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Question1  [40 marks]

Figure 1 shows a MOSFET differential amplifier circuit biased with constant current source Ip. It
is giventhat ¥'=10V, ' =-10 V, and Ip= 0.2 mA.

Also, the NMOS transistor parameters are: Vzy=1V, k’, = 100 uA/V* and 4, = 0.01 V"', and the
PMOS transistor parameters are: Vzp =-1V, k’, =80 uA/V> and 4, =0.015 V™",

a) State the function of each transistor M, to M in the Figure 1. [10 marks]

b) Calculate the differential gain of the circuit if given: (W/L)12,=5, (W/L)3.c=10. [20 marks]

c) Calculate the CMRR (dB) if A. =-0.003. [10 marks]

Answers for Question 1

-~
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Figure 1
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Answers for Question 1 (Cont.)

Question 1: Solution

a) State the function of each transistor M1 to M6 in Figure 1. [10 marks]
o M; & M;: differential-pair, common-emitter amplifier [4 marks]
e M;to Mg: cascode current mirror [2 marks], active load [4 marks]

b) Calculate the differential gain of the circuit if given: (W/L)1-2=5, (W/L)3-6=10 [20
marks]

A, =g, (r02||R04)[4marks]

2,0 = 2K 11, = 2,/0.5(1004)(5)(0.1m) = 0.316 mA/V[2marks]
7y, =11(4,1,,) =1/(0.01x0.1m) = 1MQ[2marks]

Ryicuscode = Emaloalos[4marks]

i = 2Kl oy = 2,/0.5(80)(10)(0.1m) = 0.4 MAN[2marks]
Yoo =1I(4,1,,) =1/(0.015x0.1m) = 667k 2marks]

Fpg =Ty, = 667kQ[Imark]

Ry ucuseose = (0.4m)(667k)(667k) =178MQ[Imark]

A, =(0.316m)(AM ||178M) =312.8V | V[2marks]

c) Calculate the CMRR (dB) if Acm =-0.003. [10 marks]

CMRR = |Ad/Acm| =|312.8/-0.003| =104.27k [4 marks]
CMRR(dB) = 20 log(JAd/Acm|) =20 log(104.27Kk) [4 marks]
=100.3dB [2 marks]
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Question2  [20 marks]

The Class AB output stage is shown in Figure 2, with Vec=10 V, Icp=2 mA, and R, = 100 Q.
Assume @, and Q, to be matched, with I = 3x10™" A.

a) Determine Vgp. [4 marks]
b) Forvo=6YV,
i.  Find the values of iz, icp, icp, VBER, and vggp. [10 marks]
ii.  Calculate the power dissipated in Q,and Q,. [6 marks]

Answers for Question 2
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Answers for Question 2 (Cont.)

Question 2: Solution

a) Determine Vpp [4marks]
Icp = Icn = icp when vgg, = VBEp = Vggl? [2 marks]
Vegl2 = Vrin(co ! Is) = (26m) In(2m / 3x10™) = 0.588 V
Vep=2x0588=1176 V [2 marks]

b) Forvo=6YV,

i.  Find the values of iz, icp, icp, VBER, and vggp. [10 marks]
ip=vo | R,=6/100=60 mA [2 marks]
1% iteration:

icn =i =60 mA [1 mark]
veen = VrIn(ica | Is) = (26m) In(60m / 3x10™%) = 0.677 V [2 marks]
VEBp = Vg - Vvegn = 1.176 - 0.677 = 0.499 V [2 marks]

icp = Is exp(Vegy | V) = (3x10™%) exp(0.499/26m) = 0.0649 mA  [2 marks]

Recalculate icy:

icn = I + icp = 60m + 0.0649m = 60.065 mA [1 mark]
ii.  Calculate the power dissipated in Q,and Q,. [6 marks]
Po,=Vcen Xicn [1 mark]
Veen=Vee-vo=10-6=4V [1 mark]
Py, =4 x60.065m = 240.26 mW [1 mark]
Py, = Ve Xicy [1 mark]
Veep=vo—(-Vee) =6-(-10)=16V [1 mark]
Py, =16 x 0.0649m = 1.038 mW [1 mark]
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Question 3

[40 marks]

vt=10V

RC= Rcz
10kQ  10kQ

Vo2

Ry=
11.5kQ

Figure 3 shows a design for a simple bipolar op-amp. The biasing for amplifiers in the circuit is
provided by three-transistor current sources. The measured current through Re is 0.42 maA.

!
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| | | :
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Figure 3

Study the figure carefully. Neglect base currents. Assume Vgg(on) = 0.7 V for all transistors.

Calculate Iy, 1y, Iz, vo2, V03, and vo. Show all your calculation clearly in order to get full marks.

[40 marks]

Answers for Question 3

Page 7



EEEB273

Semester 1, 2013/2014

Test 2

Answers for Question 3 (Cont.)

I =V - Ve - Veer - V)1 (Ry)
=(10-0.7-0.7-(-10)) / (19.3k)  =0.9637 mA
Neglect base current, Ip =1; =0.9637 mA

Ic;
Vo2

Iy
Is
Vo3

Iy

Vo

=1p/2 =0.4818 mA
=V"'-Ica Re =10- (0.4818m)(10k) = 5.182 V

= (Vo2 - 2 Vge(on)) / (Rs)

=(5.182 -1.4) / (11.5k) =0.3288 mA

= Ir4 (neglecting base currents) =0.3288 mA

=V -Ips Rs =10- (0.3288m)(5k) = 8.356 V

= (vos - 2Vgrp(on) — Ige Rs+10)/ (R7)

= (8.356 — 1.4) — (0.42m)(16.5k) + 10)/ (5k) = 2.005 mA
=-10 + Ig; R; = -10 + (2.005m)(5k) = 0.026 V

[4]
2]
3]
3]
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3]
3]
[4]
3]
2]
[4]
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