Finol Winteyr 2005

/\/‘W_v—v—-v—

Name: qbo & LA t )‘0 N Student #: Section:

Question | Max Score
Marks
CARLETON UNIVERSITY 1 10
2 20
FINAL
EXAMINATION 3 25
April 29, 2005 s 25
Duration: 3 hours
Department name and course number: Electronics ELEC-2507 (A,B,C) - S 20
Course Instructor(s): R. Mason, A. Steele Number of students: 220 Total | 100

AUTHORIZED MEMORANDA:

NON-PROGRAMMABLE CALCULATOR
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report any discrepancies immediately to a proctor. This question paper has 17 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 = 100).

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!

Diode:
Forward current: [ =~ [, (eVD’"VT) Operational Amplifier:
nv, V =AWV, -V ). R =o. R =0
Small signal resistance: 7, = — 0 ¥, =V & 0
I, MOSFET:
kT W Vv
Vi, =—=25mV at room temperature I, =k'— (V‘S — V)V[S -
q A L GS ! h) 2 v
Bipolar Transistor: )
Active mode operation: Vgg= 0.7V IpS sat = k'Z (Vas =) (1+ AVps)’
. . ysat DS
Saturation mode operation: Vcgsa= 0.2V L

io=0i, I .=d, i.=i;+i. k' = uC, K= k’%
](' ﬁ B VA ax
Em :[—/7 }"” = g—m T _—](—‘ I/m‘_sm = VGS - V/ gmb = /ng
w
v :—g———— ' a’:--é—- g, :k,—(Vm_-V:): zk'_]/)s
g B+ B+1 L
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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+ha Rake QX &;m‘)\;CA\""S,
¢) Both LEDI and LED2 are illuminated when V; is 5V . . EDs Or
,/d) LED?2 is illuminated when Vj is 5V m This Onswey LEDs e
e va)
*1) On\y Ror VN0 (posivive v«\\w; o} +he npud™ Vo ltoge) rested asFha Same oy
v with yon- ideal divden
dioder in eXhney bYav\Q\\u Con oo 1o A an Sy -
\'\ FOVU&JM&L bian, —Z o Howwer, One Lnem\h nSte
(S0, (0) ¢ (o) Can ner betriw) o) s by et o yackial
NS S (on, The
#2) As soonon LEDZ Turns on i+ Reps AU O ¥ on, ") oy
LED! LED2 Gy nCalion baned on

Vap =03V, This praents LED) R
e
Cin setes ¥ DY) ¥o be \WNuminaked. Fig 1.1

tho M CXian Moy st

e alwans veudeed tn an
Practiea\l @ Xa e,
ii) Which one of the following statements best describes a forward biased silicon diode? Q *

—_— Yovr
N T (e
a) The current through the diode is exponentially related to the diode voltage NOTE" Y
@ b) The voltage across the diode is 0 volts .15 e an

¢) 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?
Tc /IB- \00 Xil‘AA \00//‘{‘\
a) [c=100uA, Vce=0.01V, the devices is operating in active mode \J
@ b) Ic=10uA, V=1V, the devices is operating in saturation mode A *.5 ') ca\ Valse ¥av' VgE

¢) 1c=1000uA, Vcr=0.01V, the devices is operating in saturation mode {n * ackiva wmodke OP&CKion”
d) 1c=100uA, V=1V, the devices is operating in active mode (.s VBE Y Qm\mc\\ u:> dede +o

gpgl dE hzm
iv) Which of the following best describes how we can increase the small signal voltage gain of a

BJT common emitter amplifier? Con s\a\a{\nj 'U\ o 3- R({ ‘ﬁcr
/f;){lcrease the power supply voltage Re \nereaded pum- \ Av| LnCreanes = C /
(} b) decrease the transistor output resistance  ( provide Te 1o K apt Conxtoik ) o

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

9(/ Also ,{ *LL Power Sw ’J I/oHﬁc nCreones ¢t Caroen, Yo 1c Y“ﬂmeeVa—L
(%4 7

O(.'. Siree A, LQ 5 ony increape in Le wow
4 Cony,%v\w'% r‘" inCreasss 1 l‘L Av.
v4

er s«poly

Id YLSVHSj\m "fo‘ I'nlreao—

\Avm

P T 3l
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T39\‘ca.‘\ Valu e ;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 foZzV ~2 4 l1okTg +Vge A \. D=0, Whee Vge = 0.7
¢) OV Ta . 2-1.5 -0}  —-0.2 <O+
dy 1.7V 10 K = ok

x Naf)ojcw' Volne_ Rav e Rrowm Moove caledokion ‘

meons Ahdd BTV n Ahn Grewd Conm WOV be L e )

. _— i WVL VY _—

ON Wi 0FF 2> Vo0 ‘¢, Vez=\ovo \k@X ¢ ©
Wond Wawingj Sinta o 2Volts =\oV- \RAX Q ——= =
Rouvte & NG¥ Snough 4o provide | = \OV o o 1 SVelts Babiery. Fig. 1.2

Ve = O FVoWs ) when Ve » divecdt Cor\r\edad A o, T 0% =y~ V= \oV

vi) Which of the following is NOT a characteristic of an ideal operational amplifier?
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 circuit in figure 1.3?
a) unity gain amplifier B '

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

VvV

i 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 [ and
II known as?

a) I-triode ll-active F\DY ackice Qe shan:

b) I-cut-off Il-saturation
¢) I-triode Il-saturation

d) I-cut-off [-triode Avnswey e Qimdoy C{VU\U\‘\'(QY\ Tor
BIY .
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ix) Examine the circuit in Fig. 1.5. Which statement below is correct?
a) Vps=Vpp+Rplp
b) Vps=Vss
¢) Vos=Vas +Ralp
d) Vps="Vop

Win¥ s To=c Qa\waig)

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
. LWithR =5kQ . T N N . 4 w20 ?GQ'Q ol
Tn Yus Qw ‘on AX 1D ORI tholh, R AoV wn UKy Wt NaleT 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 vortage goin | N0 \oad )
a) Aypo=10,A4r=11.7and R,=5kQ \ E\Em\l \0 v/v

@ b) Aro=8.6,4y=10and R,= 1.3 kQ \Rvo\ = Wosl |

¢) Aro=10,4y=75and R, = 1.7kQ _ \ U[\n\ BV ‘
d) Ayo=10,4,=8.6and R,=0.8 kQ (&) 1 VD\'\%L %&.\l\'\ whn eve A A load

& Ry = S Covmeded 4 Yae <D°~15(*P‘:k'\A \ \Vou‘k\ .
N\ = =

g L
N aX : ( \V \\’\\ q—m. N =}
5) To de Cida Hhe audee Yeristente, Ro, | e s 00 ogiualed “ﬁiﬁé}

The ampl[%\\oﬁ/ ou\:h)vd‘ ook be Consid e an Shown bdow

N

‘ Vo= R0V
__,&,? \/Co @ Uin = N VO(NoLoML) - YomV %5})\8’“:6%56
U 1.7 (o) with Losd 4 Uin =RV 2o Vo(ioad )™ Y
Vg L Ru V. = 456 __‘5’?/09
| L oleud ) = 6856m = L\ = e
Vin = ¥mV - . ¥ Y
Am?\CQQWB\a_cK BoXk @ \IRO ’VSQ"VOLLOML') = gDW\\l- ég,gé: \\.ZJ«[‘hﬂ

RO: _}I&f__ :Mﬂ = gBB—CL/
Ty SAAN ok
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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) If VA=-3VVg=0.7V, Vc =5V and Vp = 3V, what will be the output at Vx and the
current I?  If voltage Va, Vg, Ve 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
gz 5 Vg =03V
sz 5,0:}\/: L‘fB\/ )

= ‘r\(m:m& Vy o 4.3\[) - N
ap\b\id > T cothoden C%\:S -
KJ all other Thre diodon (A) B)D)

Fig, 2.1
Neps them in RackWord b, g& ensuren tam OFF -

o, To YE_ o LBV L amh
R ke

V= _ 4.V

I = _4.3mA
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 he dilodes ay
i) Find the DC value of Vi with no load resistor (Ry). Oy e (4 Marks)
RPN Rvl: ~12 4 IR I~ +2V5 I.z -\-2\/-2056

I Tr 12-Wae  _12-2(396) _ 3.92m A>I°c\<* -

SR
\W’T}}vﬁz Vo 13- IK+ 212 [ 42 (20)

T V%o —
—° Vo= 12 -\K(3.92wh)-= 3.08V mey
* Note, having 135 Tew The amumption b dodn are ON s veutied)

if) Find the change in Vg if the 12V power supply were to vary by £1V. QA
Fov above Grewt the* Line R g ulakton” Cun be aJﬂQ‘T

(2 Marks)

an. Bve - 2}/3\ = v DVo = ,_?:._(_?:S.)m-— A\/S
AV@: __L_(‘_L AVS = 0.03%5 B\/S AVo= t0.038% DVs
lo 40
iii) For the nominal 12V supply, what is Vo if a 10kQ load resistor, Ry, is added?,
Assuming st Dy £ D owe ON. As an aPPfOFYo‘o«*e\_\ approXim wHed (3 Marks)

Soluion,  amuee  thad” Co(m(,d’{vg Ry does WNOT J@w‘ Vo e vake OL\(’.»\,\CKS’“Q-Q}\

\ [ [-] 0'*& N
'n (C) ohoe. DTa=Yugy ,%M_ L Velweled) S0 4,808 m A
L lo 13 A o
1 ' Awurnpt
1z (with \oad) o I’E(No oad ) —DTx = 3.92mA _6.%0%¥m = 3.”2—*”\@\>Ek/f’l“ B%aﬂ'\
Volw. Lead) =2Vao snvy To(wd) = 2X3.96 +2(20) 3N2mp) y _ & veul ol |
SO =3.044V T, aR0ke  \0.Boutn) BousV
The mast accurade Solibion wning mesh amalyss reswlts in: LL80B0 0 0y Quite Clege o owr
iv) For the nominal 12V supply, compute the minimum value of R so that the output is maintained ata answex”
relatively constant output. ’ edl hwe.
§ o anum (3 Marks)

For 'd\L v, Valure aj* RL L\dor{f@t) 'H\( '-Zerwr‘ . 4
T be @ edge af e bresk down redion wich i ; Vo min
ity AR

Va
'G% ___IEK
=T

Vo= Wao +2¥a Top= 2 X394 + 0% 0-Sma =7 922/

-— e S, _‘s
-L\K U —— ;% & (SJE b\ MA R L vy \ _a. 6}8 \mA

Ve
W - Vorin _ F.92Z 99k Rimin= i?_V:LCL/
™o = 3‘ S_? gm

{t

-—
—L Q\,w{h
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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.
0 | 0
. | ;
tuF S
Vi 1k v,

Fig. 2.3

10mS 20mS 30mS t

Sketch the resulting waveform at Vo assuming the initial value of Vo is 0V. Make sure to include

scales on the voltage and time axis (4 Marks)
No, o Lo
SO U O SO SO Ao SN SO SO SO S
[ =LY Lo T LI O WO N I
OV i T ) : ' I ! : T
R e SSet IV ENEY | EPE R A Rt SR S
; \ e B e e S
e w_p
- D Lo e
bl QM A5 20 25 T
SR S U T N N RN VU SO S S
S S ﬂ ..... R S N S S S T,




(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 Le=0 = Ve=0V
1 D= 1g =0 o B

10k VD:\OV-\ona.émA —lov-6V =4V

y.  Psume MOSFET operwdwy in Safwndion
To-o Y ek

— Accotoh‘ngls & 1 expeched thedk
Vgs-ve £ Vps Qv eg(k:va\\eamﬁ
2MQ 0.6mA
' Ve - Ve LV ()

10V While wehave @-1.5V {LV = So the

above amumpion s Tywe |

Fig. 3.1

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

Sat. = To= L K !/f (Ves - )~ 0bmp = ’\Z X\20m X\o (Vc>—VJc)

2 . ; 0.
(VG)-\/{; ) = \ ?,W\ = \ o~y VG)_- IuSV = t ' =y VGS'-‘— SV
120m X\0 2.5V
Letus see which or\mail the caleteded Vos above ean &A—b@j tha Sterting
am uw»\B‘\’\‘or\ a—°~ Sckurakisn bb e \U.\r\j Q&h Q* ) @»’bo\‘/c .

) V6s=0.5 ~v Ve -Ugz0.5- 152 11 Lo

(5 Marks)

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

~ means Tr s OFF (4 0Nt sak.
Vo Ves 2S5V & )
EXNva NotTE:

A gain & » .epsi’J seen tha, Vos —U+ =L S1S= W ‘<\/DS=/+V /

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

Vos _ 2.5V Ve Q Vs — 2.5 Vb L\




2 \
Name: S0 \ Uj\ on Student #: Section:
ELEC-2507 Final Examination, April 29, 2005 Page 9 of 17

ii. Calculate g,, & ro given V; = 80V. 6 ) \/2
1 \oX 0.Om (2 Marks)
N \/E\«’E’E los :(2)«\20,«?\ X

S L2 AN vam 1y

!

oo WAl R0 a3

o 0.6 m

R Y ml;/{/ o A3 .33 KL

ili. 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.

VoD (3 Marks)

N M~ 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%

| o
Rsig=100kQ ”R 47kO Vo
I | L=
YW |8
Vsig <_> 2MQ % :J: i
jpunane pp— + ——
- - 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.
B i G’ (4 Marks)
Ry = look ANay D)
—AN - Q——0 + o o —o Vo
' Q v
Vsiy }, 20 ‘s &( %Wa \OKIA{-}K
\ - G— %
—_— /'/ = —:L—
Soww @ = -
Syoae

ii. Determine the input resistance, Ri,, output resistance, Rou and voltage gain, 4, for the Ro vk
amplifier (take into account ro & Ry).

Rin = 2 M6 y, A%rdins Yo the HQ RowK = Yo \\ \OK\\L{}\E’)%) @3 Mgrks)
overa Vo  Vas  y e Gz o33k ok ek = F. 64K

a3 T ey T Vey () w - g% 7ol R WRL)
o 2 —_— = Yy s
Aup BVe o 2y _lam ) A0 = 0.95%932)
2.\

= -3V
Ri"m RoutM<Q Ay J;g:} \5/\/ ‘/(/
Yo Cowsidr & Colon\ade RoX \DQLOY‘ WL , which A

X% Note ONE m'ﬁ wiawt
&) W AN a(,CL()“mchQwu"f\\M\ (RM\ zﬂ\\ \o\«\w‘).gkﬂ

vedore RL

o\
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iii. If vy 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?

%% “Av o~ 2 Ay Ve = - RFBF KoY
C
—_\.YARavV

(2 Marks)

W 1.734 8 190 Phase Skt

c) 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)
Rty G 3 .

\\
é‘M'E‘ Rs { = \/SBG’\\)

A VcBVxO,\/: }d‘:o n ol
: Civowst ot

ac Q,g‘[;w NAV=N Lo &\\‘S“o"\\ %WV&\-QJV\*

1‘n szl \’* 5 ‘(\Q,(A) KS ' 04" O\.WO\*\\"\‘W Q;r(;w?&'

waing 1 " modt) Fer MosFET

ii. State what will happen to the output v, now that the source resistor is inserted. (Note, you do
EXTra EX P\om adbni 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

Oernes™ SOWY o g%aﬁm

with ouX R%" GV - —Re x gmkkb\\k\_] PYOVCAU) go-mimgsvm/mo{k)

RC*‘\’R%L‘ .
wtn Rst g, —Rs S (ROWRL) - rerdermee BUEAE
RC‘—FRS\B \_¥ QMRS 80;“
ANS.: The overad voltage gadn (y ol 4o om W &) yednted s wockn vedimncadh Aasn,
Vo would hae smaler mageitwde §or Hha Seme Vsig &t ia DX e
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100kQ2 10002
CC2=
TR
CCl=w
1082 ve ' |
| ’ VB
=50

Vs
15kQ

Fig. 4.1

Q4: BJT

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 AcC aq’wiva.\e.vr\’ Civewi¥, O\ Cap Should e (3 Marks)
Yreaded o open el rewst.

5 \OV
100K Iy 2 voor

ig 1 _ 5o
Ve Vee /')"5
15K

ii) Assuming room temperature, determine values for Vg, Ve, Ig, and I (where Vg etc. have their usual
meaning):

k>‘ \/T»:ZSYA\/ ¢ \/BE sO-?’ Tj ?\"(‘_CL\ Valae/) (7 Marks)
for ackve mad.
Yo VB = \/ﬁ)E = 0”}\/ d
0 Emiher s divect \J CD““Q—dU’k o he Jrer
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Qon%\‘cken‘vj Theventn equivelent Civ cuid Por the  9- Repistor blading

Ngworkan: R 1\ ek \G ke 13KEL
Ran \SK oy = 13V ve= 9. FFV

/ \J N —_— X
W‘—S\-:M% >\ WLt RE e vie 0 1V

—V1w 4 R te +Vee =0

WL
To-Vth-Vee | 13-0% 4 4euf -2 L6 MR
Rt 13K
1C—-=FI.(S= 5C)X(_(6/AA': 203MA lC: A/M Z\SMA
Ve = \0-ReTe=\0—2.3mAX\o = §TFV
4.b)
i) The BJT in figure 4.1 had an early voltage of 500V. Compute parameters ry, gm, and r,,
Ne 2& . TIMA 0,092 (%) (3 Marks)
NT L 5wmV
\Wa =500V e 5. WAL o B9V 913 39 21 3RA ar 0092 (A7)
I—C, 2~3\'\A o= EZ"!ECL
Vor - Vr _ LoSmV -543.5 <L = 543500
Te  46mh

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

’ Amloo 0 (5 Marks)
10 L 5 e _ ¢ o
Ye
Voe o
Vs Re T i Z - § } Re L
E
- =3 ' =
(RT\\
\ \
iii) Find the input resistance R;
R = R%\ \\ Re \\ Wﬂ, =QT‘(\ \\ wil = (2 Marks)

s = 520.FLL
13K 5435 e 5203
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iv) Find the intermediate voltage gain, A,; = vi/vs.
(1 Mark)

Ay = Ve R _sud =0.9%

-

Vs ReaRe 104525

A= ( I‘Qéi %

/
o . . LT
(v) Find the intermediate voltage gain Ay, = v/v; .

AV2: EQ—-: = ‘%V‘K(‘ \\ (P\Q\\?\L)

(3 Marks)

Ue (Ubb )
/ mce R \S NoU given,
R —RL\\R\ N Q)\q_‘: \eoL\L Comsidey tney had , RS
0\ Yo, W Re o Re Se;nlz/\.ak\‘) W “Pha yange

Av, = ~0.092 X \00 = - 9.1 Ras Y&, S0 RUVRe
. k/\/ g Ri=R\R_ wRe

=9 )

(vi) Find the overall voltage gain, A4,=vy/vs. (1 Mark)

V — UO \/ :A’V X%\\/\
A'U: \Z - Ue X -

Ay = _9.1 XG‘W:'
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5. Operational Amplifier

la . 10ke
VWA
sk 1| la,
1 o—/ MW -
2kQ Va SN
V2 -+ VB
—P—
£ -
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: V; and V; are the

Virtual Qrouwn d (6 Marks)

inputs to the circuit.

2) T2=@
D TNV Ve gy T eV Y,
5K SR B\ 2K
5) T,-V—Ve Vg
1o 1K 10 14
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10kQ 10kQ
VWA VWA
5kQ
1 o—/WW
2kQ
2 0_\/\/\/\_ O V

out

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:
Vou=2V1+ 5V, + 1013 (3.

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 ovdipX (Lant) stape T, (3 Marks)
. Lok _ \O\( \OK _
\/[3 i‘ Kj:f_— Voud Voul = —< RN \/P) VW \/3) - _\O\/B—\O\j3
V3 LN —+ KY\OMCYS "c\'\d’/ \/B:"?,\/\—SVQ
= Vour=-\0 -0_s v )= lovs

= 20V, +D0V, -10V3

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.
e‘ﬁ ' ) OuY\ (4 Marks)
TM i Q}MY\ NI “3 10 K m'\} 9
b
&’va.jv_ can oo also dszmgn S K v mfer-a—mg
v ! \

an LOXC .
2
VQ Omtﬂ‘gl“‘)\/oﬁ \/L K r %

- Vpuk = VC_ @
A%WW} bo’\’h %o\usl_\OY)S (/) [J)]

Cure e \ C"( Ve = -\ =Nz \oUy Q

01/&0 “thave Otm
PosAble sdudkeom ‘C\( @ g Vouk =2V 4= SV, AAOVUx

+t oo .
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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)
_(;——%\——[— o M_ \
Vel Vorlt) Y <RC ’
1 ~ g - nher” %:JN:J"LTC%
ii. At what frequency is the gain reduced to -1V/V?
@ R\ #V—O:—Soev—m_—.—\—‘\—\ o ks
_\ - RQ= '\ \@w:um\\«
N TSI (RQ) T aRise — oM e
oW\ ' :
C ? ? -'>\/3 = —\ m»—\z_\m.l\? QQ\=V QR%QQ=\
R .
%: \ L\ DOKwL J

2R T 2rX

iii. Sketch the response of the mag:qlude of the gain (in dB) with respect to angular frequency (radians
per second).

=\ \ x\o
d%g 20 LD:S\V° \.,..Zo \03\ ZKJ? RC\\ :.10\03\ 2;? \ (2 Marks)

= 20 L"j \TC\ ao/ojx 50 \\e* k AdB —w/j‘z

et lob
Cheding For o Povcts 8ot - A/Gé é%dwfj

) f 50Kav-20}oj\5°‘“\ 20@3\:55&5 5
) T=5K ,Vblojléo)\\%\;%(% kot _
204 -

W \v%)

3 R
=0 X = So kv } Lo
) 0 (D\L =2 ?«Olbﬂ § SY\OD T , , ey
o T 1 s 5ox 5oox 6tx Eou
LSRN \o on il 2n
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