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Module 2: Contents

Transistor at low frequencies:
Hybrid model, h-parameters for CE, CC and CB modes, mid-band analysis of single stage amplifier,

simplified hybrid model, analysis for CE, CB and CC(emitter voltage follower circuit) modes, Millers

Theorem and its dual, analysis for collector to base bias circuit and CE with un bypassed emitter resistance.




Basic Concepts

In the absence of input signal only dc voltages are le(mA)
present in the circuit. This is called zero signal
condition.

With small input signals, the transistor can be

replaced by a small linear model called small signal

equivalent circuit.

S0 pA
40 pA
30 pA

20 pA

10 pA

VeeV)



Basic Amplifiers

Common Emitter Amplifier

1. Biasing Circuit: R, R, and Rg :
1
2. Input Capacitor C, c,
\l
/1
3. Emitter bypass capacitor C
R, R,
4. Output Coupling Capacitor C,




Basic Amplifiers

Common Collector Amplifier

Common Base Amplifier




Hybrid Equivalent Model of Transistor

To develop hybrid equivalent circuit we consider;

I, and V as independent variables.

V, and |, as dependant variables

V=11, Vo) 5 Vi =hy* i +h,*Vo ;o Vi=h*li+h >V,
lo =1(1, Vo) 5 1o =hy ™l + ™V 5 1y =he*li + h*V,
h: = h;;= Input impedance with output short circuited, unit is
ohm.
h4,= h, = open circuit reverse transfer voltage ratio, no unit
h,,= h¢ = short circuit forward transfer current ratio, no unit.

h,, = h, = open circuit output admittance, unit is per ohms.

Two Port
Network o

TRANSISTORS
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Hybrid Equivalent Model of Transistor

Vi =hy*l + hp*Vg Vi =h*l; + h*V, ----- (1)

lo =hay™ 1, + 15" Vo lo =i + "V - (2) Two Port
: Network o
h:= h,; = Input impedance with output short circuited, unit is
ohm.

Vi
hll:I_ atVO =0

I
h, = h,, = open circuit reverse transfer voltage ratio, no unit.
Vi
hiz=— atl; =0
12 VO I

h: = h,, = short circuit forward transfer current ratio, no unit.
I
h21 = _0 at VO =0
I
h,=h,, = open circuit output admittance, unit is per onms.

hyy =29 atp =0
= a =
22 V |

0




Hybrid Equivalent Model of Transistor

V,=hy*l, +hp,*Vg

lo =h,* 1) + hy*Vg
Vi =¥l + h oV - (1)
Io :hf*li + ho*Vo """ (2)

From equation (1);
h,*1, = Voltage drop across the impedance h,

h,*V,= Controlled voltage source

From equation (2);
hs*1, = Controlled current source

ho*Vg = Current through admittance hg

Circuit model of V.= h. L+ h V @ .
1 1 [ . "!I?_.IF.L hn t{-‘

Circuit model of I =h, L.+ h_V,

F—,.' f?r E"rﬁ hf‘rﬂ' ;i'ﬂ I"[_,

Hybrid equivalent circuit of Transistor



Hybrid Equivalent Model of Transistor

TRANSISTORS

Vi =hy*l, +h,*Vg, Hybrid Equivalent Circuit:

lo =han™li + h22™Vo Vi=hyli+h,V,

L =hy i+ h, V,

Vi=h*l; + h*V, ----- (1)

o =he™li + h*V ------ (2)

— i 1 3
+ +
Vi hf I; By Vo
o o

Hybrid equivalent circuit of Transistor

h, h_ h h,
Hybrid parameters nomenclature h h, Ry, h,
h h, h, h_
h h, h, h







Hybrid Equivalent Model of Transistor

Hybrid Parameters Nomenclature

-'_.I.-_j-

Hybrid equivalent circuit of Transistor

h, = hy;; = Input resistance with output shorted
h, = h;, = Reverse voltage gain with input open
h; = h,; = Forward current gain with output shorted

h, = h,, = Output conductance with input open.

f?f.’.,- R, ¥,
Transistor configuration
General
SL. No Common | Common | Common
Parameter .
Emitter Base | collector
h; hi Nie hip Nie
hr h12 hre hrb hre
hi ho1 hic Nty Nfe
ho h22 hoe hob hoe




Hybrid Model of Com

mon Emitter Configuration

Basic equations:

Vi :Vbe’
. =1,
Vo:Vce
Io: Ic

V.= h*l +h*V,

Io :hf*li + ho*Vo

Vbe = hie*lb t hre*vce

—h * *
Ic _hfe Ib + hoe Vce

_|_
— 1
B o ’ i
} I’m
Ve
E © o E
Two port network of CE configuration
h.
E— j L -—f
B oMM o C
N +
w | O QB |
E o — oF

Hybrid equivalent circuit of CE configuration



~ RAybrid Model of Common Base Contiguration

Basic equations:

Vi =h*li + h*Vg - (1)

Io :hf*li + ho*vo """ (2)

Vi :Veb'
. =1,
Vo :Vcb
Io = Ic

Vep = hip™le + hyy* Ve

— I *
Ic _hfb Ie-l_hob Vcb

— I, — I
E @ E— =)
+ X / +
FEJ: Ff‘ﬁ'
B » . B
Two port network of CB configuration
E o - _'_IE‘ o C
+ -
Vet hyp 1, Bob Ve
B o o B

Hybrid equivalent circuit of CB configuration



Common Collector Configuration (Emitter Voltage follower circuit)

* The Input signal Is applied to the base

terminal of the transistor, and the output iIs

taken from the emitter terminal. po— |<

e |t Is known as an Emitter Follower circuit

because the output or emitter voltage
exactly follows the changes in the base or

Input voltage



Hybrid Model of Common Collector Configuration

Basic equations:

Vi =h*li + h*Vg - (1)

Vi :Vbc’
=1,
Vo:Vec
l,=1,

Io :hf*li + ho*Vo

Vbc = hic*lb + hrc*vec

—lh * *
Ie _hfc |b+ hoc Vec

Bo__ b
! I
&
Vie ? F
!}{"I:'
Co o
Two port network of CC configuration
h.
- _Irfj, THT -— IP
Bo e : -
+
|
Vie by Ve @ ¢ hﬁ Iy % hoe Vec
O o . ;

Hybrid equivalent circuit of CC configuration



Relationship between h-parameters
The h-parameters for the transistor are h;, = 1.1 kQ, h,, =99, h, = 2.5*10-4 and h,,
= 25 YA/V. FIind the h-parameters for common base and common collector
configuration.
For Common base configuration: : :
h;, For Common base conflgulrlatlon:
hip = e
1+h hen =
fe P71 + hy,
1.1k
b = 17799 = 11 hyp =2 = —0.99
= 1+99 '
hiehoe
hyp = — hye hoe
1+h h,, =
T e °® 71+ hy,
1.1k *x 25
= —2.5x107* 25
rb 1+ 99 +10 h,p, = . _0.25+10°°
=2.5*10—5 1+99




Relationship between h-parameters

The h-parameters for the transistor are hy, = 1.1 kQ, h,, =99, h, = 2.5*10-4 and h,, = 25 pA/V. Find
the h-parameters for common base and common collector configuration.

For Common collector configuration:
hic — hie — 11 k.Q

h..,=1—-h,,=1—-25x10"%*=1
hf. = —(1+hg) = —(1+99) =—-100

h,. = h,, =25 pA/vV




- Analysis of Common Emitter Configuration

Derive the expressions for A, A,, R, and Ry for common emitter configuration using h-parameter

model.
1. Current Gain *Vec
A; = I_L — I_C R
I, Iy 2 e
W)
IC = hfe*lb T hoe*VC
o P W0 W k. 7
lc = he* 1y + ho*(- 1Ic*R) ¢ YN | :
+ .
Ic + g *Ic*RL = he ™1}, Vo Mre Ve hoa Ve
i - hio 'b
IC (1+ hoe *RL ): hfe*lb r -i— —i
2




Analysis of Common Emitter Configuration

1. Current Gain
gL
i = —
Ib Ib R, 1L Ny ‘Lc_ 2
IC (1+ hoe *RL ): hfe*lb . ‘ + f %

Ve hee Ve Noa Ve
IC _ hfe r . - Pyo I -L

I, 1+he *R; . = ?

A__I_L__Ic_ _hfe
t Ib Ib 1 +hoe *RL




Analysis of Common Emitter Configuration

2. Input resistance

R, !
R; = I, gr-"» Ak s %
Vb = hie*lb + hre * Vc - b Ll Ll
r l - Py T
R
R

Vi =-lIc * R = I,;*A7"R_

Vb = hie*lb-l_hre*Ai*lb*RL
h, *Ib+hrexAi*Ib*RL .
R; = = h,,+hrexAi*RL
I
h¢e
R; = h;,— h_x* *RL




Analysis of Common Emitter Configuration

3. Voltage Gain

_ AR, AR,
YUV, R

4. Output Admittance

— * *
IC_ hfe Ib + hoe VC

I
Yo = V—C = h,*Ib /V; + hoe

c




Analysis of Common Emitter Configuration

4. Output Admittance

I

I
c
-— 2

— * *
IC_ hfe Ib + hoe VC v

4

o

Noa

I
Yo = V—"’ = h,*Ib /V; + hoe s

c

RSlb t hie*lb t hre*vc =0
(Rs + hig)l, = - h*V, RO = —

Ib /Vc: - hre/(RS + hie)

4T ‘ I,

R




Analysis of Common Collector Configuration
(Emitter Voltage follower circuit)

Derive the expressions for A, A,, R, and R, for common collector configuration using h-parameter

model.
+V
1. Current Gain o %
== so—AWW—)
Ib Ib ( oVo
Ie = hfc*lb + hoc*Ve RL
Ve = - Ie*RL =
_ | |
Ie - hfc*lb + hoc*(' Ie*RL) NS‘VV -—h'-;\;:x/\’__ "‘-:- _3

x| * — *
Ie+hoc Ie RL_hfc Ib

Ie (1+ hoc *RL )= hfc*lb




Analysis of Common Collector Configuration

1. Current Gain
. IL . Ie

Y PR

Ie (1+ hoc *RL ): hfc*lb

I, . hfc
Ib 1+h0C*RL

- k. 3
NN —A\VW\~ "f
Ve N Ve Noe Vs

h'c 'b i

- 7



Analysis of Common Collector Configuration

2. Input resistance

Ri=1
Vy, = hi*ly + h * V,
V,=-1,* R = I,*A*R,
V,, = hi*lo+h FA*1*R,

h. xI,+h...A:.1, R
Ri= ic'*th I:’c i‘tb\[ =hic+hrcAiRL

hgc

l 1IC— 7'rc¢ 1+hoc*RL

*RL




Analysis of Common Collector Configuration

3. Voltage Gain

_ AR, AR,
YUV, R

4. Output Admittance
I, _
YO = V_e at VS =0

— * *
Ie - hfc Ib + hoc Ve

v _Ii_hfclb
v, v,

+ h,,




Analysis of Common Collector Configuration

4. Output Admittance
I, _
YO = V_e at VS =0

Ry 4 b N 2
= —\WW——W\~ =—_5
Ie - hfc*lb + hoc*Ve ’x ’1 I
I e h fCI b VD | Vb hm V' hoc Vo Rt
YO = V_e = Ve ~+ hOC - - W Iy l
. _‘ -1
RSlb + hic*lb + hrc*ve =0 ¥ g ‘
_ 1
(RS + hic)lb - hrc*Ve RO = —
Yo

Ib /Ve: - hrc/(RS t hic)




Analysis of Common Base Configuration

Derive the expressions for A, A;, R, and Ry for common Base configuration using h-parameter
model.

1. Current Gain R, |
a, =_ L Vs =W (Vo
LI "
Ic = hfb*le + hob*Vc
Vc = - IC*RL
Ry 1 ) I 2
I, = he*1, + h*(- 1*R Ve —
c ™ b e ob ( c L) 1 i t h
Ve hep Ve * ‘e lg hoyp Ve
I, + hy, 1R, = hy*1, | e O " l :
& —& o
IC (1+ hob *RL ): hfb*le 1 .




Analysis of Common Base Configuration

1. Current Gain

I, I
A=1 T,
e e

Ic (1+ hob *RL ): hfb*le

Ic hfb

I, 1+h,,*R;

Ai:

I, I, —hy
I,- 1, 1+h,,+R,

1b

N
¢




Analysis of Common Base Configuration

2. Input resistance

Ve
R; ==
l Ie
l "’ —
Ve = hib*le + hrb * Vc 1 f ‘1
Ve Vel Niple ob Ve
Vc = -IC* RL = Ie*Ai*RL e * " <> Mo Rob \1
s —— -0
Ve = hib*le'l_lf]rb*'b‘i*le*RL * N 2
h, xI _+h,.,A;I R
Ri= ib"*e Irb iferL =hib+hrbAiRL
e
h
R, =h L

N | . *R
ib—="rb 1+h0b*RL L




Analysis of Common Base Configuration

3. Voltage Gain

A;l.R; AR,
dv=—F—="x
e l

4. Output Admittance
I
Ic = hfb*le t hob*vc

I.  hgple
Ve Ve

YO — + hob

Re 1 h
] T
\13 hep Ve ) c* e lg ghob Ve
e ————o 'S L
¥ 2




Analysis of Common Collector Configuration

4. Output Admittance
I _
Ry 4o h ot 2
e = ha*le + hop*Ve ‘ 2 ’1 |
I C h fb I e VD | Vb hm V' hoc Vo Rt
YO = = ~+ hob - - W Iy
Ve Ve .t "
RSle + hib*le + hrb*vc =0 d g ‘
_ 1
(RS + hib)le - hrb*\/c RO = —
Yo
l./V=-hp/(Rs + hy)
he,h
fblrp
Yo= h,, —




Solved Examples

1. For the transistor connected in CE configuration, determine A, A,, R, & Ry using complete
hybrid equivalent model.
R, = Rg = 1kQ, hie = 1kQ, hre = 2*10%, hfe = 100, hoe = 20 pA/V.

1. Current Gain

—hy, 3. Voltage Gain
t 1+hoe*RL A _AlRL
, =
R;
. —~100 _ _og
'71+20+106x1k _T98x1k o
V'~ 980.4 = 77

2. Input resistance
R; = h,threxAi*RL

R; = 1k +2+x10~*+—98+1k = 980.4 Q)




Solved Examples

1. For the transistor connected in CE configuration, determine A, A,, R, & Ry using complete
hybrid equivalent model.
R, = Rg = 1kQ, hie = 1kQ, hre = 2*10%, hfe = 100, hoe = 20 pA/V.

4. Output resistance
Y.= h _ hfehre
0 oe RS + hie
Y, =20 1002+ 1077 1.9 107>
= —_ = . k
o= AT Tk T 1k
1
Ry = Yo
1
Rp = TrT 52.64 k()




Solved Examples

1. A voltage source of negligible internal resistance drives a common collector transistor amplifier.
The load resistance is 2.5k€. Determine A, A,, R, & R using complete hybrid equivalent model.
hic = 1k, hrc = 1, hfc = -50, hoc = 25 pA/V.

1. Current Gain 3. Voltage Gain
_hfc . AiRL
Ai = V= R
1+ hOC * RL i
—(=30) _ 3725k _ 4.99156
A= 1 25-106+25k ¥ 118.5k

2. Input resistance
R; = h, +hrc*Ai*RL

R; = 1k +1x47%2.5k = 118.5k(Q}




Solved Examples

2. A voltage source of negligible internal resistance drives a common collector transistor amplifier.
The load resistance is 2.5k€. Determine A, A,, R, & R using complete hybrid equivalent model.
hic = 1k, hrc = 1, hfc = -50, hoc = 25 pA/V.

4. Output resistance
Y.= h . hfchrc
0 — "toc RS + hie
—50+1
Yo = 25u— 1k = 0.050025
1
Ry = Yo
1
0 = gosoozs ~ 19-99¢




Solved Examples

3. Consider a single stage CE amplifier with R, = 1.2 kQ and R = 1kQ. Calculate Ai, Ri, Av, Avs, Ais
and Ro if, hie = 1.1kQ, hre = 2.5*10%, hfe = 50, hoe = 25 YA/ V.

1. Current Gain 3. Voltage Gain
—h A;R
A; = fe Ay = "L
1+ h,, * Ry R;
p —50 18,54 A = —48.54 « 1.2k _ _53 663
‘T 14+25%10°6+1.2k Y 1085.44 77
2. Input resistance Ao = AyR;
R; = h, +hrexAi*RL 7 R, + Ry
B e ~53.663 * 1085.44 27 03
R; = 1.1k +2.5%¥10™*%—48x54*1.2k = 1085.44 () VS = T1085.44 + 1000 :




Solved Examples

3. Consider a single stage CE amplifier with R, = 1.2 kQ and R = 1kQ. Calculate Ai, Ri, Av, Avs, Ais

and Ro if, hie = 1.1kQ, hre = 2.

5*10-4, hfe = 50, hoe = 25 pA/V.

A;Rg
A =
“ 7 R; + Ry

e —48.54 1000
57 1085.44 + 1000

Output resistance
Vo= h. — hfehre
0 o€ RS + hie
= —23.28 v e, 50%2.5: 1074 19 % 10-6
— — = *
0= N T Tk 1.2k
1
RO — Y_O
1
Ro =55 = 52.6 kQ




Solved Examples

4, For the common base cirucit shown, the transistor parameters are hib = 22 Q, hrb = 2.9*104, hfb
=-0.98, hoe = 0.49 pA/V. Calculate Ai, Ri, Av, and Ro.

1. Current Gain
_hfb
1 + hob * RLI

Ai:

R !=R. |R =10k || 12 k = 5.45 kQ.

. —(—0.98)
!71+0.49%107° * 5.45k

= 0.977

2. Input resistance
R; = h, +thrb*Ai*RL!

R; = 22 +2.9¥107%%0.977+5.45k = 23.54 O R =R [|Rs=2354 |5k =23430Q.




Solved Examples

4, For the common base cirucit shown, the transistor parameters are hib = 22 Q, hrb = 2.9*104, hfb
=-0.98, hoe = 0.49 pA/V. Calculate Ai, Ri, Av, and Ro.

3. Voltage Gain
AiR;!
AV —
R;
R
4, 0977+ (5.45k) _ s%, -t
V- 23.54 B :
VS
. _Yo_Vo Ve
= = 3k
" “vs v, v
VO Ve Ril
- = AV =
Ve Vs R;"+ Rg




Solved Examples

4, For the common base cirucit shown, the transistor parameters are hib = 22 Q, hrb = 2.9*104, hfb
=-0.98, hoe = 0.49 pA/V. Calculate Ai, Ri, Av, and Ro.

3. Voltage Gain

A = E = A k Ril
7 vs TV TR+ Ry
A Vo 226 23.43 5.174
= — = * = .
VS yq 23.43 + 1k




Solved Examples

4, For the common base cirucit shown, the transistor parameters are hib = 22 Q, hrb = 2.9*104, hfb
=-0.98, hoe = 0.49 pA/V. Calculate Ai, Ri, Av, and Ro.

4. Overall Current Gain
I, I, I, 1,
— k Xk

Aic = — =
S PR PR A
I, Rc _ 10k 0454
I; R; + R, 10k + 12k '
I¢
= =—_A;=-0.977
I,
I R 5k
e E — 0.995

Is Rp+R; B5k+23.54

Ais = (-0.454)*(-0.977)*(0.995) = 0.441




Solved Examples

4, For the common base cirucit shown, the transistor parameters are hib = 22 Q, hrb = 2.9*104, hfb
=-0.98, hoe = 0.49 pA/V. Calculate Ai, Ri, Av, and Ro.

Output resistance
hephyp

Yo = Rov Rs' + hy,

Rt =R | Re = 1k || 5k = 833.33 Ro! =Ry ||R.1=1.21 M ||5.45k = 5.425kQ)

—0.98+%2.9x107*
833.33 + 22

Yo =0.49n - = 0.826y
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