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EEEB273 — Test 2

Semester 1, 2018/2019

QUESTION 1 [20 marks]

Answers for Question 1 (Continued)

Q1(a)
V+
lo
vy 0
Vo
0
V-
3 marks: correct label
3 marks: correct placement
Ql(b) fo2 = VA/ICQZ = VA/(|Q/2) =100/(0.15m/2) = 1.33MQ
log = VA/ICQZ = VA/(|Q/2) = 100/(015m/2) =1.33MQ
Om2 = ICQZ/VT = |Q/2VT = 015m/[2(26m)] = 2.885mA/V
Aqg = gma (ro2!! Toa) = 2.885m (1.33M//1.33M) = 1923 VIV
Ql(C) Ay = Om2 (roz /! loa /! RL)

524 = 2.885m (1.33M // 1.33M /I R)

RL =250kQ
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EEEB273 — Test 2 Semester 1, 2018/2019

QUESTION 2 [35 marks]

Answers for Question 2 (Continued)

Q2(a) Placements of M; and M, [5]
Current source M3 and My [5]
Correct label for MOSFET and power supplies [5]

V=10V

Iy

11

[

]

V' =-10V
(b) (i) Ro= oz |l Tos [1]
o2 = lpsa= |Q/2 = (04m)/2 =0.2mA [1]
Fo2 = 1/(Aplp2) = 1/(0.01 x 0.2m) = 500 kQ [1]
Fo4 = 1/(Anlpg) = 1/(0.02 x 0.2m) =250 kQ [1]
Ro = (500k || 250k) = 166.7 kQ [1]
(ii) Ad = ng(rOZ I1'704) = Ima(Ro) [2]
Imz = 2\JK I,,= 24/ (60p)(0.2m)= 0.219 mA/V [2]
Aq= (0. 219m§7(166 67k) = 36.515 VIV [1]
(iii) Vo = Ag Vg = (36.515) x 20 sin (wt) = 730 sin (ot) V [2, 2, 1]
(iv) The Aq calculation is changed to Aq = gm2(ro2 || Roac) [2]
where Roac = gmal04los DY approximation [2]
and higher than the ordinary Ro. [1]
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Semester 1, 2018/2019

QUESTION 3 [20 marks]
Answers for Question 3

Q3(a) Derive formula o = g / # and use it [5 marks]
Iz +lgs=lcs/ B+ lcal f=(lca+ lcs)/ p [1]
Assuming base currents for transistors in the diff-amp and I are small, then
lcstlca= i+ le2= g+ g2 =g [1]
Then lgs + Igs = |Q/ﬂ [1]
For the DC currents in the diff-amp to be balanced
lo=lgs=lgzs+lga=lg/p [1]
lo=1g/p=0.307 mA /120 = 0.002558 mA = 2.558 pA [1]
Q3(b) Calculation for Ay,: [15 marks]
o =0.307 mA, Igs = lo = 2.558 HA
Ice = Blgs = 120 x 2.558u = 0.307 mA [1]
Ic7 = Blpy = Blge = B(1 + B)Ipe [1]
Ic7 =120(121)(2.558u) = 37.142 mA [0.5]
_vo-V~ _ 0-(-10) _
Icg = R sk 2mA [1]

Calculation for R;:
BVy  120x0.026

The = e = o30rm 10.16 kQ [1]

Ty = ’Z: = 220 = 0.084 kO [1]

Ri=7p6+ (1+ BTy [1]

R; =10.16k + (121)(0.084k) = 20.32 kQ [0.5]
Calculation for Rc11:

ro11 = Va/ lc7=100/37.142m = 2.692 kQ [1]
Therefore, Re11 = ro1n = 2.692 kQ [1,0.5]
Calculation for Ryg:

rs =BVl lcg = (120 x 0.026)/(2m) = 1.56 kQ [1]

Rps = rs+(1+p)R, = 1.56k+(121)(5k) = 606.56 k2 [1, 0.5]

Ri7 = Re11 || Res = 2.692k || 606.56k = 2.68 kQ [1]

Fo7 = ror1 = Va/ lc7=100/37.142m = 2.692 kQ [1]

ro7 || RL7 = 2.692K ||2.68k = 1.343 kQ

Ay, = B(1+B);7'io7”RL7)

Avz = [(120x121)(2.692k ||2.68K)] / 20.32k = 959.66 [1]
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Semester 1, 2018/2019

QUESTION 4

[25 marks]

Answers for Question 4 (Continued)

Answers to Question 4(a)

[5 marks]

Output Output current waveform Explanation
Stage
Class A output transistor is biased at a quiescent
current lg [2 mark]
and conducts for the entire cycle of the
input signal. [Y2 mark]
wr
Class B output transistor conducts for only
one-half of each sine-wave input cycle.
[2 mark]
0 4 2 k¥4 4 w?
[“2 mark]
Class AB ‘ output transistor biased at a small
e quiescent current I, [% mark]
and conducts for slightly more than half
teob—-N—— L\ acycle [Y2 mark]
1 |
0 T 2z 3z 4z [0)3
[1 mark]
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This is extra page for answers. Please indicate question number clearly.

Answers to QUESTION 4(b) [20 marks]

Q) VO(max) = Vcc — VCE1(sat)

=10-0.3=9.7V [2]
VO(min) =-Vcc + VCE2(sat)
=-10+0.3=-9.7V [2]
IQ = | IL(Min) |
=|VO(min) /RL|=1]-9.7/1k | =9.7 mA [2]
IR=1Q = 9.7mA [1]
R = (Vbias = VBE(on) - - Vcc)/IR [2]
= (2-0.65-(-10)) / 9.7m
=1.17kQ [1]
(i)  m=PL(ave)/ Ps(ave) x 100% [1]

PL(ave) = % Vo(max)*/RL
=1 (9.7)%/1k = 47.045 mW [2]

PS(ave) = (Vcc - (-Vce))xIQ + (Vbias — (-Vce))xIR - [2]
=(10--10)(9.7m) + (2- -10)(9.7m) = 310.4mW  [1]

n=47.045m/310.4m x 100% = 15.16% [1]

(iiiy PQ1=VCEIXICI = (Vce-Vo) x (1Q+1L) 2]
= (10-5) x (9.7m + 5/1k) = (5)(14.7m) = 73.5mW [1]
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