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Question 1  [20 marks]

You are required to design a differential amplifier with passive load using NPN bipolar
junction transistors (BJT) with the following specifications. You DO NOT need to design the

biasing circuit for the differential amplifier.

Two-transistor NPN BJT current source is biasing a 1.2 mA constant current. The circuit

parameters are power supplies of +10 V and —10 V. The voltages measured at v¢; and v, of the

differential amplifier are 4 Volts.

The transistors parameters are matched NPN BJTs with # = 50, Vgg(on) = 0.7 V, and V= o,

and various resistors with precise values are made available.

Design the differential amplifier described above with its biasing circuit. Draw and label the
circuit diagram of your design clearly. Show all calculations and values as accurate as possible
with regard to the design. Based on your assumption for the design, calculate the values for vy,
vems aNd Vg (i.€. voltage at a point where emitters for both transistors in the differential amplifier
are connected).

[20 marks]
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Question 2  [15 marks]

Figure 2 shows a basic differential amplifier. A two-transistor current source is used to bias a
constant current source of 0.25 mA (Note: Ip = 0.25 mA). The differential amplifier is using a
pair of PNP transistors as its active load. The output voltage, vo, of the differential amplifier

is taken as ve,.

The transistors parameters are: = 150, Vge(on) = Veg(on) = 0.7 V, Vv =120 V, and Vyp =

100 V.
V+

Active load is using a pair

of PNP transistors.

OV

vy Q; 0, v Sk

V-
Figure 2
(&) Draw a complete differential amplifier circuit including the pair of PNP transistors as
active load and the two-transistor current source as biasing circuit.

[5 marks]

(b) Determine the differential-mode voltage gain of the circuit, A;= vo/va.
[6 marks]

(c)  Calculate the differential-mode voltage gain if the load resistance, Ry, is 100 kQ.
[4 marks]
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Question 3  [10 marks]

(a)

(b)

Describe the operation of a class-B output stage by means of crossover distortion.
[3 marks]

A class-AB output stage with BJTs is shown in Figure 3. Reverse saturation current for
each transistor is Iy = 2x10™" A.

(i) Find Vgg when v; =0, as such producing ic, = ic, = 1 mA. [2 marks]
(if) Calculate icy, icp, and vy to obtain vo=-3.5V. [3 marks]
(ili) Calculate the power dissipated in R;. [2 marks]

+5V

l i(,'n
Q,
Vag |
>

vo

Figure 3
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Question 4  [20 marks]

A MOSFET op-amp circuit as shown in Figure 4 is biased with 7, = 200 pA. The transistor
parameters are k’, = 100 pA/V?, k’, =40 pA/V:, Vin=04V, Vip=-0.4 V,and 1, =1,=0. The
transistor aspect ratios are (W/L)1 = (W/L), = 20, (W/L)3 = 50, and (W/L)4 = 40.

(i) Design the circuit such that Ip; = 150 nA, Ips =200 pA, and v,=0 forvi=v, =0 V.
[9 marks]
(i)  Find the differential voltage gain (4,) of the differential amplifier in the circuit.
[4 marks]
(iii) Determine the voltage gain for the gain stage (42), made up by transistor M3, in the circuit.
A, can be calculated using A; = -gu3 Rps.
[3 marks]
(iv) Calculate the overall small-signal voltage gain (4,) of the multi-stage amplifier circuit. You
may assume value for the voltage gain of the output stage (43) made up by transistor M,
[4 marks]

VI=435V

Figure 4
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Question 5  [15 marks]

Consider a standard 741 operational amplifier (op-amp) circuit as shown in Figure 5a. Study

Figure 5a carefully and observe the values for resistors in the circuit. Load resistance connected

to the Qutput of the 741 op-amp is R, =2 kQ. The op-amp is supplied by £15 V DC voltages.

The transistors have g, =200, £, =50, Vv = V4p =50 V, Vgg(on) = Vgg(on) = 0.6 V, and the

reverse saturation current Is = 5x107'¢ A.

From DC analysis, bias currents for selected transistors are Ici34 = 0.18 mA, Ici35 = 0.54 mA,
Ici6 = 15.8 HA, Icir = 0.54 mA, I = 0.138 mA, and Icy, = 0.18 mA.

Figure 5b shows the AC equivalent circuit for the gain stage of the 741 op-amp. Figure 5c
shows the AC equivalent circuit for the output stage of the 741 op-amp, which is used to

determine R;3 in the Figure 5b.

With analysis, the voltage gain for the gain stage (A4,2) of the 741 op-amp can be calculated

using the following formula:

AV _ VOZ _ _IBn (1+IBn)R9(Ract2 RiS R017)
) = =

Vo1 R, {Rg + [’" w7 T (1 + B, )Rs ]}

Where: Rath - 1"0133

Ry =1+ (1"‘ /Bp IR19HR20]
Rig =Rz, =T,3,

Ryy =750+ (1"' b, )RL

Calculate the voltage gain for the gain stage (A4,,) of the 741 op-amp. Neglect base current in

your calculations.
[15 marks]
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Question 6  [20 marks]

(a) EXCEPT for standard inverting and non-inverting amplifier circuits using op-amp, state

three (3) other applications using the op-amp and sketch those three (3) other op-amp based

circuits. You are required to sketch the circuit to include all external components connected
to the op-amp, in order for the overall circuit to function its intended application.
[6 marks]

(b) With a feedback resistor of 200 kQ, design an amplifier using op-amp with a closed-loop

gain which can be varied between -10 to -25 using a potentiometer. Draw clearly your

circuit design. [6 marks]

(c) For the instrumentation amplifier shown in Figure 6, the circuit parameters are R, = 20 kQ,
R, =115 kQ, R;=50 kQ, and R,= 200 kQ. For input signals of v;; = 0.60 - 0.30 sin ot (V)
and vy = 0.60 + 0.30 sin ot (V), determine vo;, voz, and vo.

[8 marks]

Figure 6

-END OF QUESTION PAPER-
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APPENDIX

BASIC FORMULA

BJT MOSFET
iC :]SeVBE/VT;NPN ,N—MOSFET
Vps(Sat) = Vs —Viy

ip =K, [vss — TN]2

i =1.e"™""";PNP

= ffi, = ai, K = tCl kW
o 2L 2 1L
lE:lB+lC

_B P _ MOSFET

[+1

vep(Sat) = v, +Vp
Ip = Kp[vSG + VTP]Z

;Small signal |
ﬂ:gmrﬂ Kp:ﬂpcoxW:kp.K
2L 2 L
PV
r, = 7
@ :Small signal
1
VVT =
r =
r,=—% T Ay,
Loy
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