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Question 1 [20 marks]

Answers to QUESTION 1

(a) Two-transistor current source Widlar current source
v+ v+
|
Iea=1,
IRF,Fl%RI :l L ’REFl%RI

0, 0, 0, '—‘+

V;F Ve

V2

Total 5 marks

Placement of Q, and Q, [2 marks]
Resistors R; [1 marks]

Iger.and lg labels [2 marks]

Total 5 marks

Placement of Q, and Q, [2 marks]
Resistors R; and Re [2 marks]
lrer and o labels [1 mark]

(b) lIc1 = lrerp = Ise(Vee2/VT) ...(1) [1 mark]
lco = lo=1se(Vee2/VT) ...(2) [1 mark]
Veer — Veez = IoRE ... (3) [1 mark]
Vier = V1 In (Iree/ls) and Veez = V1 In (lo/ls)
loRe = V1 In (Iree/ls) - V1 In (Io/1s) [1 mark]
= V1 In (Iree/lo) (proven) [1 mark]

VBE

(c) Using I, = Ise 't ;

_lea . Im -15
IS — VBE T £0.7/0.026 - M
eVr

At Irer = 3 MA, Vge = V7 In (IREF/IS)
So Vge = (0.026) In(3m / 2.03 x10™°) = 0.7286 V.

Designing for Ry;

V" - IrerR1 — Vge1 —V =0

R; =(20-0.7286) / 3m = 6.423 kQ

Designing for Rg;

loRe = V7 In(lree/lo)

Re = (V+/lo) In(Ire/lo) = (0.026/50p) In(3m/50u) = 2.129 kQ
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Question 2 [20 marks]

Answer to Q2(a):

Irer = (V7 - Vges - Vees - V) / (R1) = 1g (B =200) [2 marks]
= (10-0.7-0.7-(-10)) / (10k) = 1.86 mA [2 marks]
Ad=@nRC)/2= (lQ Rc) / (4V7) [2 marks]
gm = lo/ (2V7) = (1.86m) / (2x26m) = 35.7692 mA/V [2 marks]
Ad = (35.7692m)(12.8K) / (2) = 228.923 VIV [2 marks]
Answer to Q2(b):
Q2b(i)
Ad - gmz(roz ” r04) [1]
I
g, =22 =92 _qe15mAn [1]
V; 26m
(= Va2 _ 120 _ 480ka [1]
l.o  0.5m/2
ro=ve =80 _3p0ka 1]
l.o  0.5m/2

A, = (9.615m)(480k || 320k ) = 1846.08 [1]

Q2D(ii)
R, =r, |, =480k || 320k =192 kQ [2]

Q2h(iii)
A= Gno(hp s IRL) [1]

A, = (0.75)(1846) =1384.5 = (9.615m)(480k || 320k || R, ) [1]
R, =1394.5kQ [1]
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Question 3 [20 marks]

Answers:

Q3(a)
11=[V" - V" -Vge]/R;= (10-0.7)/18.6k = 0.5 mA [1]
|QR2:VT|n(|1/|Q)
16(59.6) = (0.026)In(0.5m/Ig) = lo = 0.27 MA = lcg [2]
lc, =0.135 mA (Neglect base current in Q1 and Q2) [1]
lra = [V" - Ic2Rc — Vies — Veea] / Ry
Ira = [2.3 - 2(0.7)]/11.5k = 78.26 UA = Ic4 (Neglect base current) [2]
les = lca / (1+B) = (78.26 u )/(151) = 0.5217 UA [2]
los = les =(Vo-V)/R7= (-0.1316+5)/5k = 0.9737 mA [2]

Q3(b)
Aq = Volvg = (Vo2/Va)(Vo3/Vo2) (Vo/Vos) = Aq1AvzAvs [1]
Ad1 = (9m2/2)(Re || Riz) [1]
gm2 = lcga/ VT = 1o/(2V1) = (0.27m)/(2 x 0.026) = 5.912 mA/V [0.5]
Fea = B V1l lca= (150 x 26m) / (78.26 u) = 49.83 kQ [0.5]
Fas = Vil lcs= (150 x 26m) / (0.5217 u) = 7.476 MQ [0.5]
Ri2= s + (1 + f) Fzs = 7.476M + (151)(49.83k) = 14.92 MQ [1.5]
Ad1 = (0.5)(5.912m)(20k | 14.92M) = 59.04 [0.5]
A, = ﬂ(l"'ﬁ})z(:S”Ria) _ (1501):19521131(5@ — 759 [2.5]
Az =1 [1]
Aq = (59.04)(7.59)(1) = 448.1 [1]
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Question 4  [20 marks]

Answers:
Q4(a)
Pr(ave)=10=(1/2)(V,"/Ry) [1]
V=08V .=(0.8)24)=192V [1]
R, =(1/2)[V,’/Py(ave)]= SQR(19.2) / [(2)(10)] = 18.43 © 2]
Ps(ave)=2Veel = 2(24)(19.2/[(r)(18.43)]) = 15.92 Watts [4]
=P (ave)/ Ps(ave) = 10/15.92 = 0.628 or 62.8% 2]
Q4b(i)
lps = K s (Vses +Vip ) = (125p) x (1.5-0.5)* =125 pA [2]
IQ =lpg=1p; =lpg=1ps =125pA  [1]
Iy =lp,=lps=1lp, = 1o/2=625pA [1]
Q4b(ii)

Ad = gmz(roz ” r04) [1]
Onz = /2K, lg =+/2(125)(125p) =176.77 pA/V [0.5]
1

=t -1 _pgmaos]
Ao, 002625
1 L _16MQ[05]

r., = =
“ Al 0.01x62.5u
A, = (176.77u)(0.8M || 1.6 M) = 94.277 [0.5]

A, = _gm7(ro7 | roS)
Oy = 2y/Ky7 157 = 2,/(100p)(125p) = 223.6 pA/V [0.5]

-t -1 _psmaros
A1, 0.01x125n
L L _04MQ [05]

rO = =
° Alps  0.02x125u
A, = —(223.611)(0.8M || 0.4M) = —59.63 [0.5]

A = AA, =94.277 x (-59.63) = -5618.61 [1]
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Question 5

[20 marks]

ANsSwers:

Q5(a)

A, = Vo/V| =- (Rz + sz) /(Rl + Rl\/)

Ry (min) =R;=20kQ
R; (max) = Ry + Ryy =20 kQ + 30 kQ = 50 kQ
R, (min) =R,=30kQ
R, (max) = Ro+ Roy = 30 kQ + 40 kQ = 70 kQ

Absolute value of A, is maximum when:

A,(max) = ABS(- Rz(max) /Ry (min))
= Ay(max) = ABS(-70k/20k) = 3.5 VIV

Absolute value of A, is minimum when:

A,(min) = ABS(- Rz(min) /Ry(max))
= Ay(min) = ABS(-30k/50k) = 0.6 V/V

Q5(b)

and

Given

and

and
So,

Given
then

Vo =—10v,, —5v,, +2v,, +5v,,

R|:/R1:10 9R|:210R1
Re/R2=5 =2 R=5R;

R: = 50 k€,
Re=10 Ry = 10 X 50 kQ = 500 kQ
R,=Re/5=500kQ/5 = 100 kQ
Ry = Ry || Rz = 50 kQ || 100 kQ = 33.333 kQ

1+Re/Ry=1+500k/(33.333k) =16
(1 +Re/Ry)(Re/ Ra) = (16) (Rp/ Ra) = 3
(1 +Re/Ry)(Re/ Re) = (16) (Re/ Rg) =5
(Ra/ Rg) = 5/3

Ra = 240 kQ,

Re = (3Rn) /5 = 144 KQ
Re=(5Rs)/16  =(3Ra)/16

Rp =45 kQ

Rp=Ra|lRg | Re

Rc =53.34 kQ
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APPENDIX:

A) BASIC FORMULA FOR TRANSISTOR

BJT MOSFET
i =1.e"="" :NPN ‘N—MOSFET
o = IseVEB/VT ;PNP Vps (Sat) = Vgs =V
) . p . iD = Kn[VGS —Viy ]2
IC :ﬂIB :—IE ,
p+l K = HColV _ Ky W
e =lg +ic 2L 2 L
‘P-—MOSFET
;Small signal Vgp(Sat) = Vgg +Vip
B=0,r ip = K, [Vsg +Vip]*
_leo K _ 4G Wk, W
In = V, PoaL 2 L
;Small signal
= =2 /K1 :N—MOSFET
" ICQ On = n'pQ N7
r = Va g, =2JK 1o ;P—MOSFET
* g 1
V, =26 mV T
B) HYBRID-x_EQUIVALENT CIRCUITS
BJT MOSFET
< G D
& o@ O_+O ——
+ "(d
&mVn T Vie Vs EmY gs Fo Vs
. 5 o—— $ °

C) QUADRATIC FORMULA

AX* +Bx+C =0 - X=
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