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QUESTION 1 [35 marks]

(a)

(b)

(i) Draw the npn BJT Wilson and Cascode current sources with clear details of the
transistors Q, placements. [10 marks]

(if) Clearly explain and compare the current sources in part a(i) in terms of their output
current (Zo) stability. [S marks]

(i) Figure 1 shows a BJT three-transistor current source. Derive the expression of Iy in
terms of Iggr, fand Ss. [10 marks]

(i) For V" =10 Vand ¥V = 0 V, design the circuit such that 7o = 0.7 mA. The transistors
parameters are: f= 3 =80, Vgg(on) =0.7 V and ¥V, = w. [10 marks]

Answers for Question 1

l Iex=1g

Y

Figure 1

Page 2



EEEB273 — Test 1 Semester 2, 2017/2018

Answers for Question 1 (Continued)

Page 3



EEEB273 —Test 1 Semester 2, 2017/2018

QUESTION 2 [20 marks]
The circuit in Figure 2 has the following parameters:

V'=18Vand V =-18 V.

Vin=0.5V, k’, =80 nA/V2 and 1=0.
Design the circuit such that Zp = 0.15 mA, Iggr = 0.5 mA and transistor M, remains biased in the

saturation region for Vps; >1 V. [20 marks]

Answers for Question 2
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M, I_ :l1D2=10
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+ #
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-
Figure 2

Page 4



EEEB273 — Test 1 Semester 2, 2017/2018

Answers for Question 2 (Continued)
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QUESTION 3 [25 marks]

(@) The differential amplifier in Figure 3 is biased with a three-transistor current source as
shown. The transistor parameters are: = 40, Vge(on) = 0.6 V, and V44 =V 45= . Determine
Ry if Veps=18V. [20 marks]

(b) Redesign the differential amplifier circuit of Figure 3 if a Widlar current source is used as

biasing circuit instead. Draw the complete differential amplifier circuit. [S marks]

Answers for Question 3

Figure 3
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Answers for Question 3 (Continued)
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QUESTION 4 |20 marks]
Figure 4 has the transistor parameters of # =120, Vge(on) =0.7 V, V= o for Q; and @,, and ¥V, =
100 V for Qs and Q4. Given that Ip= 4 mA.

(@) Determine the differential-mode input resistance (R;,) of the differential amplifier.

[6 marks]

(b) Determine the differential-mode voltage gain (A4,) of the differential amplifier. Output is

one-sided taken at collector of Q.. [6 marks]

(c) Determine the output of the differential amplifier (vo) if the inputs are vy = 1.25 sin ot mV

and v, = 0.9 sin ¢ mV. Given that A, = -0.09912. [8 marks]

Answers for Question 4

o\

10V

Figure 4
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Answers for Question 4 (Continued)
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BASIC FORMULA FOR TRANSISTOR

BJT MOSFET
o = ]SeVBE/VT ;npn ' N—-MOSFET
i=1, eV pnp Vg (Sat) =v o =V
= OtlE ﬂlB i =K [VGS o TN]2
Ip =Ip+i, K = k_ W
V. "2 L
B +1
p ;P —MOSFET
. - Vsp (Sat) =Vse T Vi
;Small signal ,
B=gr lD:Kp[vSG+VTP]
m k.
g, =2 = 7[)%
= ]VT 'Smallsignal
CQ =2,/K,I,, ;N-MOSFET
VA
VO=E g, =2/K I,, ;P-MOSFET
V, =26mV p ot
My,
Quadratic formula:
~ B+~ B’ -44C

Ax*+Bx+C=0 — x=
2A
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