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ABSTRACT

A MONOSTABLE MULTIVIBRATOR WITH THE 
TIMING PERIOD INDEPENDENT OF SUPPLY VOLTAGE

by

Gordon K„ Shipp

This th e s is  presents an analysis @f a vacuum-tube triode  
and a tra n s is to r  monostable m u ltiv ib ra to r. I t  is  shown th a t  the 
tim ing ' period of the monostable m ultiv ib ra to r is  independent of the 
power supply voltage, thereby making i t  id e a lly  su ited  wherever 
w ell-regulated  supplies are not a v a ila b le .

C ircu it models are developed th a t w ill approximate the 
behavior of the vacuum-tube triode  and t r a n s is to r .  By the proper 
use of these lin e a r  c ir c u i t  models, a nonlinear problem i s  solved 
by the method of l in e a r  c ir c u it  a n a ly sis .

The descrip tion  of the operation of the m u ltiv ib ra to rs is  
presented concurrently with the analysis of the c i r c u i ts .  The 
design c r i t e r i a ,  voltage waveforms, and performance c h a ra c te r is tic s  
evolve from th is  an a ly s is . M athematically, the timing period of 
these m ultiv ib ra to rs i s  proven to  be independent of the value of 
the supply voltage.

An experimental c ir c u it  is  designed, constructed, and 
te s te d  fo r both the vacuum-tube and tra n s is to r  m u ltiv ib ra to rs .
The measured re s u lts  show excellen t co rre la tio n  with the values 
calcu lated  from the mathematical form ulas. For the vacuum-tube 
c i r c u i t ,  a change of 50% in  the supply voltage caused only a 
2.3% change in  the tim ing period. Correspondingly, only a 0.51% 
v a ria tio n  was noted in  the timing period of the tra n s is to r  
monostable m u ltiv ib ra to r.
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CHAPTER 1 

INTRODUCTION

1.1  BACKGROUND

The m ultiv ib ra to r is  a v e rs a ti le  type of c ir c u i t  th a t finds 

widespread app lica tion  in  pulse and d ig i ta l  c i r c u i t s . In  i t s  most 

common form, the m ultiv ib ra to r incorporates two stages of am plification  

with feedback from the output of one stage to  the input of the other 

Stage. Any disturbance or signal a t  an input w ill be amplified 

through the two stages, which are e ffe c tiv e ly  in  cascade, and then 

w ill reappear a t  the o rig ina l input with such a p o la r i ty  as to  aid  the 

i n i t i a l  d istu rbance . This ac tion  co n stitu tes  the regenerative property 

of the c i r c u i t ,  the property th a t can be shown to  cause the c irc u it  to  

drive i t s e l f  in to  one or the other of i t s  two s ta te s  of operation; i . e . ,  

stab le  or q u asi-s tab le . The c ir c u i t  action  i s  stab le  i f  i t  remains 

permanently in  the same operating condition u n t i l  acted upon by an 

external tr ig g e r  pu lse . In c o n tra s t, the c irc u it  ac tion  is  quasi- 

stab le  i f  i t  remains only tem porarily in  a p a rtic u la r  mode of operation. 

At the end of the quasi-stab le  s ta te , the c ir c u i t  w ill  autom atically 

regenerate to  i t s  other s ta te  of operation, which may be e ith e r  s tab le  

or q u a s i-s tab le .

The existence of these two s ta te s  allows the m ultiv ib ra to r to
\

be divided in to  three p rincipal sub-classess the b is ta b le , a s tab le .

1



and monostable <, The b is tab le  m ultiv ib ra to r can remain in d e f in ite ly  

in  e ith e r  of i t s  stab le  s ta te s  when free  of ex ternal in flu en cesa In 

co n tra s t, the astab le  m u ltiv ib ra to r has two quasi-stab le  s ta te s  and 

o sc illa te s  between the two s ta te s  with a temporary period of time ex­

pended in  each s t a te , The monostable m ultiv ib ra to r is  a combination 

of these two c ir c u i ts ,  having one stab le  and one quasi-stab le  s ta te »

The monostable m u ltiv ib ra to r w ill remain permanently in  i t s  s tab le  

s ta te  u n t i l  placed in  the quasi-stab le  s ta te  by the app lica tion  of a 

tr ig g e r  pulse. A fter a predetermined length  of tim e, the c ir c u it  

w ill autom atically  regenerate back to  i t s  stab le  mode of operation.

The c ir c u i t  w ill then provide an output pulse of a p a rtic u la r  width 

for each tr ig g e r  in p u t. The width of th is  output pulse is  e s se n tia lly  

independent of the tr ig g e r  signal and is  determined, in  most cases, 

by an RC time constan t. The monostable m ultiv ib ra to r w ill be the
- - Z

subject under discussion in  th is  th e s is ,

1.2 STATEMENT OF THE PROBLEM

In pulse and d ig i ta l  c ir c u i ts ,  there  e x is ts  a d e fin ite  need' 

for pulses of a p a rtic u la r  width. A few of these c irc u its  are tran s­

mission ga tes , time delays, voltage comparators, coincidence comparators, 

and sawtooth generators. I t  i s  extremely important th a t the width of 

the pulse, which is  provided by the monostable m u ltiv ib ra to r, does not 

change with repeated cycling . I t  can be shown, however, th a t the



plate-coupled and cathode-coupled monostable m ultiv ib ra to rs are very 

sen sitiv e  to  changes in  the supply vo ltage.*  In fa c t ,  i t  i s  not un­

common for a 10% change in  the supply voltage to  cause a 5 to  10% 

change in  the pulse width."*" This is  not a serious problem where 

w ell-regulated  power supplies are a v a ila b le . However, there are 

many instances where i t  i s  not feasib le  to  have a w ell-regulated  

supply due to  i t s  excessive bulk and c o st. In many cases, the supply 

voltage w ill be provided by a source of power which has an output 

voltage th a t  is  constan tly  changing as time progresses. For re lia b le  

operation, the c ir c u it  behavior must be in sen sitiv e  to  th is  change 

in  supply vo ltage .

I t  w ill be the aim of th is  th e s is  to  analyze and t e s t  a 

monostable m ultiv ib ra to r th a t  exh ib its  exce llen t independence of 

changes in  the supply vo ltage. In con trast to  the popular p la te -  

coupled monostable m u ltiv ib ra to r, th is  c ir c u it  a lso  requ ires only a 

single power supply. I t  i s  true th a t the cathode-coupled m u ltiv ib ra to r 

requires only a single power supply, but th is  c ir c u it  has the disadvan­

tage th a t  i t  i s  very sen sitiv e  to  changes th a t may occur in  the supply 

vo ltage .

*This argument a lso  applies to  the tra n s is to r  monostable 
m u ltiv ib ra to rs .

"*"J. Millman and H. Taub, Pulse and D ig ita l C irc u its .
McGraw-Hill Book Company, In c ., Mew York, 1956, pg 194
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1.3 SCOPE

Since the c irc u its  te  be analysed ©perate in  a nenlinear 

fashion., the c ir c u i t  models th a t w ill be used to  approximate the be­

havior of the vacuum-tube triode  and tran sis  to r  w ill be developed in  

Chapter 2, By the proper use of these c ir c u it  models, th is  nonlinear 

problem w ill be solved by the methods of lin e a r  c ir c u i t  an a ly sis .

Since the c irc u its  w ill be designed around ten  per cent components, 

i t  i s  not necessary to  in s i s t  on a p rec ision  a n a ly sis . The c irc u it  

can, of course, be adjusted to  b e tte r  than one per cent performance 

since the f i r s t  order analysis reveals the elements th a t  govern the 

c ir c u it  behavior.

The vacuum-tube monostable m ultiv ib ra to r w ill  be analyzed in  

Chapter 3 with the analysis of i t s  t ra n s is to r  counterpart to  follow 

in  Chapter 4. The design c r ite r ia ., voltage waveforms, and performance 

c h a ra c te r is tic s  of the c irc u its  w ill evolve from th is  an a ly sis .

In order to  substan tia te  the v a lid ity  of the th e o re tic a l 

ana ly sis , experimental c irc u its  are designed, constructed , and tes ted  

fo r both the vacuum-tube and t ra n s is to r  c ir c u i ts .  The c irc u its  are 

te s ted  te  demonstrate the independence of the pulse width to  changes, 

in  the supply vo ltage. The comparison between the ca lcu la ted  and 

measured values w ill  be given in  Chapter 5. A summary of the re su lts  

and recommendations fo r fu rth er study w ill be given in  Chapter 6»



CHAPTER 2

VACUUM-TUBE TRIOSE AND TRANSISTOR CIRCUIT MODELS

2.1 INTRODUCTION

The c irc u it  models th a t w ill  be used to  rep resen t the vacuum- 

tube triode  and tra n s is to r  must be developed in  the beginning in  order 

to  sim plify the operating p rincip les and to  avoid unnecessary dupli­

ca tio n s . Since an exact Analysis of the c irc u its  to  be considered 

is  not possib le , these models w ill be used to  approximate the properties 

of the nonlinear device. By the proper use of these l in e a r  c irc u it  

models, a nonlinear problem can be solved by the methods of l in e a r  

c irc u it  a n a ly s is . Even though these models w ill not be exact, i t  

w ill be shown l a t e r  in  the experimental re s u lts  th a t the approximations 

are su ff ic ie n tly  accurate for engineering purposes.

For these devices, i t  i s  possible to  define three d is t in c t  

regions of operation. These regions w ill  be re fe rred  to  as Regions 

I ,  I I ,  and I I I  and are b r ie f ly  defined as followss

1. Region I  is  th a t region of operation where the device 
is  sa id  to  be cut o f f | th a t  i s ,  no current i s  allowed 
to  flow in  the output c i r c u i t .

2. Region I I  is  normally re fe rred  to  as the active  or 
lin e a r  region of operation and is  where the device is  
usually  u t i l i s e d  for lin e a r .a m p lif ic a tio n .

5



3„ Region I I I  i s  characterized  by the ac tion  known as 
clamping» Clamping is  a property where the output 
current is  not influenced by the input c i r c u i t .

These three regions of operation w ill  be considered separa te ly , and

the c ir c u i t  models w ill be developed fo r each region.

2.2 VACtJUM-TUBE TRIODE CIRCUIT MODELS

The c irc u it  to  be considered i s  shown in  Fig. 2.1 where the 

appropriate current and voltages have been defined. By the overlay 

of a load lin e  on the p la te  c h a ra c te r is tic  curves of the tr io d e , i t  

i s  possible to  perform a graphical analysis of the c i r c u i t .  The load 

l in e ,  as determined from the c ir c u i t ,  can be expressed by the equation

Eb ”  Ebb =Ib r L 2ol

The p la te  c h a ra c te r is tic  curves rep resen t a graphical p lo t of the 

re la tio n sh ip  th a t e x is t s :am©pg the p late  cu rren t, p late  vo ltage, and 

the grid  vo ltage. An example of the so lu tio n  for the p la te  current 

and voltage is  shown in  Fig. 2.2 using the assumed values of 200 

vo lts  fo r 25 kilehms for RL, and -4 v o lts  fo r eg. By the proper

se lec tio n  of eg, the tube can be made to  operate in  any one of the 

three regions shown in  F ig . 2 .2 .

2 .2 .1  REGION I  OPERATION

When the grid  voltage e becomes s u f f ic ie n tly  negative to
. . s

cause p late  current to  cease, the tube en ters  the cut o ff reg ion .

Since no current flows through Rj, the voltage a t  the p la te  of the
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FIGURE 2 .1

CIRCUIT UTILIZED FOR DEVELOPMENT OF THE VACUUM-TUBE TRIODE MODELS

2 0 -

50
REGION X

2 5 0

VOLTS

FIGURE 2 ,2

TYPICAL PLATE CHARACTERISTIC CURVES OF A VACUUM-TUBE TRIODE



tube becomes equal to  E ^ e The operation in  Region I ,  th e re fo re , 

y ie ld s  a very simple model as the ac tio n  of the tube i s  approximated 

by an open c irc u it  as shown in  F ig . 2.5 ( a ) .

2 .2 .2  REGION I I  OPERATION

Since there i s  no ae signal input to  the c ir c u i t  of Fig. 2 .1 , 

the operation of the tube in  Region I I  is  held to  a sing le  point which 

is  located  on the load l in e .  The tube parameters yL( and rp  are

ind ica tive  of the spacing and slope, resp ec tiv e ly , of the c h a ra c te r is tic

curves. Since the operating point i s  fixed , once the value for e_ is  

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

calcu lated  a t  the point of in te r e s t .  These values are given by;

A  Ee /  I^  = Constant 2.2

r  -  A  Eb
^ A  lb  /  Ec — Constant 2.3

The assumption th a t the curves are l in e a r ,  with the above spacing and 

slope, w ill introduce no e rro r in  the ca lcu la tion  of 1^ and E^ i f  the 

point of operation is  not changed. E xtrapolation of the eg curves 

around the operating point w ill y ie ld  the idealized  curves shown in  

Fig. 2 ,3 , where the voltage EQ is  an in te rcep t ad ju ste r th a t compen­

sates fo r the s h i f t  in  the 6g — 0 curve.

The voltage a t  the in te rce p t of ah eg curve is  given by:

E ^  Eo "/H  eg
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FIGURE 2 ,3

IDEALIZED CHARACTERISTIC CURVES FOR OPERATION IN REGION I I

—v w

b b

K
SWITCH IS SHOWN IN POSITION FOR OPERATION IN REGION I I

FIGURE 2 ,4

EQUIVALENT CIRCUIT FOR OPERATION IN REGION I I  AND I I I
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This voltage i s  not the to ta l  voltage across the tube* but has in  

addition  the voltage specified  as EpC The voltage Ep i s  due to  the 

f in i te  slope of the eg curve and has a value represented by:

Ep= xb r p 2,5

The voltage across the tube can be defined as the sum of these, two

equations and has a value of

^b=  Ee = /W Ec"{- 1% rp  2.6

For th is  study* the voltage E0 w ill  be omitted from th is  equation 

since i t  i s  assumed to  be neg lig ib le  when compared with the magnitude 

of the other vo ltages.

On the basis of the above assumptions* a sim plified  expression 

fo r the c u t-o ff  voltage* Eco* w ill evolve from the so lu tion  of E^ 2»4o 

The value of th is  cu t-o ff  voltage i s  given by:

Ebb
Eg@“  ''XA ^

Replacing the tube With i t s  equivalent voltage y ie lds the 

c ir c u it  of F ig . 2 .4 . The switch i s  shown in  the proper position  fo r 

operation in  Region I I .  When eg reaches a value of zero* the switch 

w ill reverse i t s  p o sitio n . The c ir c u it  model th a t rep laces the tube 

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

2 .2 .3  REGION I I I  OPERATION

In Region I I I  the tube is  in  sa tu ra tio n  due to  the g r id -c irc u it  

clamping* thereby drawing i t s  maximum p late  cu rren t. In order to  have
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FIGURE 2 .5  

VACUUM-TUBE TRIODE CIRCUIT MODELS
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a b e tte r  understanding of the action  known as clamping, l e t  us re fe r  

to  F ig , 2 .4 .^ Whenever eg becomes zero or p o sitiv e , the switch Reverses 

position  and places Fg in  the input c ir c u i t  of the tube , The grid  

voltage 6g is  then equal to

e  =  E e  a? 0  . . ' 2 . 8g R + r g

where r g i s  the e ffec tiv e  grid-to^cathode re s is to r  fo r eg S' 0.

For th is  study, the value of R is  se lec ted  to  be much la rg e r than r g, 

thereby causing eg to  be e s se n tia lly  Mclamped** to  zero .

Since eg has a value of approximately zero, the c ir c u i t  model 

for Region I I I  operation is  shown in  F ig . 2.5 (c ) .  I t  should be 

remembered th a t the value fo r r^  i s  calcu lated  a t  the operating point 

of the tube which, in  th is  ease, i s  a t  the in te rse c tio n  of the load 

lin e  and the eg = 0 curve.

2.3 TRANSISTOR CIRCUIT MODELS <

The c irc u it  models fo r the tra n s is to r  w ill  now be developed 

from the c irc u it  shown in  Fig. 2 .8 . A p-n-p junction tr a n s is to r  w ill 

be chosen fo r th is  d iscussion since th is  type is  a lso  employed in  the 

experimental work. The use of an n=p-n type would y ie ld  sim ilar 

r e s u l ts .  The voltage and current d e fin itio n s  are as shown in  Fig.

2 .6 . By the overlay of a load lin e  on the co llec to r c h a ra c te r is tic  

curves of thp tr a n s is to r ,  i t  i s  possible t© perform a graphical 

analysis of the c i r c u i t .  The load l in e ,  as determined from the c i r ­

c u it ,  i s  defined by the equation

E c — Eqc — Iq  Rl  2 .9
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The co llec to r c h a ra c te r is tic  curves rep resen t a graphical p lo t of the 

re la tio n sh ip  th a t e x is ts  among the co llec to r  cu rren t, c o llec to r Voltage, 

and base cu rren t. An example of the so lu tion  fo r the c o llec to r current 

and voltage is  shown in  F ig , 2.7 (a) using the assumed values of -10 

v o lts  fo r Ece, 5 kilohms fo r R^, and 20/ya fo r Ig .

The curves shown in  Fig. 2.7 (b) give the re la tio n sh ip  th a t 

e x is ts  among the base cu rren t, base vo ltage, and c o llec to r  voltage.

These curves define the input c ir c u i t  of the tra n s is to r  and correspond 

to  the g rid  c h a ra c te r is tic s  of the tr io d e  when grid  voltage is  positive  

and grid  current flow s. By the proper se lec tio n  of 1^, the tra n s is to r  

can be made to  operate in  any one of the three regions shown in  Fig,

2.7 (a ) .

2 .3 .1  REGION I  OPERATION

When the base current i s  reduced to  zero, the tra n s is to r  en te rs 

the cu t-o ff  reg ion . For th is  study, the small re s id u a l current th a t 

dees flow in  the c ir c u it  i s  of such insign ificance  th a t  th is  current 

can be neglected. Since no curren t flows through R^, the co llec to r 

voltage drops to  a value equal For the operation  lit Region

I ,  the input (base) and output (co llec to r)  c irc u its  are approximated 

by open c irc u its  as shown in  F ig . 2.1© (a ) ,

2 .3 .2  REGION I I  OPERATION

Reasoning sim ila r to  th a t of Section 2 .2 .2  ind ica tes th a t the 

operating point of the tra n s is to r  w ill  be held to  a sing le  point 

located on the load l in e .  The tra n s is to r  parameters, and r e , are
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in d ica tiv e  of the spacing and slope, resp ec tiv e ly , of the co llec to r 

c h a ra c te r is tic  curves. Since the operating point i s  fixed , once the 

value fo r Ig is  known, the tra n s is to r  parameters are considered to  

be constants and are calcu lated  a t  the point of in te r e s t .  These 

values are given by:

_ A  I c /
•j8 1^ /  Ee= Constant 2.10

A  Ee /
e A  I c /  Ig=  Constant 2.11

The assumption th a t the curves are l in e a r ,  with the above spacing and 

slope, w ill  introduce no e rro r  in  the ca lcu la tion  of Ec and I c i f  the 

point of operation is  not changed. The Ig curves of in te re s t  now 

appear as shown in  F ig . 2 .8 . The current 10 is  an in te rcep t ad ju ste r 

necessary to  tra n s la te  the fam ily of eurrent-voltage l in e s  so th a t 

they coincide with the ac tua l curves in  the area of in te r e s t .  The value 

of th is  curren t may be positive  or negative and w ill be determined by 

the in te rcep tio n  of the Ig =  © curve as shown in  F ig . 2 ,8 .

The current a t  the in te rce p t of an Ig curve is  given by:

I e “ ' I o + £ I B 2 ‘12

I t  i s  assumed th a t th is  i s  the to ta l  cu rren t since the curves are 

almost ho rizo n ta l. For the input c ir c u i t  model, reference is  made to  

the input c h a ra c te r is tic  curves of F ig , 2 .9 . Since the operation of 

the base i s  in  the region where Ec i s  la rg e r  than 0.1 v o l t ,  see 

F ig . 2.7 (b ), the input c ir c u it  i s  replaced by a b a tte ry  and a r e s is to r
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which are calcu lated  as shewn in  F ig , 2 .9 .

The input and output c irc u it  models fo r the t r a n s is to r  during 

operation in  Region I I  are shown in  F ig . 2.10 (b)»

2 .3 .3  REGION I I I  OPERATION

In th is  sa tu ra tio n  region, the co llec to r behaves lik e  the. anode 

of a simple diode with a low in te rn a l re s is tan c e , in  the v ic in ity  of 

2 0  ohms for the tra n s is to rs  to  be employed in  th is  th e s is .  This 

resistance  can be neglected when compared with R  ̂ and the model then ‘ 

becomes a short c i r c u i t .

The development of the input model fo r Region I I I  is  id e n tic a l 

to  th a t of Region I I .  I t s  operation has now sh if te d , however, to  the 

Ee = 0 curve of F ig . 2.7 (b) and the values fo r r% and E0 may be neg­

le c te d .

The c irc u it  model fo r the input and output of the tra n s is to r  

during operation in  Region I I I  is  given in  Fig. 2.10 (o')..
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CHAPTER 3

ANALYSIS OF.THE VACUUM-TUBE MONOSTABLE MULTIVIBRATOR

3.1 INTRODUCTION

A monostable m u ltiv ib ra to r whose timing period i s  independent 

of the power supply w ill  be analyzed in  th is  chapter. The descrip tion  

of the operation of th is  m u ltiv ib ra to r w ill be divided in to  two p a r ts ? 

corresponding to  the two s ta te s  a ttr ib u ta b le  to  monostable ac tio n .

The s tab le  s ta te  w ill  be considered f i r s t  with the operation of the 

quasi-stab le  s ta te  to  follow . The design c r i t e r i a ,  voltage waveforms, 

and performance c h a ra c te r is tic s  w ill  evolve from th is  a n a ly s is .

The c ir c u it  under consideration is  shown in  F ig . 3.1 where 

the appropriate voltages and currents have been defined. I t  w ill  be 

shown th a t  the timing period of th is  c ir c u i t  i s  independent of the , 

supply vo ltage . . In Chapter 5, experimental re s u lts  w ill  be given to  

su b s tan tia te  the th e o re tic a l re s u lts  of th is  chapter.

3.2 STABLE STATE OPERATION

In order1 to  assure re lia b le  operation of the monostable m ulti­

v ib ra to r, i t  i s  necessary to  have tube T  ̂ cut o ff and tube T̂  clamped 

during the stab le  s t a te . The grid  of T% is  connected, by the re s is to r  

R, to  the positive  voltage ex is tin g  a t  the cathode of T  ̂ which places 

Tg in  a clamped condition (©g— ©). Since the values fo r the re s is to rs  

R]_ and Rg are selected  to  be much la rg e r  than Rj^, i t  i s  assumed th a t

20
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the current Ig flows e n tire ly  through the tube. The value of 1% is  

found graph ically  from the in te rse c tio n  of the load l in e  and the 

6 g = 0  curve.

By the proper se lec tion  of Rg and Rg, tube i s  held in  the 

cu t-o ff  condition . With cut o ff  and Tg in  clamp, the c irc u it  reduces 

to  th a t of F ig . 3.2 where the tubes have been replaced by th e ir  c ir c u it  

models.

The voltage E and r e s is to r  R^? are products of the app lica tion  

of Theveninfs Theorem to  the E ^ ,  R^, and Rg network and have values 

given by:

The voltages th a t  r e s u l t  from operation ih  th is  s ta te  are given in  

Table I  where

E ~
r K Ebb
rk+ r3

3.1

3.2

R » V 3.3
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th a t

TABLE I

STABLE-STATE VOLTAGE EQUATIONS 

VOLTAGE VALUE

Ebl Ebb

Eb2 Ebb -  I2 r L2

r 2
®3_ %  ̂  % ^ 2

e k e

^gl E1 '  EK

%

The requirement th a t  T  ̂ be in  a cu t-o ff  condition spec ifies

'
E >  E^ -  EC0̂  3»4

where Eeo^ is  the cu t-o ff  voltage of T  ̂ corresponding to  an e ffec tiv e  

p late  voltage of E ^  -  E„ Equation 3.4 w ill  be s a t is f ie d  over the 

expected range of i f  the proper values are se lec ted  fo r R3 and RKo 

Factors to  be considered in  th is  se lec tio n  includes - the current d ra in  

from the power supply must be kept sm all, reasonable values for Rg and 

R  ̂ must be used, and Eqs. 3.1 and 3.4 must be s a t is f ie d .



25

These conditions w ill  p reva il u n t i l  the app lica tion  of an 

ex ternal tr ig g e r  causes a tra n s it io n  from the stab le  s ta te  to  the 

quasi-stab le  s ta te «

3.3 QUASI-STABLE STATE OPERATION

Let us reserve the d iscussion on trig g e rin g  fo r a la te r  sec tion  

and assume th a t a tra n s it io n  has placed the c ir c u i t  in  the quasi-stab le  

s ta te  of operation. The ac tion  during the tra n s it io n  drives T% in to  

cut o ff and T-j in to  operation in  e ith e r  the active  region or the 

sa tu ra tio n  reg ion .*  In  e ith e r  case, a curren t I^ now flows in  T  ̂ and 

E%2 w ill  drop by an amount equal to  I j  with the same voltage change 

appearing a t  the grid  of Tg due to  the capacitive coupling between these 

two po in ts .

The c ir c u i t  a t  th is  in s ta n t appears as shown in  F ig . 3.3 and 

ca lcu la tion  of the vo ltages, as defined in  Fig. 3 .1 , y ie ld s  the data 

given in  Table II* The voltage E]/ w ill have a value of

V  = ER

or

%

v =  i r r c  Ebb

depending on the region of operation of T^. Equation 3.5 applies when 

Tj is  in  the clamped condition and Eq. 3,6 applies when T  ̂ is  operating

*Both of these regions of operation w ill be considered when the 
equation fo r the tim ing period is  developed.

3 .5

3.6
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w ithin  i t s  l in e a r  reg ion . These two cases w ill be ind iv id u a lly  considered 

When the eurreht 1^ i s  c a lcu la ted ,

TABLE I I

QUASI-STABLE STATE VOLTAGE EQUATIONS 

VOLTAGE VALUE

Ebl Ebb “ I1 RL1

Eb2 Ebb

EK -e + I j V

E1 V

E2 *"I1 RL1

egi h  “ ek

Ed Bbb

I t  can be shown th a t the c ir c u it  cannot remain fo r an in f in i te

time in  th is  s ta te  since the only d-c connection to  the g rid  of T  ̂ i s

through the res is tan ce  to  the cathode of T . I f  allowed to  do so. Eg
1

would asym ptotically  approach a f in a l  value of Er but i s  res tra in ed  

from doing th is  since T% w ill  begin to  conduct curren t when the g rid  

voltage reaches the cu t-o ff  voltage Ee02 . At th is  tim e, the c ir c u it  

w ill  regenerate to  i t s  o rig in a l stab le  s t a te „
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The voltage, as a function of tim e, a t  the 

th is  period can be given by the equations

Eg ~ Ef — (E^ — Eĵ ) e ”

where

Ê» — E^ — E + 1-̂  3 08

and

Ej = — ^  Rj^ 309

The time constant • t  is  defined as the product of the capacitance 

and the e ffec tiv e  res is tan ce  through which the capacitor charges* This 

time constant w ill  be determined once the region of opera tion 5 i .e . , ,  

sa tu ra tio n  or a c tiv e , of T  ̂ is  Known*

By the su b s titu tio n  of ECo2  fo r Eg in  Eq. 3 ,7 , the so lu tion

fo r the period of time T spent in  the quasi-stab le  s ta te  y ieldss

3*10

3*11

The idea lized  voltage waveforms, as determined from the data 

given in  Tables I  and I I ,  are given in  Fig* 3 .4 , where the divergence 

from the calcu lated  values i s  shown by the dotted l in e s .  The grid  of

T = T ln E + I j  RK? f  IX Rli 
E + I i  RK» -  Ec o 2

where

e c ©2 -

Ebb
M

grid  of Tg during

3.7
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T2 is  a c tu a lly  driven s l ig h tly  positive  and accounts fo r the various 

overshoots. Since the overshoots are small and the time needed fo r 

the voltages to  decay to  th e ir  f in a l  value i s  sh o rt, in  comparison 

to  T, the net e ffe c t on the operation of the c ir c u i t  i s  neg lig ib le  

and w ill be omitted from the analysis to  follow .

3.4 OALCELATION OF THE TIMING- PERIOD

A value must be determined fo r 1^ and 'T' in  order to  express 

Eq, 3.10 as a function of the c ir c u it  param eters. A load lin e  must be 

p lo tted  on the p la te  c h a ra c te r is tic  curves of T^. In order to  p lo t the 

load l in e ,  i t  i s  necessary to  find  the value of the e ffe c tiv e  p la te  

voltage and load res is tan ce  th a t  comprise the ex ternal c ir c u i t  of T̂ 0 

The re su lta n t c ir c u it  i s  shown in  F ig . 3.5 where

3.12

3.13

R ®L1 d .14

From these equations, the appropriate load lin e  can be constructed.

The value of e_-i which loca tes the operating point of the tube i s  

given by the equation

eg3_ = Ê  = E — I^ Rg* ™ 0 3.15

Rt  -  RL1  + % T

since
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FIGURE 3 .5

EFFECTIVE PLATE SUPPLY VOLTAGE AND LOAD 
RESISTANCE OF TUBE T j FOR OPERATION IN REGION I I

E.

FIGURE 3 .6

GRAPHICAL METHOD FOR DETERMINING THE OPERATING 
POINT OF T i FOR OPERATION IN THE QUASI-STABLE STATE
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The actual value fo r th is  voltage w ill  he negative or zero  hut never

positive  due to  the clamping ac tion  previously discussed. I f  3,15

should y ie ld  a positive  number i t  only ind icates th a t  the grid  is

clapped to  the cathode vo ltage.

Since there, are two variab les present in  the above equation,

a t r i a l  and e rro r  so lu tion  i s  necessary, A graphical method is  described
2by Millman and Taub where values are assumed fo r with 6 g^ calcu lated  

frogi the equation. These values determine a curve which i s  also  p lo tted  

on the p la te  c h a ra c te r is tic  curves. The in te rse c tio n  of th is  curve w ith 

the load lin e  determines the operating point of the tube. This method 

is  depicted in  F ig , 3 .6 . I t  i s  possible th a t the operating point could 

f a l l  to  the l e f t  of the eff̂  = 0  curve which would emphasise the fa c t 

th a t T  ̂ i s  in  clamp.

Replacing the tubes with th e ir  appropriate c ir c u i t  models 

y ie lds the c ir c u i t  shown in  F ig . 3.7 where the switch is  c losed, and T  ̂

i s  in  a clamped condition . The current 1^, as determined from th is  

c irc u it  when the curren t through R is  assumed to  be n eg lig ib le , i s  given 

by the equations %
T _ Ebb “ E  ̂ 1(-I-, clamp =  ---- ------------  3,16

% 1 + Xp+RK’

■ ,  . _  Ebh+ ^ 1  E1  " E^ 1 + 1 ) 3.17: X-i a c t i v e — ^—     / —=— T—
1  T p+RLi+ R KUA4rH)

" * " 2 J .  Millman and H. Taub, Pulse and D ig ita l C irc u its . McGraw-Bill
Book Co., In c ., 1956^pp. 13-15
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where the values fo r r p and M  % are determined graph ically  a t  the point 

of operation of «

By siinplifying the c ir c u it  in  F ig . 3.7 to  th a t of F ig, 3 .8S we 

can determine the time constant 7  ̂ » which has a value of:

T  clamp = (Rf +  R) C— RC 

T  active  = (R? ? -f R) C 

where the assumptions

R? = r„ R »  R»

3.18

3.19

lt*, a R u +  % ' r p < RL1 +  %•

have been made.

Equations 3.16 through 3.19 make i t  possible to  express 

Eq. 3.10 in  terms of the c ir c u i t  param eters, arid a f te r  s im p lifica tio n  

has values given by the equations s*

Telamp = (R) (C) In % (rp +  % i + % )^% 1 r 3
R il + R3) +%  (r>p+RLl) 

M2

3.20'

R k  R l i  0  = / £ / ( ) +  R  3 +  R f t  R 2 R 3 C M 1+  0  +  R a  R a R t t  (M̂ i)
, R K R « ^ , + R t , + R 3 ( i + ^ / +  R w R 2 R 3 ( Z t / +

The p late  supply voltage does not appear in  these equations 

and i l lu s t r a te s  the independence of the timing period of E ^ c However, 

the values fo r r pJ and X/ 2  depend to  some extent on E% but w ill

•"■See Appendix A



35

cause only a s l ig h t  v a ria tio n  in  T fo r moderate changes about the design 

value of In Chapter 5, measurements w ill  be made to  determine the

percentage change in  T fo r various changes in  the supply vo ltage .

3„5 TRIGGERING OF THE MONOSTABLE MULTIVIBRATOR

Upon the term ination of the quasi-stab le  s ta te ,  the c ir c u it  

rev e rts  to  i t s  s tab le  mode of operation and remains there u n t i l  another 

tr ig g e r  pulse is  app lied . I f  the method to  be discussed below is  

employed, the c ir c u it  w ill  not respond to  the incoming tr ig g e r  u n t i l  

E^i has reached i t s  f in a l  value of vo ltage. The recovery time of 

then lim its  the ra te  a t  which the tr ig g e rs  may be applied .

Let us re fe r  to  F ig . 3.2 to  obtain the value fo r the time 

constant th a t  d ic ta te s  the recovery of E^«, The time constant tT  ^ 

has a value given by the equations

T i- C R L l+ r J  C 3.22
■

where i t  has been assumed th a t  Rt.i i s  much la rg e r  than Tg. Fig. 3.9 

shows an example of a decaying exponential waveform p lo tted  with the 

percentage of voltage remaining versus the number of time constants 

th a t have elapsed. A tr ig g e r  pulse which i s  applied prematurely to  

the c i r c u i t ,  before Ê % fu l ly  recovers, could cause the timing period 

to  be foreshortened. In order to  prevent th is ,  i t  i s  necessary to  

allow Efcx to  e s se n tia lly  reach i t s  f in a l  value of vo ltage. As may be 

observed from the exponential waveform of F ig . 3 .9 , i t  takes an in f in i te  

number of time constants to  reach the f in a l  value of vo ltage. For the
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accuracies involved in  th is  thesis*  i t  w ill  be adequate to  allow ap­

proximately five  time constants to  elapse before the app lica tion  of 

the tr ig g e r . The maximum ra te  a t  which the tr ig g e r  pulses should be 

applied is  then defined by the equations

T (Trigger) = T + STy 3,23

The method and type of tr ig g e rin g  are also  im portant and 

there  are a number of d if fe re n t ways. in  which tr ig g e rin g  may be ac­

complished, One method of tr ig g e rin g  i s  by the app lica tion  of a- 

positive  pulse to  the normally o ff g rid  of T-jj however* th is  requires 

a very large pulse in  most instances because of the large  negative 

bias necessary to  insure th a t T  ̂ i s  held cut o ff . For the c ir c u it  

under discussion* a positive  pulse of amplitude

ET ^ %  “ E + Ece l 3.24

would be requ ired . I t  i s  a lso  quite  possible th a t the negative- 

going portion of the positive  tr ig g e rin g  pulse w ill cause a reverse 

tra n s it io n  and destroy the action  of the m u ltiv ib ra to r. This is  

often the ease since i t  requ ires a much sm aller pulse to  drive the 

tube back in to  cu t o ff than was necessary to  place the tube in to

operation . A negative trigger*  therefore* is  much more e ffec tiv e

than a positive  one.'*

A preferab le  method of tr ig g e rin g  then* is  the app lica tion  

of a negative pulse to  the grid  of Tg or to  the p la te  of T  ̂ which is

3 j ,  Millman and H, Taub* Pulse and D ig ita l C irc u its* MeGraw-gill 
Book Co.* Inc.* 1956* pp. 156-159
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coupled to  the g rid  of Tg by the capacitor C* This tr ig g e rin g  arrange­

ment i s  i l lu s t r a te d  in  F ig . 3 .10. At the in s tan t of the tra n s it io n , 

the p late  of w il l  .drop in  voltage and reverse bias the diode causing 

the tr ig g e rin g  signa l to  be decoupled from the m u ltiv ib ra to r u n til  the 

completion of the quasi-stab le  s ta te .  This re s u lts  in  a touch mere 

re l ia b le  ac tio n .

The method of trig g e rin g  may be d ic ta ted  by considerations other 

than those mentioned, however the importance of the sub ject i s  not 

intended to  be deemphasized since proper c ir c u i t  action  i s  dependent 

upon re l ia b le  tr ig g e r in g .



CHAPTER 4

ANALYSIS OF THE TRANSISTOR MONOSTABLE MULTIVIBRATOR

4.1 INTRODUCTION

T ransisto rs have numerous advantages over vacuum tubes, in  

p a rticu la rs  they are much sm aller in  s iz e , they require  no filam ent 

power, they operate a t  a lower supply vo ltage, they have lower power 

d iss ip a tio n , and they normally have a longer operating l i f e  than tubes. 

The superior switching properties of t r a n s is to r s ,  as may be observed 

from the c ir c u it  models of Chapter 2, make them -particu larly  well 

su ited  fo r app lica tion  in  switching c ir c u i ts .

The c ir c u it  of F ig . 4.1 i s  the tra n s is to r  counterpart of the 

vacuum tube c irc u it  considered previously . The voltages and currents 

are defined as shown in  Figure 4 .1 .

4.2 STABLE STATE OPERATION

By the proper se lec tio n  of Rg and Rg, the operation of 

tra n s is to r  T  ̂ i s  designed to  be held in  the c u t-o ff  condition and 

tra n s is to r  T  ̂ to  be in  clamp. This condition is  necessary to  assure 

re lia b le  operation of the c ir c u it  and to  take advantage of the excel­

le n t switching properties of the t r a n s is to r s .  For th is  condition, 

the c ir c u it  can be reduced to  the c ir c u i t  given in  F ig , 4.2 where the 

tra n s is to rs  have been replaced by th e ir  c ir c u it  models and the values

39
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i i

FIGURE 4.1 

TRANSISTOR MONOSTABLE MULTIVIBRATOR
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» E

FIGURE 4.2

EQUIVALENT CIRCUIT FOR OPERATION IN THE STABLE STATE
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fo r Rgf and E are given by the equationsi

B ? = %  r2 4.1
KE ' ---------

E = 5:9, Re  4.2
r E + r 2

A se lec tio n  fo r the value of e ith e r  Rg or Rg is  i n i t i a l l y  made with 

the other to  be calculated, a f te r  the desired magnitude for E has 

been es tab lish ed .

The base current necessary to  drive Tg in to  sa tu ra tio n  

sp ec ifies  th a t  E have a magnitude of:

E. ^  Igo R 4.3

where Igp is  defined by the in te rse c tio n  of the load lin e  with the 

lin e  created by the merging of the current curves as Shown in  

F ig , 2 .7 (a ) . The requirement th a t  T̂  be cut o ff i s  a lso  s a tis f ie d  

by the value of E as given in  Eq. 4 .3 .

The voltages th a t r e s u l t  from operation in  th is  s ta te  are 

given in  Table I I I  where

R »  Re »



TABLE I I I

TRANSISTOR STABLE STATE VOLTAGE EQUATIONS 

VOLTAGE VALUE

EC1  Ecc

Ec2 - °

E1 =  0

E2

EE E

These conditions, specified  by Table I I I ,  w ill p rev a il u n t i l  the 

app lica tion  of an ex ternal tr ig g e r  causes a tra n s it io n  to  the 

q uasi-s tab le  s t a t e .

4,3 QUASI-STABLE STATE OPERATION

Upon the app lica tio n  of a tr ig g e r  pulse, t ra n s is to r  T% is  

cut o ff and E^g drops quickly to  Ecc j th i s ,  in  tu rn , causes T  ̂ to  be 

driven in to  sa tu ra tio n  through i t s  base connection to  the co llec to r 

of Tg) „ At th is  in s ta n t of tim e, the equivalent c i r c u i t  i s  given by 

Fig, 4,3 where the tra n s is to rs  have again been replaced by th e ir  

c ir c u it  models, The voltages are calcu lated  from th is  c ir c u it  and 

have the values given in  Table IV.



44

T,

FIGURE 4.3

EQUIVALENT CIRCUIT FOR OPERATION IN THE QUASI-STABLE STATE
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TABLE IV

TRANSISTOR QUASI-STABLE STATE VOLTAGE EQUATIONS

VOLTAGE VALUE

Ec l Ecc+ *1 RL1

Ee2 Ecc

E. E
1  E

e2 ^  r L1

ee E - ^ R e V

The current 1^ and time constant 'j' are a lso  calcu lated

from Fig , 4,3 and have values represented by:

“Ec c + E
I , =........................ . .:— 4. 5

rli  re v

T  — RG 4, 6

where i t  i s  assumed th a t

Y

RE? + EL2 + R1

< <  1 4.7

I f  allowed to  do so, the voltage a t  the base of T2 would asymptoti­

ca lly  approach a f in a l  value of E^„ The voltage E2 i s  re s tra in ed  

from doing th is ,  however, by the conduction of Tg when the voltage 

reaches a value of zero which causes regeneration  to  the s tab le  s ta te  <



46
The voltage Eg then changes according to  Eg. 3.5 where

Ej. — E —

Ei  =  h  r l i

4.8

4.9

Solution of Eg. 3.5 fo r the period T w ill y ie ld  a value given 

by the equations

T = T  In E — Rgi
E “ % Rg?

4.10

which; by the su b s titu tio n  of Eqs. 4 .1 , 4 .2 , 4 .5 , and 4 .6 , sim plifies 

to  the following equations#

T = RC In R2 RL1
rE(rL1 + Rg)

.11

One cycle of operation has now been completed and the 

idea lized  voltage waveforms, specified  by the data of Tables I I I  and 

IV, are shown in  F ig . 4 .4 . The e n tire  operation w ill be repeated upon 

the app lica tion  of another tr ig g e r  pu lse .

4.4 TRANSISTOR CIRCUIT TRIGGERING

The method of trig g e rin g  th is  c ir c u i t  i s  analogous to  th a t 

employed for the vacuum tube c irc u it  and w ill not be discussed fu rth er 

in  th is  Chapter. The only d ifference is  one of voltage p o la r ity  and 

magnitude and not one of method. The maximum ra te  of tr ig g e rin g  is

*See Appendix B
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FIGURE 4.4

IDEALIZED VOLTAGE WAVEFORMS OF 
THE TRANSISTOR MONOSTABLE MULTIVIBRATOR



again lim ited  by the decay of EG1 t o . i t s  f in a l  valhe. This is  

defined by Eq„ 3*23 where T  % f #  th is  c irc u it  is  bh lculated from 

Fig* 4*2 and is  given by?

T  i  =  ( % i )  ( C )  4 .1 2

This completes the analysis of the t ra n s is to r  c irc u it*



CHAPTER 5 

EXPERIMENTAL TEST RESULTS

5.1 TEST PROCEDURE

In order t© su b stan tia te  the v a lid ity  ©f the mathematical analy­

s i s ,  experimental c irc u its  were constructed and te s te d  fo r both the 

vacuum-tube and tra n s is to r  c i r c u i ts .  Figure 5.1 shows a block diagram 

of the experimental setup used to  obtain the various measurements.

The measured values w ill be compared with the values calcu lated  from 

the mathematical formulas of Chapters 3 and 4 . The vacuum-tube c ir c u i t  

i s  considered f i r s t .

5.2 VACUUM-TUBE EXPERIMENTAL RESULTS

Since the equation fo r the tim ing period of the undamped 

ease i s  much more complex and mope dependent upon the tube parameters, 

i t  i s  an tic ip a ted  th a t more re l ia b le  and sa tis fa c to ry  re s u lts  are ®b--
-V . . •

tained  from the clamped case. I t  i s  f e l t ,  however, th a t the undamped 

case would ex h ib it exce llen t independence of changes in  the supply 

voltage, but would be very sen sitiv e  to  other fa c to rs , such as tube 

replacem ents, tube aging, and filam ent voltage change, Since pre­

lim inary te s ts  v e rif ied  these assumptions, the author h ighly recommends 

the c irc u it  where T  ̂ i s  in  clamp during the q uasi-s tab le  s ta te .  A 

c irc u it  of th is  configuration was designed and is  shown in  Fig. 5 .2 .

49
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FIGURE 5 .2

EXPERIMENTAL VACUUM-TUBE MONOSTABLE MULTIVIBRATOR



The indicated  c ir c u i t  parameters were se lec ted  for the following reasons 

Rl2 to  provide an output swing of approximately 2 0 0  v o l ts ,  Rg and Kr to  

s a t is fy  Egs. 3,1 and 3 ,4 , and Rg to  hold in  clamp during the quasi 

s tab le  s ta te ,  R and C to  give a tim ing period of 500 microseconds, and 

R]L2  to  cause the argument of the logarithm  of Eq, 3,20 to  have as large  . 

a value as possib le . The argument of the logarithm  must be kept large  

in  order to  minimize the e ffe c t th a t  small changes in  r^  and JJ{ % w ill  

have on the value of the timing p eriod , The r e s is to r  RTg i s  se lec ted  

to  s a t is fy  th is  requirement since the remaining components are #peci*-"' 

f ied  by other considera tions. This r e s is to r  cannot have too large a 

value, however, and a compromise must be made.

The load l in e s ,  corresponding to  the above components, are 

p lo tte d  on the p la te  c h a ra c te r is tic  curves of the 12AT7, a tw in-triode 

frequen tly  used as an o s c i l la to r ,  and appear as shown in  F ig , 5 ,3 ,

The values fo r r^  and M, g are found g raph ically  from these curves and 

have values of 30 kilohms and 25 re sp ec tiv e ly . Since i t  i s  v e rif ie d , 

both mathematically and experim entally, th a t is  in  clamp during 

the quasi-stab le  s ta te , the above values may be u ti l iz e d  to  solve 

Eg, 3,20 for the re s is tan ce  R and capacitance C» For t h e .given value 

of 470 picofarads fo r  C, a value of 2,3 megohms, fo r R i s  necessary in  

order to  have a tim ing period duration  of 50© microseconds. I t  is  

normal p ractice  for the components to  be 1 0 % un its  whenever possib le , 

and th is  p ractice  is  followed here with the exception of R and G 

which are 1% p recision  u n i ts , This choice allows a more r e a l i s t i c
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comparison to  be made between the calcu lated  and measured re s u l ts .

Table V gives the calcu lated  versus measured values of voltage 

fo r both the s tab le  s ta te  and the quasi-stab le  s t a t e ,

TABLE V

EXPERIMENTAL RESULTS' FOR THE VACUUM-TUBE 
MONOSTABLE MULTIVIBRATOR CIRCUIT

MEASURED AND CALCULATED VOLTAGE VALUES

VOLTAGE STABLE
CALCULATED

STATE
MEASURED

QUASI-STAB
CALCULATED

LE STATE 
MEASURED

Eb l 300 300 216 2 0 0

Eb2 1 0 0 90 300 290

v 79 60 140 160

E2 0 0 —84 to  0 —1 0 0  to  ©

ek 90 90 140 160

The measured value fo r T i s  485 microseconds and compares favorably 

with the design value of 500 microseconds, an e rro r of only three 

per cen t. A measurement was made to  determine the s e n s i t iv i ty  of the 

tim ing period to  changes in  the supply vo ltage. The waveforms of 

F ig . 5.4 ind ica te  the change in  T when E ^  is  varied in  50 vo lt 

increments from 300 v o lts  to  150 v o lts .  The lower se t of waveforms 

in  F ig . 5.4 shows the expanded t r a i l in g  edge of E^g, which allows 

an accurate measurement to  be made when E%,y is  varied in  the above 

manner. These re s u lts  are summarized in  Table VI where
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FIGURE 5.4

OUTPUT WAVEFORM OF THE VACUUM-TUBE MONOSTABLE 
MULTIVIBRATOR FOR DIFFERENT VALUES OF SUPPLY VOLTAGE
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% change in  =

% change in  T =

300 -  E])̂ ) 
300 "

T300 -  T

x 1 0 0  % 

x 1 0 0  %

5.1

5.2

TABLE VI

EXPERIMENTAL RESULTS FOR THE VACUUM-TUBE MONOSTABLE 
MULTIVIBRATOR CIRCUIT

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

Ebb || % Change in  E ^ T % Change in  T

300
.......... ....*..J ......  ... .

© 485 0

250 16.7 485 0

2 0 0 33.3 481 0.83

150 50 474 2.3

5.3 TRANSISTOR EXPERIMENTAL RESULTS

selected  fo r the following reasons,

The values of the c ir c u i t  parameters shown in  F ig . 5.5 were

Rro to  l im it  the curren t th a t 

flows through the co llec to r of Tg, Rg and Rg to  s a t is fy  Eqs. 4.2 

and 4 .3 , R  ̂ to  l im it  the base curren t of T  ̂ when i t  i s  in  clamp,

R and C to  provide a timing period of 50 microseconds, and Rt.i to  

cause the argument of the logarithm  of Eqe 4.11 to  have as large a 

value as p o ss ib le . I t  .As-;.again-necessary to  make a compromise as 

the value of Rg% should not become excessive.
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EXPERIMENTAL TRANSISTOR MONOSTABLE MULTIVIBRATOR
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Tw© p-n-p switching tra n s is to rs s  2N396?s 9 were u til iz e d  in  the 

experimental c i r c u i t .  F©r a given value ©f 0.01 m icrofarads for Gs a 

value of 10 kiiohms for R i s  necessary in  order to  have a timing period 

of 50 microseconds. In order to  make a morC r e a l i s t i c  comparison between 

the calculated  and measured values, p rec ision  u n its  were again se lec ted  

fo r R and C. Table VII shows the calcu lated  versus measured values of 

voltage fo r both the stab le  s ta te  and quasi-stab le  s ta te .  The measured 

value fo r T is  49 microseconds and ind ica tes exce llen t c o rre la tio n  with 

the calcu lated  value of 50 microseconds.

TABLE VII

EXPERIMENTAL RESULTS FOR "THE TRANSISTOR MONOSTABLE 
MULTIVIBRATOR CIRCUIT

MEASURED AND CALCULATED VOLTAGE VALUES

VOLTAGE 1 STABLE 
CALCULATED

STATE
MEASURED

QUASI-STABLE
CALCULATED

STATE
MEASURED

% -35 -35 - n  : - 2 1

EC2 0 . 0 -35 -32

% © 0 - 2 1 - 2 2

E2  ■ 0 0 14 to  0 14 to  0

ee
-17.5 -16 - 2 1 - 2 2

The waveforms of F ig . 5.6 ind ica te  the change in  T when Ece 

I s  varied from -35 vo lts  to  -,17.5 v o lts . The lower s e t  of waveforms 

shows the t r a i l in g  edge of which gives a very accurate ind ication
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1 0  Vcm 
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FIGURE 5 .6

OUTPUT WAVEFORM OF THE TRANSISTOR MONOSTABLE 
MULTIVIBRATOR FOR DIFFERENT VALUES OF SUPPLY VOLTAGE
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©f the timing period*s independence ©f the supply vo ltage« These 

re s u lts  are summarized in  Table VIII where

% change in  %cc

% change in  T =

35 4-Bee

T35 -  T 
T35

% 1 0 0 %:: 5.3

5.4

.TABLE VIII

EXPERIMENTAL RESULTS FOR THE TRANSISTOR MONOSTABLE 
MULTIVIBRATOR CIRCUIT

PER CENT CHARGE IN T VERSUS PER CENT CHANGE IN Ecc

Ecc % Change In E % Change in  T

-35

-30

-25

-20

-17.5

0

14.3

28.6

42.9

50

49.0 

49.04 

49. & 

48.9 

48,75

© 

0.08 

#  '

0.51



CHAPTER 6 

CONCLUSIONS

6.1 PERFORMANCE EVALUATION

The experimental re s u l ts re f  Chapter 5 shew ex ce llen t c o rre la tio n  

with the values calcu lated  from the mathematical formulas of Chapters 

3 and 4. The v a lid ity  of the equations th a t were developed has been 

estab lish ed , and i t  may also  be observed th a t only neg lig ib le  e rro rs  

have occurred due to  the approximations th a t were made. For the 

specified  design conditions, there was only a 3% d ifference between 

the measured and calcu lated  values of the timing period . This e rro r 

can, of course, be made neg lig ib le  by an adjustment of e ith e r  R or C.

The desired, objective th a t  the timing, period be independent 

of supply voltage has been achieved. A 50% change in  the supply 

voltage resu lted  in  a timing period v a ria tio n  of only 2.3% for the 

vacuum-tube c ir c u it  and 0.51% for the tra n s is to r  c i r c u i t .

6.2 RECOMMENDATIONS FOR FURTHER STUDY

An in v es tig a tio n  should be conducted to  determine what 

lim its  e x is t  on the timing period of these monostable m u ltiv ib ra to rs .

In order to  obtain fa s te r  waveforms, the r is e  and f a l l  times of the 

pulse must be shortened. A study should also  be made to  determine 

what e ffe c t d if fe re n t tr ig g e r  pulses would have on these c ir c u i ts »

A possible trouble a rea , in  obtaining longer timing periods, i s  in

61



the loading caused by the input res is tan ce  of the secdhd stSgfey This* 

is  e sp ec ia lly  true  of the tra n s is to r  c i r c u i t .

The f e a s ib i l i ty  of obtaining a variab le  delay from these 

m ultiv ib ra to rs should be in v es tig a ted . I t  may be possible  to  achieve 

re s u lts  th a t are superior to  those obtained from the cathode-coupled

monostable m u ltiv ib ra to r, thus providing a c ir c u it  th a t  compares
4favorably with the phanastron as a stab le  delay device.

^ J . M, P e t t i t ,  E lectronic Switchinga Timing» and Pulse C irc u its , 
McGraw-Hill Book Company, In c ., New York, 1959, pp 182-187



APPENDIX A

THE DERIVATION OF THE TIMING PERIOD FOR

THE CASE WHERE T IS IN CLAMP

The equation  for  the tim ing period of the vacuum-tube 

monostable m u ltiv ib rator  w i l l  be expressed as a fu n c tio n  o f the 

c ir c u it  param eters. In order to  do t h i s ,  the equations th a t d efin e  

E, I j  and %C02 w i l l  be su b stitu te d  in to  Eq. 3 .1 0  and the ensuing  

r e s u lt  s im p lif ie d .

T E 4- I j  RK’+ IjR L l  
E4-I2 R|̂ t —Eco2

3.10

where

Ebb RK

RL1“*" r p-|- RkR3

rK+ r3

r3 Ebb

RL1RK + RL1R3 + rpRK + R3rp4- rkR3

63
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T herefore:

=  'T  In
EbbRk , Ebb C  RKR32+  (RL1R3 )(RK4- R3 )
Rk +  R3  ̂̂ K+R3) +  r p( rK+r3 ) + RKR3] [  RK"W^

EbbRK

RK+r3
+

Ebb rKr3'

rK+ r 3 RL1 ( RK +  R3 ) 4- Tp( % +  R3 JLf2

= T ln  \  r k [ RL l(RK f r3) r p(Ry-»-R3 )-t- RKR3l4' RKR32 ^ R3RL l(RK-t"R3 )

when

Rk+ Rk 4- r3

M2 M2

RL1 ( rK+ R3 ) +  r p( r K “•■r 3 ) -I- RKR3 +  rKr 3

M z  »  1

T =  T i n (%  -f R3 ) ( RLl  X rk RKr rKr3 +  r L1r 3 )

( Rk"h R3 ) ( RL lRKl"RKr p +  rKr3 +  R3 RL1 4* R3r p )

XX 2 XX2

= T in % (RLl +  r p +  R3) +  rL1r3_____________

rk (rL1 4 ' r p -h R3 ) + (  R3 j (Ru  +  r p)

XX2

3 .2 0

The d er iv a tio n  for the case where T-̂  i s  operating in  the a c tiv e  reg ion  

i s  much more involved  but fo llo w s the same pattern  as the above 

d e r iv a tio n . The sim pler ca se , then , w i l l  s u f f ic e  to  i l lu s t r a t e  the  

manner in  which the equations for the tim ing period were d erived .



APPENDIX B 

THE DERIVATION OF THE TIMING PERIOD 

FOR THE TRANSISTOR CIRCUIT

The equation  for  the tim ing period o f the tr a n s is to r  monostable 

m u ltiv ib rator  w i l l  be expressed as a fu n ction  o f the c ir c u it  parameters 

In order to  do t h i s ,  the equations th a t d efin e  E and 1  ̂ w i l l  be sub­

s t itu te d  in  Eq. 4 .1 0  and the ensuing r e s u lt  s im p lif ie d .

E -  IiRE» -  Ii RL1
T =  f  In

=  T  In 1  -

E -  IlRET

Rl i ____

-  Re1

= T i n 1  - 11% !
]

where

E =
ECcr E

RE+ **2

ECc E

RL1+  REf

REf

=  -  Ecc

^E^2_________
rE+ ^

-  Rf.H-(rE4-R2)

RL1 ( r E R2 ) +  rEr2

-  Ecc
Rr

RlI  (%  + R2 )+rEr2

E

g1

RL l(RE + R2 ) + RER2

h rE+r2 e cc r 2

RERL1(RE+ R2) +  rE R%

R2 (Re+ r 2 )
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T  In 1

T  In 1

T  In 1

R eR li ( RE+ r 2 ) +  r E* R2 +  r 22rE 

R^T^+R^J

R2RL l ( RE+ R 2 )_________

re(rL1+  r 2 )(Re +  R2 ^

r E^r L1 "̂  r 2 )
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