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SOLUTIONS

Solution for question 1

(a)
D

(i)

Vi, connects to the GND.

The source of the noise voltage, connects to the inverting node of the
amplifier therefore:

(Vo—Ve) /Ry =V /Ry

Vo—-Ve=V:.Ry/ Ry

Vo= Ve + Ve Rz/ R1

V():Ve( 1 +R2/R1)

The noise voltage source connects to the non-inverting node of the
amplifier. As the inverting input of the amplifier will be at the same

potential as the non-inverting node of the amplifier then the same
equation will be derived as in case (i).

(b) Assume that the bias current iy, flows through the resistor R and the bias

current ip; flows through the resistor R;. The output voltage Vj is defined as:

V() = V+ - V_
V.=R iy
V.= R Ry /(R; +Ry) iy (parallel resistors in feedback)

Vo=Rin - Ri Ry / (R1 + Ry) i

The output Vo will be zero if:

Ripz =R Ry / (Ry +Rp) iy

The bias current for a non-inverting and an inverting nodes are equal then:
ib2 = Ip1

R =R1 Rz/(R1+R2)
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(i) Open loop gain for a two-stage amplifier is defined as:

(i1)

A(®) = Ao/ [(1+jay o)(1 +j ayanp)]
If jo=s then

A(s) = Ao/ [(1 + s/ay)(1 + sap)]
A(s) = Ag o 00 / [(@y + s)( + 5)]

As
A = A()/(1 + PA(s))
Then

A(D) = Ag anay/ [(o + 8)(a + )]/ {(1 + PAg oyay/ [(wy +s) (@ +9)] }
A(f) = Ag oy e/ [(00 + s)(o; +8)] /
{[[(wy + 8)(ax + 8)] + PAc oyl [(ay +s)(on +5)] }
A(D) = Ao 0y 0/ [(1 + 5)( +5) + B Ao 10]
Af) = Ag wyay/ [ 8% + s(wr+0x) + wyay + BAg 0]
A(f) = Ao anay/ { oy [s @10y + s(or+ay) / ayay + 1+ BAg]}
A(f) = Ao/ [s* @y + s(an+0) / @10 + 1 + BA]
A(1f>]}= Aol { (1+ BAO s/ ey, (1+ BAQ] + s(an+0p) /[ oy, (1+ PAo)]
+
A() = Ao/ [ $H[ onaxy, (1+ BAQ)] +s (Wi+wy) /[ @yan(1+ BAg)] + 1]

If
o, = [0, (1+ BAY]?

A(f) = Ao/ [ s% an® +s (an+ap)/ on? + 1]

If

K= (o+my) /2 oy,

AN =Ag/ [ ¥ 0> +s 2K/ o, + 1] (eq. 1)
From eq 1. using s = jo

AlD) = Ao/ [ -07 @, % + 2K ¥ @, + 1]
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A=A/ [ 1 -0 0% + 2K oV @]

Then

LAD = Aol /1[ 1 -0 @, * + 2K o @] |

LAD 1= 1 Aol /[ (1 -0H iy 2)* + 4K (o o)* 1"
The peak frequency is defined by the minimum of the denominator D
D(w) = (1 -0% oy 2)* + 4K (o @)’

D() = 1-20% &2 + o o +4K* o/ o
D(®) = &' @, * - 2 0% 0,* (1 -2K*) + 1

The minimum will be when

D'(w) =0

Let 0 0py’=m

D(m) =m? - 2m( 1- 2K?) + 1

D'(m) = 2m —2(1-2K?)

then

2m = 2(1-2K?)

m = 1-2K?

and

o=, (1-2KH"

LA®D 1= 1 Aol /[ (1 -6 03 2)? + 4K* (o @,)* 177
LAD 1= 1Al /[ (1 -1 +2K??+4K*( 1 -2KH]"?
[AM = | Agl / (4K* + 4K* - 8KH'"?

| A | = 1 Aol / [4K* (1-K*)]'?
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LA(D = 1Al /2K (1 —K®™®

A=1/2K(1-K»"

o = 2710’

o, =21 10 10°

Ao =120 dB = 10°

B=0.5

on = [0 (1+ BA)]"

o, = [47% 10°10%( 1 + 0.5 10%]'*

o, = 27 [1010°( 1 + 0.5 10%)]*

as 1 << 0.5 10 ° then

o, = 21 [1010°0.5 10%)]"*

o, = 27 2.23 10°

The natural frequency is at 2.23 MHz

The damping factor is as:

K=(w+w)/ 20,

K= (2r10° + 27 10 10*) / (2 2m 2.23 10%
K= 1110°/4.43 10°

K =2.4810"

The peak frequency is at:
o=, (1 -2KH"?
©=2m22310°(1-2(2.48)%10%"

o = 21 2.229 10°
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The amplitude is defined as:
A=1/2K (1 -K»)"]
A=1/[224810°(1- 6.15 109"

A =203.6



2. Solution for question 2
(a) Pin A represents End Of Conversion - EOF
Pin B is Start of Conversion -SC
Vin

Cockl (I MM ATl r]
Bl

Fig 7.
(b) On a positive edge of the signal SC the COUNTER is reset and signal
EOF is at a logical high enabling clock to increment the COUNTER.
When the voltage from the D/A converter is bigger than the input voltage
Vin» signal EOF is low and further counting is disabled. The digital
representation of the input voltage is at the output of the COUNTER.
©) First determine D/A step:
Vaasep=FS./7(2"-1)
Viastep= 1023 mV/(21°-1)
Vd/a step = 10 mV
Vd/az Vin + VT

V 4 = 6530 + 0.1 = 6530.1 [mV]
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Naa=V aa/ V dastep
N 42 =6530.1/ 10 = 653.01
N 4. = 654 [clocks]
(d) The conversion time will be when the CLOCK 1 =1 ps:
T conversion = N aa * CLOCK 1
T conversion = 654 * 1 = 654 s
(e) If A/D is a successive-approximation, the conversion time is as follow:
T conversion = N @it ¥ CLOCK T

T onversion = 10 [bltS] *1 [US] =10 us

V1.0
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Solution for question 3

The three main blocks in Phase Locked Loop circuits are:
1. Phase comparator

2. Low pass filter

3. Voltage controlled oscillator

The voltage at the output of the comparator is defined as:

V1=K, (80-6;) [1]

The voltage at the output of the comparator is proportional to the difference of
the input frequency and voltage controlled frequency.

The transfer function of the filter is defined as:

V,/ V= - (Rp+ 1/joC)/ Ry [2]

The output voltage V2 integrates fast changes from the phase comparator.
The transfer function for the voltage controlled oscillator is defined as:
60 = ejmt

d6y / dt = Ko V2 = jm 6o [3]

The frequency at the output of the voltage-controlled oscillator is proportional to
the input voltage V2.

Fig 8.
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From [2] and [3] follows:

V, = - Vl( Rf + I/JO)C)/ R;

K, V2 = jo 6o

K, Vi( Rg + 1/joC)/ Ry = jo 8o

From [1] V1=K, (6o -6;) follows:

Ko K, 8- 6;) (Re + 1jaC) Ry = jo 0

Ko Kp (80— ;) (GoC Re+ 1) / joCR; = jo 6o

K, K; joC Refo - Ko K, 80 + j Ko K, 0C R 6; + Ko Ky, 6; = -0°CR; 6
@’CR16o- Ko K, jxC Refy - Ko K 8 = - j Ko K, 0C Re; - Ko K, 6;
80 ( Ko Kp + j Ko K OC Ry - @’CRy) = (jK, Kp 0C R + Ko Ky )6,
80/ 0; = (Ko Kp+j Ko Ky @C R ) / (Ko Ky + j Ko K 0C Ry - 6’CRy)
0,/ 6;=1/[1-a'CR;/ (K, K, +jK, K, @C Rp)]
0,/6,=1/[1-&CRy/ (KoK, (0CRg -j))]

00/6;=1/[1+j@CRy/ (K, K, (0C Ry -j))]

when Rr=R; and C is infinite

equation
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80/6;=1/[1+jCR/ (Ko Ky (@CRg -j))]

can be rearranged so:

0,/ 6;=1/[1+j@CR; /(Ko KyoC R (1 —j/ 0C Rg))]
and

0 /0=1/[1+jo/(KoK, (1-j/oCRg))]
0,/6;=1/[1+j0/K,K;]

then bandwidth of the locked loop is defined as

B=K,K,

(d)

(1) The block diagram of the frequency synthesizer is presented in Fig 9.

- Bivider Plase Vp ) 1 Vi ; F
» } — ' Filter ' VCO >
100 Contparator

Fosc

éﬂsdﬁ?ﬁ&r EIN L pivider

10 MHZ

Fig 9.

The oscillator generates reference frequency Fosc = 10 MHz.

Divider 100 divides Fosc by 100 generating 100 kHz.

The Phase comaparator generates voltage Vp which is directly proportional to
the difference of the Fosc and F/ N.

The Filter integrates sharp changes in Vp.

The VCO is Voltage Controlled Oscillator, generating Frequency F.
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Divider generates frequency F/ N.

(i)

Vp = Kp( F/N — Fosc/ 100)

For locked frequency Vp must be equal zero:

F /N = Fosc /100

F = N Fosc/ 100

For requested range 100 — 200 MHz with reference frequency 10 Mhz the

divider is as defined :
Nupin = 100 Fuin / Fosc
Nimax = 100 Fpax / Fosc

Nmin = 100 100/ 10
N = 1000

Nupax = 100 200 / 10
Nppax = 2000

1000 <= N <= 2000
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4. Solution for question 4

(a) (plot diagram starting at 200 Hz and end to 10° (roll-off points)

dB

204
104 /__—\
0“' iy 4 ’

i
, : } ) 4
002 02 2 200 fiKHz]

So —3dB bandwidth is 200 Hz to 100 kHz
LF =200Hz HF = 100 kHz ( Turn over frequencies)

(b) Consider the amplifier A,; input V, and input resistance Rz and feedback
impedance 1/sC give the output

Vo =-V,/sCR;
Similarly the output of amp A3
Vi =V, / (sCRs)?
The output of A2 is also fed to Al whose non-inverting input is therefore
Vy = -V, Ry /[sCR3(R; + 10°)]

So the signals into Al are as below

\}:' . - s

RGBT

Vi (>_{-_~_—:3m“ : ; | V2
— X s

W > oPAMP

Being a high-gain amplifier, the signal at the inverting input of the Al is very
close to Vyso KCL(2) =>

V1.0
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(Vi=V)/R; + (V-V)/ 10° + (V2 - V)/10° =0
Vi/ Ry =-V, (1/10* + Vy/ 10° = V,( /R, + 1/10* + 1/10%))

Vi = -VoR/10%( 1 + 1/(10(sCR3)?) + 1/(sCR3) * Rof(Ro+ Rs) * (1 + 0.1 + 10Y
Ry))

© Using the rewritten expression
Vi=Vo/ A*(1+3an/s +307/s”)
By comparing terms; A = 10°/R; =>R; = 10/ A=1kQ
The 1/ s* term gives
3ao’= 1/(C* R5* 10)
SoRs =1/(30"Cax) =1/(30"10° 21 200 ) = 14.53 kQ

The 1/s term gives  3mp= 1/(CR3) * Ry/(Ry+Rs) * (1 +0.1 + 10YR,))

Which leads to 3w CRs/ (1 +0.1 + 10¥ Ry ) = Ry/(Ry+ Rs)
By inverting (Ro+ Rs)/ Ry = (1+0.1 + 10¥ R; )/ 34y CR;4
And Rs/ R, =(1+0.1+10* Ry )/ 3wy CRs -1

Then R,=Rs/((1+0.1 +10% Ry )/ 3wyCR3—~1)

Substituting values R, =5.24 kQ

So Rj sets the frequency and R, sets the Gain

(d)  High pass filters are particularly prone to emphasising any noise picked up. The
Bessel response is best, when signals are pulses with Butteworth and Chebyshev
has ringing at pulse input —is worse.

V1.0
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Solution for question 5

The diode rectifier is presented in Fig — diode rectifier.

Vip £

\7+d~——(

> V-

R/1020
POT

Fig — diode rectifier.

Vo=(R1+Ry) *V4/ R,

Diode points towards the input.
When it conducts I4 for (-) polarity input, (+) polarity output are given.
Input resistance = R3=2kQ (virtual earth amplifier)
Naw diode current  => Is =Vi/R;
Using the unloaded potential divider expression

V2 [Ry /(Ry+ Rp)] = V4 = 0.06 (logioV: —logioliR3)

V2 = (Ri+R2)/R; * 0.06 logoVi §))
provided that other term is nulled by offset trim.

The wanted result is:
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V, = 2 IOglo Vi
Then from (1)

(R;+R2)/R; * 0.06 = 2

or
R;/R, =322
By selecting => R; = 1000 Q then

R; =1000/32.2=31Q

Low impedance wanted so that the Thevenian equivalent in the output of the
divider has some resistance ~ 31 Ohm which is low and does not add
significantly to the diode slope resistance. However, low resistance R draws
current from the op amp. (Note usually ~25 mA )

© Now consider the max diode conditions:
I = 1 mA transfers to V1 =-2V
V4= 0.65 V transfers to V, =21.65 V (output)

(checks (just) with 25 mA output current

V2

i 1 | 1 i x
Vi 2 02 002 0002

V1.0
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(d) Transistor can be bought in well matched pairs in terms of leakage current L,
they are close so they track each other in temperature which raises I.

T
U1
G TN
OPAMP
R2 }Kira
% ® =14 PNP
R3 [‘m
-

Transistor T2, connected as a diode which gives an offset when V4 = log;ol,R of
the first stage.

Transistor T1 connected as transistor-diode (Collector is on virtual earth and
base on real earth). However I.= flows through R; and since

IC/ I, = hfe and IdZIc-i-Ib =IO/ Hs. +1.= Vm/ R] (1 + I/hfe)

If hg. ~ 200 than error is 0.5% (so that element can be nulled so that current
through the transistor T; depends only on input voltage and input resistance).

Ii=Vi/Ry

V1.0



