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Transistors

Bipolar Junction Transistors
Field Effect Transistors
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Bipolar Junction Transistor Construction
There are two types of transistors: 0150in
En

* pnp
* npn

pnp

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

npn
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Transistor Operation

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

e The emitter-base junction is forward biased
* The base-collector junction is reverse biased

+ Majority carriers + Minority carriers
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Currents in a Transistor

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

Ig =1 +1g

The collector current is comprised of two
currents:

lC =lC o +1 o
majority minority
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Configuration

Common-Base Configuration

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

I (mA)
Veg=20V
Input Characteristics sk
Veg=10V
n
This curve shows the relationship 6~ Vep=1V
between of input current (I) to input 5
voltage (V) for three output voltage i
(Vep) levels. 3
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ik
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Common-Base Amplifier

Jp (mA)

Active region (unshaded arca)

Output Characteristics -

This graph demonstrates
the output current (I¢) to :
an output voltage (V) for 4
various levels of input 3|2
current (Iy).

Saturation region
T o o T AN T A

fe=1mA

I 1 ; fp=0mA

5 10 15 20 Vg V)
Cutoff region
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Operating Regions

e Active —

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

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

Emitter and collector currents:

Base-emitter voltage:

Vgg = 0.7V (for Silicon)
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Alpha (a)
Alpha (@) is the ratio of I to I:
1
c
ay, =——
dc
Ig
Ideally: aa=1
In reality: a is between 0.9 and 0.998
Alpha (@) in the AC mode:
_AMc
®ac = AL
E
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Transistor Amplification

- pnp I

/ 5
B
Rl‘l
REIkQ V,
100 ke
Currents and Voltages: Voltage Gain:
Vi  200mv Vi 50V
Ip = t=—=—=10mA A, =——=—""=250
R; 20Q V; 200mV
1 c = IE

V, =1, R=(10ma)5k2)=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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Output Characteristics

Common-Emitter Characteristics

I5 () Ve -1V
V=10V
Veg=20V

02 04 06 08 10 Ve (V)

Input Characteristics
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Common-Emitter Amplifier Currents

Ideal Currents

I=1.+1, I.=al,

Actual Currents

I.=al;+1,, Wwherel.g,=minority collector current

Icgo 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 7.

1 CBO

I, I—g | Ts=0na
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Beta (/)

P represents the amplification factor of a transistor. (fis
sometimes referred to as /i, a term used in transistor modeling

calculations)
In DC mode: 7
ﬂ dc = <
1,
In AC mode:
Alc
ﬂ ac E Vcg =constant
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Beta ()

Determining § from a Graph

(3.2mA -2.2mA)
BAC ST An A A0 A
(BO0pA-20pA)
_1mA
- 10“A‘VCE=7.5
=100
B _ 27 mA |

_ 108 § - - i T Ig=0pA

5 10 15 n B v

03-10-2018

03-10-2018



Beta ()

Relationship between amplification factors ff and o

__B _a
Tt L

Relationship Between Currents

Ic =BIp Ig =B+Dlg
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Common-Collector Configuration

The input is on the base and the output is on the emitter.
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The characteristics are
similar to those of the
common-emitter
configuration, except the
vertical axis is I.

(Saturation region),

I (mA)

Common-Collector Configuration

- 10uA

L = r=0pA

15 20 v (V)
(Cutoff region)

tego® Blero
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Ii=I.+1Iy
de I
we have - = Fa 5

and dividing both sides of the equation by I~ will result in

1 1
TR g
a ! B
or B=aB+a=(B+ 1)
__B
so that a= B+l
@
or B= —a
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Power Dissipation

Common-base:

Pemax = Veslc
Common-emitter:

Pcmax = Veelc

Common-collector:

Pcmax = Veele
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Transistor Specification Sheet
MAXIMUM RATINGS
—= .llhll'm.g K{Iuhl NID l::l!l ZN“IZ:‘
{ th Voo, L Vie CASE X004, STYLE |
. Collewte-Rase Vidiage Ve bl ik TO92 (TO-226AA)
| Enitier- Hose Yoltnpe Vi 11} Vil A Cillir
Callectee Current - Contimious L W | mAd
o Do e 4 To=FC | o | 85| oW
{iperating amd Stomuge Janction TiTy | =55 +l50 T Base
Temperature Range
THERMAL CHARACTERISTICS i | Emiticr
Charueterisdle Symibol Mas Uit GENERAL PURPOSE
Thermal Resssiance, Jnction o Cise By 513 CW TRANSISTOR
Thermal Reststance, Junction o Ambleat R kLl oW PN SILICON
03-10-2018

03-10-2018

12



Transistor Specification Sheet

ELECTRICAL CHARACTERISTICS (T, = 25°C wless others e noted)
I Charncteristic

OFF CHARACTERISTICS

[Symit [ im |

Mo [ Ueit |

Collecios. Huse Breabadmwn Volige
=0

Vennwno
Fitier- Base Broakehos n Volage

VepwEnn

Emsites Cutnl? Current
(Vi = 30 Vil I = 1)

Emiticr Saturation Voboge( 1)
e = S0 mAd, Ip = 5.0 mAde)
SMALLSIGNAL CHARACTERISTICS
Cument-Gain — Handwklih Prodict fr FIT] MH:
Tl = 10 mAe, Vi = MV, 1= 100 MHs)
Oupan Capacunce Com
[Ven = 5.0 Vi, Iy =12 F= 100 MHz)
Tnput Capacitance Cou
(Vi = 603 Ve, B = 0, 7= 100KH)
Colleeton. Base Capacitance
fly = 0, Vi = S0V, 0 = 100 kH2)

(e = 10 mAde, Vin=
(h = 20 madk. V,

Ve, £ = 100 Mile)
= OV, £ = L0EH

Noie NI ’f [ il
il = 100 pAde, Vg = £.0 Ve, Rs = 10k chm, § = | 0 kHz)
410 Palse Test: Putse Widih = 300 ps. Dury Cyele = 200
03-10-2018
Transistor Testing
* Curve Tracer
Provides a graph of the characteristic curves.
+ DMM
Some DMMs measure B or hyg.
*  Ohmmeter
High R
i 4
Q /—“\
+ —L | / &
B
E
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Transistor Terminal Identification
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Ven (pnp)
Ve (npn)

Active

\Cuwﬂ' i

Y-

Vs (pnp)
Vpc (npn)

Biasing
Mode

Biasing Polarity
E-B Junction

Biasing Polarity
C-B Junction

Saturation Forward Forward

Active Forward Reverse

Inverted Reverse Forward

Cutoff Reverse Reverse
Summary

IParameters

[Common Emitter

(Common Collector

ICommon Base

|Voltage Gain

Medium(around 500)

Low(less than unity)

High

(Current Gain

Medium(around 100)

High(More than CE)

Low(around 0.9 t0.998)

L High(around ’
Input Impedance | Medium(around 800ohm) 750kohm) Low(around1000hm)
Output . .
Medium(around 50kohm) [ Low(around 250hm) High(around 500kohm)
IImpedance
Phase 180 degree 0 degree 0 degree
03-10-2018
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Numerical
(assume base current to varry 100microamp. around
Q.point

03-10-2018
e Van } :7 v 5 7 ‘;")_kt:; v _300.A
Ieg =Boclng = (100)(300 gA) = 30 mA
Vo= Voc—logRe= 10 V- (30 mA)220 2) =34 V
J'L« (mA)
60
50+ "
__fi}f. - Iy =400 gA
A By =300 gA
= Iy =200 pA
T A Veg (V)
Ve
!
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2. Determine Q-point and find the maximum peak
value of base current, for linear operation B, =200

_VCC
= 20V
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Vig — Ve 10V —0.7V

R, 47EQ
To = Ppeis =(200)(19814)=39.6mAd = 7.,
Vg = Voo — IR, = 201V —13.07

o = =198uA=I,,

=6.93V =1,
. _ Ve = Vergaan _ P _¥oo _ 2OV
Asat) R cle=) R, 33002
='E‘Lr':]:cutofl'j =0

Tetoaty— fop = 60.6—39.6 = 21mA

Tog — 1,

creatorry = 39.6 —0 = 39.6m4
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2. Q-point is in closer to saturation than the cutoff

. 21mA is the maximum peak variation (Ic(m)) of the collector curent

_ ]C(peak) _ 21mA

Ib(peak)_ fo 500 =105puA_ #
I (mA)
4 - Ideal saturation
60.6 &«

39,6 ————=

03

20
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- Ideal cutoff
Vee (V)
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