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Question 2  [20 marks]

Q2(a) 5 marks

:I:Diz -.”LD-_-)_,: ISO/MA ch, = 2«5\,
RD = 'U+—-'Voe. —_— lua

< .
.—:D 16U x }g}ﬂjm] (10k)
= 1.9 'U/\/ — v,
gm = 0.245mA/v [1 mark]
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Q2(b) 15 marks

Power dissipation = ImW = (V' - V-) (IQ) [1]
Im = (20) IQ
So IQ =0.05mA =50 uA [1]
Currents in diff pair ID1 =1D2 to ID6 = 2 IQ =25 uA [1]
For Vo to be 80% of power supply voltage, Vo =0.8(10) =8 V [1]
-8V <Vo <8V
Vo(max) =8 V = V+ - VSD6(sat) - VSD4(sat) [1]
Let all PMOS transistors in active load to be matched,
so  VSD6(sat)=VSD4(sat) [1]
Vo(max) =8V =10 - 2.VSD6(sat) [1]
VSD6(sat) = VSD4(sat) =1V [1]
VSD6(sat) = VSG6 + VTP
1 =VSG6-0.5
VSG6 =1.5V=VSG4 [1]
ID4 = Y% kp’ (W/L)4 (VSG4+VTP)? [0.5]
25u =% (25u) (W/L)4 (1.5-0.5)?
(W/L)s=2=(W/L); = (W/L)s=(W/L)s [1]
Vo(min) = -8 V=VDSI(sat) + VIQ(min) + V- [1]
Assume for cascode,
VIQ(min) = 2 VDS(sat) = 2 VDS1(sat) [1]
Vo(min) =-8 V =-10 + 3.VDSI(sat) [1]
VDSl1(sat) =0.67 V [0.5]
Thus,
ID1 =% kn’ (W/L); (VGS1-VTN)? [0.5]
25u =Y (80u) (W/L); (0.67)°
(W/L); =1.39= (W/L), [0.5]
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Question 3  [15 marks]

Q3(a)

[5 marks]

Q3, Q4, R4, and R5 in Gain Stage make Darlington Pair amplifier

Q5, Q9, and R6 in Output Stage make voltage level translator

Q3(b) [10 marks]
Ip =14mA
Iz =19/2 =0.7 mA
vo, =V -Ic2Rce =14 - (0.7m)(10k) =7V
Irs = (voz -2 Vge(on)) / (Rs)
=(7-1.4)/ (11.5k) = (0.487 mA

Using Ic2=0.7 mA, Irs = 0.487 mA:
A =(gm2/ 2)(Rc || R)

gm2 =Ic2/ Vr=(0.7TmA)/(26mV) =26.923 mA/V
rza = pVr/ Ira=(200x26m)/(0.487m) =10.678 kQ
Fe3 =P ru =200x10.678k  =2135.6 kQ
Ri; =rt(1+p)ru

= 2135.6k + (201)( 10.678K) = 4281.88 kQ
Aa = (26.923m/2)(10k || 4281.88K) = 1343

Ay = Ir4 12VT) R5=(0.487m/(2x26m))(5k) = 46.83
Az =1 (Output Stage: assume gain = 1)

Aa =Aan Ay A3
=134.3x46.83x1 =6289.27 V/V

Page 5 of 8

2]
[1]

Q6 and R7 in Output Stage make Common Collector or Emitter Follower [2]
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Question 4  [25 marks]

Q4a [5 marks]
Dead band zone: Both transistors OFF -0.6<VI1<0.6V [1]
Positive signal: correct linear relationship [1], correct transistor ON/OFF  [1]
Negative signal: correct linear relationship [1], correct transistor ON/OFF  [1]

Vo

0,, conducting
Q, cutoff

Slope = 1

~0.6 0.6 v
@, conducting Slope = 1
Q,, cutoff
Q4b [10 marks]
i) Quiescent condition
VBB = VBEn + VEBp =14V [1]
ICQ =icn=icp=IS. exp((VBB/2)/VT)) [1]
= (5x107"%) exp((1.4/2)/26m)) =2.463 mA [2]
ii) Vo =-3V
IL  =Vo/RL =-3/100 =-30 mA [1]
Icp approx. equal to IL,
re. Icp =]|IL| =30 mA [1]
VEBp = (VT) In(icp/Is)
= (26m) In(30m/(5x10°1°)) =0.7649 V [1]
VBEn=VBB - VEBp=1.4-0.7649 =0.6350 V [1]
Iecn  =1I8S. exp((VBEn)/VT))
= (5x1077) exp(0.6350V/26m) =0.2023 mA [1]
Recalculate icp
Icp =icn-1IL
= 0.2023 mA — (-30mA) =30.202 mA [1]
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Q4c [10 marks]

Iset/IQ = (W/L)s/(W/L)s = (W/L)s/4(W/L)s =" [1]
So Iset =1Q/4=2m/4 =0.5 mA [1]
VIQ(min) = VSD6(sat) =1V [1]
VSD6(sat) = VSG6 + VTP =» 1 =VSG6 - 0.8
So  VSG6 = 1.8V = VSGS5 =18V [1]
From KVL,
Rset =(V+-VSG5-V-)/Iset
=(20-1.8)/0.5m =36.4 kQ [1]
Iset =ID5="%kp (W/L)s(VSGS5 +VTP)? [1]
0.5m =% (20u) (W/L)s(1.8 —0.8)*=ID5
(W/L)s=50 [0.5]
(W/L)s=4(W/L)s = 4x50 =200 [0.5]
VCM(max) = V+ - VSD6(sat) — VSGI [1]
IDI =%1Q="'%kp” (W/L); (VSG1 +VTP)?
Im =% (20u) (20) (VSGI — 0.8)?
VSG1=3.0307V =3.0307 V [1]
VCM(max) =10 -1 —3.0307 =5.9693 V [1]
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Question 5  [20 marks]

Q5(a) [6 marks]

Q5(a)(i) [3 marks]

Inverting amplifier (1]
Vo=-(R2/R) Vi 1]

Ry

MWV
R,

Uy MW + -

Un —ANWN +
) 1]

Q5(a)(ii) [3 marks]

Non-Inverting amplifier [1]
Vo=(A+R:/Ry) Vi [1]
Vo = (1 +25k/25k)(1.5V) =3V [1]
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Q5(b) [6 marks]

*One method: Use current analysis at non-inverting input to get V,

V-V V-V V-0
n-7z , 712772 _ 72 [1]
40k 20k 10k

Vin , V2 _ V2 4 V2 + V2
40k 20k 10k 40k 20k

1]
Vig 42V =7V, > V= "2 4 28 1]

*May use other method (e.g. superposition) to get V, = % + i;z

[Total marks = 3]

Vo= (1+55-)Vai=3Vyi=3V, Virtual short! 1]
Vii |, 2V 3 6
Vo=3(2+52) =2V +3Vp [
Vo =3(0.2) +2(0.3) = 0.3429V 1]
Q5(c) [8 marks]
i1 — V11I;1V12 [1]
. [-0.65 + 0.05 sin wt (V)] — [-0.60 — 0.05 sin wt (V)]
i, = — [0.5]
— iy =—5 + 10 sin wt (nA) [0.5]
Vo1 =V T 1R, 1]
Vg1 = [—0.65 + 0.05 sin wt (V)] + [—5 + 10 sin wt (uA)](40k) [0.5]
- Vg1 = —0.85 + 0.45 sin wt (V) [0.5]
Vo2 = V2 — 1R, 1]
Vg = [—0.60 — 0.05 sin wt (V)] + [-5 + 10 sin wt (nA)](40k) [0.5]
> vy, = —0.40 — 0.45 sin wt (V) [0.5]
R
Vo = R_: (Vo2 — Vo1) [1]
Vg = %Okk ([-0.40 — 0.45 sin wt (V)] — [-0.85 + 0.45 sin wt (V)]) [0.5]
- vy =1.35—- 2.7 sin wt (V) [0.5]
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