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Question 1 [20 marks]

Answers:
Q1(a) [10 marks]
My: Irgr = (%) (L) (Vsg1 + Vrp)? [0.5]
M: Irgr = (%) (%)3 (Vsgs + Vrp)? [0.5]
M; = M3,
(%) (2501 (Vse1 — 04)% = (52 (5)3(Vsgz — 0.4)? [1]
KVL:  Vsgr + Vsgz = V+ - V- =3, Vses = 3 - Vsa1 [1]
\/Z;(Vsm —0.4) = (3—Vs1) — 04 [1]
3.26 V51 = 3.499 = Vsgp =1.08 and Vsgz = 1.92 V [2]
Isr = (257) (25)1(1.08 — 0.4)% = 0.347 mA 2]
Io = (£7) (15),(1.08 — 0.4)% = 0.208 mA 2]
Q1(b)(i) [6 marks]
Ro = ros + ros (1+0ma 'oa) OR  Ro=0maTosTos [1]
log = 1o/ 2=0.2m/2 = 0.1 mA [1]
for = Fos = 1(4, Iog) = 1/ [(0.02)(0.Lm)] =500 ke [1.5]
Ima = 2V(Kp Ing) = 2N[(0.5)( & (WIL),)(Ing)]
Oma = 2V[(0.5)(40p)(20)(0.1m)] = 0.4 mAIV [1.5]
Ro = T'os + Fos (1+gms Fos)= 500K + 500k(1+0.4m x 500k) = 101 M
OR Ro ~ Grms Fos Fos = 0.4m X 500k x 500K = 100 MQ [1]
Q1(b)(ii) [4 marks]
Ad = gm2 (o2 || Ro) [1]
for = U(An Iog) = 1/ [(0.02)0.1m)] =500 k2 [1]
Om2 = 2V(Ky Ing) = 2V[(0.5)( ks (WIL))(Ing)]
G = 2Y[(0.5)(80p)(10)(0. 1m)] = 0.4 MANV [1.5]
A, = (0.4m)( 500k || 101M) - 199 VIV [0.5]
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Question 2 [20 marks]

Model Answers

Q2(a) [10 marks]
Irer = lo [1 +2/B(B+1)] [2]
= [(0.8m)(1 + 2/(50 X 51))] [0.5]
= (0.8m)(1.00078)= 0.80006 mA [0.5]
R1 = (V" - Vess-Vesz - V) / lrer [2]
= (7.5-0.6-0.6—(-7.5))/ (0.80006m)  [0.5]
=17.25 kQ [0.5]

Each parameter is 0.25 marks

[4]
Q2(b)() [2 marks]
Ag=(9mz2Rc) /2 [0.5]
Om2 = ICZ/ V1= |Q/ 2Vt = (Zm)/ (2 X 26m) = 38.46 mA/V [1]
Agq = (38.46m x 5k) /2 =96.15 VIV [0.5]

Q2(b)(ii) [2 marks]

Ro of 2TCS = rqin Bias circuit = V4 / Ig = 100/2m = 50 kQ [1]

r2= V1! lc = (100 x 26m)/1m = 2.6 kQ [0.5]
- 8.k
A - m
cm (L 201+ SR,
=Ry substitute values, Ay, = -49.5 x 10° [0.5]
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Q2(b)(iii)  [6 marks]

Gain
stage

Draw PNPVBTCS active load correctly [2]
connected to diff amp [1]
Ag = Om2 (roz2 || RoactiveLoad) [0.5]
Om2 = 38.46 mA/V
ro2=2Vallg=(2x100)/2m = 100 kQ [0.5]
RoActiveLoad = RO 0f 3TCS = ro4 in Active Load =2 Va/ g
2  RonctiveLoad = (2 X 100)/2m = 100 kQ [0.5]
= Ay =38.46m(100k || 100k) =1923 VIV [0.5]
Thus, Aq had increased = 1923 — 96.15 = 1826.85 V/V [1]

Page 4 of 8



EEEB273, Semester 3 2018/2019

Question 3 [20 marks]

Answers:
Q3(a) [10 marks]
o, =12mA
lcp, = |Q /2 =0.6 mA [05]
Voo =V T lco R =12 - (OGm)(lOk) =6V [05]
lra = (V02 -2 VBE(on)) / (R4)
= (6 - 1.4) / (11.5k) = 0.4 mA [0.5]
Using lco = 0.6 MA, Irs = 0.4 mA:
Adgi = (9mz2/ 2)(Re || Ri2)
Omz = lc2/ Vr = (0.6mA)/(26mV) = 23.077 mA/V [1]
) :ﬂVT/ lra = (200X26m)/(04m) =13 kQ [l]
fes =Pl = 200x13k = 2600 kQ [1]
R =rm+(1+p) I [1]
= 2600k + (201)(13K) = 5213 kQ [0.5]
Ag = (23.077m/2)(10K || 5213K) = 115.16 [0.5]
A = (Ira/2V71) Rs= (0.4m/(2x26m))(5k) = 38.46 [1]
As; =1 (Output stage assume gain = 1) [1]
A =Ada Az As [1]
=115.16 X 38.46 X 1 = 4429 VIV [0.5]
Q3(b) [10 marks]
V=08V .=(0.8)(24)=19.2V [1]
Pi(ave) = 10 = (1/2)(V,*/Ry) [1]
R, = (1/2)[V,*/Pi(ave)]= (19.2)° / [(2)(10)] = 18.43 Q [1, 1]
I(ave)=V,/(nR;) = 19.2/[()(18.43)] = 0.3316 A [1, 1]
Ps(ave)=2 Veel(ave) = 2(24)(0.3316) = 15.92 Watts 1, 1]
1= "P,(ave)/ Pyave) = 10/15.92 = 0.628 or 62.8% [1,1]
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Question 4  [20 marks]

Answer to Question 4(a)  [10 marks]

To calculate I¢16, Need to determine lcizg

lcisg = 0.75 lci = (O75)(O4m) = 0.3 mA [1]
lci7 = lc1z3e = 0.3 MA [1]
lci6 = le1s = lg17 + lro = lc17 / B+ ([lc17 Rs+ Vie17] /Ro) [1]
lexs = (0.3m/200) + ( [0.3m X 100 + 0.7] /50k)

lei = 150 + 14.6p = 16.1 pA [1]
Rbie= 116 + (1+4n) [Re || Ro17] [1]
Rb17 =rnl7 + (l‘l‘ﬁn) Rg [1]
17 = fn Vr | ey = (200x26m)/0.3m = 17.333 k2 [1]
16 = fn Vr | leis = (200X26m)/16.1u = 322.981 k€ 1]
S0 Ryy7 = 17.333k + (201)100 = 37.433 kQ [1]

50k || 37.433k = 21.4 kQ
S0 Rns = 322.981K + (201)(50K || 37.433K] = 4.624 MO [1]

Answer to Question 4(b)  [10 marks]

Q4b(i) [4 marks]
ID5 = KpS(VSGS + VTP)Z = 125[1(15 - 05)2 = 125 ‘UA [2]
Io = Ipe = Ip7 = Ipg = Ips = 125 A [1]
Ipy = Ipy; = Ips = Ipy = 1o/2 = 62.5 uA [1]
Q4b(ii) [6 marks]
Ag = gm2(1o211704) [1]
Imz = 2./Kp2lpy = 24/ (125p)(62.5u) = 176.77 pA/V [0.5]
1 1
To2 = Aplpa  0.02(62.5u) 0.8 MQ [0:5]
1 1
Toa = 300, 0016250 1.6 M) [0.5]
A; = (176.77u)(0.8M||1.6M) = 94.277 V /V [0.5]
Ay = —9m7(To7lI708)
Im7 = 2+ Kn71p7; = 2\/(100,u)(125u) = 223.6 uA/V [0.5]
1 1
To7 = ln{m = Sotazmm 0.8 MQ) [0.5]
Tog = Aplpg = voz(1zsp) 0.4 MO [0.5]
A,, = —(223.6u)(0.8M||0.4M) = —59.63V/V [0.5]
A, =A4A,, = (94.277)(—-59.63) = —5621V/V [1]
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Question 5  [20 marks]

Answers:

Q5(a) [2 marks]
Select 2 of the following:

e Aog: Internal differential gain (open loop gain) is considered to be oo.

e (V2 —vy1): Differential input voltage is assumed to be 0. If Ayg — o0 and vo is finite, then
Vo V1.

e R;: Effective input resistance is assumed to be oo, so input currents i, and i, are
essentially O.

e R,: Effective output resistance is assumed to be 0, so output voltage is independent of
any load connected to the output.

e Bandwidth — .

e CMRR: Common mode rejection ratio = oo.

= Each answer above give [1] mark, 2 marks total

Q5(b) [10 marks]

Using superposition theorem

MW
R] l'| i
U o—AMM— 2
Uy vl
_r\NW +
L R’ —0’
Ry
Letv, = 0, (b) [1]
R
2> Vo1 = _R—i(vu) [2]
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N
R, +R,
Ny = (1+ I;—jvlb 1
Vg, = (l+ Z )v?_b 1
1
R R
Letvi: =0, ©) Yor ™ (14_??}[ R, +4R4 jVIZ
1
R o
Vo = Vo1 * Vo2 1
9
Vo =1+ ic R IR, ¥. ic Vit 1
N\ 1+R, /R, R,
Q5(c) [8 marks]
Ro/ Ry = 120k/12k = 10 and R4/ R3 = 440k/40k = 11 [1]
Vo = (1+10)[(11)/(1+11)] vi2— 10 vy
> Vo = 10.083 vj,— 10 v [1]
From vg =vip—-vp and  Vem = (Vig+ vip)/2
2> Vi1 = Vem— Vg/ 2 and  vip=Vemt+ Vgl 2 [1]
Thus, vo =10.083 (Vem + Vg/ 2)— 10 (Vem—Va/ 2)
> Vo = 10.042 v4+ 0.083 Ve [1]
In general form
Vo = Ad Va+ Acm Vem [1]
Then  A4=10.042 and Acn =0.083 [1]
Thus,
CMRR(dB) = 20 logio(Ad / Acm) [1]
CMRR(dB) = 20 log;0(10.042 / 0.083) = 41.6 dB [1]
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