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Analog Electronics

Diode Circuits

CHAPTER

m A voltage source V,; = 4 sin ot, is applied across the terminals A and B of the circuit. The diodes are
assumed to be ideal. Find the impedance offered by the circuit across the terminals A and B in kilo ohm.

A

D
D, D2
4sinu)t<~) Z 10k0
10 kQ )
B
Solution:
In +ve half cycle D, - off (R.B.)
D,-on (FB.)
. Equivalent circuit will be A s
. Vig = 4sinot scC.
VAB (<] <
g = ——— 4sinot (~ o.C. <= 10kQ
AB 10 kQ Sin o ) ° p—
%
R = A£=10kQ .
AB B
For —ve half cycle,
D1 on, D2 off A I
Equivalent circuit, Vig = 4sinot ¢ 00.0?
4 sinmt <
L, = dsinot (~ = 10kQ
AB Sin @ <
10k ) 10 kQ I

Vae _ R - 10ka .
Iag ' B
A DC current of 26 pA flows through the circuit shown. The diode in the circuit is forward biased and it has an

ideality factor of one. At the quiescent point, the diode has a junction capacitance of 0.5 nF. Its neutral region
resistances can be neglected. Assume that the room temperature thermal equivalent voltage is 26 mV.

5sin(wt) mV L
=100 Q
>

<
II}—|
AA

For o = 2 x 10° rad/s, the amplitude of the small-signal component of diode current.
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Solution:
The small-signal equivalent model of the given circuit can be drawn as shown below. c
Given that, o= 2x 108 rad/sec I
C/ = 0.5nF i() WW
I = 26 A . r,
VT =26 mV 5sin(wt) mV 100 Q@
n=1
Since, small signal incremental diode resistance, r, = nvr = 26mv =1kQ
Inc  26pA
. . . . 1
and impedance due to junction capacitance, S 5 — Q=1kQ
oC; 2x10°x0.5x10

So, total impedance of the circuit will be,

]
Z=|r]—|+100Q
[rd||/,wCJ+ 00

1000) (= /1000 iy
rd"% _ (000 (/1000) , _ —j(1+)) ., — %(1-/);@:(500—/500)9
joC;

1000 - /1000 2
Z = 600 /500 Q
| Z| = 100436 + 25 = 100V61Q
v, 5mv__ 50
[ = moo 2TV _ 9 A _g40pA
(VRN TN T "

Determine the current I, and the voltage V, in the multidiode circuit shown in the figure below. Assume
that, cut-in voltage VY = 0.7V for each diode.

T +15V
R;=5kQ
3 <;
S Ri=10k
D, b,
A i v,
. Ipo
- = =
Ry=10k2 2 V, 2 Ry=5kQ
<

=

Solution:
To begin, initially assume that, both the diodes D, and D, are in their conducting state.

By applying KCL at A and B nodes, we have

15—V, v, |
10 P27 g 0
and Lg“mﬁm - % (i)

We note that V; = V, - 0.7. Combining the two equations and eliminating /,, we find
V,=762V and Vy;=692V
From equation (i) above, we obtain

15-7.62 |
% - IDZ+%=>[DQ=—O.786mA



CHAPTER

EXH The bipolar transistor in figure is specified to have
B- in the range of 8 to 40. The load resistance is
R.=11Q.The d.c. supply voltage is V. =200V and
the input voltage to the base circuit is Vg = 10 V. If
Vegsany = 1.0 Vand Vg = 1.5V, find
(a) the value of R that results in saturation with

an ODF of 5,
(b) the B¢,,.0q: @nd
(c) the power loss P;in the transistor.

Solution:

Lt

Analog Electronics

BJT-Characteristics and Biasing

When the transistor is in saturation, the collector current will be

V = Vlsat)=1V
200 -1

Collector current = =18.1 A

To saturate the transistor with lowest ‘B’ we need to provide a base of at least

I(sat) _ 18.1

Bmin 8
I;=5x226=113A

IB =
With overdrive factor 5,

10-1.5
RB

(a) Thusrequired value of Ry 11.3

(b)

Bforced

(c) Power loss in transistor, Pr=Veexie=(V,

=226 A

85 =0.752Q

= Fs=173

18.1
11.

=1.60

crea) X Uppea) = Pr=1x18.1=18.1Watt

For the circuit shown in the figure, assume B = h = 100.
(a) Find if the silicon transistor is in cut-off, saturation or in the active region.

(b) Find v,

-10V

3 kQ
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Solution:

Let us assume that the circuit is in saturation.
Ve=0-3+7000i5+0.7

V. = 7000i,-2.3 (1)
Now ;= 0-Ve _2.3-7000i 2
R, 500
Now, Vo = Vy=V-02 Vegg=0.7V
V. = 7000ig-2.5 ..(3) Vee=02V
Now o = Ve —(-10) _ 70005 +7.5
3000 3000

7 75
= ic = ng +m (4)
Now, ic = ig+ip

2.3-7000i5 7. 5
= 500 383000 B
N 23 0. _ 7., 75 ..

500 52 3% 3000 °
. 23 75 7o, 70, 2 52

_— = — — _— = —]

500 3000 32 B 5B 10000 3 B
- ip=0.1212mA
- i = 2.783mA
Now, B=10-2006=~23

B
This is much less than the given p of 100. Hence, the BJT is in saturation.
Now, Vo =7000i5-25=7x0.1212-25
: Vo =-165V

A p-n-p transistor has V; = 0.8 V at a collector current of 1 A. What do you expect V5 to become
atI, =10 mA and at I, = 5 A respectively. (Assume V= 25 mV)
Solution:

Given that: A pnp transistor with V= 0.8V
for I, = 1Aand assuming V;=25mV
Tofind: Vgatl,=10mAand 5 A
Now, we know that
I, = Icoexp(%J (1)
T
where, I, is the reverse saturation current
Vis the thermal voltage
from the above equation (i), we can say
Vo = szn(][—C) (i)
co
Now, substituting the value of 7, =1 Aand V5= 0.8V, we get

1

ICO = 0.8
exp| ——
(0.025)



BJT as an Amplifier

CHAPTER

m In an R-C coupled amplifier, shown below, the BJT has h,, = 50. All bypass and coupling capacitors
are assumed to have zero reactances at the signal frequency. Find quiescent conditions and draw the
small signal equivalent circuit, neglecting h,,and h,,.

024V

Solution:
For quiescent condition i.e. dc analysis the equivalent circuit is drawn 24V
by making all capacitors open at dc condition i.e. at f= 0.
Given h,, = 50, since B = h,, = 50 L
Find Thevenin equivalent wrt base emitter circuit 50 k2 EE Rc=3.8 k2
V,, = 10 x24 =4V
10+ 50
R, = 10150 kQ
10x 50 50 10 kQ g
= kQ =—kQ <
10+ 50 6 Re=2.2kQ
R, = 8.33kQ = L
Now Thevenin equivalent circuit will be as below: sy
Assuming itto be in active region, writing KVL in base-
emitter loop, we have R = 3.8 kQ
4-833x103 15— Vge—(Ig+1,)22%x103=0 (D) I
Here Vge = 0.7V Ry, = 8.33 kQ
and I. = PI,=501 o MW
) ) C BB B Vth=4v ! 15 (1 +1)
... from equation (i) c s
4-833x10%/5-0.7-51x22x10%15=0 Re=2.2kQ
33 = (8.33+51x22)x10%1,
Iy = 0.027379 mA =
I = Blg=50x0.027379 x 1073 = 1.36895 mA

I = (Io+1g)=(B+ 1)I;=51x0027379 x 1073 = 1.396329 mA
= 24-I.R,~I.R;

<
Q
|
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