+15V

Ty 7 - -
Fe -,—TC '1-.-"22‘——— 272-’93.1:: 3.05m 4
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Question 2:

[8 marks] The op amp in the circuit has a unity-gain frequency, f,
rute of £5V/usec, butis otherwise ideal.

10MH: and an outpul slew

a; §1 e input signal v, is a I00kHz triangular wave with no de offset, what is its maximum peak-
to-peak amphitude in order for the circuit to operate without slewing?

Yimax, peak —to-peak) = 6- 25 l/

o W Mo, M Uk i - 1% _
gﬂll/\ o -,v-_'_'.. /UXZWT. e Q%‘-—ﬁg‘ x Tk +9Kk - L{' /V \/()
Vs oot A~ oy _

{ - 2 Vo_wrﬂx

R e

5

7

0 \\\Sﬂ.lsf(:_,"" ,_éﬂfset. - = ?. Vo_.. At x @ \/
S/ Smsec O
_VU.J""\.CL)(
Set <slogg = $K
| 2 Vo_ming
v . _ v
smiee T 5 éf/l%(_

Vo.mnx= 1.5V O\/
Relty back +5; nouf !

_ Vo max 2S5V ()
Q/]:(mato() Iok-)f.g) - 96&!‘&’\ = vy = 6.-, ZSV
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Question 2(cont.)

by Given that the input signal v, is now a | MHz, 25mV(peak) squure wave with no dc offset,
sketeh the output waveform, indicating key features of the curve {e.g. peak voltage, period,
etc.). Is the output signal limited by the slew rute?

-'J)mv

C| ogeg{ | oo)) bmdw:‘;{%

oy SR = 4z 14, bns
I 2 mHz =2 T +4.bnec
Mew 71+ Wka 27

o ClDSz’,{( {ODJU yoLumil
|

L I
Yo - U 1+ Y,
Correc

1 Yz
0L ' i
Yook u_,ll"tf_'d;us < Jf( /O/ 1£0}/‘ (,OJ:LV.(C_]L ge'{"["“’ig
O \/-::7 fUOm\’\; ’/—'—\ ‘5 ’”':\ ' e €
/ I. s !

0 1 T / T l_,d)&e(_
2 ATTERR .

1
\ ( t '
5 ] a3
£ iy P

}/{”%;)ﬂ-;_{_g
) b@a’n‘[j 6,28 T
4’0 qol/a }Oy ‘/3 0‘](’ I/L}ﬂ "0;,(

oo lst rrdizy LPF

ST )424/,'05( (0,5 AscC
wit 4

Checlke 1F SI&m'mq:

Ao = o,z(e{/'r-:) ~-0.

: - 44 _ 0.2y _ 0.2V v
ov M slope E = —— ¢ mc_,z.gl /mec“Q

—— e e A Vil

;
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Question 3:
[6 marks] For the circuit shown below. find the value of R that sets Vg = 0V when V=0V,

Assume f§ = 100 for @, . and [Bor= 501 and @nore the Early effect.

e 10V

L ke 22k (2

0y v
e % %
VIWQI éIRQ
: 2340
s 10V
S Ikﬂjh_‘ AQEU..IM(— Q 20 aae actde made -
S —————TT S
-0V 2
07— (- N - T R o
/10\___._3_/”1,41‘ Ag = ;;{:7"61 2 ‘(p/)
1 P02 . ) :
i
e !
- - Y |
V‘-’-’ (JO\T— ,\QMA IC?— - - ‘“1/4 a (_‘/'
LR _________,_--——~—"—"_'_"_'_'_'__P— ",’“ ___:(,:,‘:_—h S e

= JO-03%=72 3\‘/(;’2 A J"J
2

«lok = 2. 7V /Q,*H“’—C(

= 2024
0V, jo- 27, .
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Question 4:

{8 marks] Consider the circuit shown below where ‘Ge’ and *Si’ represent semiconductor diodes
made of germanium (n = 1) and silicon (n = 2) respectively. Assume when the diodes are for-
ward biased and conducting current that the voltage drop is 0.7V for Sibut only 0.3V for Ge.
At room temperature and when reverse biased, the current is 120pA for the Ge diode and

30pA for the Si diode. The reverse break-down voltage is 100V for both diodes.

Vi
100Q 100Q Par o)
Si Ge v 3%&\!4
500

(a) Calculate the output voltage if v; = -10V.

o= =25 mV

I’: [20 mA + SOumA :[{o/”/i

e
V, = ~50 L[, = -F500uv —'—ﬂj
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Question 4 (cont.)

b) Circle the correct answer to the following questions:

i. If vy increases slighdy, v will

; ; Increase Decrease
e e
,,'/\i. If the temperature increases slightly, v will
. / Increase Decrease
\'\‘ / -
T~ -~

page 7 of 14
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Question 4 (cont.)
¢) Plot v,, as a function of time when the input voltage v, changes as shown in the figure below.

On your plot, indicate the value of v, at significant points along the curve.

Y V(032 Goe A Vizo
3.2
! 0.3 V29 = (. =L
| j\;i Coch= oo & (17-0)
0- 3 =
A LT _ < G C=V, = "‘(\/I"O'S)
D3 o '_ ., - r _’) :
00 l| | :l 2 t{mSec) \J'
"O(r"“{ ) . Ke_”i J-‘,qo]--,-]'(’s
_ 24 1" ‘ _ : gj:mmcr:'.}_ i \f; = O where -KI () 3{
st o P -
5 AP é:’—%\: 0.9 where Vi =03
| 02 4ty ’ e /
S %97 , 1 2 r(mSec)&( \7, = (25 Vhew \i:3§

Case A \/;: {0~ 3= Ky ahJ‘éc bofﬂ;i{_z:) v‘;: oV O

Coac R: WPHBIEs Ce or, % o= o0 —9‘\/;:13..( -0

_’ 03 |
CM ¢y e _O_/‘/ an £, on V. O

V-Q /\ ¢ ——
5o page 8 of 14 le Qee TP af
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Question 5;
[7 marks] In the circuit shown below, Vy is a fixed DC voltage and v, is a sinusoidal voltage
source whose amplitude is 1 ImV (peak-to-peak). The diode is made such that n = I and its

voltage drop is about 0.7V when forward biased.

/
Tp
AL

AC

Vin v
VB o__j —0 Vi
- 22122 Ik
IOOnF%Z'sz i 5 K
Vv % ™ * Vo i ’

2.2k 1k€2
pe 2202, OF

2 > " Io
‘t -
(a) For small-signals, what type of filter is this circuit? | )
e j . IK
q H| (j h - fa $$
4 174

"\/

eSS

(b} Find Wych that the small-signal sinusoidal output is 10mV (peak-lo-peak) at high frequen-
ctes. Do not neglect the small-signal resistance of the diode. (Hint: At high frequencies, the
capacitor can be approximated by a short circuit).

o AL MR lomy [, .
AC C|{<ox.r,_;._$_:_,__ ')?-t'*"p_ T Yy s «2"6/5’ V I

—_> Y;)"‘ ’Oo_ﬂ,]
\Vr _
{pé}l—:— = [/, musz be
Lp

-

D¢ Ciriit—> B = (k+1k )T, 0-7 = Vg= §.26x 0-250 + 44
e l,o5+|..4/-_-/2-4/5

———
4

1:

¥
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Question 6:
[6 marks] For the circuit below, assuming the op amp is ideal,

R‘-» R;(4k82) R;(t’)kQ)
viR) Rl A
| R-(10 kQ)
R, (4kQ) \
Lo V
¥ O

2 s

a) Dfrivc an expression for the output voltuge in terms of signals v, and v,.

A‘r‘fﬂmﬁngulg-@r‘poﬁi'fﬁmw ‘/(7 . V/ '
pOY V: ; e = K‘q’ .
Vo= OV — Ag Re

-k, VD

2 'Uo(|) - Ry

Ry dots not et Voo

:H% V, ‘/O
V r
' T-? o ’ ° VD(‘L) R4 o oes Hof nffed Vi12)
I
_iRy Ki
TD']LZL( /"I-)O - “,@; V, = —R—: Vs
— - 10k _ 1ok
L{.,’(Ul TS)

[/l/o = -LS(V +ay)

e e

y[")-;l.gl: Ilotld
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Qucstion 6 (cout.)
b) Calculate the input resistances, R;,, and R, scen by signal sources v and v, respectively.

inl —

Tov Rin| - a VV
b
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