Transistor Construction

There are two types of transistors:

* pnp

e NpnN
P pnp

The terminals are labeled:
« E - Emitter
« B -Base
« C-Collector

0.150 in.
rﬂml in,

npn




Transistor Operation

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

« The emitter-base junction is forward biased
« The base-collector junction is reverse biased

+ Majority carriers * Minority carriers




Currents in a Transistor

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

The collector current is comprised of two
currents:

lc=lc = *lco . |
majority minority



Common-Base Configuration

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



Common-Base Amplifier
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Common-Base Amplifier

Output Characteristics

This graph demonstrates
the output current (I;) to
an output voltage (V) for
various levels of input
current (lg).
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Operating Regions

« Active — Operating range of the
amplifier.

« Cutoff — The amplifier is basically
off. There is voltage, but little
current.

« Saturation — The amplifier is full on.
There is current, but little voltage.



Approximations

Emitter and collector currents:

Base-emitter voltage:

Vgg =0.7V (for Silicon)



Alpha (o)

Alpha (a) is the ratio of 1. to I¢:

I
C
%dc T
E
Ideally: =1

In reality: a is between 0.9 and 0.998

Alpha (@) in the AC mode:

AIC

a =
ac Al =



Transistor Amplification

V=200 mV

Currents and Voltages: Voltage Gain:
Vi 200mvV Vi 50V
lg =1, =—= =10mA A =—= =250
R; 20Q Vi  200mV
IC = IE
IL = Ii =10mA

V =1 R=(10ma)(5ke) =50V
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Common—-Emitter Configuration

The emitter is common to both input
(base-emitter) and output (collector-
emitter).

The input is on the base and the
output is on the collector.
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Common-Emitter Characteristics
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Common-Emitter Amplifier Currents

Ideal Currents

=1+ g lc=ale

Actual Currents

lc=alg+ lego where |-z = minority collector current

lcgo IS Usually so small that it can be ignored, except in high
power transistors and in high temperature environments.

When I; = 0 pA the transistor is in cutoff, but there is some minority
current flowing called 1.

| = | cao
CEO ~ 1 I1a=0na
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Beta (/)

P represents the amplification factor of a transistor. (£ is
sometimes referred to as h;,, a term used in transistor modeling
calculations)

In DC mode:

In AC mode:

Alc
Pac = Algs

Vg =constant
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Determining B from a Graph

(3.2mA-2.2mA)
Bac =
(30nA —20pnA)
_1mA
- IO“A‘VCE=75
=100
B _ 2.7 mA‘
=108
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Beta (B)

Relationship between amplification factors g and a

B a

0=— —
p+1 a—1

Relationship Between Currents

lc =Blg le =(B+1)lg
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Common—Collector Configuration

The input is on the
base and the output is
on the emitter.
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Common—Collector Configuration

The characteristics are
similar to those of the
common-emitter
configuration, except the
vertical axis is I.

8

7

6

(Saturation region) 5

18

al

Iceo= Blego

Ic (mA)
\ _~ 90 pA HH
- A7 80RA HH
(A
el g 60 pA
P s
! 50
/‘..-'-—"“ .
T | -"3OI‘A
I ! pm—"
3} 4__._—-—1"—_—‘
V 1 (Active region) 20 pA
10 pA
EQ /g =0pA
i) 5 10 \ns 20 v, (V)
Lt (Cutoff region)



Operating Limits for Each Configuration

Vg Is at maximum and I is at A
.. ; | 70pA
minimum (Io..= lceo) in the cutoff ! . |
I I(mu 50 o I il i
region. . N
. . . a0 \ - TR Y
| I_C Is at maximum and V¢ is at | Rl Fo Vecle=
minimum (Veg nax = Veesar = Veeo) iN 0 X oo |
the saturation region. e A o B
= \~§s;.
The transistor operates in the active =t
region between saturation and cutoff. | ty=opn |
bl ' Cuéﬂ' N ’c1m N VC::.
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Power Dissipation

Common-base:

Pcmax = Veslc

Common-emitter:

Pcmax = Vcelc

Common-collector:

Pcmax = VcelEe
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Transistor Specification Sheet

MAXIMUM RATINGS

Rating Symbol | 2N4123 Unit 2N4123
e Ty L = . CASE 29.04, STYLE |
Collectos-Base Voltage TO-92 (TO-226AA)
le- Y Collector
» W) S0 by | N 2
Operating and Stoege Junction T T | =S50 +150 e Base
Temperuture Range
1 .
THERMAL CHARACTERISTICS 2 L
Charueteristic Symbol Max Unit GENERAL PURPOSE
Thermal Resstance, Junction 1o Case R oc 833 CW TRANSISTOR
Thermal Reststance, Junction 10 Ambicnt R s 200 cwW NPN SILICON
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Transistor Specification Sheet

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted)

| Characteristic | Symbol | Min | Max | Unit |
OFF CHARACTERISTICS
Collector-Hase Breakdown Voluige Visxeno 40 Ve
(he = 10 pAS, 1g = 0)
Ematter-Base Breakdown Voluage ViBrEBO S50 - Vike
(= 10 pAdc, Ic = 0)

Emitter Cutoff Current
(Vip = 30V, Ic = 0)

ON CHARACTERISTICS

Base-Emitter Satwration Voltage( 1) Voo - 095 Vde
(le = 50 mAde, Iy = 5.0 mAde)

SMALL-SIGNAL CHARACTERISTICS

Cavent-Gain — Bandwihh Prodoct Iy 240 MHz
(e = 10 mAde, Vg = 20 Vide, 1= 100 MH2)

Outgut Capacitance Cao - a0 PF
(Ven = 5.0 Ve, 1g = 0, £ = 100 MHz)

Input Capacitance Ceu - 80 pF
(Vg = 0.5 Ve, I = 0, [ = 100 kHz}

Collecton Base Capacitance Ca - 44 pF

(bp =0, Veg = S0V, (= 100 kH2)

Cuarrent Gain ~ High

(T = 10 mAdc, Vi = 20 Vde, £ = 100 MHz) by 25 - -
(I » 20mAde, Vi » 1OV, £ » LOKH2) S0 200
Noise Fagure NF - 60h d8

(e = 100 pA, Vg = $0Vde, Rg= 10K ohm, = 1.0kHz)
(1) Pulse Test: Pulse Widih = 300 pis. Duty Cyele = 2.00%




Transistor Testing

» Curve Tracer
Provides a graph of the characteristic curves.

- DMM
Some DMMs measure B or hee.
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Transistor Terminal Identification
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