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Diode:
Forward current: [ =~ [, (eVD’"VT) Operational Amplifier:
I’ZV\ = — . R = 00. R = 0
Small signal resistance: 7, = — Vo= AV, =V.): K, e
Iy MOSFET:
kT
Vi, =—=25mV at room temperature
q

Bipolar Transistor:
Active mode operation: Vge= 0.7V
Saturation mode operation: Vcgs= 0.2V

o=, 1=, i, =i;+i.
1

gm :—(_-. r” :_g_. r{) :—i
V/' Em ]"
(04 v

]"e = — = z a:__.é__
g&n B+l p+1

IDS = k'%{(Vm _V:)I/m _-Ii)‘——:} 5

Ips,sar = k':

k=nc,: K= k'%

Vs =Vos =V, g, = 12,
o k2w -n)= 1wy,
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Q1: Answer the following by filling in the corresponding circles with your selection a, b, ¢ or d
(10 marks).

i) Assuming all diodes have a forward bias turn on voltage of 0.7V which statement best describes how the

circuit in Fig. 1.1 operates?
/N Technica\ xplanakions

a) LEDI is illuminated when V; is -5V

b) LED2 is illuminated when V;is -5V For+he Rake QX &;m‘)\;CA\""S,
¢) Both LEDI and LED2 are illuminated when V; is 5V . . EDs Or
,/d) LED?2 is illuminated when Vjis 5V m This Onswey LEDs e
: i W
1) 0n\y Ror Vi%07 (positvive Velwes ob $he tnpdt voltage) 74T 20 +he. Sars o
. Wit nen- dea) Liodus
diod® in edner ovanches Con oo ko A an T -
\n Foviward bias. —Z . Howwer, One Lo\ ndie
(S0, (&) 4 (6) Can ner betrue) ™hed) s s nst o praechical
N7 NS ~ “The
#2) As soonon LEDZ Turns on i+ Reps AU O ¥ on, ") oy
— LED! LED2 Oy GEnASion Based an
\/AB:.Q,:H/. This prevents LED) 8 .
‘,Jl tho OMuw PXion Moy st

‘ QT - .
(in Seuen ud\'\'\!\'B\’) to e WNuwinaked, Fig 1.1 bta\w«:g Ve/u“‘L\”ec\ ' al

PYackica\ eXon.
i) Which one of the following statements best describes a forward biased silicon diode? 3\% '

S (e
a) The current through the diode is exponentially related to the diode voltage NOTE _-S Vo/
@ b) The voltage across the diode is 0 volts &1 e T

¢) The current through the diode is of the form kVp® where k is a constant and Vy, is the diode voltage
d) The current through the diode is 0 amps

iii) A npn BJT has [g=1uA and 3=100. Which of the following statements is true?

16 :/16: \oo X 1/AA :\00//‘(‘\
a) Ic=100uA, Vce=0.01V, the devices is operating in active mode

b) Ic=10uA, V=1V, the devices is operating in saturation mode A *.5 P\‘@'\ AE %"“‘/ \J BE
¢) 1c=1000uA, Vcr=0.01V, the devices is operating in saturation mode {n * ackiva wodke OP&CKion”
d) 1c=100uA, V=1V, the devices is operating in active mode (:& VBE Y Qm\m’d\ u:> dede +o

N : : : : - och (ONEhhere)
iv) Which of the following best describes how we can increase the small signal voltage gain of a sta

' v o :
;; common emitter amplifier Consider g | A 'Ul - 3—'” R({ ‘gér/
a) increase the power supply voltage Re \nCreaded oum- \ Av| EnCreaoes =
O\ b) decrease the transistor output resistance  ( provide Te 1o K apt Corxyok ) o

/f:) increase the collector resistance
d) decrease the transistor 3

P/ Also l"{ the power 5“17’5 V"Hﬁ" increases (t Coswer, Yo Jc Y"fj nereme .
(¥4 7

&'- Line gﬁm: -I:/L y O‘V‘J inCréape 1N Te wow
T
4 Cony,%v\w'% it intresss l‘L Av.

/I\ ———Vlc?———v SV\T_‘V \AV\I‘

Id YLSVH Sj\m ‘1’0‘ I'n€reao—

er s«pply
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T39\‘ca.‘\ \Ia-\\&g, ;v\
v) What is the value of V¢ for the circuit in Fig. 1.2 A ive wade 0potekion
WVl ot B-E Loop: 25 1ov

@g ]8dzfv ~2 4 10kTa 4 Vee 4 \.5=0, Whee Vge=0.+
¢y OV Ta - 2-1.5 -0 -0.2 <O+
d 1.7V 10 K = oK

* Noﬁo:h‘VQ, Vo\we_ R v -LB Srowm oove Ca\c&oﬂ‘%\f\

maans v DIV Aun Chrcuwsy Con WO\ be Ny +_—: 10k

. et ’ vl sy

ON Wi 0FF 2> Vo0 ‘¢‘ Vez=\ov- 1@ X ¢ QI
\_*&“O\WW\‘“\M' Sinta O 2Nolkts =\oV- \RQAX O = =
Souvte- o WOV emough to provide = \oV o o L SVoelks Dedery Fig. 12

%D) TW;O% = \/C_' \0\/

Vge = 0 \o\s , when Vg u» ch‘vacﬂﬁ orneted
aracteristic of an idéal operational amplifier?

vi) Which of the following is NOT a
a) infinite input impedance
b) zero common-mode rejection
¢) zero output resistance
d) infinite open-loop gain

vii) Which is the best description of the cxrcun in figure 1.3?
a) unity gain amplifier B

b) a buffer
¢) an integrator
d) a differentiator

vV

- i

Fig 1.3 Fig. 1.4
viii) Figure 1.4 shows a sketch of the ip — vps characteristic curves for a MOSFET. What are regions I and
[T known as?

a) l-triode H-active F\b\’ ackice. Qnesiian
b) I-cut-off Il-saturation

¢) I-triode Il-saturation
d) I-cut-off Il-triode Ahg\gu ‘\'\‘\,L i NGy C{VU\U\*(QV\ %OY" O

IV
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ix) Examine the circuit in Fig. 1.5. Which statement below is correct?
a) Vps=Vpp+Rplp
b) Vos=Vss
¢) Vos=Vas +Ralp
d) Vps="Vopp

Wt Yo=c K&\m 0\33)

Fig. 1.5

x) A transistor amplifier has the following measure characteristics for two different load resistances.

Load resistance Input voltage / mV Output voltage /mV
Without R; 8 80
. | WithR, =5kQ . Lhy L L7 X 0 , 60 g! 4
Tn s Qu ‘o AA ) AHUAMEZG ThACK, Fhe AbovVe yn TRy wgwto WaT o

U.b\\nj 2 & ok valw) ?OY’ ’H\L l‘n Pﬂ' SSuY @ \8)«\/ when Noload i FmV Vher there wes OJNA)
Calculate the open circuit voltage gain, 4,0, the voltage gain with the 5 kQ load resistor, Ay and the output
resistance, R,. Which of the following best matches the calculated parameters?

@ Open Coren vorraye goin | N0 \aad )
a) Ayo=10,A4r=11.7and R,=5kQ \ E\Em\j _\0 v/v

b) dio=86, 4= 10and R, = 13kQ | Rvp| = Wersl Sy

@ ¢) 4yo=10,4p=75andR,=1.7kQ \ Uin\ o leed
d) Aro=10.4,=86and R, =08k Q) 3y, Volkge Qain wihen neve A A

& Ry = SR Covnmeded fo Yae o»d(p:k.\AV\ \Vout| _@:ﬁ—_ %.5} \/;V

= v
\ . ' ! \V ‘\"\ q—m. N [~
3) To dQCACLL Ha owdp Y%\S*&Y\CL) (P\o) \at mm(v\&nl an\aj' &Y&i};z’p&{L&:&

The GW\PU‘%\W ov\:h)vd‘ ook be  Gwsidoed an Shown bdow

. ‘ Vo= 20V
| Ro Vo @ Uin = BN \/o(No\.ouL) = gomV _%.5})\8,“:6%56
Ui g (o) with Losd 4 Uin =RV 2o Vo(ioad )™ v
V —
- RC Voed) - 6856m = To= %Zi _ 12 M
Vin = ¥mV - . ¥ Y
Am?\CQQWB\a_cK BoXk @ \IR"’\,@"\/OLLMA‘) = gDW\\l- ég,gé: \\.ZJ«[‘h"\

RO: __\_I__&i__ :Mﬂ = gBB—CL/
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Q2: Diodes
a) The circuit has been designed in Fig. 2.1, with diodes having forward voltages of 0.7V.

(i) IfVA=-3VVg=0.7V, Vc =5V and Vp = 3V, what will be the output at Vx and the
current I?  If voltage Va, Vg, V¢ and Vp could only be OV or 5V this circuit could be

used as a logic gate. What type of gate would it be? (4 Marks)
% Diode "C" 45 ON ) w=-3
§Z“ Vg =03V
V= 5-03v= 43V »
VD———M—V V,;:O.;V
= Nowiea Vg o 4.3V = B
appied To the Cathedes C%\:s ~
o all othey Thvee diode) LA &, D)

Fig, 2.1
Neps them in BackWerd ks, g& ensuren tam OFF -

Vo, To YA LBV L amh
R | K2

V= _ 4.V

I = _4.23mA
Logic Gate Type = O R C-ijt

b) A zener diode circuit has been designed using two identical zener diodes as shown in Fig. 2.2.

The zener data for each diode is V,=4 V at [, =2 mA,
Iz = ZOQ and Izk =0.5 mA.

O
i 1kQ +

/..__/
RL Vo
O

Fig. 2.2

Answer the following questions:
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F* Assuwme the dioder ay
(4 Marks)

i) Find the DC value of Vi with no load resistor (Ry).  QOy e
Ve = Vo + v T - Mg 4V = V2o 4 200m = Vo= & - 0-04 =3.96V

f‘K- z - 5 + KRul: ~12 4+ IR T2 42V, I;_ +2\/30:6 X /
N [ c12-Wae  32-2(396) | 3050m Ayl -

- -Q VO I%-
\'U/’T }}%‘; K+ 212 [ 42 (20)
-0

T V%o —
Vo= 12 -\K(3.92wh)-= 3.08V mey
* Note, having 135 Tew The amumption af dod are ON 3 vouhied!

it) Find the change in Vg if the 12V power supply were to vary by £1V, QA
Fov above Grewt the* Line R g ulakton” -Qg;n Cun be aJﬂ?‘T

(2 Marks)

. Bve - ¢ e 2 DVo = ,_?T,(_E.L_ DV
BVs R4 2r2 W12 (20)
NVe = __L_(‘_L AVS = 0.03%5 B\/S AVo= 10.0385 DVs
lo 40
iit) For the nominal 12V supply, what is Vg if a 10k load resistor, Ry, is added?
ke d (3 Marks)

Assuming st D £ D owe ON. As an a—PPfOFYa‘od’elB O.?mein
Soluion,  mume thdd co,m&{vg Ry does WOT Vo e vake caleul

‘n () oboe. OTe= Ligy Vo lbad) _ Velwolwd) .08 6. @53mp

. Ry low Lo e ik

2 (Wi oad) & L3(notond) ~DT4 - 3.92mA _o.RO%tm :B.HZW\"’?T‘W ok 5?;;

Volw. lead) =2V5 4oy I, lad ) = 203,96 +2(20) BN2wmp) - 0N Voupid.
Nov =R.oqqv T T ) v i T, o90lc lo-outne) © gLV
>IN ELTOTTMA  whith 40 §uite Clee o owr

I N 1.
| The mast accurade Solutien wring mesh amalysy reswl

iv) For the nominal 12V supply, compute the minimum value of R so that the output is maintained ata answex”
. h(/Lt

relatively constant output.

For The wmimmum yvalie 6J‘ Re k\dors‘f&m’) the Zenors O-Y\L"i&MWMZA (3 Marks)
Koy

omin

To be at the edge ab the bredd down region e iy v —E\q
L 43

RLhin

1%, Izg:OtS\rﬂ[’} Vo I},K
c ‘s
Vomin= Wao + 214 Taie= 2 K396 + 40X 0-Sm8 =792 | Ve
— \2-F 512 T, = Li-Tay =4.038mA-0D
Twee JZDTE0 o oo Rmf SRy = s e ” 5. 538 wA

L
R _ Vomn _ F.91L  gqurl R 2202/
TN =TT 2 578m

IQLMV.
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c) A square wave input as shown below is applied to V; of the ideal diode circuit in Fig. 2.3.
O O
+ +
v, tuF KO ]

AN

O O
Fig. 2.3
v, A
5V ——
l | | .
[ [ ! "
10mS 20mS 30mS t

Sketch the resulting waveform at Vo assuming the initial value of Vo is 0V
scales on the voltage and time axis

. )
' VO ' . ; ! ! ! ! H '
i | ¢
H ' ' ! : ' H ' ! j
: v
i : ! ; | : ! 1 : !
[RRE SI E Frrecbeevertoccadaaeadanan Jr R SR S decamponnn
i et Foomd . rooe R R
5\ I N S A
(S04 ! 1 1 ; ' [ . 1 "
RS i St AAchht il | Wt Rkl Ry [t St et e
; H
: [ : H : : : I
i ! . : | ! ! H ; |
: :
R e R R REEE - Q- Looomgom-o- ot ‘: ........
. ¥ ' ¥ 1
' ' N N 5 * '
s H \ v B ' H H { t
rd
77 ) 0
. ) \ 1 H
. ' i ! ) ! ! ' . '
: ¥ H T i ' [} v 4 f
. ‘
cecdecf @M S 200 L5 m..
. H 1 ! / '
H ' : : : H H : ! i
1 v H ' 1 i ' ' 1
i i [ | ' N ' |
e L e et UL T CEELEEEEEE EEEE it DR RS S — qemn-
v t t 1
; : ! i | : ;
+ ¥ i
' i ; H ' R '
PN - deeemgeoeen S S ) S doemoqeaead S
' 1 ' + 1 1
4. 1 ' ]
: ] ]
:
)
!

. Make sure to include
(4 Marks)



(Page 7 of 17) O2 part C answer:

e The time constant 7 for this RC circuit is 7 = RC =1k x1x =1msec
e The pulse width of the input signal is T,, =10msec

1) for t<15msec: since the input source is zero (V; =0); the voltage at output is zero (V, =0);

2) At t=15msec: the capacitor will see an instant change in input voltage (from 0-to-5V) and
(instantly) acts as a short circuit. This means that, V, will follow the input (Vo =5V)

3) 15msec <t <25msec: at 15msec the capacitor starts charging, and continues charging as time

passes. The equivalent circuit is shown to the right. C=1u
-t —t, -
15m<t<25m: V,=V e " =b5elmse

||
o
[

Vi=%]. R=< v =2
Say. _ T ) 0
e at t=16msec capacitor charged for Imsec
t, =1msec (— 16msec—15msec), then the output voltage is °
Imsec
V, =5e Imsec —5x (.37 =1.84V
Similarly, say:

2msec

e att=17msec —t, =17msec—-15msec =2msec -V, =5¢ M =V

3msec

e at t=18msec —t, =18msec—15msec =3msec —V, =5e M ~ (.25

4msec

e at t=19msec »>t, =19msec—-15msec =4msec -V, =5e ™= ~(0.09V

5msec

o at t=20msec—t, = 20msec—15msec =5msec —V, =5e ™= ~ 0,034V ~0

This means, the capacitor has been fully charged to 5V and will stay charged until
25msec.

Since in this circuit 7 <<T,, ; it does not behave as a regular diode clamper circuit.

4) at t =25msec: The input instantly decreases by 5V and falls to 0V, as seen below the charge

across the capacitor appears right across the diode and this causes the diode to conduct heavily
and to quickly discharge the capacitor.

V, =5V
il ° °
Vi 0 1lulk ? Equivalent to 5: A V0 =0
+
1 o] °]
t = 25msec t = 25msec

5) at t>25msec: The input source V, =0 and capacitor has been already discharged and V, =0,
therefore the voltage at the output will be (and stay at) zero, V, =0.
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Q3: MOSFET

The MOSFET circuit shown in Fig, 3.1 is biased by a constant current source.

+10V Tg=0 = Ve=0V

ID= 13 = 0.6wm O
10k Vp =18V ~tokXx0.6m A - \ov-6V =4V
Assume. MOSFET opedw in Safwndion
»y—= VD M—
Te-=9 mode . -
= [ Acordingly K o expedted thed)
2MQ Vgs-ve £ Vps Qv Q_%m:va\\éf\"“ﬁ
@ 08mA v v v ()

10V while wehave o -\.5V {L\V = %Q) the

above amMuwmpTion A5 Trwe !

Fig. 3.1

a) GivenV, =15V, k=120 uA/V2 and W/L =10
i. Find the following voltages, Vs, Vi, Vsand Vp.

- ’ 2
Sat. = To= L Ky Y“E (Ves -V ) ~v 0ubmp = ’\E X\20m X\o (V@_VJC)

(VG>-\/t )1: Ll
120m X\0

(5 Marks)

2.5V
Letus see which Oma»l the caledaded Ves above tan &&»5%3 tha  ShecrXing
AMuw»\B‘\’\‘or\ a—°~ Sckurakisn bb e \U.\r\j Q&h Q*) c’»fbo\‘/c.

) Ves=0.5 ~v Vo -Ugz0.5-1.52 11 Lo

; oSV
=l o~ Vos—LSV= T VGS:{

‘x\\u; vakhul Cann Net be oLcc@\r\sz
becuna 1t &o,‘\/cﬁ& A tha

~ mans Tr s OFF (4 et sak.
Vo Ves 2S5V & )
EXNva NotTE:

A gain & easily seem That) Vos —U¢ =L SIS = W £ Vps=4Y /

2) Ves= 2S5V = Ve-Vs L SV o 0-Vg-2

Vos __ 2.8V Ve Q Vs — 2.5 Vb L4\
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Y

ii. Calculate g, & rp given V;=80V.
) (2 Marks)

1 .6
%M \/72\’\/% los :(ZX\(LO/V\?\\OXO m

- .2 X\&B; \.2 m 1’/\/

!

v - 1Val B0 a3 s R

—
ap——— o, -

I 0.6 m

g a2 ml;/{/ o A3 .33 KL

iii. A MOSFET circuit that could be used as the constant source in Fig 3.1 is called the current

mirror. Sketch the basic MOSFET current mirror circuit.

Vop (3 Marks)

NS N~ S
T \ER i

Il
1

b) The circuit is modified so that it can be used as a small-signal amplifier. The new circuit, with the
signal source, is shown in Fig. 3.2
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+10V

10k9%

1
4 O
Ryg=100kQ “ ; o v
. | L=
W—rj| i

Vs () 2MO 1~

L L CI) L
- - 0.6mA -

-10V

Fig. 3.2 (Assume all capacitors have an infinite value).

i. Sketch the equivalent hybrid-n small signal circuit model for this circuit.

— ) G (4 Marks)
Ry = ook AraVas
—AN . o——————0 o) —o Vo
i Q\_
: , o—
— /, ps _._
Dowy G = -
Syoae
Rov:k

ii. Determine the input resistance, Ri,, output resistance, R, and voltage gain, A4, for the
amplifier (take into account vy & Ry).

Ria= 2M6 According o the S50 Roowk = Yo \\ \OK\\Lﬂ'\\ '*')(3 Marks)
ﬂggzk\\ ok ek = 164K

Overal Vo Vas Vo e N,
o e AV = - = "“‘"“5""" X \5 Yo \\ R \\R
:90\:0'3‘ Vs{j g VSS K zm-\-\oot Y\ \ 3 ! ) q

Ao P Ly am3ANR= 0 054 932)
e eV =-333 Yy
Ra & Row Q4 = R.RF \7V

Qk) NoTE . ONE wmay et Yo Comsidir & Calon\ade RouX e dor QL w\mc\\w
0 AN a(,&()*&blkw'ﬁ\“\ (RM\ =Y\ ok & 9.3 KREL

\oe,z‘om QL

ol
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iii. If v, is @ 0.2 V peak-to-peak sinusoid and assuming small-signal operation, what output
signal v, results if Rz and Ry are 100kQ and 47kQ, respectively?

%% =By o~ 2 Ay Ve = - RFBF KoY
C
— AR AV

(2 Marks)

W 1.334 8 190 Phase Skt

¢) A resistor is now place into the source branch of the circuit (after the MOSFET source terminal and
prior to the capacitor and current source).
i. Sketch the equivalent T-model equivalent circuit for this ¢jrcuit with a source resistor

't%— & 9\’*\ v 3 (4 Marks)

i Rug G 3 .
Vo
= 2
L LT © Ro| TR0
A Voswo yatkeon QA ’\__ = 1 + -

: Cirewst .
ac Q,g‘[;w NAV=N Lol L ‘S“o"\\ %WV&\-QJV\*
1‘n c w \’* 5 N Q,(A) KS ' 04" O\.WO\*\\"\‘W oL (C,bv:%—'

waing 1 " modt) Fer MoFET

ii. State what will happen to the output v, now that the source resistor is inserted. (Note, you do
EXTra EX P\om abn: not need to perform analysis, just state what will happen).

Lot comsidar the ovel vovtage Goin L4n s vadore & Q/HW (2 Marks)
MU"j Re n bedow o KN%\&Q*B vs) NovE:  Adding R ro

A e Sowyr e Staa e
with out™ Ry, GV _ —Re X g KRD\\R\_) p,oa;odm Y;o:: iw\\wo\/:ﬁoﬁb
N | R&-\—R&ﬁ " R 1R in e Qovimance RSVAW s 8
with Rt Oy —Rs X D & © *L»*L “he expenze o), veduld
Ro+4Rs 1y |« G Rs M\P "
ANS.: The overad voltage gan Gy ol 4he omOWor &) vedinted s wockn vedincad Qosn,
Vo would hare smaler magwi‘\%dl« for tha Same VS\‘g T o A .
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Q4: BJT
10V
100kQ 100Q
CC2=w
I ] vo
CCl=oo O
10Q Ve l |
| "
Vs
15kQ

Fig. 4.1

a) For the BJT amplifier circuit shown in Fig. 4.1:
i) Draw the DC equivalent circuit that can be used for calculating DC voltages and currents

For dc e—q,uui\/o.\&w\’ Civewil, o\ Cap Jnould be (3 Marks)
treated o open el rewst.

o \OV
100X 1y 2 oo
Y'Y 1 _Bo
Ve Vee ﬂ' 2
15K

ii) Assuming room temperature, determine values for Vg, V¢, Ig, and Ic (where Vg etc. have their usual

meaning):
k> Vp=25mV ¢ \/B E = 0.} Tj ?\‘c_a;j\. \/‘]qwo(;:Marks)
fOY a (‘VQ m

¥t Vo= Vag =0}V
0 Emiher s divect \J Covmerje_ok o Yhe arow\d-
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Qo\\%{ckey(:gj '\'\’\QUCY\;“ -Q%_v\i\m.\e,vdf Chy cua ‘?OY “l"\z 9. Ren istor ’b\b&ins
NetworWan:

R1h = 100K\ \5 kar 13K
Retn

Vs N = \SK x\ev = WV
» WBX
W_%M% WL af BRE st V= Oi\/
T o

~V1h 4+ R e +Vee =0

Ta-_YTh-Vse _ 13-0-% v héuh ‘f‘:"h‘/’—L@“H
Rt 13%

le=pTla= 50XUEMA= 2.3mA = 23m A

Ve = \0-ReTe=\0—2.3mAX\0o = 9TFV

4.b)
i) The BJT in figure 4.1 had an early voltage of 500V. Compute parameters rz, gm, and r,,
Ymz= :S_'_Q_. = 2.3w A _0.092 (A/V) (3 Marks)
NT 25wV
\Wa\ =500V re vpo WA\ | 5%V 019 39| y213KA en=_0092 ()
Te 2.3wmA =213 K
v nz
Vige 1. O™V 54350 = 543500
I LEMR

ii) Draw the small signal A. C. equivalent circuit based on parameters calculated above in 4 b)
(use the hybrid n model).
C Ao 0 (5 Marks)

10 QL 2 ®

\
iii) Find the in\put resistance R;
RL: RS\ \\ KBL \\ Wﬂ, :‘:QT\\ \\ Y{Z = (2 Marks)
s = 52+l
13 KN 5435 Cenn



\
Name: %O\Ld— \O Y\ Student #: Section:
ELEC-2507 Final Examination, April 29, 2005 Page 14 of 17

iv) Find the intermediate voltage gain, A,; = vi/vs.
(1 Mark)

Ay = Y R _ st Q.9%

-— —

Vs ReaRe 10503

A= ( 1‘98 %

/
R . R
(v) Find the intermediate voltage gain 4,, = v,/v; .

Avg= 2= Vo o (7o ll ReW\R)

(3 Marks)

Ue  Noe )
y; e ViU \S WAV gwven,
R = QL\\P\\ % R(’_: \eoL\ Comaiday tng e, RS
AN | Re o Re Semmd\‘l n ~the yange

Av = _3.092X000 = - 9-L(V ) Fes wa, S0 R
: k/\/ a4 Ni=Re\Re wRe

=92 )

(vi) Find the overall voltage gain, 4,=v,/v;. (1 Mark)
A Vo — Uo X Ve = AVL Xk\/\
U= Ve Ve Vs

AV=&.Q
Au: _9.1 x 0‘38:"9



\ . .
Name: %O \u"i’\@Y\ Student #: Section:

ELEC-2507 Final Examination, April 29, 2005 Page 15 of 17

5. Operational Amplifier

b 10ke
oy
sk b b
1 o—/ W -
2kO Va L o+
2 + Vg
——P—
e 1
Fig. 5.1

a) Assuming ideal operational amplifiers (op-amps.), analyze the circuit in Fig. 5.1 and find expressions
for the various branch currents and nodal voltages (as marked on the figure). Note: V7 and V; are the
inputs to the circuit.

) Va-V=v'oo = Va=0 Virtna\ grownd (6 Marks)
2) 1x=9
3> 1= —\—/)-;-\—/:= Vi Z—%) 1= Y..E:.i: Vo
5K Sk B\ 2K
6) TL\_ \/: D _ \/B
1o K 10 1§
l(C\ @ P‘ \ I\ -h.ll .._’\:3 —-—1@:0 /\/\V JU +Vl _ @__<~ \/B _
SK g 0K/~
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10kQ 10kQ
VWA VWA
5kQ |
2kQ VWA -
2 + VB 1kQ —° Vo
Vy +
Fig. 5.2

b) The circuit in a) is now used to make a larger circuit, see Fig. 5.2. The intention is for this circuit to
have the output response:

Vouw =2V1+ 5V, + 1073 (5.1)

Measurements show that this circuit does not give the desired response, stated in (5.1)

i. Analyze the circuit and state the correct response of the proposed circuit.

LET Analoyze <o ouF X (lant) shane Y,

(3 Marks)

Lol

K

VoJ:—<

Knouw CYS e,

ok
\ K

\/B:-'(Z\/\—Svl

Voud=-\0 (-2Vi_S % )= lovs
ZOV\ +5OVL —‘O VB

Vi, +\%V3> = -\oVg —\o\/5

ii. Provide a circuit design that will give the response of (5.1) using only the components shown in Fig.

* NoTE.L 5.2, plus an extra 10 kQ resistor. Note: you do not need to use all the components.
The wn ;*‘3 (INTN :v\Ve/L+\‘n3 e tol U{‘"ﬁ 8‘&;\(:) a oﬁ Marks)
Shage Can be alse denign v SK ¥\ nering
an LOX. -
VQ OWEFF;—«)VO‘J \/L ZK l—' Ve j\f>l'@ ok
- LI - Vouk =—Nc. @
Mmhow, poth sduttens ] Uy o =

Core. Tennwcally
01/&0 “hove owre
Poss bl sdudiom

t oo .-

V'c:-(L\}\--S\l&.\o\}:S @

A O Vouk™ = 2V 4 SV A0V
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¢) An op-amp. based inverting Miller integrator is measured at 1 kHz and found to have a voltage of
-50V/V.

i. Sketch the basic circuit for an op-amp. inverting Miller integrator.

(2 Marks)
R !
< 0 + Vlou-“l"_ \
. o , Y
1 ~ g - nher” %:JN:J"LTC%
ii. At what frequency is the gain reduced to -1V/V? \
‘ (3 Marks)
@ Rtk = Yo -_50 % _50=-| ——

\ o f\lQ \ W= LT
) e — 0
" 2ok (RQ) ZRise = oM e

Now @? ?,..»>\/e z_\,\‘b__\:_\____\__h\vz"(&? RC=\

\ UL\ J?'K?'LQQ
- — ; ¢)
%_ TTRC = 70 SOK WL

iii. Sketch the response of the ma ude of the gain (in dB) with respect to angular frequency (radians

er second). ' o
Q.OM‘ES\_\_(/P—)\.:ZO \Oj\ ml \ \\ —-10\3\“1\5 \ (2 Marks)

ZKJ?

Sok

W \v}/)

Lok T — 1
‘?,QB\L 720’“1” ?3“\9} “e o ——%

T;( ; y 5tx 5‘0&)(
2 1 s 5°x ‘50°X o0

A W N WO \o 2‘1 zn ZR

END





