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Students MUST count the number of pages in this examination paper before beginning to write,
and report any discrepancies immediately to a proctor. This question paper has

12 pages.
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This exam consists of 5 questions, which should be answered on this cxam paper in the space
provided. Attcmpt all questions. Marks allocated to cach question are indicated. The total number
of marks for the examination is 65.

The solution must be clearly indicated. Multiple solutions or solutions that are not clearly
identified, will be marked incorrect. Clearly statc all assumptions made. Show your work.
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1.) (12 marks) General short answer questions.
a) Which MOSFET amplificr configuration would you choose to obtain large positive

vohage gain?

CD LOMMON, Sa}c-

b) What is the difference bctw:mccmcnt and a depletion mode MOSFET?

}: CA‘N&W\ - "o Marvd e \’6$ oV

Y Agr\c\*to:ﬂ - clhanvel Gus*g WA \/“ oV

¢) What is the diffcrence in the mode of opcration of a Zener diode and a regular junction

diode? .
Zener dwde o?cnx\c ¢ A Yevwrsc oveaK dovdn
Ju~rchon dwde oprvalel 1~ Lroad was (ondorhon)

o d) Describe three regions of operation for a n-channe] MOSFET, in terms of the voltages

that would be applicd to the terminals.
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¢) Sketch l¢ vs Vg for a BIT for several values of Vg, indicating modes of operation.
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1.) Continued
f) What is the body effect in a MOSFET?

Xﬁc«!\:) i soe ave we) aF N sans veltean
—> e “’C‘D (\ranag} e Yasresl\A Vo\'ng%c,

g) Why is input resistance an important parametcr for a voltage amplifier?

Ruc A eter aimes Yoy AN «mp\tf\.e./‘ \loads the Sovw.

f;orv%‘ Lb\\‘j O\k(,\)" Jo \*&%Q JCAU(L!;'\' C o Ve p\)’\ N

h) Is a transistor a linear devicc?
\”9 s vAdy S
"o sge V-V OwvES

| wot s Mm-}'"&
1) What is MOSFET an acronym for?
Melsle
O xde
Semitendoctos
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2.) (15 marks) Diodes.
Vs Re=0kQQ
N [-WW\/—]
W0V 7 A AT
L1 0,
\/»t Rg=5k§2 D,
-20V ¢+ v + Vo
- Re=10AQQ
5
a) For the circuit shown above V, is a symmetrical triangular wave of 40V peak to peak
and the diode has a voltage drop of 0.7V when conducting.
3 i) Over what range of values of V, is the diode on? Express V, in terms of V,.
LYY P FY Vo = (Ve-0-1)R. = 061V, — oHeT @
i % L =
_r s OMN. Aot Ne > 0.8\ _er N, P 0.iqVY )
(S«x L‘w)
ii) Over what range of values of V; is the diode off? Express V,, in terms of V.
Dol ofF . Vo oz Re = lo = o.|%Y
- Vs KERjtae etstso T ———
famci~3 OFF (o( . \I¢F < 6.1V - -
A\
J _—— N P e m . —— - - e e
_ i - 2
fg $ Ve %f v, = 5oy, = oma.v.

ors V;7<"o'l$‘1 (o_“> T O~y v
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2.) Continued a5 - [kt oL e

iii) Sketch the output waveform V,, and indicate the peak voltages.

g

o §
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2) Continued
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b) In the Zener diode circuit shown above V,~ 12V for 1mA<L,<600mA. Determinc:
2 i) the output voltage Vo when R(=500 Q, _
flu= Seo 52z o . .
P T \mA > N v 12" @
> p—sy = - D
53wt 2 Ea MM el o t : 7
Lt—‘\.k . T :_-.‘1—\2 g _SOO_M* o= . S -
i A i 3 bk
DTS B (e 16 wh

ii) the maximum power that the diode should be able to dissipate and the value of Ry for
7 which this power occurs,

Nrea » P‘NA/ A;ZS:'“L‘.J ;»A— é‘.“ v q_,..’L-&.- !gx ZQ@:% 3—506'““

= = \Z (o. =. W -
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")/ iti) the oupul volhtage Vo when Ry =102 ‘
< | A -> Oeds OFF

N o
\TK’_/_ Ry - .. AN

v, = \2
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1
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3.) (14 marks) Bipolar Junction Transistor. Usc 3=100.

15V 15V
R,—lOk.Q
C|"m
. { I - Q| Cz‘“w
l\; | I o) Vo
| | T %
Vi 1=10kS2 R, =5000
L R,;=1k0 _
R; - R, -
a) Draw the circuit for DC analysis and find I¢. y
<
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b) Find the valucs of 1y, g, and re.

Ve 25 .
Y /I% D.o6a 391 s
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3.) Continued

¢) Draw the small signal circuit for AC analysis (with the equivalent model of your

choicc). Determine R; and R, for small signal opcration.

Yo

55
r ; ; 1 A &X%"‘Vb& - Q\.b
vy f oa(f lU\(\L‘( (ﬂ".‘ﬁ
L r—i = ) Vo
- Q.' - l\mj‘l:som ‘
. L ] =
7,
Rex vowlwk (o (m(wmm))
| = K M (3911 oix 333) = SKI HK
Re= A.36 X2
‘ o = & ] %‘ =  38b 5.

d) Determine the small signal AC gain V/V;.

\ N, = (r?u:n)\‘hr \¢ Jf S0

’)_ \/\' = \.,\B ¥n - \/O
L Vo (g;\ x 33352
I Zols 4 @W3BT
|
j
FNe = b9 Yy
SEEZ ‘

¢) Suggest a useful application for this circuit.

S

vox Mo | ((@0(&-& W,
= gx ff ((\0\5(3"70* %S“;\\

R:=

= 4.3bKs.

2. % st.

Ro = KiHw ~

V- g (Wiseos
N (_?"l\ . ~ Vo.
So

A (81D x 333
_— = —_—
Vi (géu) (29 4 33

= p.982 NN
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4.) (12 marks) MOSFET. All transistors have V1=1V, V=30V, k.’ =kp’=100uAN2, and
L=lpum. Q; hasW;=100um and Q; has W3=50um. Vyi,> V1.

? Voo=5V
v
*Im =T,
3+
Ince 1ImA [:;b] V.
S

Vias T —
b _l__ R, R,
a) Find the width of Q, (W?2) such that Ipy=0.5mA. For this calculation neglect the finite
-~ output resistance of the transistors. In order to find W what other assumption has
been made regarding
! 1) the body contact for each MOSFET
| i1} the operating mode of cach MOSFET.

ﬂ’jh—(k-\) 4]{\;}( m}ru" ra Dl"«-a—x-& q Yromas tovrs
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ARG W i > w_x &
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4.) Continucd
4{ b) Draw the small signal equivalent circuit for AC analysis. Determine gy, and r,; for Q,
and ry for Q.

@ vl swd b e, e *-_i,' o
8, = \i’-k\Tu - whera ko= g C:u) =02 (1e)T o =

O R crvas g i LW CYVRR

@ o = Va 2 -30 = 6 kst —
- N Ib( e-C T _ e
. @ Toy = &\ = 3o = 6Goln e

£7) - Yo . =< | Bt 3 y = -15
@ T 3"‘*1( /"r‘:_)‘* - 315('_&0) T\
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5.) (12 marks) Operational Amplificr.

€ Re=1kn

R1-10kQ2 !

Vi O—/V\N\/L - Yo

_J:/WW\— t
1 R3=10kQ

a) Find the input impcdance and voltage gain expression for the circuit shown, as a
function of radial frequency o, assuming the op-amp is ideal.

V.
1 Ko = I 7 0k=
1
Ve _ - ( Ry 4 \A‘CB —R2 & L
< v %\ = - A\ ( VY R
Vo _ - \2} ( W, A
Vo T R Ly 5 HoT R
b) Sketch the magnitude and phase response of gain of the circuit.
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5.) Continued
c¢) Choosc a valuc of C to give a comner frequency of 20 kHz

\ -

\R—zl. = lo\fﬂ; X 2+
\ -to
— - . 1 ¥
@ C = 20X % 21 ¥ 10K 973& nF (7.5¢%0 3

d) Calculate the input impedance and voltage gain as a function of radial frequency o, if
the op-amp has a finite open loop gain of 10,000.

.= 2 (v«
‘. L k‘C\ A

find g Frvsh .
L)
| Y, = ’\7'{’ -1 (R o

woap = (W) B0 e

A 3 R AV R - - v o
A= Vo - %0 (V& “ZMS .
v Vi o = Toc
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