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Analog Electronic
ENEE236

BJT AC Analysis
L9

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:

* I, model
* Hybrid equivalent model

First Semester 2015-2016
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ENEE236 — Analog Electronics

Modeling Two-Port Networks
» Two-port parameters can be determined for a given network.

» Additionally, two-port parameters might be specified for a
certain device by the manufacturer (such as h-parameter values
for a transistor).

» How are these parameters used?

» They are used to form a circuit model for the device or circuit.
A circuit model is developed using the two-port parameter
equations.

|1 ) ( —_— |2
O }——0
+ +
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ENEE236
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

Network N
(dependent sources, \%
resistors) 2

Input
Port

<+
( ,

(Nis a 2-port network) [——— O

First Semester 2015-2016
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ENEE234 — Circuit Analysis

Note thatl,, 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 ( : !
P gn Vl resistors) v Output
(Nis a 2-port network) 2 Port
O 0]
5

ENEE236

Development of the h-parameter model:

One possible circuit model could be developed by
treating one of the two-port parameter equations as|V; =hy, -1, +h;, -V,
a KVL equation and the other as a KCL equation I =h. 1. +h. -V
(illustrate). This results in the following circuit. 2 =Ny 1+ Ny -V,

h - parameterequations:

LA —=
+ h +
11
\Y h \%
1 hoVo F \L hoqlq § 22 2
e O
Vi V,
hy=— h, =1
11
I, 127y
V,=0 211, -0
|
_ 2
h =2 bl
Il V,=0 22 V
2101,=0
6

First Semester 2015-2016
Instructor: Nasser Ismail

10/30/2015



ENEE236 10/30/2015
BZU-ECE

ENEE236
Development of the h-parameter model of BJT: - :
For A BJT the equivalent h parameter model can be h - parameter equations:
described by the following equations: V,=h. -1, +h -V,
l,=h;-1,+h,-V,
= —1
hi *
! hr.ve L> nin § ho V2
o .
hl =% h — Vl
r
Lhv,=0 \Z I,=0
|
hy =2 h, =2
ly V,=0 Vs 1,=0
7
ENEE236
Summary: Note: This page is for information only
L — 1,
W W\’ . z - parameter equations:
11 22
2 2,1, 214 Va V1 =Zﬂ'|1+212 '|2
- s Vo=2y-L+25-1,
z-parameter_ model
1,
. y - parameterequations:
Yi2V2 Y21V1 v V2 |1 =Yu 'V1 +Yi,- Vz
- L=Yu - VitYyV,
y-parameter model
L —1,
N w . h - parameter equations:
Vi Vo oy hpo Vo V1 = hll . |1 + h12 'V2
- - l,=hy 1, +hy -V,
h-parameter model 8

First Semester 2015-2016
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Port 2 Open
Vi = 10mV
1y = 10 pA
Vo = 40V

Two sets of measurements are made on a two-port
resistive circuit. The first set is made with port 2 open,
and the second set is made with port 2 short-circuited.
The results are as follows:

h - parameterequations:
V,=hy-L+h,V,
l,=hy -1, +h, -V,

Port 2 Short-Circuited

Find the /i parameters of the circuit.

v, = 24mv
I =20 A VL
L=1mA kn:EV ]
=l
4 x 1070
= '2———_( = 1.2k},
20 x 107"
h .
S Ty
5
fay = —
I 2
hy = ;z i Iy |v,—p
20 x 107

Y

BJT Configurations

« Common Emitter
« Common Base

« Common Collector

Two-port model
ofa
network

Terminated Two port network
Includes source and load

First Semester 2015-2016
Instructor: Nasser Ismail
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Detai
v, B
+

V,
be l I Vb
e

Typical Data sheet parameter values

Common Emitter Configuration

(inverting configuration, provides voltage and current gain)

h, ~1600 Q o, i

— «—C
h,, ~0.0002 . ,
hfe ~ 80 Vbe h:’e h fe ib ce
h,. ~20.10°° Siemens - | -

h - parameter equations:
Vbe = hiel ’ Ib + hre 'Vce
Ic = hfe ) Ib + hoe .Vce

led Mode

hs’e
e hrevﬂe ; > Qh Jfe ib
E

Simplified Model

c
r—o

+
%hoe vﬁ (=
o_

B
+
Vb

Common Emitter and Common Collector
Configuration

C
r—o

+
% hoe vf €
°_

hs’e
—AW
e hrevre¢ Qhﬂ’ib
o
E
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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.

=—-=
Ioo

.= IV_T = IV_T = hlfeVT lgo dc valueof base current
BQ hCQ @ e, dcvalueof collector current
fe

h. =P

V; =25.69 mV @ 25°C

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

— C

i i
b
° B 2, —°c
—0
- + *
I, i
g Vee h, hfglb Vee
+ vce - | .
Acb |ans%ut5if(;(;m be lz- Ac Output
R € from Emitter
° side
E

First Semester 2015-2016
Instructor: Nasser Ismail

10/30/2015



ENEE236
BZU-ECE

Common-Base Configuration

E_Le Ly ¢
'
+ } f
Veb Vrb
I,
B
E_Lle i
— C -
L VVv T % h - parameter equations:
ib
Ves hrbvcb h Z hﬂb Ves Veb = hib\ ’ Ie + hrb 'Vcb
° Ic:hfb’le—i_hob‘vcb
B
h, = VEB h, = h
ib — I b \V/
E lvg=0 CBlic=0
| h =t
hfb == < ob
ElVeg =0 Blle=0
CB —
Common-Base Conflguratlon
; (prowdes current gain and some voltage gain)
E _,¢ _, C i
N E _) e [4 C
+ r °+
Veb Vcb 3
i, Veb Ve hob Vew
B
Simplified Equivalent Circuit
E — C E C
o—l\/\/\' ) [ —0
rh | +
ib .
Vop h,v,, hﬁ, i %hob Vo Yo h, hyi, Ve
o o- o | 0
B B

First Semester 2015-2016
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Common-Base Configuration

BJT Amplifier Analysis

Example
Zi Zo
d | ‘ L, L |
5 i
Rs la
vf kQ llb 41{(2 v

First Semester 2015-2016
Instructor: Nasser Ismail
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BJT Amplifier Analysis

When Analyzing Amplifier Circuits, we usually
want to find some or all of the following
guantities:

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 S |
L T
v h, hgi,
5kQ 4KkO v
V; - =
M =1 hp=a=1

EQ
lgo must be calculated from DC analysis

First Semester 2015-2016
Instructor: Nasser Ismail
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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
5 kO
n o Ve _2589mV 000
lg,  1.86MA

EQ

Ac Ss equivalent circuit

v
1A, :7:’
v, =1i,.4kQ
v,
i, =h,.d,

V' — —

L
A A
AT Aseab) L

=(4kQ).( ( j:286>1

First Semester 2015-2016
Instructor: Nasser Ismail
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Zi

Current Gain Ai

= (1)(&) <1
5kQ+13.98

Zo

3) Input Impedance

4) Output Impedance

% 1 AT
kQ ’ |_| 4kﬂf
|

Z = (h 1I5kQ)= [;Lbs—m)
ib

+h

=4kQ

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

10/30/2015
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With Presence of Rs

| =—"
' Z+R

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

For Rs=50Q =

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

Thevenin's equivalent circuit = =
as seen from the base
10kQ

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

24V =4V

Example: Common Emitter (CE)

First Semester 2015-2016
Instructor: Nasser Ismail

10/30/2015
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Vee
. ' o7v
VTH ——
aw " R4
2.2kQ

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

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

Ry
ﬁ

- ——t@ ' o7v
v R,(p+1)

Here we have emitter reflected to base
IE

(B+1)

Re = R (B +1)

le=>1;=

First Semester 2015-2016
Instructor: Nasser Ismail

10/30/2015
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AC small signal Equivalent Circuit

|Zi | Zo

o @
22
S _AAA
\AJ
@
82
ez
5
AAA
vy
Cr“: +
&
=
&
AAA
\AAS
w
~.
B
AAA
w \AJ
® 31
x W
o)
AA
v

v E -
A, ==
A= P A
v, i,V
V0 :_hfeib' (R3//R7) :_hfe'(R3//R7)'(hij
I _i ie
" h =-50.(3.8 kQ//le).(L):-m.?
e 9280

AC small signal Equivalent Circuit

Zi B Zo
b — C
L> + 4—]
< +
2y h.S i Ske 3 v
10Rkiﬂ Rn be S fa7b 38kQ |R7 ©
8.33kQ - 1kQ
- E

2)Z, =Rylih

=8.33kQ//928 Q
only elements to the right of arrow are considered
according to the given direction of the arrow

=3.8kQ

Z|
3) Olallindependant sources Killed (i.e. Vi=0 or short)

hereh,,.i, =0 sincei, =0 (vi=0 -Kkilled)

First Semester 2015-2016
Instructor: Nasser Ismail
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AC small signal Equivalent Circuit

R /IR, j R

1
i =(i 1
" (")((R. IR,y)+h, % S g

. : R + E
3 7

PN S R, |(_RURy |_ 4
i i R,+R JL(R /R, )+h,

Impedance Reflecti%n Concept

vl,v2,v3 are all
ac sources

v, =R, +h i +R,.i +V,
buti, = (8 +1)i,
v, =R.i, +h_i, + R,.(B+1)i, +V,

ac ss equivalent circuit
Ly
RL B 24

A%
Ac

— Vi —V,
" R+R(B+1)

equivalent circuit equation

I < base loop

First Semester 2015-2016
Instructor: Nasser Ismail

10/30/2015
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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
1 must remain the same and thus the

resistance must be multiplied

by the same factor (h ot 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)

First Semester 2015-2016
Instructor: Nasser Ismail 17
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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

vV
1) AV :V—S
v, =1kQ. i
I, =1,(h, +1)

Common Collector Amplifier

Given

h,, =1kQ
hy, = =50
Find Av, Ai, Zi, Zo

AC small signal Equivalent Circuit

Rs
1kQ

Zi g

AAA
\AAJ

i
— — cC
glb

< R3
ie ‘; 5KkQ
E
- L Zo

+
vD

<
R4 ::
1kQ

First Semester 2015-2016
Instructor: Nasser Ismail

10/30/2015
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i, can be found from base equivalent circuit

Ry, =20 kQ// 250 kQ)

i =i RTH
" (R )+, +1kQ(h,, +1))

Vs

"TR +(Rpy /(0 +1kQ(h,, +1)))

= (1kQ).(h, +1)

=0.915<«1

R, 1
((RTH )+ (h, +1kQ(h, +1))][ R, + (R, /(h, +1kQ(h, +1)))J

A=t

V

i — 0
° 1kQ
io = ie = ib (hfe +1)

RT H

pb ol
Ii Ie Ib Ii

b =1 (R )+ (h, +1kQ(h,, +1))

=1(n,, +1{ Ru

R, +[hie+1k(hfe+1)]

J:13.39 >1

First Semester 2015-2016
Instructor: Nasser Ismail

10/30/2015
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3) ZI = (RTH //(hle +1 kQ(hfe +1)))
=13.66 kQ (high)

Emitter Equivalent Circuit
&V, =0

7 ‘ — (RS I RTH )+ hie J11LKQ
0|Vs=0 (hfe +1)

{{( RS RTH J hie j
= 1 +
(hfe +1) (hfe +1) (hfe +1)

=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

AAA
\'A%
= +

N
CE
Vi Amplifier R

h, =1000Q)

hy =140

» 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

First Semester 2015-2016
Instructor: Nasser Ismail
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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

Zi Z0
= Pl
) CE Buffer 3.
: Amplifier Y °
) P (CC Amplifier) Re
h, =1000Q2 Ay ~ 1
hy =140 4, > 1
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

oo Lywith R, =
Vo = —heiy. (Re)

i, =

h.

A, :‘\’/A:(—hfeRc)hiz—mo

i ie

2)with R, =500
v 1
A, :vfoz(-hfeRc)hfz—em

+ i ie

Av have been reduced from -140
to -6.87

First Semester 2015-2016
Instructor: Nasser Ismail

10/30/2015
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Amplifier + Buffer + Load

Now let us look at the new circuit with the buffer

+Vee +Vee

hfe2=140
hie2=2.24kQ

Stage 2

hfe1=140
hiel=1kQ
Stage 1

ac ss equivalent Circuit
i 2 i 2
Bl — c1 B2 %2, PCE .
Vi# RTH:; h.r’el :: @hﬁz]ibl b3 Rl(lil EE(&)zkf: higl%ﬁhﬁziw 15’1::1
E2
il E1 l : *
. Re2 § R:: v,
V, =1, (R EZ//R L) 33
iez = ib2(1+hfe2)
in = _hfel'ibl (RC1 u RBZ)
(R, /Ry, )+ (b, + (R, /IR N +h,,,)))
) V,
= o
“ o av=Ye Yo te be bu_ g5
Vi iy dy v
This is much better than the case without buffer

First Semester 2015-2016
Instructor: Nasser Ismail 22
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Multistage Amplifiers

* The previous example of a CE amplifier with a CC buffer
is an example of a multistage amplifier (two-stage
amplifier)

* Multistage amplifiers can be used to get more gain and
to improve the performance of the amplifier

» These amplifiers such that the Output of first stage is
connected to input of second stage

» Capacitor C3 is a decoupling capacitor that separates
the two stages for DC bias point stability, this makes the
two stages completely separate in DC analysis and their
Q-points are not affected by each other

+ C2is used as a bypass capacitor for stage 1 and allows
stabilization of the Q-point, if C2 is removed the input
impedance of the amplifier can be improved

Cascaded Systems

* The output of one amplifier is the input to the next
amplifier

* The overall voltage gain is determined by the product of
gains of the individual stages

* The DC bias circuits are isolated from each other by the
coupling capacitors

» The DC calculations are independent of the cascading

» The AC calculations for gain and impedance are
interdependent

First Semester 2015-2016
Instructor: Nasser Ismail

10/30/2015
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R-C Coupled BJT Amplifiers

Voltage gain:

A =AA,

Input impedance,
first stage:

Z, =R, I R, I hiel

Output impedance,
second stage:

Cascode Connection

« This example is a CE-CB ]
combination. This arrangement 3. 3" o
provides high input impedance 1 ===t
but a low voltage gain. = "-\T/¥ ’
Re Ce Ry lz',,
+ The low voltage gain of the 1 1 i i

input stage reduces the Miller
input capacitance, making this
combination suitable for high-
frequency applications.

Exercise : Find Av, Zi and Zo

First Semester 2015-2016
Instructor: Nasser Ismail

10/30/2015
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Darlington Connection

* The Darlington circuit provides
very high current gain, equal to
the product of the individual -
current gains:

* Bo= Kb Bc_@-
Q,

» The practical significance is that
the circuit provides a very high E
input impedance.

DC Bias of Darlington Circuits
. V. -V
Base current: | =] = "¢ "B

BD Bl Rg"’(ﬁD‘i‘l)RE

Emitter current:

e = les
g2 = lg2(Br +1)

82 = les +Voq

|

|

I o

ley =1 (B +D) |

leo =1 (B, +D(B,+1)

leo = Boleo Rs '

C

\ ! _

Emitter voltage:
9 VEZIEDRE

Base voltage: V, =V, +Vye

lop =g

Ve =Veer +Vee, =14V

IEDZIEZl E

KVL for input loop : §
Vcc - IBlRB _VBEl _VBEZ - IEZRE =0 e
VCC_IBDRB _VBED_IEDRE:O -

First Semester 2015-2016
Instructor: Nasser Ismail 25
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Vi

Find Ratio of ' and A,

Iby
Iep =1y (N, +1)

|b2 - Iel
ey = Iy (N +1)

Darlington Pair

Vi S
! Rs ‘; h

el h feli b1
E1=B2 c2

Iy =iy

-';;l —

Re vo

oo = Iy (e +1) (N, +1)

ied = hfedibd
hfed = (hfel +1)(hfe2 +1)
= hfelhfez

= hf92 ) (if hfel = hfe2 = hfe)

2)Find A, =Yo
\Y

Vv, = ieZRE Vi
oo = Iy (N +1)(Ng, +1)

\
Iy = Z_

First Semester 2015-2016
Instructor: Nasser Ismail

10/30/2015
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3)Find  Z,

base equivalent circuit is needed

i, =i, l

he, = h,((he, +1) since it is reflected
from emitterl to basel

RE = RE (hfel +1)(hf92 +l)
since it is reflected twice

2) From E1to B1

Z =h_ +h_(h,+D)+R.(h,+D(h,,+1
1)FromE2 tOBZ(BZzEl) | |el+ |92( fe1+ )+ E( fel+ )( fe2+ )

Zi

he, L+ hf)

Ro(L+ A )+ hf,)

4) Find ZD‘VS:O

Z0
Emitter equivalent circuit is needed
Bl _, -
bt
% Rs hz’el :; hfeliM:O j
E1=B2 C2

hiez herin =0

Vs=

Rs

h:el

2 il + hfel il + hﬁzz F

<

\AJ

noteiy, =i, =0 o
E
Re » the two dependant

current sources dissappear

— hlel + hie2
’ (hfel +1)(hf62 +1) (hfez +:I-)

J// R,

p— A

hy

(1+7,,)

AAA

L) \AAamful
"I\)
N
o

First Semester 2015-2016
Instructor: Nasser Ismail

10/30/2015
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Darlington Simplified Model

r——

c

3; c

= -

e l\léj; 4 A-Fe'D, "::294;

T2 \[/

Exercise : Find Av, Zi and Zo

First Semester 2015-2016
Instructor: Nasser Ismail

10/30/2015
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Base To Collector Feedback

Exercise : Find Av, Zi and Zo

Base To Collector Feedback

First Semester 2015-2016
Instructor: Nasser Ismail

10/30/2015
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RFVi — hie (Vo _Vi)
RFhm
VA

e

(RFVi —h (v, _Vi))

V.R-h

e

((RF +h; )Vi - hievo)
RF hie

<

[(RF +h,)-h, j

v,
RF hie

((RF +h, )_ hieA\/)

First Semester 2015-2016
Instructor: Nasser Ismail

10/30/2015
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