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SECTION B

Q4  (a

Fig Q4a

Figure Q4a shows a multiplier in the feedback path of an operational
amplifier. Derive an expression for the output voltage, Vout, in terms of
the inputs V1, V2 and V3. State any constraints on input voltages for your

expression.
[8 marks]

(b) Figure Q4b shows an implicit rms detector based on the logarithmic
relationship between collector current and base-emitter voltage drop.

LT

Figure Q4b

Derive an expression for the output voltage, Vout, in terms of the input voltage,
Vin.
[11 marks]

NB You may use the following equation without proof
Vi = V¢ (IN1, - In1,) where the symbols have their usual meaning and you

may assume that the transistors are identical.

(c) Explain why and how frequency compensation would normally be applied
to the circuit in Fig Q4b. Explain which signal conditions would cause the
greatest problem to such a circuit.

[6 marks]
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Figure 65a(i) Figurje Q5a(ii)

Figures Q5a(i) and (ii) show two circuits for producing a regulated 5 V
supply for the load, RL, from an unregulated 25 V supply, V1. Briefly
outline the principle of operation of each circuit. Hence, compare and
contrast the performance of these designs in this particular application.

[8 marks]

A high-pass filter is required that meets the following specification:

The pass band starts at 1000 Hz.

The maximum variation in the passband is 1 dB

The filter must provide at least 40 dB attenuation, relative to the
maximum level in the passband, for frequencies below 100 Hz.

0] Determine the corresponding low-pass prototype specification
and the transfer function of the desired low-pass prototype filter
with the lowest order.

[12 marks]

(i) Transform the low-pass prototype to give the transfer function of
the required high-pass filter.
[5 marks]

W,
S

NB You may use the transformation s ¢= where the symbols have

their usual meaning.
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Q6 (a) Define the terms Class A, Class B, Class AB and Class D as used in
connection with power amplifiers and identify their principal
characteristics.
[8 marks]

(b)

Figure Q6b

Figure Q6b shows the output stage of an amplifier that is driving a 4 W
load, R1. The biasing detail is shown, though the signal from the previous
stage is represented by the voltage source Vin. The ammeter shown
senses the current in one leg of the mirror circuit, which can be assumed
to be ideal. The supplies V1 and V2 are both 15V.

0] Calculate the voltage at the bases of Q1 and Q2.
(6 marks)

(i) If the quiescent output voltage, Vout, is found to be 37.25 mV,
calculate the quiescent collector current in Q1 and Q2.
(6 marks)

(i)  Calculate the maximum amplitude of Vout for which the amplifier

operates in Class A.
(5 marks)

Simplified Ebers-Moll Equation: =g expr
a

Thermal voltage: V1 =26 mV at room temperature
Transistor data: PNP devices Is=650x10™% A
NPN devices 1s=3.59x10*A
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Filter Design Equations

Butterworth design Chebyshev design

WC
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|og[(10amin/10 _ 1) /(1Oa mac/10 _ 1)] \ Cosh-l[(loa min/10 _ 1)/ (1oamax/10 _ 1)]]j2
n
2log(w,/w,) cosh™*(w,/w,)
- (1oamax/10 _ 1)- 1/2n e= [10amax/10 _ 1]1/2

cosh™* x =log {x++/x*- 1}

Factorsof Normalised Butterworth Polynomials

Butterworth Polynomial
s+1
&+ 1.41421356s + 1
(s+1)(f+s+1)
(£ + 0.76536686s + 1)(S + 1.84775907s + 1)
(s+ 1)(¥ + 0.61803399s + 1)(S + 1.61803399s + 1)
(8 +0.51763809s + 1)( + 1.41421356s + 1)(s* + 1.93185165s + 1)
(s+ 1)($ + 0.44504187s + 1)(S + 1.24697960s + 1)(s? + 1.80193774s + 1)
(S + 0.39018064s + )(& + 1.11114047s + 1)( + 1.66293922s + |)(&* + 1.96157056s + 1)
(s+ 1)(S + 0.34729636s + 1)(S + s+ 1)(S + 1.53208889s + |)(s* + 1.87938524s + 1)
(€ + 0.31286893s + 1)(S + 0.90798100s + 1)(S> + 1.41421356s + 1)(& + 1.78201305s + 1)(s + 1.97537668s + 1)

Factors of Normalised Chebyshev Polynomial p(s)

0.1dB Ripple (e=0.15262042)
s + 6.55220322

&2 + 2.37235625s + 3.31403708

(s + 0.96940571)(s? + 0.96940571s + 1.68974743)

(2 + 0.52831273s + 1.33003158) (S + 1.27545977s + 0.62292460)

(s + 0.53891432)(s? + 0.33306737s + 1.19493715)(s? + 0.87198169s + 0.63592015)

( + 0.22938674s + 1.12938678) (S + 0.62669622s + 0.69637408) (s> + 0.85608296s + 0.26336138)

(s + 37677788)(2 + 0.16768193s + 1.093244600) (s> + 0.46983433s + 0.75322204)(s? + 0.67893028s + 0.33021667)
( + 0.12796025s + 1.06949182) (s> + 0.36439996s + 0.79889377)(s2 + 0.54536308s + 0.41621034)

(2 + 0.64329961s + 0.14561229)

(s+0.29046118)(s? + 0.10087611s + 1.05421401)(s? + 0.29046118s + 0.83436770)(s2 + 0.44501235s + 0.49754361)
( + 0.54588846s + 0.20134548)

(2 + 0.08157734s + 1.04351344) (s + 0.23674667s + 0.86187780)(s? + 0.36874158s + 0.56798518)

( + 0.46464150s + 0.27409255)(s? + 0.51505907s + 0.09245692)

0.5dB Ripple (e=0.34931140)
s+ 2.86277516

& + 1.42562251s + 151620263

(s + 0.62645649)( + 0.62645649s + 1.14244773)

(2 + 0.35070614s + 1.06351864)(s2 + 0.84667952s + 0.35641186)

(s + 0.36231962) (< + 0.22392584s + 1.03578401)( + 0.58624547s + 0.47676701)

(2 + 0.15530015s + 1.02302281)(s? + 0.42428790s + 0.59001011)(s? + 0.57958805s + 0.15699741)

(s + 0.25617001)(? + 0.11400638s + 1.01610751)(s? + 0.31943878 + 0.67688354)(s2 + 0.46160241s + 0.25387817)
(% + 0.08724015s + 1.01193187)( + 0.24843894s + 0.74133382)(< + 0.37181515s + 0.35865039)

(% + 0.438587s + 0.08805234)

(s + 0.19840529)(s2 + 0.06890543s + 1.00921097)(s2 + 0.19840529s + 0.78936466)(2 + 0.30397454s + 0.45254057)
(2 + 0.37287997s + 0.15634244)

(2 + 0.05579882s + 1.00733544)(s2 + 0.16193449s + 0.82569981)(s2 + 0.25221888s + 0.53180718)
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(L + 0.31781452s + 0.23791455)( + 0.35229989s + 0.05627892)
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1.0dB Ripple (6=0.50884714)
s+ 1.96522673

& + 1.09773433s + 1.10251033

(s + 0.49417060) (S + 0.49417060s + 0.99420459)

(% + 0.27907199s + 0.98650488) (2 + 0.67373939s + 0.27939809)

(s + 0.28949334)(< + 0.17891672s + 0.98831489)(s? + 0.46841007s + 0.4292970)

(s% + 0.12436205s + 0.99073230)( + 0.33976343s + 0.55771960) (< + 0.46412548s + 0.12470689)

(s + 0.20541430) (S + 0.09141796s + 0.99267947)(S + 0.25614744s + 0.65345550)(2 + 0.37014377s + 0.23045013)
(% + 0.07001647s + 0.99414074) (2 + 0.19939003s + 0.72354268) (2 + 0.298408265 + 0.34085925)

( + 0.35199655s + 0.07026120)

(s + 0.15933047) (< + 0.05533489s + 0.99523251)(s + 0.15933047s + 0.77538620)(s? + 0.24410845s + 0.43856211)
(2 + 0.29944334s + 0.14236398)

(% + 0.682890s + 0.99605837)(s + 0.13009854s + 0.81442274)(s? + 0.20263323s + 0.52053011)

( + 0.25533277s + 0.22663749)(s2 + 0.28303855s + 0.04500185)

1.5dB Ripple (6=0.64229086)
s+ 1.55692704

& +0.92217745s + 0.92520563

(s+ 0.42011237)(s? + 0.42011237s + 0.92649440)

( + 0.23826140s + 0.95046327)(s2 + 0.57521390s + 0.24335649)

(s + 0.24765030)( + 0.15305630s + 0.96583917)(s? + 0.40070660s + 0.40682217)

(2 + 0.10650224s + 0.97534434) (S + 0.29096953s + 0.54233163)(S + 0.39747177s + 0.10931893)

(s + 0.17602970)(? + 0.07834059s + 0.98147089)(s? + 0.21950545 + 0.64224692)(s? + 0.31719456s + 0.21924156)
(% + 0.06002613s + 0.98560709)(s2 + 0.17093995s + 0.71500904) (< + 0.25582972s + 0.33232561)

(% + 0.30177173s + 0.06172756)

(s + 0.13663622) (S + 0.04745326s + 0.98851577)(S + 0.13663622s + 0.76866946)(s> + 0.20933884s + 0.43184537)
(2 + 0.25679210s + 0.13564724)

( + 0.03845173s + 0.99063278) (s + 0.11159127s + 0.80899715)(s? + 0.17380748s + 0.51510452)

(% + 0.21901021s + 0.22121189)( + 0.24277468s + 0.03957626)

2.0dB Ripple (e=0.76478310)
s+ 1.30756027

<2 + 0.80381643s + 0.82306043

(s + 0.36891079)(s? + 0.36891079s + 0.88609517)

(2 + 0.20977450s + 0.92867521)(s? + 0.50644045s + 0.22156843)

(s+ 0.21830832)(s? + 0.13492196s + 0.95216702)(s? + 0.35323028s + 0.39315003)

(2 + 0.09394643s + 0.96595153) (s + 0.25666642s + 0.53293883) (s + 0.35061285s + 0.09992612)

(s + 0.15533980)(s? + 0.06913271s + 0.97461489)(s? + 0.19370556s + 0.63539092)(s2 + 0.27991264s + 0.21238555)
(2 + 0.05298476s + 0.98038017)(s? + 0.15088783s + 0.70978212)(s? + 0.22581959s + 0.32709869)

( + 0.26637237s + 0.05650064)

(s + 0.12062980)(s? + 0.04189429s + 0.98439786)(s? + 0.12062980s + 0.76455155)(s2 + 0.18481557s + 0.42772746)
(2 + 0.22670986s + 0.13152923)

(2 + 0.03395162s + 0.98730422)(s? + 0.09853145s + 0.80566858) (s + 0.15346633s + 0.51177596)

(% + 0.19337886s + 0.21788333)(s + 0.21436212s + 0.03624770)

3.0dB Ripple (e=0.99762835)
s+ 1.00237729

& + 0.64489965s + 0.70794778

(s + 0.29862021)(< + 0.298620221s + 0.83917403)

(% + 0.17034080s + 0.90308678) (< + 0.41123906s + 0.19598000)

(s+ 0.17753027)($ + 0.10971974s + 0.9302549)(? + 0.28725001s + 0.37700850)

(2 + 0.07645903s + 0.95483021) (2 + 0.20888994s + 0.52181750)(s2 + 0.28534897s + 0.08880480)

(s + 0.12648537)(S + 0.05629129s + 0.96648298) (s + 0.15772468s + 0.62725902)(s + 0.22791876s + 0.20425365)
(% + 0.04315631s + 0.97417345) (< + 0.12289879s + 0.70357540) (< + 0.18393103s + 0.32089197)

(2 + 0.21696145s + 0.05029392)

(s + 0.09827457)( + 0.03413040s + 0.97950420)(s? + 0.09827457 + 0.75965789)(s + 0.15056538s + 0.42283380)
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(2 + 0.18469578s + 0.12663567)
10 (2 + 0.02766392s + 0.98334638)(s2 + 0.08028383s + 0.80171075)(s? + 0.12504500s + 0.50781813)
(% + 0.15756589s + 0.21392550) (< + 0.17466314s + 0.03228987)
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