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Question 1 [20 marks]
(@ Draw the npn BJT two-transistor and Widlar current sources with clear details of the

transistors Qi and Q; placements. [10 marks]

|
(b) Showthat loRg =V; |n[%j for the BJT Widlar current source.  [5 marks]
(@]
(c) Design the BJT Widlar current source from your drawing in part (a) such that currents
Irer = 3 MA and lo = 50 pA. The circuit parameters are V"' =10 V and V" =-10 V. The
transistors are matched with Vge = 0.7 V at 1 mA. Neglect the base current.

[5 marks]
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Question 2 [20 marks]

(@) The basic differential pair biased by a three-transistor current source is shown in Figure 1.
Assume g = 200 and Vgg(on) = 0.7 V for all BJTs in the circuit. For R; =10 kQ and R¢ =
12.8 kQ, find the differential voltage gain (Ad) of the differential amplifier taken as one-

sided output. [10 marks]

Vg2

Figure 1
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(b) Figure 2 shows a differential amplifier with PNP three-transistor current mirror
connected as an active load. The circuit are connected to V'=3V, V" =-3 V, and 1g= 0.5
mMA. The transistors parameters are f = 120, Va1 = Va2 = 120V, Va3 = Vas =80 V, and

Va5 = .
(i) Determine the open-circuit differential-mode voltage gain (Ag). [5 marks]
(i) What is the output resistance (Ro) of the differential amplifier? [2 marks]
(iii) Find the value of load resistance R that reduces the differential-mode gain to 75
percent of the open-circuit value. [3 marks]
v

I'_.-'

Iul =
I“"ll*-"

o

Vo

Figure 2
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Question 3 [20 marks]
Consider the multi stage bipolar circuit in Figure 3. The transistors parameters are: Vgg(on) =
0.7V, g =150 and V= co. When there is no input, vo = -0.1316 V.

(@) Determine the transistor quiescent currents: Icy, Ics, lca, Ics, and lcs. [10 marks]
(b) Assume Rj3 is very large compared to Rs, calculate the overall differential mode voltage

gain (Volvg) of the circuit in Figure 3. [10 marks]

Pr=

R, = 1(‘11 Rg= Rg=
18.6 kQ 20kQ 20 kQ

V02
|
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|

|
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|
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| 59.6 Q : | 59.6 Q

| l ' |
| [ ! ) [
| | ' |
| V'==5V | : |
| l |
|<——— Differential Amplifier ——>}<——Gain Stage —>| Output Stage —>

Figure 3
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Question 4  [20 marks]

(@) An idealized class B output stage is to deliver 10 Watts of average power to a load for a
symmetrical input sine wave. The maximum output voltage required should be 80% of the

power supply voltage V¢e. Given that the power supply voltage is 24 V and the average
current in the circuitis | = Vp / (ﬂRL) , where R; is the load. Calculate the value of the

output stage’s power conversion efficiency7. [10 marks]

(b) Consider the MC14573 op-amp in Figure 4. Assume transistor parameters for N-
MOSFET are Vrn = 0.5 V, K, = 100 pA/V? and 4, = 0.01 V% and transistor parameters
for P-MOSFET are Vp=-0.5 V, K, = 125 uA/V?, and 4,= 0.02 V%,
Given that Vg5 = 1.5 V:
(i) Find the quiescent bias currents for all transistors in the Figure 4.  [4 marks]
(i) Determine the overall small signal differential-mode voltage gain for the MC14573

op-amp in the Figure 4. Gain for the output stage consists of transistor M; and Mg is

given by equation A, = 0y (7 [l Tog) [6 marks]

| —

Isel l Rsel

[ FH [ HH [
l

V-

Figure 4
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Question 5  [20 marks]

(@ Anideal inverting op-amp with adjustable closed-loop voltage gain is shown in Figure 5.

Calculate its absolute minimum A, and maximum A, values when Ry = 20 kQ,

potentiometer Ry, = 0 to 30 kQ, R, = 30 kQ, and potentiometer R,y = 0 to 40 kQ.
[10 marks]

Rﬁ RZI’
—— MM

R4 Ryyp |
v; — AN \N—T NN = Potentiometer
j\ Vo
Potentiometer l /

Figure 5
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(b) For a generalized summing op-amp shown in Figure 6 the total output voltage (vo) is

the sum of the individual terms, or

R R R R R
Vo =—2"Viu——Vp, +(1+R_FJ(R_PV|3 "'R_PVMJ

R, R, N A B
where Ry = 1HR2
RP - RAHRBHRC
R, Ry
Un MM
R2 U]
v —AMA “—
] Yo
Vi3 — AWV +
R, ’
V4
R
Ry C
Figure 6

The summing op-amp similar to Figure 6 is designed to produce the output of
Vo =—-10v,, —=5v,, +3v,; +5Vv,,

Given that R = 50 kQ and R 5 = 240 kQ, calculate the value of Ry, Rg, Rc, and RE.
[10 marks]

-END OF QUESTION PAPER-
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APPENDIX:

A) BASIC FORMULA FOR TRANSISTOR

BJT MOSFET
i =1.e"="" :NPN ‘N—MOSFET
o = IseVEB/VT ;PNP Vps (Sat) = Vgs =V
) . p . iD = Kn[VGS —Viy ]2
IC :ﬂIB :—IE ,
p+l K = HColV _ Ky W
e =lg +ic 2L 2 L
‘P-—MOSFET
;Small signal Vgp(Sat) = Vgg +Vip
B=0,r ip = K, [Vsg +Vip]*
_leo K _ 4G Wk, W
In = V, PoaL 2 L
;Small signal
= =2 /K1 :N—MOSFET
" ICQ On = n'pQ N7
r = Va g, =2JK 1o ;P—MOSFET
* g 1
V, =26 mV T
B) HYBRID-x_EQUIVALENT CIRCUITS
BJT MOSFET
< G D
& o@ O_+O ——
+ "(d
&mVn T Vie Vs EmY gs Fo Vs
. 5 o—— $ °

C) QUADRATIC FORMULA

AX* +Bx+C =0 - X=
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