
S T A B I L I T Y  O F  C A P A C I T I V E L Y - L O A D E D  
E M I T T E R  F O L L O W E R S - A  S I M P L I F I E D  A P P R O A C H  

Emi t te r  fo l lowers  w i th  a  capac i t i ve  load o f ten  osc i l la te  
when dr iven f rom an induct ive  source.  The fo l lowing ana lys is  

shows that  s imple adjustment in b ias current  wi l l  of ten stabi l ize 
the circuit .  The analysis is r igorous, yet provides a much 

s impler  resul t  than is  known to have been publ ished.  
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Fig. 1. Emitter follower with a 

capacitive load. 

Common-collector transistor am 
plifiers, or emitter followers, are 
use fu l  in  e lec t ron ic  sys tems  be  
cause  they have both  high input  
impedance and low output imped 
ance. However,  self-sustained os 
cillations may occur if the load on 
an emitter follower is  capacit ive 
and the impedance of the source 
which  i s  dr iv ing  the  emi t te r  fo l  
lower is inductive. 

In this article, stability criteria 
are derived which are useful in the 
design of capacitively-loaded emit 
ter followers. The approach taken 
is  that  of  examining the even or  
real  part  of  the driving-point  ad 
mit tance and determining condi  
tions for stable operation. Stability 
criteria for the capacitively-loaded 
emitter follower have, of course, 
b e e n  p u b l i s h e d  b e f o r e ,  b u t  t h e  
analyses have not resulted in sim 
p le ,  eas i ly-appl ied  resu l t s .  The  
following derivation is rigorous, 
y e t  g i v e s  a  m u c h  m o r e  e a s i l y -  
app l ied  resu l t  than  i s  known to  
have been presented previously.  
The resul t  shows,  in  fact ,  that  a  
s imple  adjus tment  in  dc  emit ter  
c u r r e n t  c a n  e l i m i n a t e  e m i t t e r -  
follower instability in many cases. 

EQUIVALENT CIRCUIT 
An emit ter  fo l lower  wi th  a  ca  

pacitive load is shown schematically 
in Fig. 1 . Fig. 2 shows a very com 
plete equivalent circuit for the tran 
sistor. 

Fig. 3 is a transistor equivalent 
circuit which is valid for frequen 
cies up to cor/S, where d)T is the tran 
sistor short-circuit current gain- 
b a n d w i d t h  p r o d u c t  i n  t h e  c o m  
mon-emitter configuration. This 
circuit  is  a good compromise be 
tween simplicity and accuracy, and 
is adequate for most design work.1 

Using the transistor equivalent 
circuit of Fig. 3, the circuit of Fig. 1 
reduces to that shown in Fig. 4. 

EMITTER FOLLOWER STABILITY 

Condit ions for the stabil i ty of 
the circuit of Fig. 4 can be found 

' F o r  a  t h o r o u g h  d i s c u s s i o n  o f  t r a n s i s t o r  e q u i v a l e n t  c i r  
c u i t s ,  s e e  M .  S .  G h a u s i .  " P r i n c i p l e s  a n d  D e s i g n  o f  L i n e a r  
A c t i v e  C i r c u i t s , "  M c G r a w - H i l l  B o o k  C o . .  I n c . ,  N e w  Y o r k .  
N . Y . ,  1 9 6 5 .  

by examining the real part of the 
driving-point admittance K;v(s). 
For this analysis the transverse base 
resistance r,,- can be neglected, so 
the real part of K;.v(s) can be con 
sidered to be the same as the real 
part of the admittance r"/ . \(s) in 
Fig. 4. 

Solving' for Y'lx(s) gives 
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(concluded inside on p. 15) 

Fig. 2. Transistor hybrid-pi equivalent circuit. 

rb'ci rce â€¢ account tot base-width modulation effects 

/V â€¢ transverse base resistance 
r f  d y n a m i c  e m i t t e r  r e s i s t a n c e  

o,-,. = rr~"rÂ« (̂ >+ 1} 1 â€” a(, 

a0  -  low f requency  t rans i s tor  cur ren t  t ransfer  ra t io  for  

common f)ase configuration 

/30 -  low frequency t ransis tor  current  t ransfer  ra t io  for  

common emitter configuration 

Cbf Ccbi C, .( ,  -  header capacitances 
- collector-base junction capacitance cr 

c, 

0>T 

c -  

transistor short-circuit current gain-bandwidth 
product in common emitter configuration 

= Cf + â‚¬,.â€ž + â‚¬,., 

â‚¬  j^ t tu  .  excess  phase  sh i f t  fac tor  
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EMITTER FOLLOWER 
STABILITY(Vwf/V/ from bark cover) 

Re Ã¯",.v(/Â«) = 

<:.,â€ž 

Fig. 3. A more useful transistor 
equivalent circuit, valid for fre 

quencies 

Fig. 4. Equivalent circuit for cir 
cuit shown in Fig. 1. 

.Substituting ZK and Z, into Equa 
tion 1 and rearranging gives 

Y'IN(*) = 

r,,-eR/CKCis'2 RÂ¡CÂ¡.) s 

rc + R 
(C,, + C K) s + 1 

(2) 

The numerator and denominator 
polynomials can be separated into 
even and odd parts such that2 

r (j)_>Â»i (*)+/Â»,(*) 
m., (s) + n-, (s) 

The even part of Y'Â¡x(s) is given 

EV y,v(5) = "*' m'2 

(3) 

with the real part resulting when 
s = jai. Thus 

ReY' lx( j<a)=EvY' lx(s)  

,  h  

(5) 

s = jai 

Using Equat ions 2 through 5,  
the real part of the driving-point 
admittance can be found to be 
- M .  E .  V a n  V a l k e n b u r g , :  " I n t r o d u c t i o n  t o  M o d e r n  N e t  
w o r k  S y n t h e s i s " .  J o h n  W i l e y  &  S o n s ,  I n c . .  N e w  Y o r k ,  
1 9 6 0 .  C h a p t e r s  4  a n d  8 .  

(C, + Cs) (r 

For  the  case  where  the  imagi  
nary part of the source impedance 
Im Yx(ju>) is inductive, self-sus 
tained oscillations will occur at a 
f r e q u e n c y  d e t e r m i n e d  b y  t h e  
source  induc tance  and  the  t ran  
s is tor  input  capaci tance for  the  
condition 

Re + Â«eT',.v(Â» Â« 0 (7) 

Self-sustained oscillations will not 
exist so long as 

Re y,o) + Re Y' IX(JU) > o (8)  
Therefore,  oscil lat ions can be 

prevented  by contro l l ing  e i ther  
Re Ys(j<a) or Re Y'lx(j<a), or both. 

I f  Re  y .sO)  >  0 ,  as  i s  usual ly  
the case, stability can be assured by 
making Re Y' ,x( j<a)  :> 0.  From 
Equation 6 i t  can be determined 
that  Re YiX(ja>)  > 0  so  long as  

( C ,  

(9) 

(r,,,eCK + RLCL) 

r t > f t ^ _ ( f l . +  l ) r e - C g -  ( 1 ( ) )  
W  C ; -  A , .  

where rfCK = constant. For 
1 

Equation 10 can be rewrit ten as 

/ 3 0  f l , +  l  
r f >  

U > T  C  i  Ã œ > T 2 C i ' 2 R ,  
(11) 

D E S I G N  F O R  S T A B I L I T Y  

Equat ion  10  or  11  represents  
a very useful design criterion for 
assuring the stability of a capaci- 
tively-loaded emitter follower with 
an inductive source. The dynamic 
emitter resistance rf is inversely 
p r o p o r t i o n a l  t o  t h e  d c  e m i t t e r  
current 1K: 

k T  

(6) 

where k is the Boltzmann constant, 
T is the absolute temperature, and 
q is the electronic charge. At room 
temperature, 

0.026 

This  means that  Equat ion 10 or  
1 1 , and therefore the condition 
Rg Y'lx(ju>) > 0, can be satisfied 
simply by adjusting the dc emitter 
current IE. However, if the emitter 
current  needed to meet  this  con 
di t ion  i s  contradic tory  to  o ther  
design conditions (e.g., ac signal 
r e q u i r e m e n t s ) ,  t h e n  t h e  m o r e  
general case given by Equation 8 
should be considered. 

-Glenn B . DeBella 
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