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Ch.3 Summary

0.150 in.

Transistor Construction T
pnp

There are two types of
transistors:

o o= +
[F——1li
pnp and npn Vir Ve
<—0.150 in.—

E - Emitter
B - Base

C - Collector

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




Ch.3 Summary

Transistor Operation

With the external sources, Vg and V., connected as
shown:

+ Majority carriers * Minority carriers

The emitter-base

junction is forward

biased
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Ch.3 Summary

Currents In a Transistor

Emitter current is the sum of the
collector and base currents:

IE=|C+IB

'c =!c (majority) *'co minority)
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Ch.3 Summary

Common-Base Configuration

The base is common to both input (emitter—base) junction
and output (collector—base) junction of the transistor.
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Ch.3 Summary

Common-Base Amplifier

Input Characteristics g (ma)

Veg=20V
This curve shows the i Vep=10V
relationship between 2 Vep=1V
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Ch.3 Summary

Common-Base Amplifier

Output Characteristics

This graph
demon Strates 1 ~——————————— Active region (unshaded are7a)mA
the output L /j
current (l¢) to : smn ] /
Y
P

20
Cutoff region
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Ch.3 Summary
Operating Regions

Active
Operating range of the amplifier.

Cutoff
The amplifier is basically off. There is
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Ch.3 Summary

Approximations

Emitter and collector currents:

Vge =0.7 V (for Silicon)
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Ch.3 Summary
Alpha (o)

Alpha (@) is the ratio of I to Ig:

Ic Ic='c (majority) co (minority)

. = als +15,
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Ch.3 Summary

Transistor Amplifier
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Ch.3 Summary

Common-Emitter "

Configuration :
o =3 .
The emitter is common to . 2 T-
both input (base-emitter) V”‘*_% 7
and output (collector- e
emitter) circuits. e
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Ch.3 Summary

Common-Emitter Characteristics

Ic (mA)
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Iego= Blcpo

Collector Characteristics Base (input)
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Ch.3 Summary

Common-Emitter Amplifier Currents

Ideal Currents 5 lc= alg

Actual Currents Ilc=alg+lcgo  where Iz = minority
collector current

lcgo IS Usually so small that it can be ignored, except in high
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Ch.3 Summary
Beta (B)

prepresents the amplification factor of a transistor.

|
In DC mode: Bac =|£
B

_Alc

Bac - Als Vg =constant

.. 1S sometimes referred to as h¢,, a term used in transistor
modeling calculations
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Ch.3 Summary
Beta (B)

Determining gfrom a Graph

B - (3.2 mMA-22 mA) ’ |
A (30 pA - 20 pA) : /:f_“_AW |
- m Veg=7.5V 6 /,// o
. //—_:________.__——- 50 pA
=100 | AR
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Ch.3 Summary
Beta (B)

Relationship between amplification factors fand «:
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Ch.3 Summary

Common-Collector Configuration

The input is on the
base and the
output is on the
emitter.
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Ch.3 Summary

Common-Collector Configuration

The characteristics
are similar to those
of the common-
emitter amplifier,
except the vertical
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Ch.3 Summary

Operating Limits

Ve Is maximum and I is
minimum in the cutoff
region.

IC(max) — ICEO

IS maximum and V

VCE(max) :VCE(sat) :VCEO

-

Saturation

region
30

40pA

.--——-*"A'\'" /PCM=VCE I¢={300 y

N 30pA —t

S 2008~

-~
sv__

—

10 pA

IB=0,JA

el

I

[ 03V

] Cutoff Icko BVcgo
Vee

5 / 10 P 20 Ve (V)

region

The transistor operates in the active region between saturation and cutoff.
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Ch.3 Summary
Power Dissipation

Common-base:
P

Cmax

=VCBIC

Common-emitter:
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Ch.3 Summary

Transistor Specification Sheet

MAXIMUM RATINGS
Rating Symbol 2N4123 Unit
Collector-Emitter Voltage Vceo 30 Vde FAIRCHILD
S |
Collector-Base Voltage Veso 40 Vdc SEMICONDUCTOR 1
Emitter-Base Voltage VEgo 5.0 Vdc
Collector Current — Continuous Ic 200 mAdc 2N4 1 23
Total Device Dissipation @ T = 25°C Pp 625 mW
Derate above 25°C 5.0 mW°C
Operating and Storage Junction T, Tsg —55 to +150 C
Temperature Range
C TO-92
THERMAL CHARACTERISTICS B E
Characteristic Symbol Max Unit G 1P
Thermal Resistance, Junction to Case Rojc 83.3 ‘CW elrll?rl‘a " urpose
Thermal Resistance, Junction to Ambient Roja 200 ‘CW ansts.tor
NPN Silicon
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Ch.3 Summary

Transistor Speci

fication Sheet

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
I Characteristic | Symbol | Min | Max | Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage (1) V(BR)CEO 30 Vdc
(Ic = 1.0 mAdc, Ig = 0)

Collector-Base Breakdown Voltage V(BRICBO 40 Vdc
(Ic =10 ]JAdC, Ig= 0)

Emitter-Base Breakdown Voltage V(BR)EBO 5.0 - Vde
(Ig = 10 pAde, Ic = 0)

Collector Cutoff Current Icso - 50 nAdc
(Ve =20 Vdc, [g=0)

Emitter Cutoff Current Iggo - 50 nAdc
(VBH =3.0 VdC, IC = 0)

ON CHARACTERISTICS

DC Current Gain(1)
(Ic = 2.0 mAdc, Vcg = 1.0 Vdc) hgg 50 150 -
(Ic = 50 mAdc, Vg = 1.0 Vdce) 25 -

Collector-Emitter Saturation Voltage(1) VCE(say - 0.3 Vdc
(Ic = 50 mAdec, Ig = 5.0 mAdc)

Base-Emitter Saturation Voltage(1) VBE(sa - 0.95 Vdc
(Ic = 50 mAdc, Iz = 5.0 mAdc)
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Ch.3 Summary

Transistor Specification Sheet

SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product
(Ie = 10 mAdc, Veg =20 Vdc, £ = 100 MHz)

fr

250 MHz

Output Capacitance
(Ve =5.0Vde, Ig =0, f = 100 MHz)

Cobo

Input Capacitance
(Ve =0.5Vde, Ic =0, f =100 kHz)

Cihn

Collector-Base Capacitance
(Ig=0,Vcg=5.0V, f=100 kHz)

Cch

Small:-Signal Curent Gain :
(Ic =2.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz)

50 200 | -

Current Gain — High Frequency
(Ic = 10 mAdc, Vg =20 Vdc, f = 100 MHz)
(Ic =2.0 mAdc, Ve = 10V, £ = 1.0 kHz)

2.5 - -
50 200

Noise Figure
(Ic = 100 pAdc, Veg = 5.0 Vde, Rs= 1.0 k ohm, f = 1.0 kHz)

(1) Pulse Test: Pulse Width = 300 ps. Duty Cycle = 2.0%
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Ch.3 Summary

Transistor Testing

Curve Tracer Provides a graph of the characteristic curves.

DMM Some DMMs measure By or heg.

Ohmmeter:
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Ch.3 Summary

Transistor Terminal Identification
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