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Ch.5 Summary

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

r. model
Hybrid equivalent model
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Ch.5 Summary

The r, Transistor I\/Iodel

BJTs are baS|caIIy
current-controlled
devices; therefore the r,

model uses a diode and a =)
current source to %
duplicate the behavior of P .

the transistor.
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Ch.5 Summary

Common-Emitter Configuration

Ie
!BE

The diode r, model
can be replaced by

Constant

the resistor r,. 3

le :(B+1)Ib = Bl,
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Ch.5 Summary

Common-Emitter Configuration

Vi Ve

Input impedance: z — Br, AT

Vie = lare = U + Ip)r. = (Bl + Ip)r,

. = (B + Dy,
Output impedance: L _ Voo _ B+ iy,
L Iy

A =B

Iy =%

Electronic Devices and Circuit Theory © 2013 by Pearson Higher Education, Inc
Boylestad Upper Saddle River, New Jersey 07458 « All Rights Reserved



Ch.5 Summary

Common-Base Configuration

Input impedance: o T e
26 mV . Z,
e — I Zi =re Bo 5B
e
Output impedance: r— | oc
Z, = o) vi 2 } r=al =
|
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Ch.5 Summary

The Hybrid Equivalent Model

Hybrid parameters are developed and used for modeling the
transistor. These parameters can be found on a transistor’s
specification sheet:

h, = input resistance

h, = reverse transfer voltage ratio (Vi/V,) =0

h; = forward transfer current ratio (1./1,)

h, = output conductance
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Ch.5 Summary

Simplified General h-Parameter Model

I; s
i) A«
+ | +
Min. Max.

Input impedance
(Ie=1mA de. Vep = 10V de. £ = 1 kHz) 234400 hie 0-3 73 kQ
Voltage feedback ratio 4
(= 1mA de. Veg = 10V de. f = 1 kH2) hire 0.1 8.0 <10
Small-signal current gain " FJ
(Ic=1mA de, Vep = 10V de, f = 1 kHz) 24400 2 20 230 -
Output admittance . 10 30 1S
(Ic=1mA de. Veg =10V de. f = 1 kHz) - : "

h; = Input resistance
h; = forward transfer current ratio (I./1,)
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Ch.5 Summary

h-Parameter vs. r, Model

Common-Emitter
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Ch.5 Summary

Common-Emitter Fixed-Bias
Configuration

The input is applied to the base
The output is taken from the
collector

High input impedance

Phase shift between input and

output is 180°
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Ch.5 Summary

Common-Emitter
Fixed-Bias
Configuration
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Ch.5 Summary

Common-Emitter
Fixed-Bias
Calculations

Input |
impedance: Z =Pr,

I; [11 I(.
- ~—
O . 4 O O 4 O
(&
4+ z b ‘ T’" +
——
V; Vo
C QR §ﬁre V 8L, 2n
- P
K A A At N IR
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Ch.5 Summary

Common-Emitter Voltage-Divider Bias

: ,, ., model requires you to
2 determine B, r,, and r,.
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Ch.5 Summary

Common-Emitter
Voltage-Divider Bias

Calculations L e
Input impedance Output impedance z
R'=R, IR, Z, =RcIT, Current gain from A,
Z =R'|| Br, Z, ZRc| s0r, Z.
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Ch.5 Summary

Common-Emitter Emitter-Bias
Configuration
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Ch.5 Summary

Impedance Calculations

Input impedance:

—‘; b C
Z, =Rg || Z, : - | +
Z, =Pr. +(B+1)R. N Y
Z, =B(r. +Rg) - § Z | T
Vv Rp R %
Z, =BR; ’ oh ? o
§‘1(,=(ﬁ+ I,
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Ch.5 Summary

Galin Calculations

Voltage gain:

I
—‘> b I c
o) O b QO
+ ; | +
Vo BRC
A === gﬁre { BL
Vi & k3 - | I
V0 RC g Z Z,
=2 =—__ > | v, Rp Re
A V., r +R, »TP0R) # ? ‘
V R Ip= (B+ D1,
A, = _o E _C 7 :BR Rhg‘
VI R b= E
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Ch.5 Summary

Emitter-Follower Configuration

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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Ch.5 Summary

—> b I, e
Impedance ST
Calculations | B ‘&
Input impedance: Vj §RB i +
Z, =R, 12, OIS T
Z, = Br, + (B+ 1R, - L o - |
Z, = B(r, +R;)

Zy, = BRe
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Ch.5 Summary

Galin Calculations

Voltage gain: ;

—» b / ¢
O——¢——0 b O—
+ l

<I< < o<

1~ Rg >>rs, R +1r.=Rg

A,
A,
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Ch.5 Summary

Common-Base Configuration

The input is applied to the emitter

H ™ 5 TIf, ¢
The output is taken from the .
P V. Z Re Re .. Z
COIIeCtor 4 g/ + B _ o0 “0
-V "=V
e T+

Low input impedance.
High output impedance
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Ch.5 Summary

Calculations

Input impedance:

I; I I
Z =R [|r o e .
=ne * ﬂfz T/ ®
Output impedance: 0 7 % ] ke 7
Zo = RC - %_VEE I -_I__+VCC -

Voltage gain:
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Ch.5 Summary

Common-Emitter Collector Feedback
Configuration

 Avariation of the common-emitter fixed-bias configuration
 Input is applied to the base

« Output is taken from the collector

* There is a 180° phase shift between the input and output
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Ch.5 Summary

Calculations
Z = ‘e
Input impedance: 1 R
B R:
Output impedance: Z, =R.||R; \/;f_._,’H_’z_K -—
. Vo RC 7,» )
Voltage gain: A =y =~ ”
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Ch.5 Summary

Two-Port Systems Approach

With V, set to 0 V:

II I()

ZTh =Zo = Ro — ~—
+ — - +

The voltage across Z, P Z,
the open terminals is: Vi VaL v

where A, IS the no- Thévenin
load voltage gain
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Ch.5 Summary

Effect of Load Impedance on Gain

This model can be applied
to any current- or voltage-
controlled amplifier.

Adding a load reduces the
gain of the amplifier:
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Ii 10
o e -
+ +| R, i
Vi Rl ’\’ AVNI V’ Zi VO
0
= ! 5
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Ch.5 Summary

Effect of Source Impedance on Gain

The amplitude of the

applied signal that ;N 5 <
reaches the input of ; RO+ o R -
the amplifier is: v. o R 4» -~
— 7:‘ — ‘0
RV, = == 5
' R +R, -

The internal resistance of the signal source reduces the overall
gain:
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Ch.5 Summary

Combined Effects of Rg and R, on
Voltage Gain

Effects of R;:

[_‘.
4V

R+RR

R, +R,
=—As

L
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Ch.5 Summary

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
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Ch.5 Summary
R-C Coupled BJT Amplifiers

Voltage gain:

_ R IR IR, IIBR,

A

Zi — Rl ” Rz ” BRe
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Ch.5 Summary

Cascade Connection

This example is a CE-CB

combination. This arrangement
provides high input impedance
but a low voltage gain.

The low voltage gain of the

Input stage reduces the Miller
Input capacitance, making this
combination suitable for high-

frequency applications.
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Ch.5 Summary

Darlington Connection

The Darlington circuit provides 7C
very high current gain, equal to the |
product of the individual current B 0,

gains:

The practical significance is that

the circuit provides a very high
Input Iimpedance.
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Ch.5 Summary

DC Bias of Darlington Circuits

Base current:

Iz = Vee —Vae § Ve
RB +BDRE
| }ic
Emitter current: §R,
&
le =(Bp +Dlg =PBols a
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Ch.5 Summary

Feedback Pair

This Is a two-transistor circuit that operates like a Darlington
pair, but it is not a Darlington pair.

It has similar characteristics: ¢
 High current gain . |
* \Voltage gain near unity l:[

The difference is that a Darlington uses a pair of like

transistors, whereas the feedback-pair configuration uses
complementary transistors.
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Ch.5 Summary

Current Mirror Circuits

Current mirror Hee
circuits provide
constant current in f:J §Rx #’

Integrated circulits.
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Ch.5 Summary

Current Source Circults

Constant-current sources can be built using FETs, BJTs, and
combinations of these devices.

* Ic=Ig ‘IC
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Ch.5 Summary

Current Source Circults

Vgg = 0V
I = lpes = 10 MA

i o

IDSS =10 mA

+
|
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Ch.5 Summary

Fixed-Bias

Rp

Input impedance: oy
+ g

Z =Rg || h ¥ 5

Output impedance:

Z,=R.|[1/h,
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Ch.5 Summary

Voltage-Divider Configuration

Input impedance:
Zi :R'” hie

Output impedance:

Voltage gain:
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Ch.5 Summary

Emitter-Follower Configuration

Input impedance: flec
Z,, =hfeRE Ry
Z =R, |1Z |
i (o] ” b V-CL \ | l/ h;,
. i _'>ll |\ hy,
Output impedance: Z o
i =
fe
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Ch.5 Summary

Common-Base Configuration

Input impedance: oy,
Z =R || hy, + L T, +
Output impedance: =2 N
V. i 5 _ V, 0
Zo = RC - ?_ Vee —::VC(' -

Voltage gain:
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Ch.5 Summary

Troubleshooting

Check the DC bias voltages
v If not correct, check power supply, resistors,

transistor. Also check the coupling capacitor
between amplifier stages.
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