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BJT Small-Signal Analysis

Common-Emitter Configuration:

The voltage divider circuit of Fig. 13-1 includes an emitter resistor (Rg) that may or
may not be bypassed by an emitter capacitor (Ck) in the ac domain.

Bypassed (absence of Re):

For the ac equivalent circuit of Fig. 13-2,

Ly by Lo, Leqe L

— ] | —> If o] - -—
R Z, :Zb ! Z, zZ,
N + v, ﬂ] r, | +
S U2 TS T NOT/N YA B P
e 1| e [l f
~ : ==
ZinT e : — : e e—

Fig. 13-2

Using r. equivalent model:

Input impedance:
R'=R||R,
Zb = ﬂre
Z; =Rz, =Rpr.

Z,=R¢+Z =Rs+(R'\fr,)
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Output impedance:

Approximate (neglecting r,); Exact (including r,);
ZOZRC Z():RCHFO
Z,=R,|Z,=R,|R. Z, =R, |Rc|r,
Voltage gain:
Approximate (neglecting r,); Exact (including r,);
_ r_ _ RLHRC T
Vo __ICZO __ﬁ]b(RLHRC) Av __7"—
et
Zb ﬂre
AV = & = RL HRC
Vi 7,
PR A/
’ Vs i s Zi + RS
Current gain:
Approximate (neglecting r,); Exact (including r,);
AR AN i PR
SR PR S A : [’”o"'(RCHRL)](RC+RL)(R’+/B’%)
R R’
:—C',B' '
R-+R; R +7Z,
_ PRcR'
(Rc + R (R + pr,)
g =todo iy K
oI, I I, " Ry+Z,
As an option:
_ﬂz_loRL __[_0 ﬁz—A. Ry
' Vl IiZi ]1 Zl l Zi
Az _]_0__V0/RL :_&. Zl :_Av' Zi
I, V/Z Vi R, R,

Phase relationship:

The negative sign in the resulting equation for A, reveals that a 180° phase shift
occurs between the input and output voltage signals.
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Using hybrid equivalent model:

Approximate (neglecting 4,,); Exact (including 4,,);
Zb = hie
A =— hfe (RL HRC) 4 =— hfe (RL HRCH1 / hoe)
’ hie ’ hie
y hfeRCR’ y hfeRCR’ /h,,
" (R +R)R +hy,) C [k, + (RCHRL N(Re + R )R+ hy,)

Unbypassed (include of Re):

For the approximate ac equivalent circuit (#, =1/4,, =~ 0Q) of Fig. 13-3,

I; b 1, f,
> _ - _ -+
— — - -—
Z, Z, Z, Z!
RS + +
+ V.S R Re ¥, § R,
v, - ‘

Using r. equivalent model:

Input impedance:
Vi=1,pr, + IRy =1,[fr, + (f +DR,]

Zy == B+ (B DR = B, + Ry) = PR

b
Z,=R|Z, =R Br, + (B+ DR 1=R'|B(r, + R;) ~ R AR,

Output impedance:
Z, =R,
Z,=R,|Z,=R,|R¢

Voltage gain:
V,= _]cZ; =-pI, (RLHRC)
Vi Vi
Ib =
Z, p@r,+Rg)
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_ BR:R’ . BR-R’
C(Re +R)IR' + B, +R,)] (Re +R)(R' + fRy)

Phase relationship:
V, and V; are out-of-phase by 180°.

Using hybrid equivalent model:

Z,=h,+ (hfe +DR. = h;, + hfeRE zhfeRE

_ (R, Re) CRy|Rc
" h +h Ry R,
hRcR' hRcR'

A= N
" (Re +R)(R' + hyy + hpRg) (Re+R )R +hyRy)

Common-Base Configuration:

The common-base configuration of Fig. 13-4 is characterized as having a relatively
low input and a high output impedance and a current gain less than 1. The voltage gain,
however, can be quite large.

Cc

Io
|<—
I
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Using re equivalent model:

For the approximate ac equivalent circuit (7, = Q) of Fig. 13-5,

Input impedance:

Z,=r, I . L I I,
— _ - > ) _ -
Z. =R\, [low] — —> = -
R Zi Zb Zo Zo
. S + < [ + L
Output impedance: + V, 2R 3 Dal. Re V, 2R,
Z,=Rc  [highy s ] b ]
Z; = RLHRC = = — — =
Fig. 13-5
Voltage gain:
Vo :Ich,) :ale(RLHRC)
Ie = Vl /re
a(R, |R R, |IR
4 2% LRe) _ RilRe Chigh
re r@
Current gain:
L A Lo L Re R
S PR S S R-+R, Ry +7,
R-R
=— Dl [less than 1]
(Rc +R )R +1,)
Phase relationship:
V, and V; are in-phase.
Using hybrid equivalent model:
For the approximate ac equivalent circuit (1/4,, = 0Q) of Fig. 13-6,
i> e &, &, c 41_0
Zb = hib ? o ? *~—e <Z_ -—
Zl.:REth.b R i+ b %’h G)h , o > Z,
hfb(RLHRc) y Vi 3Re 7" e Re V, 3R,
/Lv = _h— Vs - b -
ib B *
Fig. 13-6

. (Rc +R )R +hy)
[hp: -ve quantity]
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Common-Collector (Emitter-Follower] Configuration:

When the output is taken from the emitter terminal of the transistor, an amplifier
circuit is referred to as emitter-follower as shown in Fig. 13-7. The emitter-follower
configuration is frequently used for impedance-matching purposes. It presents a high
impedance at the input and a low impedance at the output. Also, the output voltage is
always slightly less than the input signal with an in-phase relationship between them.

Using re equivalent model:

For the ac equivalent circuit of Fig. 13-8,

Ly b Iy
Z Z,
i b 7
RS + ﬂe
+ V, RB
Vs _

Input impedance:
R'=R,|R;
Vi =1,pr, + IR =1,[Br, + (B+DR']
Z,=V. /I, =pr,+(f+DR
~p(r,+R) = PR [high]
Z; =Rz,
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Output impedance:
V.—IRs—1,pr,—I,R"=0 [KVL]
For the circuit of Fig. 13-9a, Ry
+ R
where Rg >> Ry => = =
Ry =Rg, Ep =V, and [; =1, (a)
Vi—1,Rg =1, pr, = I,(B+ DR =0
V

S

"R+ fr+(B+ DR

B B (B+1DV
le=(F+DI, = Rs + fBr, +(B+1DR'

1,

e

~ s

NRS/,B+re+R'

Drawing the circuit to "fit" the above last

equation will result in the configuration
of Fig. 13-9b. Thus

Z,=Rg|(Rg/B+r,)  [low]

Z,=R,|Z,
Voltage gain:
v, LK R’

) = , =— [less than 1]
V. I, (R'+r,) R +r,

g Yoo R
V., R+R/B+r,
Current gain:
I, I I, I R R
l:_oz_o'i'_b:——E'(ﬂ+1)- B
I. I, I, I, R,+R, R, +Z,
IBRERB

~— hioh
(R, + R )Ry + pR) "

Phase relationship:
V, and V; are in-phase.
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Using hybrid equivalent model:

Zy=h, +(h, + DR = h R
Zo :REH(RS +hie)/hfe

R'+h,/lhy,
" R'+(R, +h,)/ hy,
hfeRERB

l (Rg + R)(Ry +h R

Example 13-1:

For the BJT amplifier circuit of Fig. 13-10 with the following parameters:

Vee=0.7V, p=h,=250, and r,= 1/h,. = o0 Q, determine:

(a) r., and dc output voltage (V).
(b) hie, Zb, Zl', ZO, and Z;
(c) 4,=V,/V,, and A;=1,/1I.

(d) 4, =V,/V, and ac output voltage (V).
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Solution:

Testing: SR, 210R,, R, =R, + R, =0.18k + 0.82k =1kQ2,
250(1k) >10(10k), 250k >100k Satisfied,
- Vee Ry _ 200106) _ ) gqp I, Vo Ve 198207 _ oo
R +R, 10k+9lk R, 1k

_26mV _ 26m
I, 1.28m
Ve =Vee —IcR- =20-1.28m(3k) =16.16V .
» = Pr, =250(20.3) = 5.075kQ2,
hie + (hy, + DRy =5.075k +251(0. 18k) =50.26kC2,
=9.01k[50.26k = 7.64k<2,

Z, RC—3kQ and Z, = LHRC—lzch3k:2.4kQ.

=203Q, I.~1;=1.28mA, and

h
Z,

heZ, |
4, = Teto _250(24K) _ 11 g 4 and A =4, Z; _11.94(7.64k) _
Z, 50.26k R, 12k
A, AVE:AV Zi _Z11940.640) 87, and
s v, Z, +R, 7.64k +0.75k
V,=A4, -V,=-10.87(25m)=-271.75mV .
Example 13-2:

Design the BJT amplifier circuit shown in Fig. 13-11 to have a voltage gain magnitude
of 4, Z;=337kQ, Z,=3kQ, and Z) =2kQ. Assume that the transistor is silicon

with =100, h,=1kQ, r,=1/h,, =00 Q, and SR, >10R,.

Vece + 20V

Fig. 13-11
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Solution:

R.=Z,=3kQ, Z,=R,|R. =2k =R, |3k = R, =6kQ2.

Z!
A4, = °:>4zi:>REzO.5kQ.
E E
h, = pr, =1k =100r, = r, =10Q, re:26MV:>10:26m:>1E:2_6mA_
E E
Ve=1;R, =2.6m(0.5k)=13V, Vy =V, +Vz=134+0.7=2)".
Ve = R, 2 R, R,

PRy >10R, = = =—= =
Vee ! Ry+R, 20 R +R, R +R,

Z,=h, +(f+1DR; =1k +101(0.5k) =51.5k€2.
Z,=R'\Z, =337k =R'|51.5k = R'=3.6k2.
R\R, :>3.6k: R,
R +R, R, R +R,
3.6k

1

R'=R|R, =

From Egs. [a] and [b]: 0.1= R, =36kQ2.

From Eq. [a]: L:O.IDRQ =4kQ.
36k + R,

Example 13-3:

Complete the design of the BJT amplifier circuit shown in Fig. 13-12 for a voltage
gain of 125, Z,=2.4kQ, Z =2kQ. Assume that & =0.985, |V =0.7 V, and

r,=1/h,, = o0 Q. Calculate A4, , and V,,.

VS’

Vecy =9V

<4+
+ Zo
V.2 R,
Ry, Cg _
|
I —
. 200 ? +
V, (r)10mV "V 3R,
J,— Vig o + 4V

Fig. 13-12
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Solution:

R-=Z7,=2.4kQ.

Z,=R,|Rc =2k =R,[2.4k = R, =12k}

A =% 119529980 5960,
re re

g =20V 1576=20" 1 —1.65mA.
[E E

R, Ve =V _4-07 _,

I, 1.65m
Z,=r,|R; =15.76[2k =15.64Q.

A, =42

© VZ 4R, 15.64+20
V,=A, -V, =5510m)=550mV .

Z, _125015.64) _

Exercises:;

1. For each one of the circuits shown in Fig. 13-13, write a mathematical expression
to determine each of the following parameters by using hybrid or r, equivalent

model.
(a) Z, and Z;. (b) Z, and Z. (¢) 4; and 4,.
+Vee
gr 3
1 Cs
—|
RS %l’ Zb IC<_0
+ Vz ng <Z_O + <Z—;
Vs - Ry VojRL

Fig. 13-13




BJT Small-Signal Analysis
Lecture Thirteen - Page 12 of 12

2. For the common-base amplifier of Fig. 13-14, determine the following parameters
using the complete hybrid equivalent model and compare the results to these
obtained using the approximate model.

(@) Z, and Z.  (b) Z, and Z,. (¢) 4;and 4,. (d) 4; and 4, .

h,=1.6kQ  h, =110

fe

By =2x107" i, =208

I, Cs Ce 1,
— |1 . [
1 7» — --— |l ,
RguQ  “ L% L Z
. y R, 23k R-2 3kQ v RL§8.2kQ
vV -
N Vig I 4 Vee I 12V

Fig. 13-14

3. Complete the design of the BJT amplifier circuit shown in Fig. 13-15 for a voltage
gain magnitude of 205, Z; =1.5k Q, and Z)= 3.2 kQ. Assume that £ =100,

Ver =07V, Rpi/Rrp>; =195, and r, = 1/h,, = 0 Q. Sketch V, to the same time
scale as V..

N
V() 2Sinwt mV

Fig. 13-15
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