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BJT Small-Signal Analysis
Common —-Emitter Fixed-Bias Configuration

0FE

Fig.1: Common-emitter fixed-bias configuration.
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Fig.3: Substituting the re model into the network of Fig.2

Z: = Rg|Br. | ohms
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Z. = Br, ohms
Rp=108re

Zo: Recall that the output impedance of any system is defined as the impedance Zo determined
when Vi = 0. For Fig.3, when Vi =0, li = Ib = 0, resulting in an open-circuit equivalence for the

current source. The result is the configuration of Fig.4.

Z, = Rdr, ohms

If ro >10 Rc, the approximation RC // ro = RC is frequently applied and

0

i
5 z,
.F'o R{_
Zo = Re¢
J".QEIDRC
- = = Fig.4 Determining Zo
A,: The resistors 7, and R are in parallel.
and V, = —BLRcIr)
b Iy = Vi
it B — ﬁ?'c.
o— z ) .
so that [ Zg8 ,B( B.. ) (Rellra)
Vo (—RC I|’-'Vo)
and A, = = =
If 7, = 10R.
A, = —R‘C
Fe ro=10R~

A;: The current gain is determined in the following manner: Applying the cur-
rent-divider rule to the input and output circuits,

(ra)(ﬁfb) Io roﬁ
e =T — %5 and — =
r, + RC Ib r, + RC

il 7 — (Rp)(U:) 1 I Rg
W >"Re+pr. O I, Ryt B
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The result 1s

I, (IL\/L\ [ 1.B \/ Rsg
A= T = (:)(Tb) — ( 7, + Re )( Rg +B‘B'I'g }
I, BRgl,
and A= 7 = o T RORs + Br2)

which 1s certamnly an unwieldy. complex expression.
However, if 7, = 10R. and Rz = 108r,. which is often the case.

‘:I _ Io g ﬁRBro
LT (r,)(Rp)
and 4:=p

ro=10R.. Re=10pre

Recall from chapter 7 we can use equation below to avoid complexity

Z;
vRC

A,=—A

Phase Relationship: The negative sign in the resulting equation for Av reveals that a 180° phase
shift occurs between the input and output signals

Assist. Lecturer: AMMAR ISSA ISMAEL



College of Engineering stage / second
Dept. of the electrical power and Machine Date: Mon24/11/2014
Subject/ ANALOG ELECTRONIC Time/ 3 hours

For the network of Fig. > :

(a) Determine 7.

(b) Find Z; (with r, = = (}).

(c) Calculate Z, (with r, = = ().

(d) Determune A, (with r, = = ().

(e) Find A4, (with r, = = (}).

(f) Repeat parts (c¢) through (e) including r, = 50 k(2 in all calculations and compare

results.
» ol12V
% 3 k0
470 k2 ; .
Lo
I
I I\ o
— 10 uF
I.z;g_} —aff—
10 uF B=100 7
1= 20 k2
Z.
w Figure 5 Example 8.1.
Solution

(a) DC analysis:
Vee — Vae 12V—-07V

p— p— p— 2" . ‘.'
Is Rs 470 kQ 404 pA
I = (B + g = (101)(24.04 pA) = 2.428 mA
o 26 mV B 260 mV — 1071 O
Te =7 T 2428mA

(b) Br.=(100)(10.71 Q) = 1.071 kQ
Z. = Ry||Br. = 470 kQ|1.071 kQ = 1.069 kQ
() Z, = Rc =3 kQ

(d) A, = _Re _ 3KQ 8o
o Fe 10.71 ) T

(e) Since Rp = 108r.(470 k() = 10.71 k)
A,=8 =100
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() Z, = 1.|Re = 50 kQJ3 kQ = 2.83 kQ vs. 3 kO
roJRe  283KQ

A= == = qgaTq - ~26424vs —280.11
BRzT (100)(470 kQ)(50 k)
A= T RORs + Bra) - (G0 KQ + 3 KQ)A70 kKQ + 1.071 kQ)
= 94.13 vs. 100
As a check:
7z, —(—264.24)(1.069 kQ)
A= —dp = ) = 94.16

which differs slightly only due to the accuracy carried through the calculations.

VOLTAGE-DIVIDER BIAS

T T
1} ’
I G
r il B
Vel © ~—
L1 &
£; Ry
§R_E = Cg
-

Fig.6: Voltage-divider bias configuration.

Substituting the re equivalent circuit will result in the network of Fig.7. Note the absence of Re
due to the low-impedance shorting effect of the bypass capacitor, Ce. That is, at the frequency
(or frequencies) of operation, the reactance of the capacitor is so small compared to Re that it is

treated as a short circuit across RE.
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Fig.7: Substituting the re equivalent circuit into the ac equivalent network of Fig.6

When Vcc is set to zero, it places one end of R1 and Rc at ground potential as shown in Fig.7. In
addition, note that R1 and R2 remain part of the input circuit while RC is part of the output

circuit. The parallel combination of R1 and R2 is defined by:

R' =Ry|R, = —
SR R4+ R
From Fig.7 Zi is
Z: = R'|pr.

Zo: From Fig.7 with Vi set to 0 V resulting in Ib = 0 pA and flb =0 mA,

Za - RC“ra
If 7, = 10R,~.
Z, = Rc
ro=10R
A,: Since R and 7, are in parallel.
Vo = —(BI:)(Rc|lro)
V;
and Iy = Br
. T — ‘ ! -
so that Vo= —p ( Bro __)(RC“-’G-J
Va _RC“;‘O
and A, = 7 -
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Ai: Since the network of Fig.7 is so similar to that of Fig.3 except for the fact that R = R1\R2 =
RB. That is,

=t BR'F,
“T LT (7o + ROR + Br.)

For 7, = 10R.

I, R,
A, ="= A

i I‘G(R' + ﬁf'?_)

| L _  BR
o YT L TR +pr.

ro=10R,

And if R = 108r,.

1, R'
4=2=PR

Y/ R

1
and A= 7= B
: F';:-;Ilﬂﬁc. Rlﬁlﬂﬁr'e

As an option.

f= a4

< -rRC
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EXAMPLE 8.2 For the network of Fig. 8 | determine:
(@) 7..
(b) Z;.

(©) Z, (r, = = L),

(dy A, (r,= = L)

(&) 4i o = = (D).

(f) The parameters of parts (b) through (&) if », = I/h,, = 530 k{} and compare re-
sults.

nv
6.8 k()
§56 ki 10 uF
g
10 uF -
Voo 'jl If/ B =90 ¥
. b
I

— §s.z k0 |
“ 15 Lni 20 uF
w I Figure 8.  Example 8.2.
Solution

(a) DC: Testing BRg > 10R,

(90)(1.5 k) > 10(8.2 k)
135 k€ = 82 k() (sarisfied)
Using the approximate approach.

R, B2kM)22V) .

TR +R €T 36K+ 82KO
Ve=Vg— Vegg =281V —07V=211V

Ve

Ve 211V
Ig = R, 15EKQ 1.41 mA
B 26 mV B 26 mV 1844 ©
Te = T . T 14lmA TR eF

(b) R = R,||R, = (56 k(1)|(8.2 k) = 7.15 k()
Z. = R’||Br. = 7.15 kQ|(90)(18.44 Q1) = 7.15 kQJ[1.66 kQ
= 1.35 k()
(c) Zo =RC =6.8kQ
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d) 4, = —€ 8K 36876

Da4="="Tgma - 3%

e

(e) The condition R’ = 1087, (7.15 kf) = 10(1.66 k{2) = 16.6 k() 15 not
satisfied. Therefore,
BR' (90)(7.15 k()
A= a7 K0+ 166 ka - 04

(f) Z, = 1.35 kQ
Z, = Re|lro = 6.8 k50 kQ = 5.98 kQ vs. 6.8 kQ
R, 5.98 kQ)
- T T I844 0

= —324.3 vs. —368.76

4, =——
The condition )
7, = 10R, (50 kQ = 10(6.8 k) = 68 k)

1s not satisfied. Therefore.

BR'7, (90)(7.15 kQ)(50 k)
LA=TGoFROR + Bra) ~ (30KQ + 6.8 KQ)(7.15 kKO + 1.66 kQ)
= 64.3 vs. 73.04

There was a measurable difterence in the results for Z,. A,. and A4, because the
condition 7, = 10R- was nor satisfied.

CE EMITTER-BIAS CONFIGURATION
Unbypassed
The re equivalent model is substituted in Fig. 10, but note the absence of the resistance ro. The

effect of ro is to make the analysis a great deal more complicated.

Vec
g
§RB & f"r° -
I. " g z,
i G Re V,
— 0
I,;_o_)|_4|i
&
et
Z-.'.
— §RE -
Z:
-
Fig.9: CE emitter-bias configuration. Fig.10: Substituting the re equivalent circuit into

the ac equivalent network of Fig.9.
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Applying Kirchhoff’s voltage law to the input side of Fig.9 will result in:
Vi=1I1pr. + I.Rg
Vi=IxPre + (B + 1)Rg

And the input impedance looking into the network to the right of RB is

Vs
Zy=—"=pBr.+ (B + 1)Rg
Iy

The result as displayed in Fig.11 reveals that the input impedance of a transistor with an

unbypassed resistor RE is determined by

ZE: — .B'F'e + (.B + ]}RE

y

Fig.11: Defining the input impedance of a transistor with an
unbypassed emitter resistor.
Since B is normally much greater than 1, the approximate equation is the following:

Zp = Br. + BRE

and Zy = B(r. + Rg)

Since RE is often much greater than re, can be further reduced to

Zr = BRE

Zi: Returning to Fig.10, we have

‘Z:' = RB”‘ZE:!

Zo: With Vi set to zero, Ib = 0 and Blb can be replaced by an open-circuit equivalent. The result
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A,z
; Vi
b Z,
and V,= —1I, Rc = —BI,Rc¢
_ B( f] »
Z,) €
Vo B—RC
with A, = = Z

N
&

Note again the absence of B from the equation for Av.

Ai: The magnitude of RB is often too close to Zb to permit the approximation Ib = li. Applying
the current-divider rule to the input circuit will result in

Rpl;
fb T —
Rp + Z3
i I  Rg
ane I, Rz + Zs
In addition. I, = BI,
I
and 2 =
b
Io Io Ib
so that A‘;_T_ET;
Rp
=B
Rz + Zs
j:-_:r BRB
and A, = T~ Rp + Z,
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4 4,
o1 P VRC

Phase relationship: The negative sign in Eq.again reveals a 180° phase shift between Vo and Vi.
Bypassed

If RE of Fig.9 is bypassed by an emitter capacitor CE, the complete re equivalent model can be
substituted resulting in the same equivalent network as Fig.3 so all Equations are therefore
applicable.

EXAMPLE 8.3: For the network of Fig.12, without Ce (unbypassed), determine:

(a) 7,
(b) Z. R
©) Z,. 20V
(d) A,
(e} ‘4!' *;f_‘
22kQ
10 uF
470 kQ
§ i o]
C] et
10 uF Z,
Vo M B =120, r, =40 kQ
i I a
I ¢ ha
z' §{].56kﬂ ﬁ]}: .
L
w Fig.12: for EXAMPLE 8.3
Solution
Vee — Ver 20V —07V

@ DG 3= g B DRy 470 kQ + (121)0.56 k@ 2087 #a

Ie= (B + 1)z = (121)(46.5 pA) = 4.34 mA
26 mV 26 mV

and Te = L 434mA = 5.99 ()
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(b) Testing the condition 7, = 10(R + Rg).
40 kQ = 10(2.2 kQ + 0.56 k()
40 kQ = 10(2.76 kQ) = 27.6 k) (satisfied)

Therefore.
Z, = B(r, + Rg) = 120(5.99 Q) + 560 )
= 67.92 k()
and Z, = Rg||Z, = 470 kQ67.92 kQ
= 59.34 k()
(¢) Z, = Re = 2.2 k)
(d) 7, = 10R, 1s satisfied. Therefore.
v, BR, (120)(2.2 kQ)
A= =Tz, T T o2k
= —3.89 78 Re
compared to —3.93 using Eq. Ay = F; - Rg.
‘ z, ( 59.34 k() )
(@) 4= —dy 7= = (738N 771a
= 104.92
I-r_'.l' ERB

compared to 104.85 using Eq. A, —

I, Rz + Z,

EXAMPLE 8.4 Repeat the analysis of Example 8.3 with Cz in place.

Solution

(a) The dc analysis is the same. and r, = 5.99 ().
(b) Rg 1s “shorted out™ by Cg tor the ac analysis. Therefore.
Z, = Ry|Z, = Ry||Br. = 470 kQ[(120)(5.99 Q)
= 470 kQ)|718.8 1 = 717.70 Q
(¢) Z, = Re = 2.2 kQ

R
(d) 4, = —
F'e
_22m0 |
T 599 U0 (a significant increase)
o _ _BRs _ (120)470 k)
() 4:= Rp +Z, 470kQ + 7188 Q0

= 119.82
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EXAMPLE 8.5 For the network of Fig. 13 .. determine (using appropriate approximations):
(a) 7e.
(b) Z.
(c) Z,.
(d) 4,.
(e) 4.
leV
J.;'o
g 22 k0
§ 90 k0
' I °
G
| I/ﬁ=210,r0=50m
L, G -
- o J.
z § 10 kO
0.68 kQ = Cr
- o
= Fig.13

Solution

(a) Testing BRg = 10R,
(210)(0.68 k) = 10(10 k€))
142.8 k) = 100 k&) (satisfied)

R - 10 kO
SR+ R ST 90KO + 10KQ

Ve=Vg—Vge =16V —0T7V=09V

Ve

(16V) =16V

Ve 09V .-
Ir = Ry 063KQ 1.324 mA

26 mV 26 mV o
e = T T 132ama 0%

(b) The ac equivalent circuit is provided in Fig.14. The resulting configuration is now different
from Fig.10 only by the fact that now

R_g =R = R1|IR2 = 9 k()

Assist. Lecturer: AMMAR ISSA ISMAEL



College of Engineering stage / second
Dept. of the electrical power and Machine Date: Mon24/11/2014
Subject/ ANALOG ELECTRONIC Time/ 3 hours

—- —IL
- - JT___. il
Z,

lﬂkﬂggﬂkﬂ

0.68 kL

: » Q
\_V,_ﬂ"

Rr

Fig.14: The ac equivalent circuit of Fig.13.

The testing conditions of 7, = 10(R- + Rg) and 1, = 10R are both satisfied. Using
the appropriate approximations yields
Zy = BRz = 142.8 k()
Z, = Rgl|Z, = 9 kQ[142.8 kO

= 8.47 kQ
(¢) Z, = Re = 2.2 kQ
Re 2.2 k)
@ 4= 3= = —Gespq = ~32
Z, 8.47 k)
(e) 4; = —AVR—C = —(=3.24) (m)
= 12.47
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