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INSTRUCTIONS TO CANDIDATES:

1. This paper contains Five (5) questions in Ten (10) pages.

2. Answer ALL questions.

3. Write all answers in the answer booklet provided.

4, Write answer to different question on a new page.

5. For all calculations, assume that Vr=26 mV.

6. Use at least 4 significant numbers in all calculations.

THIS QUESTION PAPER CONSISTS OF TEN (10) PRINTED PAGES INCLUDING THIS

COVER PAGE.
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Question 1  [15 marks]

(a) For a BJT Cascode current source (using npn transistors) with R; = 9.3 kQ, the

(b)

transistor parameters are Vgg(on) =0.7 V, # =120, and V4= 100 V. The bias voltages are
V'=5Vand V'=-5V.

(i)

(i)

Draw the circuit for the BJT Cascode current source specified above. Label the

circuit clearly. [2 marks]

Show that the relationship between Ip and Irer can be given by the following

equation. [5 marks]

1

~ REF
[, =——REF

1+4/p

Hints: You may start by using equation Igs = Ig3 / (1+2/f) derived for a BJT two-

transistor current source.

A MOSFET two-transistor (using NMOS) current source iS using a resistor to

establish its Irzr. The output current (Ip) is 1 mA and the circuit parameters are ¥ =15V

and V" =-15 V. Assume all transistors are identical. The transistor parameters are Vps(sat)
=08V, Vin=1.5V, k',=50 pA/V*and 1 =0.

(i)

(i)

(iii)

(iv)

Let the second transistor, M,, be the output transistor. Draw and label the circuit and
its components clearly. Hints: You need to determine the value of Ry in order to

draw and label the circuit correctly. [2 marks]

Calculate the aspect ratios for all transistors. [2 marks]

Find the change on the output current due to changes on the output voltage from 2
to 10 Volt. [2 marks]

Discuss how the reference portion of the circuit can be designed with MOSFETSs.
[2 marks]
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Question 2  [20 marks]

(@) Consider the differential amplifier in Figure 2a where one-sided output is taken at Vp,. It
is given that Rp = 18 kQ, K, = 125 p,A/Vz, 2=0, A;y = 0.2, and CMRR of the differential
amplifier is 55 dB.

(i) Find Io. [6 marks]

(if) Instead of increasing the value of Rp, suggest how the circuit can be modified to get
a bigger CMRR. [3 marks]

VGl O—l M, M> I—O VG2
+ +

VGs1 VGs2

Figure 2a
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(b) The differential amplifier shown in Figure 2b has a three-transistor current mirror
connected as an active load. The circuit is connected to power supply voltages of V" = +5
Vand V' =-5V.

(i) Derive the relationship between Ip and Ip such that the amplifier de currents are

balanced. State your assumptions. [9 marks]

(if) Calculate the value of Io given that Ip = 0.2 mA and £ =120. [2 marks]

Gain
stage

Figure 2b
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Question 3  [25 marks]

(@ A simple bipolar op-amp is designed as shown in Figure 3a. Note that biasing for amplifiers

in_the circuit is provided by two-transistor current mirrors. Study the figure carefully.

Neglect base currents. Assume parameters for all transistors are: Vge(on) = 0.7 V, g = 120,

and V4 = .

Ry = Ll
‘%I*).f%kﬂ =

r

V=10V

: ] . .

Rs=
11 IRSl, 5kQ Ris |
for) L —
Ry | - . 0

RC= Rcz
10kQ  10kQ

Vo2

'Ul

| TG | Os
= : »— UO
)\I ]/ l ’/) "'R? 1
(_? T (.l)
A o R ..
8 ] | é =
i | S5kQ
| |
| |
: | I :
| [ ' |
| s} | | I
| V- =-10V I : |
| | |
| Differential Amplifier ———'=——Gain Stage —*l Qutput Stage ——
Figure 3a
(i) Referring to Figure 3a, find 13, Iy, Ic2, vo2, and vos. [5 marks]

(i) With small-signal analysis values for A4, rm, Rn, and 4, can be found using the

following formula: %

Ay (LZ] = g_m(RcHRiz)

v, 2
r/r3 = ﬂrﬂ4
R, =715+ (l+ﬂ)l”ﬂ4
1
A, =L+ (R
= (k)

Calculate A1, A2, and the total overall small-signal voltage gain, 4,.
[10 marks]
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(b) Consider the MC14573 op-amp in Figure 3b. Assume transistors parameters of Vzy= 0.5
V, Vip=-0.5V, K,= 125 pA/V>, K,=100 pA/V?, Vsgs=1.5V, ,=0.01V", 1,=0.02 V"'
and the circuit parameters of V'=10V, V=-10V.

(i) Find the dc bias currents I. [3 marks]

(i) Determine the overall voltage gain of the op-amp. [7 marks]

[
I
. 1 Jd®
Mg 4' Mg

U!O—l Ml M2 I—OUZ

C?IREF
My |_"_| My I M7

Figure 3b
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Question 4  [15 marks]

Study the output stage circuit shown in Figure 4 carefully. Let R, = 1 kQ, Vgp= 1.40 V and the

reverse saturation current for the transistors, Is=2 x 10> A. Assume p>>1.

(a) Explain the “cross-over distortion” phenomenon in class-B output stage.
[3 marks]

(b) What is the advantage of the output stage shown in Figure 4 compared to the class-A and

class-B output stages? [2 marks]

(c) Referring to Figure 4, for the case of the output voltage vo=-3.5 V, determine iy, icy, and ic,.
[6 marks]

(d) Referring to Figure 4, for the case of the output voltage vo = -3.5 V, calculate the power
dissipated in transistor Q, and Q,,. [4 marks]

Vo

Figure 4
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Question 5  [25 marks]

(a) List two (2) ideal operational amplifier characteristics. [2 marks]

(b) State three (3) applications of an ideal operational amplifier. [3 marks]

(c) For an amplifier circuit using op-amps shown in Figure 5a, use appropriate ideal op-amp

characteristics and superposition theorem to show that

Yo=vntvn

when Ry =R;=Rr=100 kQ. [7 marks]
MW
Ry MWV
Fp— Ry
'n oA = Vo)
R, MM = Vo
. - R, ———
1 —
Uy —AN—— >
R,
Figure 5a

(d) Find the voltage gain, A4,, for the op-amp circuit in Figure 5b. Assume the op-amp is
ideal. [5 marks]

R,

200kQ

—2¥p

Figure 5b
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(e) For ageneralized summing op-amp as shown in Figure 5c the total output voltage (vo) is

the sum of the individual terms, or

R R R R
Vo :__FV11__FV12+ 1+—+ _PV13+_PV14
R, 2 Ry \ R, B
where R, = R1HR2
R, = RAHRBHRC

Design a summing op-amp similar to Figure 5¢ to produce the output
v, =—ov, —10v,, +5v,, +2v,,

The smallest resistor value allowable in the design is 15 kQ.
[8 marks]

R
v — AW
R
Vi —AMN—=
i
vy — ANV »
R.J‘l
Vi R
Ry C

Figure 5c¢

-END OF QUESTION PAPER-
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BASIC FORMULA

BJT
i =1I.e"""";npn

; :] evEB/VT;pnp

c =0 = ﬂlB
lE=lB+lC
_F
£+1
;Small signal
B=g,"
v
.7
Loy
)
m VT
v
ro=—=4
lep
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MOSFET

‘N - MOSFET
Vs (Sat) = v =V

ip =K, [VGS - VTN]2

_k, W
T2 L
P~ MOSFET

vep(Sat) = v, +Vp
Ip = Kp [V + VTP]Z
K ==
P2 L
;Small signal

=2./K, 1

1

v —

/JDQ

12



