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Hence, Q- pomt is located at (10 V; 2 mA) as shown in Fig.. 20 2 (b)
¢ Veg=30V Vee=20V © mA|
Rg=15 K RS 5K

316 = Basic Electronics

ACﬁ\fe Region Saturation
v.. |/

All operating points (like C, D, E etc., in cc ¥ B
‘Fig. 20.1) lying between cut-off and saturation points = - p
form the active region of the transistor. In this region, : (2
E/B junction is forward-biased and C/B junction is - i ;}:‘g“‘( !
reverse-biased—conditions necessary for the proper | ¢ D K
operation of a transistor. :

Quiescent Point
It is a point on the dc load line, which repre- £
sents the values of /.. and V., that exist in a transis- | 0
tor circuit when no mput .wgnal is applied. : Y-é
: It is also known as the dc operating point or : Fig. 20.1 2
working point. The best position for this point is mid- eeemmemes i s o o sy
way betwe@n cut-off and saturation points where Vi = L > Ve (like point D in Fig. 20.1).
Example 20.1. For the circuit shown in Fxg 20. 2 (a), draw the dc load line and.: l
quiescent or dc workmg point.

Solutlon The cut-off pomt is easily found because it lies along X-axis where V
20 V i.e., point A in Fig. 20.2 (b). At saturation point B, saturation value of collector curren.

Lioany = VedR,=20/5 K=4 mA
The line AB represents the load line for the given circuit.

We wﬂl now find the actual operaung point.
: I, =V R.=30/15K=2mA

s VY
v CE

@ .
% @ Flg 20.2 ';
icwl..ﬁ,‘,_. T A RPN G S B 2(')3 ( ) ”ld é
Example 20.2. In ihe CB circuit of F 18- a).] 1

et

e a) dc operating point and dc load line | g

pped signal

eak uncli
(b) maximum peak-to-p ¢ voltage that will cause clipping.

1{c) the approximate value of ac sourc
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(a) (b)
Fig. 20.3
: Vee . 20
N Q 1 SURUUN = D 1
& Solution. @  Agpay = R, 10 2 mA point B
Vg al cpl—oﬁ" = V=20V —— point A
"Hence, AB is the de load line and is shown in Fig. 20.3.(b).
Now, - ~ I, = 10/20=0.5 mA ; . 'I(E =05 mA
Vg = Vee—lc R, =20-05x 10715V,

The Q-point is located at (1S 'V, 0.5 mA)
(b) Itis obvious from Fig. 20.3 (b) that maximum positive swing can be from 15 V to 20 V
“ie.. 5 Vonly. Of course, on the negative swing, the output swing can go from 15 V down to zero volt.
The limiting factor being cut-off on positive half-cycle, hence maximum unclipped peak-to-peak
voltage that we can get from this circuit is 2 X 5 = 1\
(¢) The approximate voltage gain of the above circuit 1s
y e
X Vour _ Rm‘ = IQ _l\f =10
v, R 1 K

It means that signal voltage will be amplified 1Q times. Hence, maximum value of source

§

1Q

valtage for obtaining unclipped or undistorted output is
v = 2L — 1_(1.\/"

S i0 10

Example 20.3. For the CE circuit shown in Fig. 20.4 (a), draw the dc load line and mark the

L dc working point on it. Assume [ = 100 and neglect V.

vV ya £ l ,

v

Solution. Cut-off point A is located where,

Io =0 and V=V = 30 V. Saturation point B is given where
s Ver =0
5 and dosay =305 K=06 mA.

Line AB represents the load line in Fig. 20.4 (b).
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Chapter : 20 : ' Load | Lmes And DC Bias Circuits = 325

Example. 20.8. For the circuir of Fig. 20.16, find (a) i
i Legsary (b) lc, (€) Vg, (d) 1\ Neglect Ve and take 3 = 50. l

= 14K

Solution. (a) IC(sa() - kVC\C el = 2.5 mA
t+Re 246
(b) b =12V, /R, =6/6=1mA
(c) Vee = Vee = 1c R+ Ry)
=20-12+6)=12V
(d) R IR, =84/20 =42 K
K. = l = 0.0138

B~ 1+50x6/4.2
: Example 20.9. Calculate the emitter bias current for
X the transistor amplifier circuit shown in Fig. 20.17.
Solution. Let us first find the value of base voltage.

Vy = Vee L Bt S 2V
Ry + R, S=t16

Vo =SV U= 0.7 = TS

I, = Vo /R, =13/650 =2 mA

anmple\Ze 10. For the éircuit shown in Fig. 20.18 /a)
mf draw the dc load line and mark in the Q-point of the circuit. -
P i Assume silicon transistor.

Solution. Under cut ~off condition ; V = Ve Fig. 20. 17
\CE(M_Um Vee = 20 V — point A in Fig. 20.18 (b)
U :
e G e — 4 ] - : R )
Loy = Ry + Ry~ 243 mA point B in Fig. 20.18 ()
2 A
+20V o
le

(.43 N P b\ ‘

' 1 R y A

a 1285 v

€z —+ V¢

(a) (L)
Fig. 20.18
R, 5 .
¥, = e D '\.’{ S K w N
[\| S I\_)_ 15 =)
s Tl | — L 1.43 mA
L RI;‘ ‘;
Now, [. =1.=143 mA
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Chapter : 20 : Load Lines And DC Bias Circuits = 327

= ,\’}Uf' K V_[” T . 4 ()%
8 Ry +(1+P) Ry 20+51x6
BI, =50 x 11.3 = 565 pA = 0.565 mA

11.3 HA

I
[; =(1+B) ;=576 pA = 0.576 mA
IR, 1R, =20-0.565x4-0576x6=143V

Il

Vee = Vee

The new and more accurate (J-point (14.3 V, 0.565 mA) 1s shown in Fig. 20.20 (b).

14.Load Line and Output Characteristics

 In order to study the effect of bias WP PR | P
“sions on the performance of a CE circuit, I [~ ¥gg=10V
§ if js necessary to superimpose the dc load line
the transistor output (V1) characteristics.
asider a silicon NPN transistor which is
connected 10 CE configuration (Fig. 20.21) and
whose outpul characteristics are given 1n
Fig. 20.22. Let its 3 = 100.

* First, let us find the cut-off and saturation
ints for drawing the de load line and then mark

7'[(;(;_‘”)' = 10/2 =5 mA ‘
— point B in Fig. 20.22
Ve = 10V

VCE{;-N.'-(UQQ =

— point A in Fig. 20.22

—me === 2.9 mA

e

o .
=t Lod A

Fig. 20.22

/- » — V e
Actual [ o= CE—E = = 20 pA

|
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Veg ¢ 20V 30 V¢ Ve
mA

l

| :

|
RE§40 K 30 K§RC

| 1

. amiEe
C| \ C,
. i !
| =
3‘ \\{;. Ve . 30 K%
L] | |
! — == =
1 (@)
! Fig. 20.26

the ac load line. Hence, we need not find the

Lot
Note. Knowing ac cut-off point and Q-

value of saturation current for this purpose.
arts clipping first bccuus; I(‘.Q R'm_ is less than V.- Obviously,
ed from this circuit =2 x 7.5 = ISV,

g. 20.26 (a), find the approxumate value of source
has an internal resistance of 1 K.

point, we can draw

As seen, positive swing st
maximuim pcak—lo-pcak signal that can be obtain

Example. 20.15. For the circuit shown in Il
clipping. The voltage source

14, the maximum SWing of the unclipped output = 2 % 7.5

voltage v, that will cause
Qolution, As found out in Ex. :20.

8 17

=5V ) .
- "ﬂ-,[(ﬂ_«‘fi?,;]s T T -
Now, A, T Vs R ! ‘ v
i
L'{)l.'l . 15 ! DB l V
B = T - fi= (1
s A, 15 :

CONVENTIONAL PROBLEMS
o 20.27, find the approximate Jocation of Q-point. {10 V, 2 mA |

1. For the CB circuit shown in Fig.
(e}

7- 20V 20 Vo 9-25V 20V
é 10K

ré

T Y
L= \,}/ -
L

§
: Fig. 20.27 Fig. 20.28

1

J
130

Sy

Ml___ L
le—

SO Ak

2. For the circuit of Fig. 20.28, find
(a) dc operating-point,

(b) maximum peak-to-peak unclipped signal.
at can be obtained from the circuit of Fig.

[(13V,05mA 10V ]

3. What is the maximum peak-to-peak signal th 20.’—“)1‘? :

(20 V
r

-p
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0V

T—IOV

Fig. 20.29

4. Find the value of m
Fig. 20.30.

SELF 'EXAMINATION QUESTIONS

A. Fill in the blanks with most appropriate
word (s) or numerical value(s).

1. The dc load line of a transistor can be drawn if
we know it its cut- -off and ....... points.

2. The point on. ‘the'de load line which represcits

value of /. and Ve that C\l\l m the absence of
inpul s.lyml is callcd ............ . point.

3. AC load line of a ransistor 18 .................. than
its dc load line.

4. A load line describes graphically the
relationship between possible voltage and
............. ... values of a circuil.

5. An improperly-biased transistor produces
............... in the output signal.

6. Inthe universal bias stabilization circuit, voltage
and current values are almost independent of

7. AC load line 1s based on .................. load
resistance.

B Answer True or False

I. The best location of the Q-point is at the centre
of the dc load line.

2. If Q-point is located near the cut-off point, the
negative signal swing gets clipped first.

3. In a CE circuit, location of Q-point is

Vypand [

4. The dc load line of a wansistor is steeper than
ils ac load line.

determined by

N

In a transistor circuit, thermal stability leads to
bias stability.

6. Larger the current stability factor of a circuit,
greater its thermal instability,

S0K

SBhUE

10.

30V

0K = Re

-5V
Fig. 20.30

ey

aximum peak-to-peak oulpul of signal that can be obtained from (he circuii

(10 Vi’

‘."
Larger the B-value, greater the B- .-,ensmy
[actor of a transistor circuit.

B-sensitivity of a circuit depends mvcrsejy,
the B-value of the transistor.

Unrvcrsal bias stabilization ¢

ircuit hés__f
highest stability factor.

The value of K; varies from zero to unity.

C. Multiple Choice ]lcms

i

The dc load line of a transistor clreuit e
(@) has a negative slope -
(b) i1sa r'u::vcd line 32
(c) gives graphic relation between (i~ anhﬂ'

(d)  does not contain the (-point.

3-

The maximum peak-to- peak output vol;a;
swing is obtained when the Q- pnuu of a circt

is located. \é
(@) near saturation point "‘Zg
(b)  near cut-off point %

(¢)  at the centre of load line

(d) at least on the load line

Tl

The positive swing of the output signal
clipping first when Q- point of the circuit

(@) 1o the centre of the load line

(0)  two-third way up the load line
(€) towards the satration point
(d) towards the cut-off point ;
Improper biasing of a transistor circuit | A
(@) excessive heat production at colled
terminal

() distortion in output signal
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