGURE 2.1

CIRCUIT UTILIZED FOR DEVELOPMENT OF THE VACUUM-TUBE TRIODE MODELS
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FIGURE 2.2

TYPICAL PLATE CHARACTERISTIC CURVES OF A VACUUM-TUBE TRIODE



tube becomes equal to Eppe The operation in Region I, therefore,
yields a very simple model as the action of the tube is approximated

by an open circuit as shown in Fig. 2.5 (a).

2.2,2 REGION II lOPERATION

Since there is no ac signal input'to the éircuii of Fig. 2.1,
the opération of the tube in Region II is held to a single point which
is located on the load line. The tube parametérs- M and ry are
indicative of the spacing and slope, resﬁectively, of the characteristic
curves. Since the operating point is fixed, once the value for.eg is

known, the tube parameters are considered to be constants and can be

calculated at the point of interest. These values are given bys

DL
L Eg /0 Iy = Constant C 2.2
P AT, / g, = Constant 2.3

The assumptien that the curves are linear, with the abow}e Spacing and
slope, will introduce no error in the calculation of I aﬁd Ep if the
point of operation is not chéngedo Extrapolation of the eg curves
around the operating point ﬁill yield the idealized curves:shoﬁn in
Fig. 2.3, where the voltage.E0 is an intercept adjuster that compen~
sates for the shift in the ey = Q curve.

The voltage at the iﬁteréept of an ey curve is given bys

E= EO ‘='M.eg . ’ 294
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FIGURE 2.3

IDEALIZED CHARACTERISTIC CURVES FOR OPERATION IN REGION II
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SWITCH IS SHOWN IN POSITION FOR OPERATION IN REGION II

FIGURE 2.4

EQUIVALENT CIRCUIT FOR OPERATION IN REGION II AND III
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This voltage is not the total voltage across the tube, but has in
. addition the voltage specified as Ep° The voltage‘Ep is due to the

finite slope of the eg curve and has a value represented by:
2,5

The voltage across the tube can be defined as the sum ef:theée two

equations and has a value of
Eh=Ey - M Ect Iy Tp 2.6

For this study, the voltage E, will be omitted from this equation
since it is assumed to be ﬁegligible when compared with the magnitude
vqf the other voltéges,. o o |

On the Basis of the,aBové assumptiong, a siﬁplified expression

for the cut—éff voltage, Eéos will evolve from the solution of E_ 2.4,

q

The value of this cut_off'voltage is given by
Ebb |
Ec0="_ "”7&7“"‘“““ Zo7

Replacing.the.tubéZWithJifs eqﬁiﬁalenf voltage yields:tﬁe‘
circuit of Fig. 2.4. The sﬁitéﬁ;is shown in the proper position for
‘operation in RegioﬁriIo When egireacﬁes a value of zero, the swiéch
will reverse its position. The circuit model that replaces the'tube

during Region II»operation is depicted in Fig. 2.5 (b).

2.2.3 REGION III OPERATION
In Region IIT the tube is in saturation due to the grid-circuit

clamping, thereby drawing its maximum plate current. In order to have
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VACUUM-TUBE TRIODE CIRCUIT MODELS
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a better understanding of the action known as clamping, let us refer‘
to Fig. 2949_xWhenever eg becomes zero or positive, the switch raVefses;ff"'f;

position and places ry in the input circuit of the tube. The gfid

voltage ey is then equal to
e = 8 B  x o0 | ‘ 2.8 .
g R+ rg .
where rg is the effective grid-to-cathode resistor for ey 2 0.

For this study, the value of R is selected to be much larger than.rg,
théreby causing e to be essentially "clamped® to zero.

Since eg has a value of approximately zero, the circuit model
for Region III operétion is shown in Fig, 2.5 (¢). It should be
remembered that the value for rﬁ ié ealculateq at the operating point
of the tube which, in this c"zase_9 is at the intersection of the load

line and the eg= 0 curve,

2,3 TRANSISTOR CIRCUIT MODELS -

Theicircuit models for the transistor will now be deveioped
from thé circuit shown in Fig. 2.6, A p-n-p junction transistor will
be chosen for this discussion since this type is also employed>in the -
experimental work. The useAQf an n-p-n type would yield similar
results. The voltage and current definitions are as shown in fig;7
2,6, By the overlay.of a load line on the collector charactefiStie
curves of thé tranéistor, it is possiﬁie:to perforﬁ a graphical ‘
analysis of the éiréuito The load 1ine9 as determined from the cir-
cuit, is defined by the equation.

Ec= Eec - Ic RL- ' 2.9
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FIGURE 2,6

CIRCUIT UTILIZED FOR DEVELOPMENT OF THE TRANSISTOR MODELS
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The collector charaetefistic curves.repreSent.a graphical plot of the’
relationship that exists among the coilectorwcurrent, colléctor vélﬁége,-g-’
and base current. An example of the solution for the collector current |
and voltage is shown in Fig, 2.7 (a) using the éssuﬁed values of -10
volts for Egg, 5 kilohms for Ry, and 20pa for Ig.

The curves shown in Fig. 2.7 (b) give the relationship that
exists among the base current, base voltage, and collector voltage.
These curves define the input circuit of the transistor and correspond .-
"to the grid eﬁaracteristics of the triode when grid voltage is_ posit‘ive:'
and grid current.fle%rs° By the proper selection of I, the transisief '
can be made to oper#te in any one of the three regions shown in Fig,

~

2.7 (a).

2.3.1 REGION I OPERATION

When the base currént is reduced to zero, the transistor eﬁters
the cut-off region. For this study, the small residual curreﬁt that
does flow in the circuit is of such insignificance that this current
can be neglected, Since no current flows through Ry, the collector

c° For the operation in Region

voltage drops to a value equal torEé
I, the input (base) and output (collector) circuits are approximated

by open circuits as shown in Fig. 2,10 (a),

2.3.2 REGION IT OPERATION
Reasoning similar to that of Sectiom 2.2.2 indicates that the
operating @eint of the tramsistor will be held to a single point

located 6n the load line. The transistor parameters, p and r,s are
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indicative of thé spacing and slope, respectiveiy, of the collector
characteristic curves. Since the operating point is fixed, once the
value for iB is known, the transistor parameters are considered to
be éonstants and are calculated at the point of in‘tefest° Thesé

values are given by

A I ,
B = ﬂ“"‘ E.= Constant - 2.10
r = A Eg 4
c AT, Iz= Constant 2.11

The assumption that the curves are linear, with the above spacing and
slope, will introduce no error in the calculation of Eg énd I, if the
point of operation is not changed. The I curves of interest now
appeaf as shown in Fig° 2.8, The current Io is an intercept adjnstef
necessary to translate the faﬁily of current-voltage lines so that

they coinci&e with éhe actual curves in the area of interest. .Thé vﬁlue
of this current may be pésitive or negative and will be determined by
the interception of the 1B=='0 curve as shown in Fig. 2.8,

The current at the intercept of an Iy curve is given bys:

Ic = IQ+ .B IB -2 3‘12

It is assumed that this is the total cﬁrrént since the curves are
almost horizontal. For the input circuit model, reference is made to
the inﬁut characteristic. curves of Fig. 2.9, Since the operatién'éfwhAh
the base is in the region'wherehEc is larger than 0.1 volt, see

Fig. 2.7 (b), the input circuit is replaced by a battery and a resistor
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BASE PARAMETERS FOR OPERATION IN REGION II
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which are calculated as shown in Fig. 2.9,
The input and output circuit models for the transistor during -

operation in Region II are shown in Fig. 2.10 (b),

2.3.3 REGION III OPERATION
In this saturation region, the collector behaves like the anode

of a simple diode with a low internal resistance, in the vicinity of

20 ohms for the transistors teo be employed in éhis thesis, This

resistance can be neglected when compared wifh Ry and the model then °
bedomés a short circuite. ' -
| The development of the input model for Region IIT is iaentical
to that of Reéion Ii, Ité operation'has now'éhift@d, howevgr; to éhe
Ec== 0 curve of Fig° 2,7 (b) and the values for rp and E, may be neg-
lected.
| The ¢ircuit:model for the input and 6utput of the transistor

during operation in Region IITI is given in Fig. 2.10 (c)..
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CHAPTER 3
AMALYSIS OF THE VACUUM-TUBE MONOSTABLE MULTIVIBRATOR

3.1 INTRODUCTION

A monostable multivibrator whose timing period is independent
of the power supply will be analyzed in this chapter. The descriptién
of the operation of this multivibrator will;be divided into two pafés,
-corresponding to the two states attributable to monostable action.
.The stabie state will be considered firstrwith the operation of the
- quasi-stable state to follow. The design criteria, voltage'waveforms,
and performance characteristies will e#elve‘from‘this analysis.

The circuit under consideration is shown inm Fig. 3.1 wherte
the appropriate voltages and currents have been defined. It will be
shown that the timing period of this circuit is independent of the
- supply veltage;. In Chapter 5, experimental results will be given to

substantiate the theoretical results of this chapter.

3.2 STABLE STATE OPERATION

In order to assure reliable operation of the monostable mgltiw
vibrator; it is neeessafy to have tube Ty cut off and tube Tzwclamped
&urihg.the stable state. The grid of Ty is connected, by the res?stor
R; to the éositive voltage existing at the cathode of T1 which places
Ty in a clamped condition“(egsf 0). Since fhe values for'the'resiétbns§

Ry and Ry are selected to be much larger than Rpp, it is assumed ﬁhat

20
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FIGURE 3.1

VACUUM-TUBE MONOSTABLE MULTIVIBRATOR
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the current Ip flows entirely through the tube, The value of I, is .
'foundvgraphicallj from the intersection of the load line and the
ey = 0 curve. .

By the proper selection of Rj and Rk, tube Tq is held‘in the
cufaoff condition. With Ty cut off and Ty in clamp, the circuit reduegs
to that of Fig, 3.2 where the tubes have beén replaced by their circuit
models. |

The voltage E and resistor Rg? are products of the application
of Thevenin's Theerem to the Epp, Rz, and Ry network and have values
given bys | . 7

R Epyp

E T cnmomcommmom————cmcicr,

R = B—:i-j_lg__— ' . ‘302
K R3+ Ry -

The voltages that result from operation in this state are given in

Table I where

R>>RKv ' _ 303



FIGURE 3,2

EQUIVALENT CIRCUIT FOR OPERATION IN THE STABLE STATE

23



24
TABLE I

STABLE-STATE VOLTAGE EQUATIONS

VOLTAGE VALUE
Bp1 - . | Epp
Ehg Epb - Iz Rpa

" |

B KRy b2
E, : o
EK‘ E
g1 B - By
Eq ~ Ebp

The requirement that T; be in a cut-off condition specifies

that

where Eggy is the cut-off voltage of Ty corresponding to an effective
plate voltage of Eyy -~ E. Equation 3.4 will be satisfied over the
eXpectedvrange.ef Epy if the proper values are selectgd.for R3 and Rg.
Factors to be considered in this selection includes . the current drain
from the ?oWer supply must be kept small, reasonable values for R; and

R must be used, and Egs. 3.1 and 3.4 must be satisfied.
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These conditions will prevail until the application of an
external trigger causes a transition from the stable state to the

guasi-stable state.

3.3 QUASI-STABLE STATE OPERATION

Let us reserve the discussion on triggering for a later section
and assume that a transition has plaéed the circuit in the quasi-stable
state of operation. The action during the trénsitien arives Ty into
cut off and T] into operation in cither the active region or the
saturation regiano*' In eithgr case, a cﬁrrent I; now flows in Tl gnd
Epp will drop by an amount equal to I; Rpj, with the same voltage change
appearing at the grid of Ty due to the capacitive coupling between these
twWo pointéo

The circuit at this instant appears as shown in Fig. 3.3 and
‘calculation of the voltages, as defined in Fig. 3.1, yields the data

given in Table II. The voltage E7°® will have a value of

E]_? = EK : o 3.5

or
Ry | ' | '
Ei? = ﬁif;—§§“> Ebb' 3.6

depending on the region of operation of Ty. Equation 3.5 applies<wheh

T; is -in the clamped condition and Eq. 3.6 applies when T1 is operating

- #¥Both of these regions of operation will be considered when the
equation for the timing period is developed.



FIGURE 3.3

EQUIVALENT CIRCUIT FOR OPERATION IN THE QUASI-STABLE STATE
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within its linear region. These two cases will be individually considered

" when the current I; is calculated.
TABLE IX

QUASI«STABLE STATE VOLTAGE EQUATIONS

VOLTAGE | : VALUE
Ebl. | | Epy < Iy Rpy
oz - EbbA
E, E+1I Rg?
E1 Elv
£y -5 Ry
eéi By - By
Eq Epp

It can be shown that the circuit cannot remain for an infinite
time in this state since the only d-c cbnnection to fhe grid of T, is
through the resistance to the cathedg-of Tl. If allowed to do”ség E,
would asymptotically approach a final value of Eg but is Pestr&ined,' -
from doing this since T, will begin fe conduct curreﬁt when thé grid
voltage reaches the cut-off voltage Egqg. At'thiS'fimé, the circuit

will regenerate to its original stable state.
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‘The voltage, as a function of time, at the grid of T, during'

this period can be given by the equation:

B = B - (g - E;) e =% 3.7
where

Be = B= E+1; Ryt | 3.8
and

By = = Iy Ry | 3.9

The time censtant«ﬁ'is defined as the product of the capacitahce
and the effective resistance thrpugh which the capacitor charges. This
time constant will be deterﬁine& once the region-of¥operationg i.60,
saturatidn or active, of ’I“1 is Rhowno | ; ‘

By the substitution of Eg,, for Eg in Eq. 307; the solution

for the period of time T spent in the gquasi-stable state yieldss

T>=’F’1n | E+11:RKV+ I; Rl 3,10
E+ Il RgY - Eco2
where
S - N R 311
Boo2 == A |

~

The idealized veltage waveforms,"as determined from the data
given in Tables I and II, are given in Fig. 3.4, where the divergence -

from the calculated values is shown by the dotted lines. The grid of
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Ty is actually dfiven slightly positive and accounts for the various
overshoots. Since the overshoots are small and the timevneeded for
the voltages to decay to their final value is‘shoft, in comparison
to T, the net effect on the operation of the circuit is negligible

and will be omitted from the analysis to follow.

3.4 CALCULATION OF THE TIMING PERIOD

A value must be determined‘for.Il and T in order to eXpress
Eq. 3.10 as a function of the circuit parameters. A load line must Be
piotted on the'plafe chafacteriétie‘eurves of T1° In order to plot the
‘1oad line, it is necessary to find the value of the effective plate
voltage and 1oéd resistance that comprisé'tﬁe external circuit of Tj.

The resultant circuit is shown in Fig. 3.5 where

R, = RLl{ Rg* i 3,12
B, = B, -=~_E‘ : 3.13

since
» R > Ry + Rg* ‘30;4

From these equations, the appropriate load line can be censtructed.
The value of e, which locates the opsrating point of the tube is

given by the equation

€g1 = By - E-L R 6 0 3,15
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FIGURE 3.5

EFFECTIVE PLATE SUPPLY VOLTAGE AND LOAD
RESISTANCE OF TUBE Ty FOR OPERATION IN REGION II

|
eg=E|-E-QRK

Eb

FIGURE 3.6

GRAPHICAL METHOD FOR DETERMINING THE OPERATING
POINT OF T{ FOR OPERATION IN THE QUASI-STABLE STATE
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The actual value for this veltage will be negative or zero but never
positive due to the clampiﬁg action previously discussed. If Eéo 3.15
should yield a positive number it only indicates that the grid is
clamped to the cathode voltage.

Since there are two variables present in the above equation,
a trial and error solution is neééssary° A graphical method is des@ribed

by Millman and Taub2 where values are assumed for I1 with gl calculated

. from the equation. These values determine ‘a curve which is also plotted

on éhe plate charécteristic curves; The intersection of this curve with
the load line determines the operating point of the tube. This method
is depicted in Fig. 3.6. It is possible that the operating point could
fall to the left of the egl = 0 curfe which would emphasize the facf
that Tl is in clamp.:

Replacing the tubes with their approprlate circuit ﬁodels
»yields the circuit shown in Fig. 3.7 where the sw1tch is closed, and Ty
ig in a clamped condition., The current Il, as determined from th&s
circuit when the current through R is assumed to be'negligible,Ais givén

by the equations:

3 Epp = E 1
- RL1+ Ic"p+RK‘2 ‘ ‘ :
b+M1 Ey - E(M]_"‘ 1) 3.17
Iy active= —— A -
I"P—E- Rpj+ Rg? (M1+ 1)

4J. Millman and H° Taub, Pulse and Digital Circuits, McGraw-Hill
Book Co., Inc°9 19569pp° 13-15
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where the values for rp and M 1.are determined'graphically‘at the point
of operation of Tlo' 7 |
| By simplifying the circuit in Fig. 3.7 to that of Fig, 308; we

can’determine the time constant T° , which has a value of:

T clamp = (R" + R) CXRC - 3.8

‘Tactive = (R4 R) C 3,19
where the assumptions |
R* = y R> R?
RUPSRpy + Re? 1< RLl + Ryt
have. been made. ’
Equations 3.16 t@égﬁéh 3.19 make it possible to express
Eg. 3.10 in terms of the circuit parameters, and after simplifieatién E

has values given by the equationss¥

: - K(rp+ RL1+R3)+RL1 R3 : | a e
Telamn = i , X 3.20
Telamp = (R) (C) ;n RK(rp+-RL1-+R§-+R3 (r +RL]) P
M2

Tac-t-lve R"+R)C In gR“R ["’?""" Ry, (t=-a4,) + RB.I+ R RaRs(M|+ )+ Ra RaRu (wi 2 3.21. .
Rich E”"P*’R“ R (+25)] + RyRa Ry (4, + “'HL :

The plate supply voltage does not appear in these equations
and illustrates the independence of the timing perioed of Epps However

the values for ps My s and Af 9 depend to some extent on Epp but willv

*See Appendix A
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cause only a slight variation in T for moderate changes about the design
value of Epp. In Chapter'sg measurements will be made to determine the

percentage change in T for various changes in the supply voltage}

3.5 TRIGGERING 6F‘THE MONOSTABLE MULTIVIBRATOR .

 Upon thé termination of the quasi-stable state,‘the Qircgit
reverts to its stable mode of operation and remains there'until another
trigger pulse is applied. If the method to be discussed below is
employed, the circuit will neot respond té the incoming trigger until
Ep1 has reached its final value of veltage. The recovery time of Ep)
then limits the rate at which the triggers may be applied.

Let us refer to Fig. 3.2 to obtain the value for the time
constant that dictates the recovery of Epye The time constant’Tfl

has a value given by the equations

where it has been assumed that Rpj is much larger than rg. Fig. 3.9
shows an example of a decaying expenential waveform plotted with the
percentage-ef‘voltage remaining versus the number of time constants

that have elapsed. A trigger pulse whichris applied prematurely'fe

the circuit, before Ep) fully recovers, could cause the timigg period'
to be fbreshortened° In order to prevent this,‘it is necesSary to
allow Epy to eSsentially reach its final value of voltage. As ma§~be
observed from the exponential waveform of'Fig° 3.9, it takes an infinite

number of time constants. to reach the final value of voltage. For the
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accuracies involved in this thesis; it will be adequate to allow ap~
proximately five time constants'te elapse before the application'ofk
‘the triggera The maximum rate at which the’frigger pﬁlses shouid be

applied is then defined by the equations:
T (Trigger)= T+ 577 - 3,23

The méthod and type of triggering are also important and
there are a number of different ways.in which triggering may be ac¥
complished. One method of trigggring is by the application of a
positive pulse to the nofmally off grid of Tjs however, this fe@ﬁirés
a very large pulse in most instances because of the 1érge pegafivé
bias necéssary to insure that Ty is held cut off. For the circuit

under discussion, a positive pulse of amplitude

Ep > B =E+ Ega ' 3,24. -

~ would be required. It is:élge ﬁpite poSsiblé that the negative-
going portion of thé ﬁoSiﬁiﬁe,tpiggering pulse will cause a reverse
transition and deséréy the aétion ef the multivibrator. This is
often the case since it requires a much.smaller pulse té drive thé '
tube back into cut off than was necessary to place the tube inte
operation. A negative trigger, therefore; is much more effective
than a positive oneas |

A preferable method of triggering then; is the application

of a negative pulse to the grid of Ty or to the plate of T1 which is

3], Millman and H. Taub, Pulse and Digital Circuits, McOraw-Bill
Book Co., Inc., 1956, ppo 156-159 |
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- coupled to the grid of Ty by the capacitor C. This triggering arfange-
ment is illustrated in Fig. 3.10. At the instant of the-transiéigng
the piate bf Ty will drop in voltage and reverse bias the diode causing
the triggering signal to be decoupled from the multivibraﬁor untilkthe
compleéion of the quasi-stable state., This results in a'ﬁuch more
reliable action. |

»The.ﬁethod of triggering m@y be dic@atdd by considerations other
than those mentioned;, however the imporfance of the subject is not
intended to Be deemphasized sinée prepefléircuit action is dependent

upon reliable triggering.



CHAPTER 4
ANALYSIS OF THE TRANSISTOR MONOSTABLE MULTIVIBRATOR

4.1 INTRODUCTION

Transisters have numérous advantages over vacuum tuﬁes, in
particularg they are much smaller in size, they require no filament
power,“they operate at a lower supply voitage, they havé Llower power
digsipation, and they normally have a iqnger operating life than tubeso
The superior switching properties of tranéistors, as may be observed
from the circuit_models of Chapter 2, make them. particularly well
suifed for application in s‘witching circuits,

The circuit of Fig. 4.1 is the transistor counterpart of the -
vacuum tube circuit considered previoﬁsly° The-voltages.and»cufrents

are defined as shown in Figure 4.1.
4,2 STABLE STATE OPERATION

By the proper selection of Ry and Ry, the operation of
trgnsistor Tl is designed to be held in the cut-off condition and
transistor T, to be in clamp., This condition is necessary to aSéure
reliable operation of the circuit and to take advantagevof the excel-
lent switching properties of the transistors. ’For this condition,
the circuit can be reduced to the circuit given in Fig. 4.2 where the

transistors have been replaced by their circuit models and the values

39
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FIGURE 4.1

TRANSISTOR MONOSTABLE MULTIVIBRATOR
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» ECC

FIGURE 4,2

EQUIVALENT CIRCUIT FOR OPERATION IN THE STABLE STATE
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for Rp?® and E are given by the g@nations:

Ryt = fE R 4
Ece Rg
E = 4.2

Rg+ Ry

A selection for the value of either Ré or RE is initially made with
the other to be calculated after the desired magnitude for E has

been established.
The base current necessary to drive T2 into saturation -

' specifies that E have a magnitude of:

E > Ipp R 4,3
where Ipg is defined by-the’intersection of the load line with the-
line created by the merging of the current curves as shown in
Fig. 2.7(a). The requirement that T be cut off is also satisfied
by the value of E as given in Eq. 4.3.

The voltages that result from operation in this state are

given in Table III where

R :>> Rp? | 494
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TABLE TIT

TRANSISTOR STAﬁLE STATE VOLTAGE EQUATIONS

VOLTAGE VALUE
Ecl ‘ , | V Ecc
Eg, '.”:’_o
Ei' =)
E2 =0
EE : ' ( E

These conditions, specified by Table III, will prevail unﬁil fhe
appligétion of an external trigger causes a transitibn to the |

guasi-stable state.
4.3 QUASI-STABLE STATE OPERATION

Upon the application of a trigger pulse, transistor'Tz is
cut qff and 1) drops quickly to E s fhis, in turn, causes T, to be
driven into saturation through its base connection to the collector
oftTag At thié instant of time, the equivalent circuit is given by
Fig. 4.3 where the transistors.have again been replaced by their
eircuit modeis° The veltages are calculated from this circuit:and

. have the values given in Table IV,



FIGURE 4.3

EQUIVALENT CIRCUIT FOR OPERATION IN THE QUASI-STABLE STATE

44



45

TABLE IV

TRANSISTOR QUASI~STABLE STATE VOLTAGE EQUATIONS

VOLTAGE o | VALUE
E. - | E¢c+ I; Ry
Ee2 \‘ - Ege
B | "y
Ey , o | I Ry
Eg | E - I; Rg?

The current Ilvand time constant az;e also calculated

from Fig., 4.3 and have values represented by:

| —Ecc-+ E
11‘ = et 4.5
T = RC . 49—.,6
where it is assumed that
Ry | |
&4 1. - 4.7

Rp? + ' Ri,+Ry

If allowed to do so, the voltage at the base of T, would asymptoti-
cally approach a final value of EE“ The voltage Eo is . restrained
from doing this, however, by the conduction of T, when the voltage

reaches a value of zero which causes regeneration to the stable state.
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The voltage E, then changes according to Eg. 3.5 where

Ep

E - I Rg? : 4,
1E | - 4,8

E; = IRy ' 4.9

Selution of Eq. 3.5 for the period T will yield a value given
by the equation:

T = T 1n

E - Ty Rg' - Ij Rpq 1 4.10
E - I Rg' | '
. whichg by the substitution of Egs. 4.1, 4.2, 4.5, and 4.6, simplifies
to the following equation:’
R

2 1 4,11
RE(RLl + RZ)

T = RC 1n 1 4

One cycle of openation has now been completed and the
‘idealized véltage waveforms, specified by the data of Tabies IITI and
IV, are shown in Fig. 4.4, “The entire operation will be repeated upon

the application of another trigger pulse.

4.4 TRANSISTOR CIRCUIT TRIGGERING

The method of triggering this éireuit is analogous to that
. employed for the vacuum tube circuit and will not be‘disbﬁssed further
in this Chapter. The only difference is one of voltage polarity énd

magnitude and not one of method. The maximum rate of triggering is -

FSee Appendix B
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again limited by the decay of Ex; to. its Tinal'waiﬁe» This is
defined by Eq. 3.23 where Ty for this circuit is ‘caleulated from
Fig. 4.2 and is given by:

Ty= (By) (0) o 4a2

This completes the analysis of the transistor circuit.



CHAPTER 5

EXPERIMENTAL TEST RESULTS

5.1 TEST PROCEDURE

In erdef to substantiate the validity of the mathematical analy-
sis? experimental circuits wefe eonstrucéed and tested for both the
Vacgum=€ube and transistor circuits. Figure 5.1 shows a block diagram ,
of the experimental setup used to obtain the various méasurementso |
The mea#ured values will be compared with the values calculated from
the mathematical formulas of Chapters 3 and 4. .The vacuum-tube circuit

is considered first.

5.2 VACUUM~T§BE EXPERIMENTAL RESULTS

Since the eéuation for the timing'periedvof the wunclamped
case i;rmuch morercemplex and more dependent upon the tube ' parameters,
it is anticipated that more reliable and satisfactory results are @§;4 
" tained from the clamped case. It is felt, however, that the unclampéd
case_weuld exhibit excellent independence of changes in thé-supply
voltage, but would be very sensitive to other factors, such as tube
replacemefltsy tube aging; and filament veltage change, -Since preév
liminary tests verified these assumptions, the author Highly ree@mmends
the circuit where T, is in clamp during the quasi-stable state. A

circuit of this configuration was designed and is shown in Fig. 5.2,

49
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The indicated circuit.pafametérs were selected for the following féésonsz
Ry, to prgvide an output swing of approximately 200 volts, R.3 and:RK €0
satisfy Eqs. 3.1 an& 3.4, R1 and Ry to hold T in clamp during the qﬁasi—
stable state; R and C to give a timing period of 500 microseconds, and
RLi to cavse the argument of the logarithﬁ of Eq; 3029 to have as large . |
a valwe as possible. The argument of the 1ogarithh must be keﬁt largei
in order to minimize the effgct that small changes in Ty and A o will:
have on the value of the timing period. The resistor Ry is selected
to satisfy this reguirement since the remaining‘compOnénts é}é'épe¢i~m
fied:by other considefatienso This resistor camnot have too lérge a
value, however, and a compromise must be made.

-The load 1inés, corresponding to the above compongnts, are
plqtted on the plate characteristic curves of the 12AT7, a twin-triode
frequently used as an oseillator, énd‘appear as shown in Fig. 5.3,

The values for rp and M 5 aré found graphically from these curves}aﬁd
hayg yalues of 30 kilohms and 25 respect:iveljo ‘Since it is verified,
botﬁimathematically éndjexperimentally, that T, is in clamp during

the gquasi-stable state, the above values may be utilized to solve

Eq. 3.20 for the resistance R and capacitance C. For the given value
of 470 piéefarads for €, a value of 203 megohms for R is necessary in
order to havé'a’timing'peried duration of 500 microseconds. It is
normal practice for the components to be 10% units whenever‘possibleg
and this practice is followed here with the exception of R and C

which are 1% precision units. This cheice allows a mere realistic
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comparison to be made between tﬁé calculated and measured results.
- Table V gives the célculated versus measuredA#alues of voltage

for both the stable state and the quasi-stable state.

TABLE V

EXPERIMENTAL RESULTS FOR THE VACUUM=TUBE
MONOSTABLE MULTIVIBRATOR CIRCUIT

MEASURED AND CALCULATED VOLTAGE VALUES

VOLTAGE STABLE STATE " QUASI-STABLE STATE
CALCULATED | MEASURED. CALCULATED | MEASURED
Ebl - . 300 300 216 200
ﬁ Ebz. - 100 90 300 - 290
El'- ' 79 60 , 140 - 160
E, Y 0 | -84t00 |-100 te O
E 90 90 140 160

The measuredlvalue for T is 485 microS@C®nds and compares favorably
with the design value of 500 micreseéends, an error of only three
_per cent, A measﬁrgment was maderto determinevthe sensitivity of the
timing perioed ?o changes in the supply voltage. The wav?forms of
'Fig. 5.4 indicate the change in T when B, is varied in 50 volt
‘incremeﬁts from 300 volts to 150 volts. The lower set ef vaveforms
in Fig. 5.4 shows the expanded trailing edge of Ebé’ which allows

an accurate measurement to be made when Epp is varied in the above

manner, These results are summarized in Table VI where
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MULTIVIBRATOR FOR DIFFERENT VALUES OF SUPPLY VOLTAGE

55



56

300 - Epp

.;o h i E = . ) ‘ % R
% change in Epp o *I0F  8d
Taqn = T o ‘ ny
% change in T . = %0 3_100‘% 5.2
T300
TABLE VI

EXPERIMENTAL RESULTS FOR THE VACUUM-TUBE MONOSTABLE
MULTIVIBRATOR CIRCUIT

PER CENT CHANGE IN T VERSUS PER CENT CHANGE IN E

bb
Ebb - %VChange in By T % Change in T
300 | o 85 | 0
250 1697 ' 485 0
200 33.3 481 | 0,83
150 . 50 414 2.3

5.3 TRANSISTOR EXPERIMENTAL RESULTS

7 The values of the circuit parameters shown in Fig. 5.5 were
selected for the f@llowing feasens: R£2 to limit the currenf that
flows through the cellector of Ty, Rg and Ry to satisfy Eqs. 4.2
énd 4.3, Ry to limit the base current of Ty when it is in clamp,

R and C to provide a timing period of 50 micreseconds, and Ryj te
cause the argument of the logarithm of Egq. 4.11 to have as large a -
value as pessible. It.isg§éainTnecessary to make a compromise as

the value of Ry} should not become excessive.
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Two pun;p switching trahsisters, 2N396%s, were utilized iﬁlthe
experimental circuit. For a given value of 0.01 miér@farad# fgr c§-a"
value of 10 kilohms for R islne¢eséary in order to have a %iﬁiﬁg period
of 50 microseconds. In order to make a mor¢ realistic comparisen between
the calculated and meésured.ﬁalﬁes, piecision units were again selécted
for R and C. Taﬁle VII shows the calculated versus measured valuwes of
voltage for both the stable state and quasiéstable state. The measured
value for T is 49 microseconds and indicates éxeellentﬂcorrelation with o
the célculated value of 50 micresecandso.

TABLE VIL
EXPERIMENTAL RESULTS FOR'THE”TRANSI&TOR MONOSTABLE ’
MULTIVIBRATOR CIRCUIT
MFASURED AND CALCULATED VOLTAGE VALUES

STABLE STATE STATE

VOLTAGE || QUASI-STABLE
CALCULATED | MEASURED |[CALCULATED MEASURED
Egy -35 -35 21 -21
Eqy 0. 0 -35 =32
B 0 0 21 22
E, 0 0 14 t0 0 14 to 0
E, =17.5 -16. 21 22

The waveforms of Figo, 5.6 indicate the change in T when Eco

is wvaried frem =35 volts to =17.5 volts. The lower set of waveforms

shows the trailing edge of Egy which gives a very accurate indication
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Qf the'timing p@ried“s independence of the supply voltage. These
results are summarized in Table VIIT where '

354Bec |
et x100% 5.3

% changé in Eéc =

% change in T = — %1002 5.4
B T35

-TABLE VIII
EXPERTMENTAL RESULTS FOR THE TRANSISTOR MONOSTABLE

MULTIVIBRATOR CIRCUIT

PER CENT CHANGE IN T VERSUS PER CENT GEANGE IN E..

E % Change In E . T .% Change in T

-35 - 0 ol 49.0 0
~30 14.3 | 490,04 0,08
=25 28,6 - 1 400 o

"“20 . . 4‘2 ° 9 ) N 489 9 ] QQZ

-17.5 - 50 48,75 0.51



CHAPTER 6
CONCLUSIONS

6.1 PERFORMANCE EVALUATi@N
The experimental re§p1t§tof Chapter 5 shew excellent correlation
wi?h the values ealculatéd from the mathematical formulas of Chapters
@vapd 4, The.vaiidity of the equations that were developed has beeﬁ
eétablished, and it may also be ebserved-that only'négligible errmfs
have oceurred due to the approximations that were made. For the
specified design conditiens, there was only a 3% diffefencevﬁetﬁeen
the measured and calculated valuwes of the timing—périodo ' This errer )
can, of course, be made hegligible by an adjustment of either R or C.
The désinedwobﬁective:thatnthe tiﬁing,perie& be independent
of sppply voltage has been achieved. A 50% change iﬁ the supply
vgltage resulted in a timing peried variation of only 203%>fer the 

vacuum-tube circuit and 0.51% for the transistor circuit.

6,2 RECOMMENDATIONS FOR FURTHER STUDY

| An investigation should be conducted to determine what

limits exist on the timing period of these monostabie multivibrators.
In order to obtain faster waveforms, the risé and fall times of the
pulse must be shortened. A study should aléo be made to determine’
what effect different trigger pulses would have on these circuits.

A possible trouble area, in obtaining longer timing perioeds, is im
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thelloadigg caused-by the input resistance of the sec@ﬁd‘;tagé@»lTﬁigﬁ
is especially true of the transistor circuits:

The feasibility of obtaining a variable delay from these
mgitivibrators should be :1“;rwes;i:iga‘i:ed_0 Tt may be possible to achieve
rgsults that are superior to those obtained from the cathode-coupled
monostable multiﬁibfator, thus providing a circuit that compares

favorably with the phanastron4 as a stable delay device.

J M, Pettlt, Electronic Switching, Timing, ggg Pulse C1rcu1tsy
McGraw-Hill Book Cempany, Inc., New York, 1959, pp 182~187




APPENDIX A
THE DERIVATION OF THE TIMING PERIOD FOR

THE CASE WHERE Tl IS IN CLAMP

The equation for the timing period of the vacuum-tube
monostable multivibrator will be expressed as a function of the
circuit parameters. In order to do this, the equations that define
E, I and Ec02 will be substituted into Eq. 3.10 and the ensuing

result simplified.

T = 7 1n 2311 RgMIRID 3.10
E+I RK'-ECOZ
where
E= E.b.b__R_k— RK' = RgR3
Rk+ R3 RK+ R3
Epp RK
E —
bb  Ryx+R
I, (clamp)_ K+ R
Ry + R3
R3 Epp Eb
= Ecoz= — 2B
RpjRk + RpjRy+ rpRK+R3rp+RKR3 M o
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Therefore:

2
EbbRi fEpp § DR + (RraRs) (Ry + R3)
T =T 1In\ R+Ry [Riq (RgR3) + rp(Rg+R3) + RyRy] [RKRj

EpbRk Epp RgR3“
+. comt—
Ri+R3 R+ R3 Ry (Rg +R3) +rp(RK+ R3)+RK

=t1n R [Rpy(Rg+R3) + ro(Re+R3) + ReR; 1+ ReR324 R3Rp) (Rg+R3 )
[Rk+ R 4 Ry } [ RL]_(RK-I-R3)+rp(RK+R3)+RKR3] + RgRy®
M2 M2
when
Mo >> 1

T =791n (Rg + R3)(Rp1X Rg + RKF + RgR3+Rp1R;3)

(Rk+ R3)(RL1RK+ RKPp+ RgR3 + R3 Rp; + R3rp)
Mo My
= 7T1n Rg (Rpy + rp+ R3) + RpiR3 3.20
Rg(Rpy +° rp+ R3) +(A§; ) (Rpy + rp)
2

The derivation for the case where T; is operating in the active region
is much more involved but follows the same pattern as the above
derivation., The simpler case, then, will suffice to illustrate the

manner in which the equations for the timing period were derived.



APPENDIX B
THE DERIVATION OF THE TIMING PERIOD

FOR THE TRANSISTOR CIRCUIT

The equation for the timing period of the transistor monostable

multivibrator will be expressed as a function of the circuit parameters.

In order to do this, the equations that define E and I1 will be sub-
stituted in Eq. 4.10 and the ensuing result simplified.
E - IjRg' ~ IR
T = 1n|: 178 7 17l ]=Tln1- T1RL1
E - I1Rg' | E - Rg
= 7 1n|1 - RL
E "_ gy
h
where
E = ECCRE R _ RER2
) T TR
- Ege+ E - Re+(RE+Ry)
L = = " Fec Ry 1 (Rg + Ry )+ ReR
Ryt Rg' 11 Rg + R2 )+ RgR2
— Ry
- - Eee RLl(RE4-R2)+RER2
2
E | EcRE | [ Ru(Rg+Ry)+ReRz | _  ReRLi(Rg+ R2) 4+ Rgy
5] Rg+R2 EccRe R2(Rg+ Rp)
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T 1n

T 1n

T 1n

14+

Ry

RRp; (Rg+R2) +RE" R, + Ry Rg
R ( Rp+ Rz)

RoRpj (Rg+ Rp)
Rg(Rpy + R2)(Rg+Rj,) J

-

R2Rp;
RE ( RLl + R2 )
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