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QUESTION 2 [30 marks]

Answers for Question 1

Ql(a)

Q1(b)

Q1(c)

8 marks

DC balanced condition, VEC4 = VEC3 and VCE2 = VCE1
VEC3 = VE3-VC3

VE3 =5V
VC3=VB5=V+-VEB3-VEB5=5-0.65-0.65=3.7V
VEC4=VEC3=5-37=13V

VCE1=VC1l-VE1

VC1=VC3=VB5=37V

VE1=VB1-VBE1=0-0.67V =-0.67V

VCE2 = VCE1 =3.7 - (-0.67) = 4.37 V

6 marks

ro2 = Van/lcgz = Va/(lo/2) = 100/(0.4m/2) = 500 kQ

roa = Vap/lcoz = Val(lo/2) = 70/(0.4m/2) = 350 kQ

g2 = lcga/ VT = 10/2VT = 0.4m/[2(26m)] = 7.692 MA/V

Ad = Omz (ro2// 1oa) = 7.692m (500k//350k) = 1584 V/V

6 marks
Ad =0m2 (I’oz // loa // RL)
0.9(1584) = 1425 = 7.692m (500k//350k// Ry)

RL =1.84 MQ

[1]
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[1]
[1]
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Answers for Question 1 (Continued)

Q1(d) 10 marks
A

Correct pnp differential amplifier
Correct npn 2 transistor active load
Correct pnp Widlar current source

V+ and V-

Correct 11 (Iref) side with diode connection
Correct 1Q current source C4 to E1/E2 connection

[2]
[2]
[2]
[2]
[1]
[1]
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QUESTION 2 [35 marks]

Answers for Question 2

Q2(a) 8 marks
@qQS’h@V\ 2

me
my |
-\} —
Biasing [2]
Diff amp [3]
Cascode [2]
Correct labelling [1]
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Answers for Question 2 (Continued)

Q2(b) 27 marks

=To =‘1_£ = 64mAh- — | pravk o

= (o, = _\ = o422 — | waoart .
An TD
ey = ) = .81k — V. wmarkc
¢ ~To +

= Re= roalltoy = 444 LA — 2 wart,

Q\\') 6”\ ] D_m: 2. 26mAV — 2mart
= Ay = GVV!RI): ]O | V/\/_ —_ 2 MMav K,
\\\) Ad = QN\CQ“\R‘—) = 69% V/\/. 5 marks

‘N) C MRR = 9—1’}: %M\%' = 3 marks

lAQ\M" 0. 288 V/v — 2waark .,
\/) Nd =V, -V = 209 Wt 2 marks
Nom = vv+vVe - 0.% &a Wb 2 marks
&
Vo= Adud + AomVom = 129. S Qinawib
— 2 part -
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QUESTION 3 [20 marks]
Answers for Question 3
Q3(a) 15 marks

_ B _F g _ B I g
les = 1+8 lee = 1+8°87 T 14 p T 148 1]

—dez _ A5k
ce =15 =1y = 03719 uA [0.5]

_ BVr _ 120%x0.026 _
Tne = e = oariop T 8.39 MQ) [1]

1% 120X%0.026
Ty = ’jc—: = 22 = 69.33 k0 [1]
Ry =16 + 1+ B)rn7 [1]
R, = 8.39M + 121(69.33k) = 16.778 MQ [0.5]
[Total for R; = 5 marks]
R; = Z(Hf)ﬁVT = 2X121:5110’C26m = 16.778 MQ [Optional: 2 marks]
Q

Re11 = 7011[1 + gm11 (a1 | R3] [1]
7'011 = VA/IC7 = 120/4‘5# = 267 MQ [05]
1oy = BV = 120X0026 _ g 33k [0.5]

Iy 45p
Ro1 = 2.67M[1 + (1.73m)(69.33k||2k)] = 11.65 MQ [0.5]
[Total for R¢y1 = 4 marks]

Rpg = 1pg + (1 + BIR, [1]
R, =5kQ Given
o=V~  0—(-10
les = 2= S = 2mA [1]
Tng = % = —120;:026 = 1.56 kQ [1]
Rps = 1.56k + 121(5k) = 606.56 kQ [1]
[Total for Ryg = 4 marks]
Ry7 = Rc11l|Rps [1]
R,, = 11.65M||606.56k = 576.54 kQ [1]
[Total for Rz = 2 marks]
Q3(b) 5 marks

Iz = (1 + B)lce = (1 + B)(Blgs) [1]
Vo3 = Ic7(To7|IRL7) = (1 + B)(Blge) (To71IRL7) [1]
Vo2 = IpeR; Given
Ty = Vy/lpy = 120/45u = 2.67 MQ [1]
A, = Yos _ (1+B8)(BIpe)(ro7lIRL7) _ (1+B)(B)(To7I|RL7) 1

27y, IpeR; - R; [1]

02 beri i
A, = (1+120)(120)(2.67M||576.54k) — 410.34 [1]
16.778M

[Total for A, =5 marks]
Az = (lo/ 2V1) Ri7 = (451 x 576.54k)/(2 x 26m) = 498.93 [Optional: 2 marks]
(Ignore ry7)
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QUESTION 4 [15 marks]

Answers for Question 4

Q4(a) 3 marks

(@) Class A has low power conversion efficiency where its maximum efficiency is 25% [1.5]
while Class B can reach up to 78.5% although suffering from cross-over distortion ~ [1.5].

Q4(b) 12 marks

(b) Class A emitter-follower circuit

i) lo == Vgeon)-V)/R [1]
=(3-0.6+5)/2k =3.7mA [1]
(i) Pa  =lciVer [1]
=1g.Vee = (3.7mM)(5-0)  =185mW [0.5]
Poz  =lc2.Ver [1]
= 19.Vee2 = (3.7m)(0 — (- 5)) = 18.5 mW [0.5]
Pozs  =lc3.Vers [1]
= 1g.Vees(on) = (3.7m)(0.6) =2.22 mW [0.5]
PR =I’R [1]
= 1o°R = (3.7m)? (2k) = 27.38 mW [0.5]

(iii) For sine-wave output voltage (vo) with peak value of 4 V.

Power conversion efficiency, n = P/ Ps x 100% [1]
PL =(Vp)°/(2R) =05 (4)*/ 1k =8 mW [1]
Ps :(V+—V)|Q+(3—V)|Q

=(5-(-5))(3.7m) + (3 - (-5))(3.7m) = 66.6 MW [1]
n =8m/66.6m x 100% = 12.01% [1]

Or using power dissipation for Q1 and Q2 only:

Ps = (V+— V—)|Q
=(5-(-9))@3.7m) = 37 MW [1]
n =8m/37mx100% = 21.6% [1]
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