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Consider a typical BJT amplifier connected to an active load as shown in
FIGURE Q1. Assume that the circuit has a supply of V' * =5 V and has
the following transistor parameters: Ispw) = Isgq) = Isp) = 1 X 10712 A |
Vav =110V and Vg =90V

T

FIGURE Q1

a. Redraw the circuit in FIGURE Q1 and label all voltages and currents.
and terminal polarities.i

[9 marks]

b.  Determine the values of emitter-base voltage, Ve . and R such that

Irpr =0.5MA..
[5 marks]

c. Assuming the following equation for the BJT amplifier with active

load, evaluate the value of the small-signal input voltage, v; , to

produce vcro = Ve .

taf 22143221 _(.livgp_l

V'T VA‘N 1+ VE
Vi

d. Evaluate the open-circuit, small-signal voltage gain of a BJT

[6 marks]

amplifier with an active load.
[6 marks]
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A differential amplifier.is a fundamental building block
- commonly Used as the input stage of an op-amp. FIGURE

differential amplifier with the following transistor parameters:
B =95, Vpr(on)=065V,and V4 = = .

a. For vi'=-vw= 0 find Ici,lc2;Ie, Vce1 and Vg
[10 marks]
b. Determine the maximum and minimum values of the. common-mode
input voltage,; vem .
[4 marks]
c. State the equations for forward-transconductance, gr , and the

ransconductances, g ;

+5V

10

RC=
95 kQ

Re=
95 kQ

Y

FIGURE Q2
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a. FIGURE Q3a shows a Common-Source MOSFET amplifier without
source bypass capacitor which is an example of a series—series
feedback circuit. The amplifier is supplied by a 10 VDC supply, and

_ the Ipss, Vasq and V), (pinch-off voltage), of the device are given as
i 8 mA1
resistance of the MOSFET, r;; is very large (infinity).

nd - 4 V respectively. Assume that the output

Voo =10V
§ Ri= SRs =24k0
s21 M.I:!_l G2 ==‘! MF 5 —
is (2 i Ti_' o, l Gl (0
Rg=10kQ
. g}zz;;m R = Ry =
1 1 kQ 10 kQ

—‘-L' R

FIGURE Q3a

i. Draw a hybrid-r mode| of
[5 marks]

ii. Evaluate the current gain, 4;; = —I-"~ , using.thie small-signal
s is g 3 ;

analysis of part a(i).
[10 marks]
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Negative feedback is then applied by feeding a fraction g of the

. output voltage, V., back to the amplifier input.

N

1
= [Q‘Q

=

20

Determine, Ay , the voltage gain of the amplifier if negative
voltage feedback is introduced in the circuit. Assume that
feedback transfer factor, f= 0.01.

[4 marks]

ii.  After prolonged use, the voltage gain of the amplifier without

overall gain: of the system given that the feedback transfer
factor 8 is maintained'at 0.01.

[5 marks]
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R.;
FIGUREQ4a & :°

a. Discuss TWO (2) characteristics of a Schmitt trigger circuit that make
it useful in a signal conditioning application, which converts noisy

[5 marks]

b. A Schmitt trigger is utilized to regenerate clean digital pulses from
noisy sensor signals used in industrial machinery. Design a circuit
whose nominal reference voltage is -3 V, has a hysteresis width of
10 mV and uses an Op-amp whose power supply is + 10 V.

[10 marks]

Schmitt trigger; given that the input signal V;, is as shown in
FIGURE Q4b.

[6 marks]
Vin
f
of ey /2% ot
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=3 AR

FIGURE Q4b
-END OF PAPER-
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APPENDIX |
KEY FORMULAE

Bipolar Junction Transistor (BJT)

DC currentgain -~ | le=pIp
Transistor currents Igp=Ig+1,; Ie=(B+1) I
g, de Vy or 26 mV)
Transconductance Vr
dm
Small-signal input resistance B . _Pbhe . . _
between base and emitter Tn P iy ® i e

Internal emitter resistance

Early-effect resistance

DC current ratios

Small-signal voltage gain and 4 =Yg ot g B
current gain v, Vigr |
Small-signal input and output z Y s Y= v
impedance 1, 1A
Ctn -
(;l o - ficgy > T Je 22(’;‘90;
(1+£@-]
BJT capacitances Ve
Cde = TFgm
C, = Cﬂ, +Cs
U t . f f — gul
nity-gain frequency T 7275(6} +Cp)
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