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Question 1 [20 marks]
Figure 1 is NMOS current source circuit with the transistor M, sourcing a bias current to the

load circuit.
(a) Draw the PMOS version of the current source. [5 marks]
(b) Using the PMOS current source circuit drawn in Question 1(a), assume that the circuit

is biased at V'=5V and V™= -5 V. The transistors parameters are Vrp = —0.5 V, k’p =
50 pAINV?, (WIL), = (W/L), = 15, (W/L); = 3, and A = 0. Calculate lger, lo and

Vspo(sat). [15 marks]
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Question 2 [20 marks]
For a MOSFET differential amplifier shown in Figure 2 the circuit parameters are: V' =3V

and V™= =3 V. Transistor parameters for N-MOSFET are: Vty = 0.5 V, k%, = 100 zA/V? and A,
=0.02 V'!; and the transistor parameters for P-MOSFET are: V1p = -0.5 V, k’, = 40 £A/V? and
4,=0.03 V. The transistor aspect ratios are: (W/L); = 20, (W/L), = 80 and for the other

transistors, (W/L)s.10 = 10. It is given that Irgr = 0.5mA.

(a) Calculate the differential gain Ag. [6 marks]

(b) The biasing constant current source lq is a cascode current source. Calculate the output
resistance, R, of the current source. [4 marks]

(c) It is given that the common-mode rejection ratio (CMRR) of the differential amplifier is
71dB. By how much should the output resistance, R, of the cascode current source
should decrease or increase such that the CMRR increases to 80dB? Calculate the new
value of the output resistance.

[10 marks]
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Question 3 [20 marks]
The transistor parameters for the circuit in Figure 3 are: =200, Vge(on) = 0.7 V, and Va = 80

V. For Q; and Q2, Va = . The diff-amp has a common-mode voltage gain of A;mi =-0.0749. It
is given that Ic3 = 1.886 mA and Ics = 1.003 mA.

(a) Calculate the differential-mode input resistance (Riq) and common-mode input resistance

(Ricm)- [7 marks]
(b) Determine the differential-mode voltage gain A4 = Vos/vq and the common-mode voltage

gain Acm = Vos/Vem. [10 marks]
(c) If Acm = 0, determine the output voltage vos if v = 2.015 sin @t mV and v, = 1.985 sin

ot mV. [3 marks]

Res
=4 kQ

Ve

Figure 3
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[25 marks]

(@) Refer to the output stage circuits shown in Figure 4(a) and Figure 4(b).

(i)

(ii)

Identify the output stage circuits shown in the Figure 4(a) and Figure 4(b). Then,
describe clearly the differences between the output stages shown in the Figure
4(a) and Figure 4(b) in terms of advantage(s) and/or disadvantage(s) of the
designs.

[5 marks]

For the output stage shown in Figure 4(b), assume that Vcc =10 V, Vg = 1.35 V,
and R_ = 1 kQ. Transistor Q, and Q, have Is = 4x10™ A. Given that output
voltage vo = -8 V, calculate the currents i, icn, and icp, the input voltage vy, and the

power dissipation in the transistors Qn and Q. [10 marks]
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Figure 4(a) Figure 4(b)
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(b) The 741 op-amp is shown in Figure 5. The minimum recommended supply voltages are
Calculate Ic16 if Rg = 0. What is the function of resistor Rg in the gain stage?

[10 marks]
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Question 5  [15 marks]

(@) Consider two (2) ideal op-amp circuits connected in cascade as shown in Figure 6. Given
that R; = 50 kQ, R, = 100 kQ, R3 =80 kQ, and R, = 75 kQ. Calculate voltage gain vo/v,

of the overall circuit. [5 marks]
Ry
R;
R, —AAMN—
Uy Vo1 Vo
R, 4
Figure 6

(b) Figure 7 in the following page shows a design for an instrumentation amplifier using

op-amps. The instrumentation amplifier has adjustable differential voltage gain (A)). In
the design, Ripor is a potentiometer (or a variable resistor) used to provide variable
resistance so that differential voltage gain of the instrumentation amplifier can be
adjustable. With analysis, it can be shown that output voltage (vo) for the difference

amplifier constructed using op-amp As, resistors Rs, and resistors Ry is

R,

Vo = E(Voz _V01)
3
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(1) Study Figure 7 carefully. Using same labels for all resistors, voltages and currents
given in the Figure 7, show that the output voltage (vo) of the instrumentation
amplifier with adjustable differential voltage gain is

[7 marks]

R 2R
Vo =1+ : (VI2 _Vll)
Rs le + RlPOT

(i) For the circuit in Figure 7, given that Ry = 2.5 R3, R, = 495 kQ, Rys = 15 kQ,
Ripor is set at 40 kQ, v;; = 0.090 V, and v;; = 0.115 V. Calculate adjustable
differential voltage gain (A,) and the output voltage (vo) of the circuit.

[3 marks]

Un +
A Vo1

Vo2

Figure 7

-END OF QUESTION PAPER-
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APPENDIX:

A) BASIC FORMULA FOR TRANSISTOR

BJT MOSFET
i = 1.8 ;NPN :N—MOSFET
iC — ISeVEB Ny ’ PNP VDS (Sat) = VGS _VTN
. . J/ ip = K, [Ves —Viy ]2
Ic = :Bls =—7— I '
p+1 _ 4G Wk, W
iE = iB + iC " 2|_ 2 L
'P-MOSFET
;Small signal Vsp(Sat) = Vs +Vrp
L=0.r Ip = Kp[VSG +VTP]2
_leo _ Gk, W
=V PT oL 2L
.y, ;Small signal
= 2 /K 1. :N—MOSFET
ICQ gm - n'DQ ’
0
cQ . 1
V, =26 mV ® = Ao
B) HYBRID-n EQUIVALENT CIRCUITS
BJT MOSFET
I, G D
— o@ °—°+ — :‘i
o "(d
oV r , V,s;.‘.' .f{mll‘;.‘-‘,_.; Fo .Vn’.v
S = o—— . o

C) QUADRATIC FORMULA

Ax? +Bx+C =

_ —B+VB?-4AC

X =
2A

0 —
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