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BJT Transistor Modeling

« A model is an equivalent circuit that represents the AC
characteristics of the transistor.

« A model uses circuit elements that approximate the
behavior of the transistor.

» There are two models commonly used in small signal
AC analysis of a transistor:

— I, model
— Hybrid equivalent model

Electronic Devices and Circuit Theory, 10/e H i i .
PEARSON Y, Dr. Talal Skaik 2014 Copyright ©2009 by Pearson Education, Inc

Robert L. Boylestad and Louis Nashelsky 2 Upper Saddle River, New Jersey 07458 « All rights reserved.



1 BJT Transistor Modeling
Capacitors chosen with very
R, small reactance at the frequency
of application — replaced by
" St B low-resistance or short circuit.
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BJT Transistor Modeling

Circuit redrawn for small-
signal ac analysis
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The r, Transistor Model Common Emitter Configuration
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The r, Transistor Model Common Emitter Configuration
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The r, Transistor Model :m»

L Slope = ,_] g,

Common Emitter Configuration "
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The output resistance ris . Ver
typically in the range of i ‘
40 kQ to 50 kQ
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Common-Base Configuration

I,=-1,
-—
/—Ie I‘,
—_— —_—
E o o(
. ) 3! / ¢ |
/ 7
J I,,
B o - O B
l,=-I.
[ A—
I, L.
* »
Eo o C
e | =t
/V, A

V. ! f I.=al, Va

B o ' l o B
PEARSON Electronic Devices and Circuit Theory, 10/e Dr Ta|a| Ska| k 2014 Copyright ©2009 by Pearson Education, Inc.
SETRERC Robert L. Boylestad and Louis Nashelsky ' 8 Upper Saddle River, New Jersey 07458 « All rights reserved.



1, (mA) JSopest Common-Base
4 - r z - -
i - Configuration
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I, 1s quite high. =1, I,
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Common Emitter Fixed Bias Configuration
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Common Emitter Fixed Bias Configuration
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Substituting the 7, model into the network.
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Common Emitter Fixed Bias Configuration

Input impedance:
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Common Emitter Fixed Bias Configuration
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Demonstrating the 180° phase shift between input and
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Example 5.1

Determine r,, Z; (with r,=00), Z, (with r =),

A, (with r =00).
Repeat with r =50 kQQ.

012V
3 kQ
j
v,
10 uF
4_
B =100 Z,
r,= 50 kQ
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Example 5.1 - Solution o2V

3 kQ
470 kQ * /
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— 10 uF
v,o—| -
10 uF B =100 Z,
r,= 50 kQ
Z
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Common-Emitter
Voltage-Divider Bias
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r, model requires you to determine f3, r,, and r,,.
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Common-Emitter Voltage-Divider Bias
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Input impedance:  —- - b jlb

O

R'=Rq||IR :
:1_ || 2 \/], /i Rl R2 ﬁre * ﬁlbgro
Zi =R||Bre

I
(ORaN
—

Output impedance:
Zy=Rc|[rg

“o ZRCl210Re \oltage gain:

V.
V, ==pl,(RlI) Ib:_ = R
s =—Bl, (Relr) ar ﬁ(ﬂe]( Ir,)
A Yo  _Rln) 5 __Re
V. r I

| €

r,>10R

HINiS{el\'W Llectronic Devices and Circuit Theory, 10/e Dr. Talal Skaik 2014 Copyright ©2009 by Pearson Education, Inc.
e . 17 . .

Robert L. Boylestad and Louis Nashelsky Upper Saddle River, New Jersey 07458 « All rights reserved.




Example 5.2

Determine r,, Z;, Z, (with r,=0), A, (with
r.=o). R with r,=50 kQ.
,—). Repeat with r,=50 s
10 uF
/ \l
V.o 1
—
[;
—_— g 8.2 kQ
Zi 1.5 kQ I 20 uF
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Example 5.2 - Solution

@ I,
6.8 kQ
§ 56 kQ 10 uF
——
10 uF e
V.o—| B=90 %
e
[;
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Common-Emitter
Emitter-Bias Configuration
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Impedance Calculations

Input impedance: . b =" ¢ .
V, =1, 81, +1,R, / o} w T
.
V, =181 +(B+1)1,R, z,) —
V. Rp § § Rce
‘ I,=(B+ DI,
Rbi
L

Z, :\I/—‘z,Bre +(B+1)R;

b

Z,=pr,+pR. =p(r,+R.) -
Z, =R, forRg>>r,

Output impedance:
Z; =RgllZ, Zo — RC
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Gain Calculations
Voltage gain:

V. =—I R. =—pI,R
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Example 5.3 without Ce (unbypassed):
Determiner,, Z;, Z, , A, . ignore r for r, > 10(R-*+Rg)

20V

10 uF
v,
C:
10 uF Z,
V. o N B =120, r, =40 kQ
'l 270
—
I, C I\

-—

0.56 kQ = O

\\l

10 uF
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Emitter-Follower Configuration
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« This is also known as the common-collector configuration.
« The input is applied to the base and the output is taken from the emitter.
» There Is no phase shift between input and output.
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Impedance Calculations

Input impedance:

+Oi
=
(0l o

Z,=Ryliz, T T
Z,=pr+(B+DR, D
Z,= B(r, +Re) =L

e !

Z, = PR, (for R.>>r) . di L
Z, R, Z Vo
_ il(,z([ﬂl)l,, _
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Impedance Calculations
.

+ 0
S
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Output impedance:

; Fe Blb
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Z, il |

Z; ?
V' V/' §RB
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D3 |

I — (IB+1)V| 7l;> 47{) Vo
"B+ (B+DR, - g o= B0
since (B+1) = S - - -

Z, =R.]|r, , Z,=r
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To determine Z, V. is set to zero ’\/ R/: -~
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Gain Calculations L
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Voltage gain: Br { Bl
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Example 5.7 Determiner,, Z;, Z,, A,. lziv

220 kQ
10 uF
Vi o—)| B =100,r,=c0Q
e
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Example 5.7 - solution T

220 kQ
10 uF
V. o—)—s B =100,r,=cQ
: /1 » To
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