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[SOLUTION]:
Q) To start with we convert the given temperature to absolute value in kelvins, i.e.,

T, =273+T(°C); T =273+100 = 273K

T, (1.38x10™ J/K)(373K)

1.602x107°C
.. V,=382.13mV. [4 Marks]

=0.03213V;

Thus, thermal voltage is, V, =

(if)  The diode current for the aforesaid diode given, I, =5uA, n=2, and the applied bias
voltage is V,, =0.5V; is determined using Shockley’s eq., i.e.,

I, =1I,(e""" ~1) = (5x10°A)(e"***™9 1) = 0.011967A; I, =11.967mA.
[4 Marks]

[SOLUTION]:
Given I, =6mA, V, =26mV, n=1,and I, =1nA, V, is found as follows:

S

I
I, =1 (""" -1); = " = (I—Djn , thus,

S

107°

1, 6x107" _
V,=nV,In|| =2 |+1|=(0.026)In +1|=0.405789; V,, =405.789mV .
I
[4 Marks]

S
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[SOLUTION]:
(i) Step 1: Remove Zener diode and determine open circuit voltage with R, =180Q, i.e.,
R, I
—Ly
—— VW 1 .
I, 2200 yz
_ RV,
V, =20V v,=10v V. >
P, . =400mW -
: [1 Mark]
vo=v,=— 2y 180 o0v)_gv, Ths v, -9V [2 Marks]
R, +R, 180+220
Notice that V, <V, =10V, thus the diode is OFF the equivalent circuit is an open circuit.
It follows that, I, = Vi _ 9V _ 0.05; I, =50mA. [2 Mark]
R, 180Q
Vividly, I,=0V. [1 Mark]
Finally, I,=1,+1,=50mA. [1 Mark]
(i)  For maximum power condition the diode should be ON and its equivalent circuit is as shown,
R, N
— WA N
I, 2200 ¢IZ
V= 20V. V, =10V RSV,
P, . =400mW -
P - .
P s = Ly Vz o thus, T _Lzme A00mW 40mA ; it follows that,

pmax oy, 10V

7 ViV _20V-10V .,

Z ,max !

=0.0454545A; I, =45.4545mA, and [

L,min

R 2200
v 10V
Thus, R, = —L = ~1833.33Q, R, =1.833kQ [3 Mark
L T (45.4545 - 40)mA Lmax [3 Marks]

__RV, _(2209Q)(10V)

(iii)  For the diode to be ON, R, . oughttobe, R, . = =220Q;
’ ’ V.-V, 20V-10V 3 Mark
R, =220Q. [3 Marks]

[Total 25 Marks]
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[SOLUTION]:

Q) The derivative of the diode characteristic eq. is found using the calculus as
Vip/nVp

dID _ d Is (eVD/nVT _1) _ Ise

dv, dV,

cbut Ie"™r =1, +1;
nV,

Vi /nVy
This implies that, al, _1Le _ L+, :

[5 Marks]
S nV, nV,
(i)  Assuming I, > 1 ,wehave I, +1I =1,;ie., Ie"""" = I ; thus,
% =—L_ - inverting this results yields
dv, nV,
r, = av, _nVy . Hence shown. [5 Marks]
dl,, I,

[SOLUTION]:
(i)

To do dc analysis, the ac sources are swithed OFF. Thus, the input circuit becomes
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|
|
|
|
: 12V
|
|

82kO
82kQ + 22kO
Applying KVL to the resultant input circuit yields, V., —I R, =V, -1, R, =0;

But, I, =(B+1)I,;thus, V,; —Vp, —(RTH +(ﬂ+1)RE)IB =0; from which we get

Where, R, = 22kQ)||82kQ =17.34615kQ, V,;, = (12V)=9.461538V;

7o V=V _ 9.461538V -0.7V 5. 81984x10°-
B~ - o ’
Ry +(B+1)R, 17.346154kQ+(111)(1.2kQ)
I,=58.1984 uA [4 Marks]

Applying KVL to the output circuit yields,

I.R,+V,, —12=0;since I, = I,; we have
I, =(B+1)I;=111(58.1984x10 °A)=0.006460A ; I = I, =0.0064018A ;
I,=6.460mA; I,=6.4018mA. [2 Marks]

(i)  To determine V,, we us
Vy = Vi — IRy, =9.461538V —(5.81984x10° A)(17.34615x10°Q) = 8.4520 V ;

V, =8.4520V. [2 Marks]
Vividly, V, =12V. [2 Marks]
Furthermore, V,, =V, —V,, =8.4520V -0.7V =7.7520V; V, =7.7520V . [2 Marks]

Alternatively, V,, = IR, =(0.006460A)(1200Q)="7.7520V .
(iii)  Thus, V. =V, -V, =8.4520V -12V =-3.5480V ; which confirms the base collector

junction being reverse biased. [1.5 Marks]
Finally, V, =V, -V, =12V -7.7520V =4.2480V . [1.5 Marks]

[Total 25 Marks]
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[SOLUTION]:
By exploiting the constant diode voltage drop model for both diodes the equivalent circuit is;
N Si + Ge  2kQ
|| v,
0.7V 0.3V
12V 10kQ
L L [2 Marks]
Using potential divider we have,
10kQ 5

= (12V-0.7V-0.3V)=—(11V) =9.16667V; V, =9.1667V . [3 Marks]
2kQ+10kQ 6

[SOLUTION]:
Q) First we perform dc analysis by switching OFF ac voltage sources, i.c.,
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8V
[1 Mark]
Clearly, V, =V, =0.7V since the emitter is connected to the ground.
Thus, T, =2 =0TV _ 1 871795x10°; I, =18.718 4A. [2 Marks]
390kQ
Furthermore, I =1, =(B+1)I,=101(18.1795x10°A)=0.00189051A ;
I.=1,=1.8905mA. [1 Mark]
Thererfore,
_AmV__20mMV__ 137599750 ~13.753Q [2 Marks]
I 1.8905mA

(i) We now conduct ac analysis in order to determine Z, and Z _, that is, substituting the r,
model yields

~
D_N
~

o

+
0‘(D\
o0

IO
v, 390kQ 2> pr, B, 7, 5.6kQ f

‘Zr T 2]°

| o+ O

‘ = [4 Marks]
From the ac equivalent circuit above,
Z, = 390kQ)| Br, = 390kQ(100)(13.753Q) = 390kQ)[1.3753kQ2 =1.3705kQ;
Z,=1.3705kQ. [2 Marks]
Clearly,if V=0, I,=1,=0 ; r,=1/g, =1/25uS =40kQ;
Z,=5.6kQ[40kQ =4.9123kQ. [2 Marks]
(ilf)  To determine the voltage gain A, , we start by formulating equations, i.e.,
I, = Vi . aiso V, =—pl,(r,[5.6kQ), thus, V, =—ﬂ[ v, J(re 5.6kQ);
pr, pr,
Therefore, with r, =40kQ, Z, = 5.6kQ[40kQ = 4.912281kQ, so that
4 - Yo SOKOIOKD  4912281k0 40, g [4 Marks]
"V r, 13.752975Q
(iv)  With r, =30kQ, Z, =5.6kQ[30kQ =4.7191kQ, so that
Y, 5ER030k0  47i91k0 ~343.13. [2 Marks]

A=y = r 13.752975Q
Notice that , =30 k) causes the voltage gain A, to reduce slightly.

[Total 25 Marks]
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[SOLUTION]:
The circuit is redrawn with the Thevenin equivalent circuit replacing the Norton current source and
resistance. Also the diode is replaced with a battery. That is,

Vyy = IyRy =(10mA)(2.2kQ) =22V ,and R, = R, =2.2kQ,
I
+ |I L > oV
2.2kQ)

Vyy =22V
: — [2 Marks]

2.2kQ
Thus, by potential divider, V, = (22V —O.7V) =10.65V. [3 Marks]

2 2kQ +2.2kQ
It follows that, I,, = 1065V _ 4 8409maA . [2 Marks]
2.2kQ
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[SOLUTION]:
Q) The loaded gain of each stage is obtained as follows,
For the Emitter follower: V, T AV 1.2k (1)V,, =0.9836V,
wer: = = . =0. s
N Z,+Z, "M (1.2kQ+0.02kQ " "
\%
Thus, A, | =-21=0.9836 . [2 Marks]
vV
R 2.2kQ
Furth ,V,=—L A V. = : —640)V., =-207.05882V.
WIRETOTS: Yo TR bz, o2 (2.2k9+4.6 kQJ( Vs &
02 _
AUZ,L = ‘/iy2 = _207.0588 . [2 Marks]
(i)  The total gain of the system is,
V.V
A, = {Vl j{ - j ~ (0.9836 )(~207.0588) = ~203.6630 . [2 Marks]
i1 0,2

The total gain of the system with source resistance included,

A
V,=—"—A ,V,;so that,
T Z,+Rg 7

A — ‘/0,2 - Zi,l A — 50kQ
"V Z,+Ry T (50kQ+1kQ

j(—203.6630) =-199.6630;

%
A =-22=-199.6630. [2 Marks]
B VS

(iii) Tt follows that the loaded current gain is,

For the emitter-follower,

1 Z.
A ="oo a2 (0.9836) 2052 |- 40,9833, [2 Marks]
W vz, 1.2kQ
I Z
A ==2=A  —2=(-207.05882) L2k 1199412 [2 Marks]
o, TUMR, 2.2kQ)
(iv)  Thus the overall current gain is,
I R, +7Z.
Ag=22=-A 1 =—(-199.6630) 1kQ+50kQ ) _ 460855 [2 Marks]
I, S R, 2.2kQ)
(v)  Z, is NOT affected by the second stage and R, . [2 Marks]
(vi)  Z, is NOT affected by the first stage and Ry .
(vii)  The output voltage V, is 180° out of phase from the input voltage V. [2 Marks]

[Total 25 Marks]
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