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EEEB273 — Test 2

Question 1  [30 marks]

For a MOSFET differential amplifier with cascode active load shown in Figure 1 the circuit
parameters are: V' =5V, V" =-5V, and o = 1.2 mA. Transistor parameters for N-MOSFET are:
Vin = 0.7 V, k%, = 130 wA/V?, (W/L), = 100 and A, = 0.1 V'; and the transistor parameters for P-
MOSFET are: V1p =-0.8 V, k’, = 35 gA/V?, (W/L), = 200 and 4, = 0.2 V™.

(@ Find the differential-mode voltage gain (Ag) of the differential amplifier with cascode active
load. [14 marks]

(b) Given that the common-mode voltage gain (A.yn) for the circuit is -0.0025. Calculate the
Common-Mode Rejection Ratio (CMRR) in dB. [4 marks]

(c) Calculate the maximum and minimum output voltage at V,, i.e. Vo(max) and Vy(min).
State any assumption used in the calculation. [12 marks]
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EEEB273 — Test 2

Answer for Question 1

Ql(a)
Iy =l /2=1g, =gy =15, =lps =15, =1.2mA/2=0.6mA [2]
Ad = gmz(rOZHRo) [1]

k YW
On2 = 2 Knloz - ZJ(?”J(TLIDZ

g, =2 \/(%jaooxo.am) _3.949mAIV [2]

L1
2 2ls, (0.1)(0.6m)
R 1

" Als,  (0.2)(0.6m)

k, YW
Qs =2 KPID4 :2\/(?0}(?)4%4

g, = 2\/(%)(200)(0.5@ = 2.645mA/V [2]
R =0, = (2.65m)(8.333k)(8.333k) =183.7kQ  [2]
A, = (3.949m)(16.667k || 183.7k) = 60.35V /V [1]

=16.667kQ [2]

=8.333kQ=r,, [2]

Q1(b)

CMRR:\M:‘ 60.35
|Aw| 1-0.0025

CMRR,; = 20log|CMRR| = 20log(24140) =87.65dB [2]

‘:24140 2]
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Q1(c)

Vo(max) =V ™ —Vpe(sat) =Vsp,(sat) [1]

k. YW
Vses =Vsce = lps _L ;]{rj (VSG4 +Vip )2 [1]
4

0.6m = (3%)(200)%-,4 +(-0.8)f =V, =1.214V [0.5]

Voo, (sat) =V, + Voo =1.214 + (~0.8) = 0.414V =V (sat) [1.5]
=V, (Mmax) =5-2(0.414) =4.172V [1]

V,(min) =V~ +V g (sat) +V, (sat) [1]

Viess = lpg = 1o = (k_znj(V%) (Vess —Viy )2 [1]

1.2m= (@jaom(vesz —0.7f =V, =1.13V  [0.5]

Vipsg(sat) =Vgge =V, =1.13-0.7=0.43V [1]

Ves = 1p, = (ﬁJ(Vlj (Vesz —Viy )2 [1]

2 L
0.6m =(%)(100)(sz2 _0.7) =V, =1.004V [0.5]

Vg, (sat) =V, —Viy, =1.004—0.7 =0.304V [1]

—V_ (min) = (-5) + 0.43+0.304 = -4.266 \V [1]
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Question 2 [30 marks]

The circuit in Figure 2 shows a simple multi-stage BJT op-amp, consisting of 3 different stages.

It is given that Vge(on) = 0.6 V, Vao= 120 V, and g = 120 for all transistors.

Assume the op-amp is ideal and Ic7 = Io = 40 pA. Neglect base currents when calculating
guiescent values.

Vo2 s
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Ry =2kQ

V' =-10V

Figure 2

(@) Calculate the input resistance (R;) and the load resistance (R ) for the Darlington Pair
as indicated in the Figure 2. [17 marks]

(b) Calculate the overall differential-mode voltage gain of the op-amp, A4 = Vo/Vg. Consider
the voltage gain of the gain stage, A, = Voa/Vo; is derived from the following relationships:
Voz = lez (o7 | RL7)
Vo2 = lps R [13 marks]
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Answer for Question 2

Q2(a)

le; =l =404A

les = (ﬂIEG)/(1+ﬁ): (ﬂIB7)/(1+ﬂ): (ﬂlm /ﬂ)/(l"'ﬂ) [1]
leg = o, /(L+ B)=401/121=0.33050A [1]

rs =BV /. =(120x0.026)/0.3305. = 9.44MQ  [1]
r, =MV, /1., =(120x0.026)/ 40 =78kQ [1]
R=r,+r.(1+/3)=9.44M +78k(121) =18.878MQ  [2]

R 2(1+ B)pV, _ 2x121x120x0.026

: =18.876MQ [Option=6 marks]
Iy 40u

Rei1 = a1+ G (Faa || Re)] [1]

R,=R,=2kQ [1]

M =Valle; =120/40u=3MQ  [0.5]
ra=/AV; /1., =120x0.026/40u =78kQ  [05]
U1 = lc; IV =401/0.026 =1.538mA/V  [1]
Ry;=3M[1+(1.538m)(78k[2k)]=1.99MQ  [1]

[Total for R¢11 =5 marks]

leg = (Vo —V7)/R, =(0—-(-10))/5k = 2mA [1]
Rpg =T + 1+ SR, [1]

R, =5kQ

r o=V /1.3=120x0.026/2m =1.56kQ [1]
— R, =606.56kQ [1]

[Total for Ryg = 4 marks]

Rz =R [l Reg [1]
— R, =1.99M || 606.6k =577.35kQ [1]
[Total for R.7 = 2 marks]
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Q2(b)

From previous calculations :
lo, =1y = 404A

R, =18.876 MQ

R,, =577.35kQ

|c2:|c4:|Q/2:20ﬂA [1]

O, =lc, /V; =204/0.026 = 0.769mA/V [1]
r, =V,/l.,=120/20u = 6MQ [0.5]
r,=V,/l.,=120/20u = 6MQ [0.5]

At = Imno (F [ g T R) [1]

— A;; =0.769m(2.588M ) =1990 [1]

Vo3 = le7 (o7 | Ri7) = (Bl ) (N7 | Riy) = BA+ B)pe (157 [ R7)
Voo = IR,
Vos _ B+ B)(1r,; | R7)
A = v R [1]
r,=V,/l.,=120/40u =3MQ  [1]
(r; I R;)=3M || 577.35k = 402.5kQ2
120x121x402.5k

>R 18.876M [

Ay=1 1]

Overall Gain, Ad = A XA, XA, [2]
— A, ==1990x309.6x1 = 616134 [1]
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Question 3  [40 marks]

(@)

(b)

(©)

Compare the performance of both Class A and Class B output stage in terms of power
conversion efficiency, ». [5 marks]

Describe the crossover distortion experienced in Class B output stage and explain how the
crossover distortion can be eliminated. [5 marks]

Consider the Class A emitter-follower circuit shown in Figure 3. Assume all transistors are
matched with Vge(on) = 0.6 V, Vce(sat) = 0.2 V, and Va = oo. Neglect base currents.

Vt=5V

-

Figure 3
(i)  Find the value of Io. [5 marks]

(i) Determine the maximum and minimum values of input voltage for the circuit to
operate in the linear region. [10 marks]

(iii) For vo = 0 V, calculate the power dissipated in the transistor Q; and the power
dissipated in the current source (Q,, Qs, and R). [8 marks]

(iv) Determine the power conversion efficiency (y) for a symmetrical sine-wave output
voltage (Vo) with peak value of 4 V. [7 marks]
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Answer for Question 3

(@) Class A has low power conversion efficiency where its maximum efficiency is 25% [2.5] while
Class B can reach up to 78.5% although suffering from cross-over distortion [2.5].

(b) For a complementary push-pull output stage in Class B, both transistors are cut off [1] and vo is
0 in the dead band portion [0.5]. A not perfect sinusoidal signal means that crossover distortion
is produced by the dead band region [1.5]. Crossover distortion in Class B can be virtually
eliminated by applying a small quiescent bias on each output transistor for a zero input signal.
This creates a class-AB output stage. [2]

(c) Class A emitter-follower circuit

M lo  =(—vaelon)-V)R 2]
=(25-0.6 +5)/2k [2]

= 3.450 mA [1]

(i) wi(max) = vo(max) + vge(on) [2]
Vo(max) = V" —vcei(sat) =5-0.2=4.8V [2]

So, vi(max) =4.8+0.6 =54V [1]
vi(min) = vpo(min) + vge(on) [2]

= [i._(min)R._ + VBE(On) [1]

iL(min) = —lg = —3.450 mA [1]
vi(min) = (~3.450m) (1K) + 0.6 = —2.850 VV [1]

(i) Por  =lc1Verr [1]
= Ig.Vcer = (3.450m)(5) = 17.25 mW [1]

Pox  =lcoVee [1]

= lo.Vee2 = (3.450m)(0 — (- 5)) = 17.25 mW [1]

Pozs  =lca.Vces [1]

= lq.Vee(on) = (3.450m)(0.6) = 2.070 mW [1]

PR =IR [1]

= (3.450m)?(2k) = 0.0238 mW [1]

(iv) With peak value of 4 V.

Power conversion efficiency, n = P_/ Ps x 100% [2]
PL=0.5(V,)?/R.=0.5(4)°/ 1k = 8 mW [2]
Ps= (V™-V)2lg = (5 —(-5))(3.45m) +(2.5-(-5))(3.45m) = 60.375 mW [2]
n =8m/60.375m x 100% = 13.25% [1]
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BASIC FORMULA FOR TRANSISTOR

BJT
i =1se"="""npn
i =1.e"="";pnp
o = ale = [
e =15+
g=_P_

p+1
;Small signal
B =0al,

leq
gm _ VT
r - PV

leq
A

leq

MOSFET
;N-MOSFET
Vps (Sat) = Vs =V
Ip = K, [Ves —Viy ]2

kW
2 L
;P—MOSFET

Vsp(Sat) = Vgg +Vip
Ip = Kp[VSG +VTP]2
"
K, 5 W
2 L

; Small signal
On = 2 K?IDQ

1
rO
A

112

DQ
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