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Abstract: Three usable amplifier configurations exist for the junction

transistor., The grounded-=base amplifier has the highest
- frequency response, The grounded-emitter has the largest power

gain, The grounded-collector or emitter follower serves as an
impedance transformer much in the way of a vacuum tube cathode
follower, These circuits have many important differences from
their vacuum tube counterparts, An important one is the more
marked effect of source and load impedances on their perform-
ance, ‘Input and output circuits are not isolated by the tran=
sistor,

1.0 Grounded-base amplifier

‘Suppose we consider the grounded=base circuit shown in Fig, 1.

FIG. 1 - GROUNDED RASE TRANSISTOR AMPLIFIER
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1

The circuit equations ares’
vy o= Ie(re + rb) + I
0 = Ie(arc & rb) s Ic(rc 4T 4 RL)o

The determinant is

, (reﬁrkb
(arc«#rB (r # 1y *R].)

or A = Ty [re & rc(1«=a) & RJ 4 re(rc + RL)° (1)
AeT = AF] b
0 r'c + rb & RI.
vy ,
Ie' r(rc&rb#RL) (2)
BT = |%e* o Vi
arc & rb 0
Vs )
Ic = =5 (GI"O * I“b) (3)

The voltage gain is given bys

IR, - (e Ty )B.L
v, A

G =

There is no phase inversion in the grounded-base circuit, .The current
gain is given bys

.A‘;aaf&ss @r *rb
Ie r*r *B‘L

Note that for a short-circuited output (RL.E 0) this is simply @

The input resistance is R, = Vi/Iéo

B
i r, &r, ¢ R
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. xex r@(1=a).4-RL
i b r . r & RL

[

Note that the input resistance depends on the collector load RL“’

The power gain of the circuit is I_ RL/I Roo

PoGo =& (%) )

i

This expression shows quite clearly how it is possible to have a power

gain in the grounded=base circuit even though the current gain is less

" than unity, The input impedance is of the order of ¥ ot T Az 300 <O
while the output load may be several thousand ohms$ I% is the higher
mpedance level of the © sutput circuit which provides the power gain,

‘To get the outpu‘t resistance of the groundedwbase stage we
must apply a voltage to the output terminals and caleculate I c°

——

Q

0= (Rg 4T 4 rb):[e L

Vo = (wcé * r‘bﬂe * (rb'* r@)-I@,

A = r@(ré,# r, R‘g),,-aﬁ rb(Rg #r, = ar@)o

(R %r #rg 0
@r &r) Vo |,

AT
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The output resistance is vo/I o®

* R =1 on o wre,ng |
s o c b re'#rb#Rg' °

The output resistance depends on the generator resistance Rg"o
If we now make some assumpbions about the relative sizes of

the quantities in the above expressions, we can obtain simplified
versions, Assumeg

I“c(l"ﬂ) >>RIL >>re9 I o
Then, A = rcl:ré-&- rb(laa')] o

Ry, o
v Te * rb(1=g)

T, 4 Ty (1-a),

R = r T *‘ri’f(lf?#-gg r o
¢ ry# 1y #R

g

a’By,

PoGo = oo :
T % £, (T5)

2,0 Grounded-emitter Amplifier

‘The grounded-emitter circuit is shown in Fig, 2.

—'Vcc

F-lc,, 2a.




Memorandum 6M=3815 _ Page 5 of 1L

£

3
+

FIG. 2b - GROUNDED- EMITTER AMPLIFIER
ey = (Rg** Iy, * re) I, #r. T
0 = ‘m’c(alb - Ic) *r L, ¢ (RL + T, Ine) Io °
0 = (-re - arc) In* {RLA- r, * r'c(lea)} I
A = rb{re'* Ry # 1, (‘lma)} * T, (rd,*ﬁr)o
This is;jof course, the same as for the grounded-base circuit,
v,
I = -E?a LR rc(lw)}
v
' m. ok (gp -1
IC ’ A (muc re)o

The voltage gain for the grounded-emitter circuit is

o o IR - e r )R
v 'vi- Y

There is a phase inversion in the output signals The current gain is
given bys

KQIG L Fem e .
il Eanan
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The input resistance of the grounded emitter circuit is

R: =n_#r rC*RL‘ °
i b e rc(l-ea) +r_ %R

The power gain is
PoGo = A2 R]r-' -
R,
i

In this case A > 1 so the power gain is larger than for the grounded base
circuit,

If the output resn_stance is calculated as before the result is

4 * Ik Gr,
Ry = 7o(l-e) v v ﬁ—'ﬁ—r?“
If we assume that
rc(l'—a) >> By >>T 5 T
we obtain the followiné approximationsg

%= T ar o)
= B
A I- o
. = T re
Ri = Tyt T 5 °
R, ==‘rc(1==a) + T, ory * Rg
. T, * T # Rg
. . q .
PuGo = 7= RI‘

(1=~a) {r + (1»@)}

3.0 Grounded=Collector Amplifier

The grounded-collector amplifier is shown in Figure 3, This
is the transistor equivalent of the cathode=follower and is frequently
referr_ed to as an emitter-follower.
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FIG. 3- GROUNDED - COLLECTOR AMPLIFIER

The loop equations aresz

v o= (rb - rc) I + rc(laa)le

0 = r I #* {BI *r * rc(lea)} I
The input or base current iss
v
O X . ; )
I % {rc(lw) T * B’L}

The output current iss

Vs
Ie? TI“C o
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The voltage gain for the emitter=follower is

G = ’IeRI;ﬁ ngL
v A

Vi

The current gain is normally greater than unity,

Ic T

Ao

The input resistance is

' re&RL
R‘”rb*r{ (lmg:)tkr HLL

Note that this is approximately RL/lmn; which is an order of magnitude
larger than the emitter resistanc»e R‘L“

The power gain is A2<=1;ln}=) which is greater than unity because
of the A2 term, ‘ ‘
The output resistance is given by

- (1) Rg#rb o
R = r *r l=g
 ° ﬁ Rg*rb&rc

If we make the same assumptions as before, we obtain the following
approximationss

-Gv, s 1
| L = T%; 13 & 1
/{ima) R,}p v 1)
PoGo ﬁ ‘I%—g ""“' B‘* 1

R, =T, # (r Az& R“k)(l-ﬂ);

Note that the circuit has a relatlvely high input resistance and low
output resistance.

A compar:..son of approximate formilae for the three
' conflgura'b:l.ons is given in Fig. L.
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FIGURE L Grounded-base Grounded-emitter Grounded-collector
APPROX, FORMULAE
~ ASSUMING
|7 (1=a)>>R »>r 1 RL
CURRENT GAIN «
_ o2
POWER GAIN a’Ry (1 e " 1 .pe1
' re & r (1‘=ﬂ7 I =g l"’e% I“b(lﬂﬂ) 1 =a .
‘| INPUT. RESISTANCE g Ry,
: T, & Ty (1=a) b * =g I?.E"S(g*]')%
. R*I’(l‘?ﬂ.) aznq}R .
QUTPUT RESISTANCE Fet b . | |
o 4 @{r WFT, r (1‘*‘)*% T = #B. rgt (v, #R) (1 -a)
VOLTAGE GAIN |
ary, = oBy 1
r T (I=n) I"e # 1, (l-a)
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L0 Effect of Load Resistance on Amplifier Performance

In general we are not at liberty to change the internal
transistor parameters given in the previous expressions, We cang
however, vary the load RI.*’ ’

Fig, 5 shows the effect of load resistance on current gain
for the 3 amplifiers,

0

CURRENT - GND. CoL.

GAI:\I 1 é

—

|—oL
-
(~oc ;

Fie. 5
| GND. RASE
oL /(/
N /R
R i ) - L
R=0 R =" (1-) ‘ R="c R‘c’-:@‘:)smwcs
L

As. B.L‘becomes greater than T, all three have a current gain of about
rc/P‘E°

~ The effect of load resistance on input resistance is shown
in Figure, 6.
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INPUT | | - ,
 RESISTANCE|

R;

GND-coL S

GND - BASE
/22 "’Ab(‘ _q> j : ‘ é A‘{
o R:fy Rz N1 -o0) fe »§§3?TAMCE
R —

The effect of the driving generator impedance on the output impedance
of a transistor stage is shown in Figure 7. It is important to note-
the difference in current and voltage drive on the output impedances,
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)

OLTPVT P
RESISTANCE 1 _ c+/2j_,

0& (' oy

: - GENERATO
R8= (o) ea“ nc(' '& %: /‘tc RES I$TAMCQE
4 29
VOLTAGE CURRENT

SouRCE _ SOURCE
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5.0 Frequency Response of Transistor Amplifiers

This is a subject which will be treated in more detail later
on, The frequency response of the grounded-base amplifier is due to the-
variation in current-gain @ with frequency., This can be expressed
approximately asg

ﬂ

THES

where &, is the low frequency a and fca is the frequency at which

“..

a is ,7074;16., This expression is only an approximation and, in fact,

one which is accurate only for f/fcﬂé 1,

The current gain of a grounded-emitter stage is

a
o |
1+3 () :
B =l = — ca’/ - o .
l=g ' a s
1 - o] . 1’GO*J(Fc:>

1+3(£/8,,)
If we now divide top and bottom by 1 = a o We get
(a,/1 -a)

. . T
BRRE S e ey b

‘ Bo _
14 3 f .
*J fcail-a(’);

or B =

Therefore the grounded-emitter stage has a frequency response {l-g )
times that of the grounded=base circuit, This may be 1/10 or less,

The next chapter will discuss temperature stabillty of

o%p&4<752¢542_§

Donald J. Eckl

DJE/md
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