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report any discrepancies immediately to a proctor. This question paper has 18 pages.

This examination question paper MAY NOT be taken from the examination room.

This exam consists of 5 questions, which should be answered on this exam paper in the space provided.
Attempt all questions. Marks allocated to each question are indicated (total marks = 95).

Note: The solution must be clearly indicated. Multiple solutions or solutions that are not clearly
identified, will be marked incorrect. Using approximate relations (unless they are given below or
specified in a question) is not accepted. Clearly state all assumptions made. Clearly mark the units for
all final answers. Clearly indicate axis/units for any graphs. SHOW YOUR WORK!
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Q1: Answer the following by filling in the corresponding circles with your selection a, b, ¢ or d

(10 marks)

1) What is the gain, V./V,, for the circuit in Fig. 1.i, assuming the operational amplifier i1s ideal?

©

(@) 3
(b) -3
(c) 4
(d) -4 sy
2k
N +vin Vou
L L
Fig. Li

11) For a center-tapped full wave rectifier using ideal diodes, the peak-to-peak input voltage is £12V. Which

@D

one of the following diodes you will be the optimum picks for your circuit taking into consideration
of proper circuit functioning ?.

(a) diodes with a PIV (peak inverse voltage) of 6V.

(b) diodes with a PIV of 12V.

(c) diodes with a PIV of 18V.

(d) diodes with a PIV of 24V.

i1) Using a piecewise-linear model for the diode in the circuit in Fig. 1.iii., what is the voltage Vp in

®

that circuit (given the linear-piecewise diode data of Vpo = 0.65V and rp=20Q)?

(a) 1.4V
(b) 1V
(c) 0.65V
(d) 0.4V
+5V
0
2200
-
Vp
i

Fig. Liii
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iv) In the circuit in Fig. 1.iv, each diode has a forward constant voltage drop of 0.7V. What is the
value of V. if V,, is -4V?
(a) -4V

(b) 0.7V
@ ©) 2.1V
(@) 2.1V

Vin ) Vout

Fig Liv

v) Given the characteristic curves for a MOSFET in Fig. 1.v, what are the regions I and II known
as?
(a) I—triode, II — saturation
(b) I - cut-off, IT — saturation.
(c) I - saturation, II - active.
(d) I - triode, II — active

DS
Fig Lv
vi) What is the correct small signal model equivalent circuit for a MOSFET with channel length
modulation?
G D
V. IVgs | i
@ b) !
S
G D G D
= —o o——
Ve In¥gs Vs +%“ :SQWQS gl o
= s 9 s

Q31
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vii) Which of the following statements is incorrect for an ideal operational amplifier?
(a) It has an infinite open loop gain.
(b) It has an infinite common-mode rejection.
(¢) It has a zero input impedance.

(d) It has a zero output impedance.

viii) ~ Which of the following statements is incorrect about a well designed common emitter
amplifier?
(a) The transistor should be biased in the active mode.
(b) The input can be coupled through a coupling capacitor.
@ (c) The input resistance should be very small.
(d) The gain depends upon the resistance in the collector branch of the circuit.

ix) What is V, for the DC circuit shown in Fig.1.ix, given the transistor has a 8 of 100 and assuming

Ve is 0.7V.
(a) 8V
(b) 7.8V
(c) 4.8V
(d) 4v
+12V
+4V 4.2k0
Ve
3.3kQ
Fig.Lix

x) The bipolar junction transistor can be placed in the cut-off mode of operation when the
(a) emitter-base junction is forward biased and the collector-base junction is reverse biased,

(b) emitter-base junction is forward biased and the collector-base junction is forward biased,

(c) emitter-base junction is reverse biased and the collector-base junction is forward biased,
(d) emitter-base junction is reverse biased and the collector-base junction is reverse biased.

&3z
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Q2. Operational Amplifier

a) For the circuit below, write an Time-Domain expression of the output voltage v,(t) in terms of

the 3 input voltages vi(t), va(t), and v3(t). Assume that the op-amp is ideal. (5 marks)

30KQ

20K
S KR ‘
s ISKQ
10 KQ
V2 —
v; O !‘
10 uF

U= =(rouFx Joka)q¥s -

%
ANSWEY - U, = SV, + Z{-’)/Z - 70.3 6&%—-}

30!(17— ‘_1_2_2
I[’“}AIL 4

- b) Modify the circuit in a) by changing at most two components such that the response will become

Vo = 40v) + 20v; — 2v3

Re-draw the circuit clearly labeling the values of all components (4 marks)

A7z
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N 20k

/ | /fk.(L_f'

4 ‘ -\—---

(kemmk@ The solution 1% not Um/“e‘)

c) Consic?er the op-amp circuit below. Assume that all the op-amps are ideal. Write the
expression for the response v, (using phasor notations) in terms of v; and v,. (2 marks)

8 uF |
Vi Om ” 40K
5KQ
vz o——AMM

Vo

Vo= = 4ok JuF jul/
—_ 4P Vz

&

whers V= =0 3z fV, - 3V,
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d) Consider the circuit below, where the op-amp is ideal.

-

R;

e
oL >__‘>+
..-: ,&(’Rj % vi;.-‘

1) Derive the gain H(jw) = vo(jo)/vijw). Show the steps (6 marks)

[
Rz (] 50
H':: /J 2 \/X:O
Ql(/JwC, . /
: Jw ¢,
= & [ (% + joe ) g
jWCz_ RL+F)C2 R'

Jwerc, + |
FWR, G, + |

i) Suppose R; =500 Q, R; = 10KQ, R3 = 45KQ, and C1 20pF, and C, =

100uF. Sketch
the magnitude of the gain (in DB) with respect to angular frequency (3 marks)

H o - kR JwWS00fL 2o pFE 1 g JWoel +|
Soo = W (oK - CJOOMF ] T Jos +
[H| )

== &g ('e““’(/Sec )

-3 l {‘ [0 ’ép ooo
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Q3: Diodes
a) Consider the circuit below. Suppose the model for each of the diodes is a piece-wise linear

model with Vpg=0.6V and rp = 50Q.  For the given inputs, find the output voltage V, and the
current ,? (7 Marks)

D; D,

W DKo av

D4 D3
Vy
1kQ ll"
0.6V oot Ds
I it 1
o.{V
V i
Ik " N 06V 0.6\ ~ 0.6V
0.6V IK (KS$L+ tos2 S0 +8052
1 >
fosz = e = O 3Pm A

3!

b) Design limiter circuits using only diodes and 5kQ resistors to provide an output signal limited to
the specified ranges (given below). Assume a constant-voltage drop model for the diodes with
VD =0.7 V.

i. Output specification: 1.4V and below.
(2 marks)
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9
| SKI
1—&——-/\/\/\'— Ad
. V
Vi < d
ii. Output specification: 2.1 V.
(2 marks)
SE R
O———"_W —0
/VL 4/0
iii. Output specification: -1.4 V and above.
tr R ' (2marks)
"V, ;
e } —8
¢) For the circuit below, if the input were a pulse train of +15V, what would be the minimum and
maximum voltages at V, and V,? Assume ideal diodes. (3 Marks)
— r
3V g THE
l/ Xmin
Ve [
0
—AMAN { | E v _ 32
R L sl e
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d) Using diodes and capacitors design clamper circuits for a -6V to 6V peak to peak square
wave periodic input, vy, to satisfy the following output specifications. Assume that the
time constant of the circuit are much larger than the cycle time (period) of the input wave
form. Assume ideal diode models.

i. Output specification: 0V<v, <12V

——
U, b

ii. Output specification: -12V <y, <0V

(2 marks)

(2 marks)
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Q4: BJT

For the amplifier in Fig. 4.1, Voc = 15V.  The values for the resistors are Ri=12KQ, R,= 8.5KQ, R3=
1KQ, Ry= 1KQ, R=10£2, and R;=2K(). The values of the coupling capacitors C;, C, and C; are
very large and can be considered to be infinity. The transistor parameter B = 100.

Fig. 4.1

a) Draw the DC equivalent circuit that can be used for calculating DC voltages and currents
(3 marks)

@J
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e
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f

b) Assuming room temperature, determine values for Vg, Ve, Ig, and I¢ (Where Vg and V¢
represent the voltages at the base and collector, respectively; and Iy, and Ic represent the
currents through the base and the collector terminals, respectively.)

(7 marks)
— - 15V
2R, el A A
. 59\/
| Vee_ [
Z{"?Tkﬂ- O-?V gIB ‘ ©
| Vp= 5?V
L J2
- Ig= D.OS'LMA
£.22 — 07 "
= - =l =0.0(208 mA .
te= Toriio = S2rd
\/w
Le=52mA

Ve = 15— 18223 7.8V, Vg=xSzt0.7 = &fV

c¢) TheBJT in Fig. 4.1 had an early voltage of 150V. Compute parameters e, Em, and Py,
(3 marks)

= e 5‘-2’"”:0\205?%
m Vo 25 mv

= __.@_.,L = i?jj :4gﬂ
,T@ jn/l 0-20?

= [S-O:: 2384!4,(?—

're =

2,
Jm
V,
r = Va
0 I.C

d)  Draw the small signal AC equivalent circuit based on parameters calculated above in c)

(5 marks)
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e) Find the value of the input resistance R;

(2 marks)
o604 &

@L': RallTe = -824:77

/oDo + &

f)  Find the value of the intermediate voltage gain,  4,; = v;/v,, where v is the small-signal
voltage between the emitter and the ground.

(1 mark)

1l

/A[ = Y _ Rallle !
VO U T Ryt gl Rty

,_f*-_ZL\ ot 0329'
(0 + 77

1
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g) TFind the value of the intermediate voltage gain A,; = v/v; .

Vo= = fm U Rell Yol Ry )= FRCIRTY

Ave = Jn(Rsivoll R, )

= 0.208x (1Kl 2K [128.84K) E, 125 54
= 0-208 x (0.652 k)

= 12454

h)  Find the overall voltage gain, G,=v,/V;.

(3 marks)

/

(1 mark)
Av = /—\w - Ay

= 0.326 XI3556 VJMB?J_

¢3.925

I
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Q5: MOSFET

a) In the figure below, the transistor has  V,= 1V, k,’=200 pA/V?, L =1 pm, and W= 5 pm,

+15V

+15V
I
R=2MQ *[E rR2KQ
Vo
Vs
R=3MQ R~=4KQ

i) Find the bias voltages Vg, Vs and current I (3 marks)

/ w 1
V.= 2 Kazho- 5= 1 mA/y
& Z,'{'3*!5 ?/ &0 &

i

-} ' 'z | 2-
L= bkaVi = Lo Gemmvel= 1 (8- V)

- Vs _ Ly
I'p";?q';"ﬂ- >

Fave g Vs, 2W- 3tz

V, . 33133 ~¢2 128 _ ., f¢k

Z2xX2 ’ g‘zgq,%-
‘\/ _ .ngt{é MA
Ly=gVe= L6686 mAa +——V
k v TV i 623V L 58 mA

—

GJz
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ii) Verify the mode of operation of the transistor and state what mode the transistor is in (3 marks)

Ves = Va-Vo= 7-623 =277 » V¢

Voo = 15 — zkx [¢5&ma — 6.23 v
= 5654

Vov = Vas = Ve =1277-1= 17/

V'PS o \/o\/

il

Mode= S’a:{‘u raﬁ‘on

b) Consider the amplifier in the figure below. Assume that for all the MOSFETs, V;=1V, k=
200 pA/V? . The channel length of the MOSFETs are Ly = L =L3=1 pm. The channel width are W,
=10 pm, W3 = 10 um, and W3 is unknown.

Ppp=15¥

R;=5MQ Z Ro=3KQ

Ro=13KQ ) 7 Rout ,
Rs=50Q | I o

EQI «— SR =30KQ

Wh—

R;=5MQ

Q2 . @ L
[?J _ E]_;

1).  Assume that the current mirror by Q, and Q; will provide a constant current of 2mA to
bias the transistor Q;. Determine channel width Wj, (3 marks)
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[
-—I-—’i = ’\N—Z/_‘zz" Ip; = 27)’)}4 /\/nf*/[/n/—-u—/:

2
B2 (Vg - /3Ves —25Ves =220
' zé“im, ot g2 <V
\/GS = 2_)([} o 26 ' "3.07( ‘éfx
Vgs = 22V
Iy, = | mA
Wz/\-’l 10

Ip2 - ==.>_I_-_--————— = W;=20{
2, 2 TN

ii). Compute the small-signal parameter g, of transistor Q; assuming the drain current for Q1
is biased at 2mA_ (2 marks)

_ 2 Topi
3’"_ Vov ,
. L N
Ipi= 2mA, Tpi=gka o0 Vov = Vov,  Vov= 2|19 = b4
_ 2Tpr . 2x2 ) A
gy = 212 o 222 - g 0 rzfz? 2

iii). Assume that the current mirror by Q, and Qs makes an ideal current source. Assume all the
capacitors are infinitely large. Suppose the channel length modulation for Q is to be
considered. Draw the small-signal equivalent circuit. (2 marks)

1l
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Re |
' L
Vs fff”ﬁz B rO[“QSDH A

iv). Compute a value for the voltage gain Gy = vo/vs assuming that V,= 100V for Q. 8

marks) N 06
YA = L8 = Do K
ro = Ip ~ T2ma et

= = Ty Uy (0125 1R,)

i = RiIR, \f
Nk Re+R, (IR ’

KR,
Gy Yo s (olltolIR.) 52 Re+ RiIR,

- 2813* 7. 555? -2—;:—;;;;‘,;6 rﬁ—- 7- 31 F t
,7 214

v). Compute the value of the amplifier output resistance Roy. (2 marks)

Rgu(i‘:’ Qrpf/ro
= 2K ([ SokSL E 2. 83 /<5%

3x¢0
B’f"fo END

= 2. 83 K<z

(



