Chapter 29

Transistor Amplifiers
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Use of Capacitors in Amplifier

Circuits
» Capacitor review
— Store electrical charge
— Impedance:

Xc

B 1
- oxfC

— coimpedance at dc
— Impedance decreases at higher frequencies

[Q]

-
“I:lhbl I'IS Copyright © 2007 Thomson Delmar Learning



ey et
Use of Capacitors in Amplifier
Circuits

» Capacitors
— Block dc between stages
— Can be designed to readily pass ac
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Use of Capacitors in Amplifier

Circuits

» Coupling capacitors
— At “high” frequencies

— For R = R, + Rg, select capacitor so X <0.1 R
— Referred to as “stiff coupling”
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Use of Capacitors in Amplifier

Circuits
» Bypass capacitors
— Emitter resistor, R, used for biasing
— C, is a short circuit at high frequencies

— R, has no effect on amplification when C, is
present

— Select X; <0.1R
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Use of Capacitors in Amplifier
Circuits
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Use of Capacitors in Amplifier
Circuits

» Capacitors
— Couple desired ac signals between stages
— Bypass unwanted ac signals to ground
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Use of Capacitors in Amplifier
Circuits

« Circuit analysis
—If X; £0.1R
— Replace C with O.C. to determine dc | and V
— Replace C with S.C. to determine ac i and v
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BJT Small-Signal Models

» T-Equivalent Model

—ie =iy + g
» ie= (ﬂ + 1)ib
ECLUPWPIYS
EQ
— Simple

— Good enough for most applications
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BJT Small-Signal Models

* Models
— T-equivalent model simpler
— h-parameter model more accurate
N hfe (h-model) = ﬂac (T-model) [/gac ~ ﬂdc]
— h-parameters dependent on Q-point

— BJT is a current amplifier (current source in
both models)
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BJT Small-Signal Models

* h-parameter model
— More complex
— Better for ac operation Bi— —
— Common Emitter model Pie

* h,, = input impedance (Q)
* h, = reverse voltage
transfer ratio (unitless) : l
e

* hy, = forward current
transfer ratio (unitless)

* h,. = output admittance (S)
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Calculating A, z;,, Z,,., and A, of a
Transistor Amplifier
* Voltage Gain, A, Vou

A, _ _out
— Output voltage divided a
by input voltage
* Input Impedance, z,, v
— Input voltage divided z, =—-o
by input current lin
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Calculating A, z;,, Z,,., and A, of a
Transistor Amplifier

Y/
+ Output Impedance, z,,, Z,; = .out(OC)
Iout(SC)
* Current Gain, A, A i,
P Gain. A iin
* Power Gain,
p P
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Common-Emitter Amplifier

» General BJT circuit analysis
— Find operating point
— Determine ac parameters (T- or h- models)
— Remove dc V sources & replace with S.C.’s
— Replace coupling & bypass C’s with S.C.’s
— Replace BJT with circuit model
— Solve resulting circuit
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Common-Emitter Amplifier

 ac equivalent of fixed-bias CE amplifier
using h-parameter model

h-parameter model

/ of the transistor
‘C ‘OLI

16

-
Rﬂhhl I'IS Copyright © 2007 Thomson Delmar Learning




o e oo R
Common-Emitter Amplifier

 Equations for h-parameter model for
fixed-bias CE amplifier
— Circuit voltage gain a function of
* Model forward current transfer ratio, h;,
* Model input impedance, h,
+ Circuit collector resistance, R
+ Circuit load resistance, R,

o hfe(F::uRL)

- .
Rﬂhhl I'IS Copyright © 2007 Thomson Delmar Learning

Common-Emitter Amplifier

« Circuit current gain a function of
— Same parameters, plus
— Fixed bias resistance, Rg

heReRe
R.+R )R +h,)

iy
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Common-Emitter Amplifier

« Equations for h-parameter model for fixed-
bias CE amplifier

— Circuit input impedance a function of
* Model forward current transfer ratio, h;,
* Model input impedance, h,

Zn= %" he
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Common-Emitter Amplifier

« Circuit output impedance a function of

— Collector resistance (model output
admittance), h,, very low z_, = R.
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ac Load Line

Q-point is on dc load line

ac load line determines maximum
undistorted output

Can calculate maximum power
Q-point also on ac load line
ac load line has different slope
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ac Load Line

« CE amplifier circuit

Ry,
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Circuit

Theory and Practice
ac Load Line N

* dc and ac load lines
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Circuit Analysis with Devices:
Theory and Practice
ac Load Line
- Equations of ac Vg =—ic (e +1g)
load line vV
. | e CE
e Consider S B
YA Y o+ Iz
— CE amplifier circuit i _
—dc load line lc =0 +1,
Vee = Veeg T Vee
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Common-Collector Amplifier

» Important characteristics
— High input impedance
— Low output impedance
— V¢ IN-phase with vy,

— Vout ¥ Vin
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Common-Collector Amplifier

 Important characteristics
— Large current gain
— Input voltage measured at base
— Output voltage measured at emitter
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Common-Collector
Amplifier

+Vee

« Common-
Collector circuit

Trors nd Practcs

Common-Collector Amplifier

« Circuit gains and impedances
—-A, ~1
= Zjn = Rgl|Zin(q)
- A __AzZ, close to h

R
R IR
fon@ = 1 e
_ h+1 very small
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FET Small-Signal Model

* Voltage controlled
amplifier

» Small-signal model
same for JFETs &
MOSFETSs

* High input impedance isl

Is:Id
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FET Small-Signal
Model
* Op IS
transconductance

* 0., Is slope of transfer
curve

Vosorg —4 3 2 i 0

= 50V _’| V= |‘_
Wip
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FET Small-Signal Model

« Equations

U Al
— Definition g, =—2>
AV
3 2| DSS
—Maximum 9w =[5
Gs(OFF)

gm s gmo (1_ GN ]
— Measured Ves(orr)
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Common-Source Amplifier

» Analysis
— Similar to BJT using h-parameter model
— First determine bias
— Find dc operating point (Q-point)
— Determine g,

32
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Common-Source

N Vop=+24V
Amplifier b
Rp lZAkQ
« A common- s
. ) —'H Vout
@ +
Source Clrcult Vin H ‘-; Vbs + Zout

Rg S1MQ
|—> G q i
Zin l S
= RsS 3300 ICS

IDSS =8 mA
Vasorr =4V

ry=50kQ 33
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Common-Source Amplifier

* Equations
— No current input ~ —g
— Voltage gain dependent on A/ mRD

On and Ry Z =
— Input impedance is Rg || e d

— Output impedance ~
approximately drain ZOUt RD

resistance
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Common-Source Amplifier

* D-MOSFETSs
— Analysis same as JFETs
— Except operation in enhancement region
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Common-Source Amplifier

« E-MOSFETSs
— Find lpgq, Ves, and Vpgq at Q-point
— Solve for g,,, of amplifier
— Sketch ac equivalent circuit

— Determine A, z;,, and z,,, of amplifier
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Common-Drain (Source

Follower) Amplifier
A <1
* V,, In phase with v,
Input impedance very high

Output impedance low
Main application: Buffer
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Troubleshooting a Transistor
Amplifier Circuit
* Incorrect placement of electrolytic
capacitors
— Noisy output signal
— Capacitor as an antenna
— Generally 60 Hz added
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Troubleshooting a Transistor
Amplifier Circuit
» Correct placement

— Check proper polarity
— Replace faulty capacitors
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Troubleshooting a Transistor
Amplifier Circuit
 Faulty or incorrectly placed capacitor
— Measured A, different from theoretical A,

— Faulty capacitor behaves like an open circuit
— Faulty capacitor can develop internal short
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Troubleshooting a Transistor
Amplifier Circuit
» Troubleshooting steps
— Remove ac signal sources from circuit
— Calculate theoretical Q-point
— Measure to determine actual Q-point
— Verify capacitors are correctly placed

— Ensure connections, especially ground wires,
as short as possible
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Troubleshooting a Transistor
Amplifier Circuit

» Distorted output signal usually the result of
too large an input signal
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