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INSTRUCTIONS TO CANDIDATES:

1. This question paper contains SIX (6) questions in THIRTEEN (13) pages.

2. Answer ALL questions.

3. Write all answers in the answer booklet provided.

4. Write answer to each question on a new page.

5. For all calculations, assume that V=26 mV.

6. Use at least 4 significant numbers in all calculations.

THIS QUESTION PAPER CONSISTS OF THIRTEEN (13) PRINTED PAGES

INCLUDING THIS COVER PAGE AND APPENDIX.
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Question 1(a)
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(ii)
Irer =10 [1 + 2/p(1+ B)] 1]
= (0.25m)[1 + 2/(50x51)] = 0.250196 mA 1]
Ry, =(V'-Vggs-Vep-V )/ Iper [1]
=3-0.7-0.7-(-3))/(0.250196m) = 18.385 kQ 1]
(iii)

Ip of a BJT three-transistor current source is closer to its Iggr at lower value of f
compared to the two-transistor current source, thus it has more stable Ip, This is due to a
better approximation of the relationship between Iy and Iggr due to addition of transistor

Q3 in the circuit. [2]
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Question 1(b)

()
Vbpsz (sat) = Vs - Viy [0.5]
04=Vgs-04 > Vs =08V [0.5]
Ves1 = Vgs2 =0.8V [0.5]
(WIL)1 = Iggr | [(K’4/2) (Vs - Vin)] [0.5]
= (100u) / [(100u/2)(0.8 — 0.4)%] =12.5 [0.5]
(WIL), =10/ [(k’4/2) (Visz2 - Vin)] [0.5]
= (60p) / [(100u/2)(0.8 - 0.4)%] =175 [0.5]
Vess =V'-Vgi-V =25-08-(-2.5) =42V [0.5]
(WIL)3 = Iggr | [(k’4/2) (Vas3 - Van)’] [0.5]
= (100p) / [(100u/2)(4.2 — 0.4)%] =0.138 [0.5]

(ii)
Ro=ro2 =1/(Aop) [0.5]
=1/(0.01 x 60pn) = 1.6667 MQ [0.5]
Ro=AVpa! Al [0.5]
Alp = AVpy/ Ro = 3/(1.6667TM) = 1.8 uA [0.5]
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Question 2(a)
(i)
Aa =vo/va=(@m2Rc)/2 [2]
Ag =v,/v4="7.5/0.05 =150 [0.5]
gm2  =lcg/Vr=1,/Q2Vy) = (1m)/(2 x 26m) = 19.231 mA/V [0.5]
Ag =(gm2Ro)/2 =(19.231m x R¢)/2 =150 [0.5]
Rc¢ =300/19.231m = 15.599 kQ [0.5]
(i)
R4 =21,=QAVr) /I [0.5, 0.5]
=4 p V) !/ Ip=(4x100x0.026)/(1m) = 10.4 kQ [0.5, 0.5]
(iii)
CMRR =1A4/ A 1=1150/-0.21=750 [0.5, 0.5]
CMRR ;5 = 20Log;y (750) = 57.5 [0.5, 0.5]
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Question 2(b)
()

(ii)

(iii)

Roar

R(Prod/2
= (ﬂ VA4) / (2 IC4) = (ﬂ VAP) / (IQ)
= (150 x 100) / (0.18m) = 83.333 MQ

EEEB273, Semester 3 2011/2012

\ = 0.5 mark

vo=vc2=8m Vi (roz | Roar)
=vo /! va=8gm2 (ro2 Il Roar)

Aq

8m2

Fo2

= ICQZ / VT = IQ / 2VT
= (0.18m)/(2x26m) = 3.461 mA/V

=VarlIca=Van) 1 g !2)
=(120)/(0.18m/2) =1.333 MQ

ro2 Il Roar = 1.333M 11 83.333M = 1.312 MQ = rg;

Ag

= (3.461m)(1.312M)

= 4540.832
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Question 3(a)
(@)
Ro  =rs2llrsy)
Ipy =Ips =1p/2=(0.4m)/2=0.2 mA
o2 =1/ (4 Ipz)=1/(0.01x0.2m) = 500 kQ
To4 =1/ (Ax Ips)=1/(0.02x0.2m) = 250 kQ

Ro = (500k I 250k) = 166.67 kQ2

(ii)

Ad = gm2(r02 Il ro4) = ng(RO)
gm2 =2 SQRTIK, Ip;] =2 SQRT[(60p)(0.2m)] = 0.219 mA/V
Ay =(0.219m)(166.67k) = 36.515 V/V

(iii)
vo =Agva=[36.515 V/V] x [(20 sin @f) pV] = (0.730 sin ¢) mV
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Question 3(b)

(@)
ICQ2 =IQ/2 =0.5m/2 =0.25 mA
voo =V -IcgaR =5-(0.25m)x(12k) =2V [1]
Vo3 = V+ - ICQ3 RC =5- (0.5m)x(4k) =3V [1]
Vo =V0o3— VBE4 =3-0.7 =23V [1]

or vo =V +Icos Rz =-5+ (3m)x(2.43k) =229V
(ii)

A, =vova= (v02lva)(vo3/vo2) Volvos) = AdA,2A,3
Agq = (gm2/2)(R | Rin3)

gm2  =IcefVr=1p/2Vr) = (0.5m)/(2 x 26m) = 9.615 mA/V [0.5]
r'z3 =B VrlIcgs =(100x26m)/(0.5m) = 5.2 kQ [0.5]
Rinz  =rms+ 1+ p) Repi= 5.2k + (1+100)(2.6k) = 267.8 kQ2 1]

Ag = (gm2/2)(R | R;y3) = (9.615m/2)(12k 11 267.8k) = 55.218 V/V [1,0.5]
Ay =veslvoa=-147 VIV [0.5]
Az =1 [0.5]
A, =AA2A;3  =55218x(-147)x1=-81.17 V/V [1,0.5]
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Question 4(a)

Irer =(V'-Vepiz- Ve -V )/ Rs [1]
=(12-0.6-0.6-(-12))/ (40k) = 0.57 mA [1]

Icr7 =Ic13 = 0.70 Igpr [1]
=(0.70)(0.57m) =0.399 mA [0.5]

Icis = Igi6 (With g = 200) [1]
=Ip17 + Ug17 Rs + VBe17)/Ro [1]
=Ic17/f + (Ic17 Rg + Ve17)/Ro [1]
= (0.399m/200) + [(0.399m)(100) + 0.6]/(50Kk) 1]
= 14.793 yA [0.5]

Question 4(b)

()

Ips = (k*,/2)(WIL)3(Vsgs + Vrp)® [0.5]

150n = (40u/2)(50)(Vigs — 0.4)*

Vsgs =0.7873 V [0.5]

Rp: =Vsgs/Ip1 = Vsgzl (Ipl2) [0.5]
=0.7873 / (200u/2) =7.87 kQ [0.5]

Ip4 = (k’u/2)(WIL)y(Vsa - Vi) [0.5]

2000 = (100u/2)d0) (Vs — 0.4)°

Visa =0.7162 V [0.5]

Vg4 = Vo + Vgs4 =0+ 0.7162 =0.7162V

Rp> =(Vga- (V) /Ip3 [0.5]
= (0.7162 — (-3))/(150n) =24.8 kQ [0.5]

R =Vo-(V))/Ips [1]
= (0 - (-3))/(200p) =15kQ [1]

(i)

An = (gm1/2)(Rp1) [0.5]

gm1 =2 SQRTI[(k’,/2)(W/L)(Io/2)] [0.5]
=2 SQRT[(100u/2)(20)(200n/2)] =0.6325 mA/V [0.5]

An =(0.6325m / 2)(7.87K) =2.49 [0.5]
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Question 5

(a) Cross-over distortion is a condition where the output voltage vo of an actual class-B
output stage circuit is zero [1] when its input voltage is in a certain voltage range. In this
condition, both transistors in the circuit are cut-off because the input voltage is within
Vesp to Veen [11, thus producing vo = zero and causing distortion at the output of the

actual class-B output stage [1].

(b) Its advantage over class-A is less power dissipation and increased power conversion

efficiency [1], while its advantage over class-B is no cross-over distortion [1].

(c) Calculation of iz, icp, and icy:

vo=-4V =i Ry, (1]
> ir=vo/Ri=(-4V)/(1kQ) = -4 mA [1]

Therefore, Q) is conducting and Q, is OFF.

Approximate value i, = icp = Is exp(Vegp/Vr) = 4 mA [0.5]

Vigp = VrIn(ic,/ Is) = (26m) In(4m/ 2x10™%)

Vegp =0.7364 V [0.5]

Veen = Ve - Vegp = 1.4 - 0.7364 = 0.6636 V [0.5]
> ico = Isexp(Vpen/Vr) = (2x1077) exp(0.6636 /0.026) = 0.2429 mA [1]

icn=Icp+IiL 1]

Actual value of icy = icp — ip. = 0.2429m - (-4m) [0.5]
> icp=4.2429 mA [1]

(d) Calculation of power dissipation:

Po,=1icu Vcen 1]
Veen=+Vee—-vo=+6-(-4)=10V [0.5]
> 4 Pp,=(0.2429 mA)(10 V) = 2.429 mW [0.5]
Pop=icp Vicp [1]
Vecp =vo—(-Vec) =-4-(-6)=2V [0.5]
> 4 Py, = (42429 mA)(2 V) = 8.4858 mW [0.5]
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Question 6

(a) Any 4 applications from the following list. Give 1 mark for each answer. [4]
1. Current-to-voltage converter
. Voltage-to-current converter
. Difference Amplifier

2
3
4. Instrumentation Amplifier
5. Integrator

6

. Differentiator

(b) Answer for finding vo/v;:

R=20kQ, R,=100 kQ, R3= 80 kQ, and R4 = 40 kQ

volvi = (volvol)x(voi/v) [2]
volvor = - (R4R5) [1]
voilvi = - (Ro/Ry) [1]
volvr = [- (RJ/R3)IX[- (R/R1)] = (RaR2)/(R3R1) [1]

= (40k x 100Kk)/(80k x 20Kk) = 2.5 [1]

(c) Answer for finding A 4, Acm, and calculate the CMRR in dB:

R;=R;3=10kQ, R, =100 kQ, and Rs= 110 kQ

R R,/R R
Vv, = 1+R2 " LS v, —| == v,
N 1+R, /R, R)

( 100k 110k/10k) (1001()
vo=|1+ Vi, — Vi

10k N\ 1+110k/10k 10k
Vo :(1+10)(%)v12 —10v,, 2
v, =10.083v,, —10v,, =10.083(v, +V7d) ~10(v, | —%d)
v, =10.0415v, +0.083y,__ =
Ag=10.0415, A, =0.083 2.2
CMRR = 20 10g,,[10.0415/0.083] = 41.65 dB 2
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