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Question 1 [20 marks]

Answers:

()

(b)

d)

[Each component carries 0.5 marks, total 4 marks]

<! _R
L] J°
Qs s Q4
' “m,j
Ql + Ql

"If/::
v

Ie; = Plgy = Igy = Bl

Iey = algy = (ﬁ)(/ﬂm) =1y - Ig = (BH) Iy
__ Ipy
ba = 25 = ) (Bl
Icy = Blgyand Igz = (ﬁ + 2) Ip;
1
Igs = (m) Igs = (ﬁﬂ) —— (B +2)Ig, and I3 = Blpz = (ﬁﬂ) (B+2)Ip

Irgr = Ic3 + 133 + Ipy
> lngr = (F7) B+ 2) Iy + s (B + Dlsr + () Bl)

242B+p+2+
Ippr = [[)’ ﬁgfl ﬁ)] Ipq

e = (222222 (2,

4
2 lp = [Irer/ [1 +- ﬁz]] ~ Iper/[1 + E]
[Each carries 0.5 marks total 5 marks]

S =150, Since £ is higher than 100, .. Approximation of I, = Iggr

I _ VY-Vpp1-VpEz—V~ _ 5-07-07- (-5)
REF Ry 6x103

IO == IREF = 14’33mA
_ _ V_A _ 100 _
Ry =Pro =B (10) =150 () = 10.465M0)

= 1.433mA

1
Ima = V_(;
1.433mA
gma = == 55.128mA/V
Vr
e =Ty
26mv
Tra = 150 (1'433%4) = 2.721k0
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Question 2 [20 marks]

ANSWers:

Q2a(i) Design the circuit such that 13 = 400 uA and Vcg1 = Veez = 10 V. [5 marks]
Neglect the base currents;

I, = I = 400 pA
Using KVL, Ri= (V" —Veea— V) 1 |1

R, = (15— 0.7 — (-15)) / 0.4m = 73.25 kQ [1,1,0.5]
As V=10 V; Ver = Vee— Ve =10- 0.7 =9.3 V

Re = (V4 - Ver) / ler = (15 — 9.3) / (400/2) = 28.5 kQ [1,1,0.5]

Q2a(ii) Determine Ayg and CMRRgg for a one-sided output at Voy. Acm IS given as —0.113.

[5 marks]
Find rm,
r. = v/ lcg = (100)(0.026) / 200u = 13 kQ [0.5,0.5]
Ag= fRc ! 2(r; + Rg)
= (100)(28.5k) / 2(13k + 10k) = 62 [1, 1]
Thus, CMRRg = 20 logy, (62/0.113) = 54.8 dB [1, 1]
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Q2b(i) Draw an improved diff-amp for the circuit in Figure 3. Use Table 1 for the transistors

specification. [4 marks]
V =

[
MZI I

—OVvV

V) 0—| E’ﬁ M, vy

V- M3 and M4 placement  [2]
PMOS type [2]

Q2b(ii) Calculate the minimum power supply voltages if the common input voltage is to be in

the range of + 3 V. Assume symmetrical supply voltages.

[6 marks]
ips = Kp (Vsgs + VTP)2 [2]
0.5m/2 = 0.25m (Vsg3 — 0.4)°
Vses = 1.4V [1]
Then, assuming that Vsgs = Vgs1,
Vpsi(sat) = Ves1 —Vin=14-04=10V [2]
Vem = Vo— Vpsi(Sat) + Ves:
3=(V'-14)-10+14=>V' =4VandV =—4V [1]
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Question 3 [20 marks]

ANSWErs:
Q3(@) Iu =(V"-Veer -V)/(Ry) [1]
= (10-0.7-(-10)) / (19.3k) =1 mA [1]
lo =1,/ (1+2/p) =0.990 mA [2]
lco |Q /2 =0.495 mA [2]

Vo2 V-l Re =10 - (0.495m)(10k) = 5.05 V [2]
lra = (Vo2 -2 Vee(on))/ (Ry)

= (5.05-1.4)/ (11.5k) =0.3173 mA [0.5]
Irs = Irs (neglecting base currents) = 0.3173 mA [0.5]

Vos. =V '-lgsRs =10—(0.348m)(5k) =8.413V  [1]

Q3(b) Using Iy =0.495 MA, Ire = 0.3173 mA:
A =(@m2/2)(Rec || Ri)

Omz = lc2/ V1 =(0.495mA)/(26mV) = 19 mA/V [1]
(g = V11 Irs = (200x26mM)/( 0.3173m) = 16.388 kQ  [1]
I3 =P = 200x16.388k = 3277.6 kQ [1]
Ri2 =TIt (1 +ﬂ) 24 [1]
= 3277.6k + (201)(16.388k) =6571.59 kQ [1]
Agr =(19m/2)(10k || 6571.59k) = 94.85 [1]
A =(Ira 12VT) Rs = (0.3173/(2x26m))(5k) = 30.5 [1]
Az =1  (Output stage assume gain = 1) [1]
Aq = Adt A Az [1]
=94.85x 30.5x 1 =2893.8 [1]
OR
Q3(a) I = (V *- Vge7 -V ) / (Rl) [1]
= (10-0.7-(-10)) / (19.3k) =1mA [1]
lo =1, [Since p=200>>1] =1mA [2]
lco = |Q/2 =0.5mA [2]
Vo2 =V"*- lcoRc =10- (05m)(10k) =5V [2]
lr4 = (V02 -2 VBE(On)) / (R4)
=(5-1.4)/(11.5k) =0.313mA [0.5]
Irs = Irs (neglecting base currents) = 0.313 mA [0.5]
Vos. =V -lgsRs =10-(0.313m)(5k) = 8.44 V [1]
Q3(b) Using lcz=0.5mA, Irs = 0.313 mA:
Ai = (Gm2/ 2)(Re || Ri2)
Omz = lc2/ Vr=(0.5mA)/(26mV) = 19.23 mA/V [1]
rma =PVl lgs = (200x26m)/(0.313m) = 16.613 kQ  [1]
I3 BB = 200x16.613k = 3322.6 kQ [1]
Rio =ttt (1+p)rm [1]
= 3322.6k + (201)(16.613k) =6661.8 kQ [1]
Ag =(19.23m/2)(10k || 6661.8k) = 96 [1]
A, =(Ira /12V7) Rs = (0.313m/(2x26m))(5k) = 30 [1]
Az =1  (Output stage assume gain = 1) [1]
Ag = Adgt A Az [1]
=96 x 30 x 1 = 2880 [1]
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Question 4  [20 marks]

Answers:

Q4a(i)
Figure 4(a) - Approximate class-B output stage
Figure 4(b) - Class-AB output stage

Qda(ii)

Vo

1.5

0,, conducting
0, cutoff

Slope = 1

0.6 0.6 v

QI’ conducting Slope = 1
0,, cutoff

Q4a(iii)
VBB

. 2V
Ie, = Cp =1l.e

1.2
- (4x10‘13)(e[(2)(°°26)}) — 4.210mA
P — P,
Vep = 12v
P, = (12)(4.210m) = 50.52mW

CEIC

Voo =12V
1V, 122
PLmo = > R— = (0. 5)( 00) —0.72W
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Question 4(b) [10 marks]

To calculate Ic16, Need to determine lcisg

lc1sg = 0.75 lc12 = (0.75)(0.3m) = 0.225 mA
|C17 = IClBB =0.225 mA

Ici6 = le1s = Ig17 + IRy = lciz / B+ ([lc1zRs+ Vee17] /Ro)
lexs = (0.225m/200) + ( [0.225mx100 + 0.7] /50k)

les = 1.125p + 14.45p = 15575 pA

Rb16 = rpi16 + (1+B)[R9 || Rb17]

Rb17 = rpil7 + (1+B)R8

Rpil7 = B.VT/IC17 = (200)(26m)/0.225m = 23.11 kOhm
Rpi16 = B.VT/IC16 = (200)(26m)/ 15.575u = 333.868 kOhm

So Rb17 =23.11k + (201)100 = 43.21kOhm

50k || 43.21k = 23.17K
So Rb16 = 333.868 + (201)(50K || 43.21K] = 4.993 MOhm
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Question 5  [20 marks]

Question 5(a) [8 marks]
20kO
AN
R,
2kQ
U o—— AW -
Rl —0 V)

()  Av=-R2/R1=-10
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R1 =R2/15 = 20k/10 = 2kOhm [1.5 marks]
Correct inverting configuration structure [1.5 marks]
20kQ
AW 20kQ
p— R, AW
L2 R,
% 0 AN > 20kQ ’
° R, \ — AW -
/ R, —O0 U
. [
(i)  Av=-R2/R1=-1
R1 =R2/1 = 20k/1 = 20kOhm [2 marks]
Correct inverting configuration structure [2 marks]
Cascade inverting for 1% stage and 2" stage [1 mark]
Question 5(b) [12 marks]
R2/R1 = 80k/20k = 4 [1 mark]
R4/R3 =85k/20k = 4.25 [1 mark]
Vo = [1+4] [425/1+425]V|2 —4v; = 4.048V|2 —4v; [2 marks]
= 4.048(vem-vd/2) — 4(vem+vd/2)
=0.048vcm - 4.024vd [2 marks]
Hence, Ad = 4.024 [2 marks]
Acm = 0.048 [2 marks]
And CMRR = 20. Log(4.024/0.048) = 38.47 dB [2 marks]
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