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ENEE2360 Analog Electronics

T8:
BJT AC Models and Analysis

Instructor : Nasser Ismail

Small Signal ac Equivalent Circuit

> In order to simplify the analysis, we replace the
Transistor by an equivalent circuit (model)

» An AC model 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:

* r,model
* Hybrid equivalent model
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Two-port networks

» Suppose that a network N has two ports as shown below.
How could it be represented or modeled?

» A common way to represent such a network is to use one of
6 possible two-port networks.

» These networks are circuits that are based on one of 6
possible sets of two-port equations. These equations are
simply different combinations of two equations that relate
the variables V, , V,, |, , and I, to one another. The
coefficients in these equations are referred to as two-port
parameters. | I

1 2
— %0

+ +
Input Network N
Port Vl (dependent sources, \Y% Output

resistors) 2 Port
O————— (Nis a 2-port network) —— 0
4

ENEE234 — Circuit Analysis

Note that 1, , I,, V,, andV, are labeled as shown
by convention. Often there is a common negative
terminal between the input and the output so the figure
above could be redrawn as:

1 > < 2
+ +
Network N
dependent sources
Input ( - !
Port Vl resistors) v Output
(Nis a 2-port network) 2 Port
O 10)
5
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Development of the h-parameter model of BJT:

For A BJT the equivalent h parameter model can be

described by the following equations:

h - parameter equations:
V,=h,-1,+h, -V,

l,=h;-1,+h,-V,
1, —> —
"
hi
\Y \%
1 hr. V2 > hin § ho vz
N o
\A
h, =2 h =
tlv,=0 1,=0
I,
hf = T h0 =
llv,=0 1,=0
7
ENEE236
M: Note: This page is for information only
L — 1,
: WV W\’ . Z - parameter equations :
11 22
Vi 21515 I Va V1 =27 |1 +Z,- |2
- . V=2, -1+25 -1,
z-parameter model
1,
+ y - parameter equations :
i v V2 =Yy -Vity,-V,
- L=Yu-Vi+Yy,-V,
y-parameter model
L —,
N w . h - parameter equations :
V1 hyVo hogly h2 V2 V1 = h11 ' Il + h12 'VZ
- . l,=hy 1, +hy -V,
[o]

h-parameter model

IAUORENNASSEISE Zbrm
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BJT Configurations

« Common Emitter
« Common Base

« Common Collector

—e

e

Two-port model

o—

ofa )

network

o—

Terminated Two port network
Includes source and load

Common Emitter Configuration

(inverting configuration, provides voltage and current gain)

VC

h, ~1600Q

h,, ~0.0002

h,, ~80

h,. ~20.107° Siemens

Typical Data sheet parameter values

h - parameter equations:
vV, =h_-lI,+h_ -V,

be iel

I :hfe'|b+hoe'vce

C

Detailed Mode
B

C
r—o

h ie
+ +
vbe hrevce h fe ib %hﬂe vf-‘e
- . -
E

Simplified Model

O
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Common Emitter and Common Collector
Configuration

B h ie c
. o—AANN r 4o+
vbe hrevce h fe ib %hﬂe Vce
- . o_
E

Value of hie

Base Emitter is a pn junction similar to a diode
hie is the dynamic resistance of the pn junction

In a diode:
V.
N=—"1t-=
loo
h, = IV_T = IV_T = hlfeVT lg, dc valueof base current
BQ hCQ e leo dc valueof collector current
fe
hfe :B

V,; =25.69 mV @ 25°C
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Common Collector
(provides current gain and no voltage gain)
Same Model of Common Emitter will be
used due to the similarities between them
and for simplicity

| i i

C C B LN c C
+ +
vbe h ie h fe i b vce
0 S :

E

] Ac Output
Ac input from Vpe i from Em?tter
base side ! e side
[ —oE

el e, ¢
eb vcb
I’-b
B
E_)le lL) C
N T > h - parameter equations:
véb hrbvcb a hfbie %h{)b VCb Veb = hib‘ ) Ie + hrb 'Vcb
o o- Iczhfb'|e+hob'vcb
B
hlb Zh hrb _h
E Veg =0 Ves Ie=0
|
le hgy =—2S
hbeOC:E b Ve <0
Veg =0
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Common-Base Configuration

(prowdes current gain and some voltage gain)

E_,¢ _L, ¢ i
S s s
v+ v hy Lo
“ ib < Veb r' Ve hob Veb
_ B
Simplified Equivalent Circuit
E C E C
S T - ~,
Veb Ibhrbvcb¢ <>hﬂ: I, %hob Voo Yo By, % Qhﬁ I, Veo
o S o e B °
Common-Base Configuration
hib = ﬁ
leo
hep =

11/26/2022
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BJT Amplifier Analysis

When Analyzing Amplifier Circuits, we usually
want to find some or all of the following
guantities with and without Rs:

1) Av=Vo/Vi, small signal voltage gain

2) Ai=io/ii, small signal current gain

3) Zi Input Impedance

4) Zo Output Impedance

BJT Amplifier Analysis

Solution: (with Rs=0)

We draw the ac small signal equivalent circuit
Capacitors ==> replaced by short circuit

DC sources are killed ,

Zi i Zo
i R |
L T
v h, hgi,
5kQ 4KkO V
_Vi - -
iy 1. he, =a =1

EQ
lgo must be calculated from DC analysis

%@%gﬁgﬁ@@%{)m Uploaded By: anonymous,
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DC Analysis

DC Equivalent Circuit:
-Cap ==>open
-Kill ac sources ==>

10 =5k .1, + V,
10-0.7

o =—— = =1.86 MA
5k
Ve _2589mV_ o000
lg 1.86MA

EQ

Ac Ss equivalent circuit

Y

1)AV:7:’

v, =1i,.4kQ

- - vi

Io:hfb'le

.V

=" = =

e h l
V. VoI

A ,=—2=22" 1
v, iy, A, =(4kQ) (h )(h—)

=(4kQ).( ( j:286>1
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Current Gain Ai

i ] Zi £ g Z0
2D)A =2 il
A= - T
io = hfb'ie v hib hfb ie °
i vo
L Sk L | 40
© '5kQ+h, = 1 i _
A =o=bl A= (n, |2k
L 5kQ+h,
5kQ +13.98
Zi & Zo
Zi i Zo
E 5

3) Input Impedance
h,.5kQ }

Z,=(h,/I5 kQ):[S ot
ib

4) Output Impedance
=4kQ

all independant sources killed (i.e. Vi=0 or short)

[}
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With Presence of Rs

' Z +R,

A, =625
For Rs=10kQ
A, =04

For Rs=50Q =

1) From DC Analysis,
we find Q - point and value of

Thevenin's equivalentcircuit = ~
as seen from the base
10 kQ

™ T 10kQ + 50 kQ
R, =10 kQQ//5kQ = 8.33kQ

24V =4V

Example: Common Emitter (CE)

IAUORENNASSEISE Zbrm
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VTH —| le
av !

4=833KQ. 1, + Vg +2.2kQ. 1,

But, le = (1+ B)lg
Solvefor I, = 833 kg(” =1.4mA
: +2.2kO
(1+50)
h, _ Ve _2569mV _ o0
5o 1.4mA
51
Here we have base reflected to emitter
lg = le :(ﬂ"'l)ls
R
Ry, = —2
p+1

Ry
ﬁ

VTH ——TD Loy
av I R(B+1)

Here we have emitter reflected to base

IE

(B+1)

Re = R.(8+1)

le=>1;=

IAUORENNASSEISE Zbrm
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AC small signal Equivalent Circuit
|Zi B _, — ¢ | Zo
ﬁ) st @ L S
i s Pt T
+ E -
\Y
1A, ==
A= P S
v, i,V
Vv, :—hfeib. (R3//R7) =_hfe'(R3//R7)'(hij
I _i ie
" h _ _50.(3.8 kQ//le).(sz—m.?
° 928 Q2

AC small signal Equivalent Circuit

Zi 2
| B — — cC |
L><> y S <_]<> +
10Rkiﬂ R 1 vbe hz’eE: fe ib :,3,8Rig :’R7 va
8.33kQ _ w
¢ - E
2) Zl = RTH//hie
=8.33k//928 Q

only elements to the right of arrow are considered
according to the given direction of the arrow

3) ZO|aIIindependant sources killed (i.e. Vi=0or short) =338 kQ

hereh,.i, =0 sincei, =0 (vi=0 -Kkilled)
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AC small signal Equivalent Circuit

. . RIR,
Ib :(I st

(R /IR, )+h QF % Ve h,3
C -

Ai:I_—":!—.I_—b:—hfe R, | R /IR, __33
i R,+R, J\(R /IR, )+h,

Impedance Reflecti%n Concept

vi,v2,v3 are all
ac sources

Vi
AC

v,=R.i +h i +R. +V
ac ss equivalent circuit ! Rl b € b 27e 2
Jec buti, = (8 +1)i,

v, =R.i, +h_i, + R,(B+1)i, +V

R1 B E’;
Vi
o

- v, -V,
® R +h,+R,(B8+1)
equivalentcircuit equation

< base loop

%@‘E%_"ﬁfgﬂ@é’%m Uploaded By:
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= Vi—Vo
R, +h, +R,(8+1)
equivalent circuit equation

Iy < base loop

R2(B+1)

"

Instead of i, usei,

. Vv, -V ,
i, = L= < Emitter loop
Rl hie
+ +R,

(B+1) " (+1)

equivalent circuit equation

base equivalent circuit

(reflection from emitter to base)

Here we must change i, to i, which

R2(1) requires division by (hfe +1), but voltage
] must remain the same and thus the

resistance must be multiplied

by the same factor (h e +1)

Emitter equivalent circuit

(reflection from base to emitter)

Here we must change i, to i, which requires
multiplication by (hfe +1), but voltage must
remain the same and thus the resistance must
be divided by the same factor (hfe +1)
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Collector Equivalent Circuit

Note: there is no reflection from emitter to collector or
vise versa since the ie and ic are almost the same

Common Collector Amplifier

Given
h,, =1kQ
h, =B ="50
Find Av, Ai, Zi, Zo
AC small signal Equivalent Circuit

Rs

: i i
1Ko Zi g 'b

1A, == .
VS : +
v, =1kQ I S
i, =i (h, +1) ¥
/ £ /. !
AN e Eom Uploaded By
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I, can be found from base equivalent circuit
Ry, =20KkQ// 250 kO
i =i RTH
" (Rey )+ (he 1K, +D))
VS
i =
Rs + (R My, +1kQ(h,, +1)))

R, 1
= tk).(h, +1)[(RTH )+ (h, +1kO(n, +1))J[ R, +(R,, //(n, +1kQ(h, +1)))J

=0.915<«1

A=k

V

i =—>2
° 1kQ
io =ie =ib(hfe+1)

RT H

= 1. -

=1, (Ryy )+ (hie +1kQ(h,, +1))

_o bl

A‘_ii i i, i

=1, +1 R =13.39>1
Ry, + [hie+1k(hfe+1)]
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3) ZI = (RTH //(hle +1 kQ(hfe +1)»
=13.66 kQ (high)

Rs
x+1)

|

Emitter Equivalent Circuit 0
&V, =0 "
-
Zo‘Vs:O — (RS I I:\)TH )+ hie J11LKQ ¢
(he +1)
+ Z0
B 77 P U L V2 YN
(hfe +1) (hfe +1) (hfe +1) 1kQ o
=36.8Q (low)

CC Amplifier as a Buffer

* The value of load resistor RL affects the voltage gain Av,
* This effect is called loading effect and can be substantial

+ CE +
S
V. - Sv
i Amplifier Rig Vo
T, = 100002

hfe:MU
» A buffer (interface) can be used between the amplifier and
the load to reduce this loading effect and keep the high gain

» CC Amplifier is also known as Emitter Follower

Uploaded By: anonymous,
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CC Amplifier as a Buffer
* The buffer must have the following characteristic:

A, =1
A >1
Z, >> high

Z, <<low
* The above characteristic are present in the CC amplifier

the load to reduce this loading effect and keep the high gain

11/26/2022

Zi

Zo

IAUORENNASSEISE Zbrm

o -
, CE Buffer 3.
i Amplifier Y °
) P (cc Amplifier) Re
I, = 10000 2, =1
hy =140 451
Example

» First we consider effect of load (RL) on amplifier voltage gain
» Then we use a buffer and see its effect on reducing effect of RL

e 1) withR =
Vo = —heiy. (Re)
iy = -

h

ie

Ay :\;i:(_hfeRC)hi

i ie

=140

2)with R, =500
A, =‘\’/%=(—hfeRc// RL)hi_=-6.87

|
* S L . S < * i ie
! ! R :> hie:; fe 15 g Re :>RL vo
. ) Av have been reduced from -140
to -6.87
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Amplifier + Buffer + Load

Now let us look at the new circuit with the buffer

+Vee +Vee

hfe1=140 _hfe2:14o
hie1=1kQ hie2=2.24kQ
Stage 1 Stage 2

11/26/2022

B2 122, c2

Bl «— cC «— c2
Vi$ RS ha3 @hﬁzlfﬂ 7% 43?)2k:: hié}%Qhﬁziw 15Rk§1
E2
il El l s +
. Re2 § R:: v,
V, =l (R EZ//RL) 33
iez = ib2(1+hfe2)
I, =iy (RC1 ! RBZ)
(Reu /7Ry, )+ (h, + (R, IR N +h,, )
) V,
= o
“ oosav=teYe le e b g5g
vi IeZ Ib2 Ibl Vi
This is much better than the case without buffer
Uploaded By
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Base To Collector Feedback

Exercise : Find Av, Zi and Zo

Base To Collector Feedback

Exercise : Find Av, Zi and Zo

%g‘g%gfgﬁl/f@%)m Uploaded By: anonymoug,
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Base To Collector Feedback

B —Re+ s o
’ +
. R
i VORL ViRL
V, =—R hp.—— +
h. RF RF

Zy|\ oo =Re IR,
7%
I;
o= Vi VeV
i b F hie RF
Z; :$= Vi
' i_vo —V;
hie RF
_ Vv,
RFVi _hie (V0 _Vi)
RFhie
____V{Rh,
(Rev, —hi (v, V1)

IAUORENNASSEISE Zbrm
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The common emitter amplifier design:

Design a common emitter amplifier using a transistor having
B(min) =480, B(max)= 1500
Vo

To provide a voltage gain vel = 200, between a small signal voltage source having a
resistance 500Q and load R; = 5k

Its specified that Z;,, > 5k

Its specified that Z, = 8k

Solution :

Solution:
Ac small signal equivalent circuit:

V, = _(RC\\RL)hfeib

.V
ip=—
b hie
L
YT Z+R, ¢
o hfe Z;
*14y] = = (RO\\RY)
1> -2 5009
Z;+R;,™
hfe — L
* |4y] =35 (0.9) (Re\\5K) Zo =k
_hre _ 1CcQ _ 1 Z; =Ry, || hie =54
Letgm =5, = Vr = 2seom ~ 38-921co
h.. = BVr _ hgeVr
e Ic Ic

11/26/2022
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< |4yl= (gm)(0.9)(R\\5k) = 200 Ve
Its specified that Z, = 8 k t
Ry
_ 200
* Re=8k, then gu2go—rms="72.2
Let g, = 77.86, then I¢o= 2mA R, Rg
Since Vge = 16V; let Ve = 30V
Let Vgp = % = 6volt Vin = 6.81 volt
Vg Vm:LVCC
Ry =7~ =3Kk0 R, + R,
Z; =Ry, || hie =5k R, - _FaR:
"~ Ri+R,
hie=27=6165K R, = 26.45k
te I th ' > Ry =34.22k
Vor v > R, =116.5.6k
th—V BE
From: Iy = Ra,
m+RE
Example : Ac small signal equivalent circuit:
Find voltage gain
Rc
Ry
A
| V(1) +
| t I_‘+ ke,
V() ﬁ\l Vo -
V, = —Rci,
ia = hfeib + lf
Vo B Vs
lg =
f Rf
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