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® A transistor switch circuit has the following specification:

V=5V, R =750 0, Rg=10KQ, = 25, Vg (on) = 0.7V, V;=0.4V
Find the minimum input voltage necessary to operate the transistor in the saturation region.
® Defend the work stat for the transistor.

Transistor as a
switch

1. Transistor symbols and physical — structure

Emitter P N N Collector  Emjtter N P N Collector
Base Base
PNP NPN
construgtion construction
c
B B
E E
PNP transistors sympol NPN transistors sympol
2. Transistor connection : le I

«— E (C «—

a) Common base connection.

b) Common emitter connection. ,
c¢) Common collector connection. Ves g B 1" _'|'I Voo
« = Ic/le - common — base short — circuit current gain . ¢

8 = Ic/Ib - common —emitter short —circuit current gain.

3. Input characteristic:- It is the curve between base current (Ig) and base — emitter
voltage Vg at constant collector — emitter voltage V. The characteristic resembles that
of a forward biased diode curve
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4. Output characteristic: - It is the curve between collectors current I.and collector -
emitter voltage VCE at constant base current (l3) .

le ("lA) active region
Ic (sat) {
P
Saturation| Q- point
region

AN

Iz =20pA
Iz =15pA
ls =10pA
Iz =5pA
Iz =1pA
Ia =0A

Cut off region Vee
cutoff

5. Arithmetic equation :

Input equation :
VBB = IBRB + VBE

Ig =(Vgg. Ve )/(Rs )

Output equation :
Vee IR+ Ve
At outoff I;=0,1.=0

“Vee =V

= Ve outoff) = cc
At saturation V. _,

Ve =R,
’c (sat) = CC/ (Rc)

VCE(VO|t)

Mode EBJ cBJ
CUT OFF Reverse Reverse
Active forward Revers
Saturation forward forward
VBE = 0.7 v for silicon
= 0.3v for germanium
I (mA)

_Vcc 4

IC:sat)‘E
' WCE ( VOlt)
Vee
cctoﬁ=vcc

® The ratio of Icsto Ig is called forced current gain 8f where

I ,
Bs = X3 < natural current gain B or hyg .

Ip

® the total power loss in the two junction of a transistor
Py =Vgglp +Vcelc
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6. type of the Transistor switch

Overdriven factor (ODF) ODF = II—B ODF may be as high as 4 or 5

BS
o Over Driven

o Fully Driven

Break down
Saturation point IR£0

A  Active region R

Break over
voltage

IR=N

B/} VCC ch>
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Examples
EX1

In the transistor switch circuit as shown below, if the transistor parameters is 6,.=45,
Viesar=-0.15V, Vgeso:=-0.65V, find R value to obtain on fully driven.

Sol:
Vin—-VBE
RB =
IB

-30V

[. =X 2KQ
’ Voc_veE
IC — cc
Rc
Jc = —39-(-015) Vin RB
2+10° ' PNP

Vi e
=-14.925mA
IB = _1:':25 = —0.33mA Iz minimum
15=3*Igmin =3%(-0.33) =-0.99mA  fully Driven -1.5V
Ry = —22-09%% _ 8580
—-0.99+10
EX2

The BFY52 transistor used as a switch in the circuit shown below calculate the input voltage
which turn the transistor to on state .

1ov

Sol:-
Vin = IBRB + VBE

Vec-VCE 1K
Ic =

1056:
Ic = o108 = 10mA Re=47k0

Vin e / BFT52

Ic 10
IB—E—E—6666}J.A B =150
V,,= 66.66x 107« 47« 103 + 0.7 = 3.8V
EX3:- —

In the transistor switching circuit shown below it’s recued to working in the over driven case
and with trigger voltage of (1 V). Find all of R4, R, if you know that 8=50 and VBE =0.65 V.

Solution:- 15V
Vec 15
Ic = e —Iﬁ ;) 30mA 500K
(o

Igamin) = B 50 600uA
I, =2+ (600uA) =1.2mA L Rs

— p—
Il*RlszB_VBE @ —J t

Vin T
_ Vpg—Vpg __ 5-0.65 R; 0.7

Ry = I;  12:1073 36250 /i e
Ig*Rp =V, — Vg Ves= 5.00V N
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_ Vin—Vgg _ _1-065

Iz 600+10-6 583 ()

Rp

Ex 5:-
A bipolar transistor show in fig(1)has current gain 8=40 . The load resistance Rc =100, dc
supply voltage Vcc=130 V and input voltage to base circuit,, Vgz=10 V .for V=1.0 V and
Vge=1.5V ,calculate : Re

1) The value of Rg for operation in the saturated state,

2) The value of R for an over drive factor 5, Rg

3) Forced-current gain, I:

4) Power loss in the transistor for both parts 1 and 2. Vs +

Solution:-
Vee—V 130-1.0
1_ Ics — cc CES —
R, 10
_ s _ 1290 _
Igs = s~ 20 0.3225 4
10-1.5
= = 26.35659 2
0.3225

=12.904

Rg

2-Ip = ODF xIgg =5+ 0.3225A=1.6125 A4

10-15
Rp=—1:= 5.27 02
12.90

I(;s _ _ . . . -
3-Bf = 1g = 16125 = 8 which is less than the natural current gain 6=40

4- Power loss in transistor Py = Vggg * Igg + Vegs * Ics

For normal base drive Py = 1.5%0.3225+1.0%12.9=13.384

With over drive, Pr = 1.5*1.625+1.0*12.9 = 15.32W
It is seen from above that power loss with hard drive of transistor is

waedl ,Las |

Vee
®  Write the input and output equation for the following circuit :

Rs

Vin

® Enumerate the switching type.
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