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E2.2 ANALOGUE ELECTRONICS

The first question is mandatory.

1. This question consists of 10 brief items. Each item can be answered in a few words or a
short paragraph. Please answer all sub-questions, which carry equal marks.

a)

b)

c)

d)

g)

h)

i)

i)

Under what condition is the output impedance of a voltage amplifier indepen-
dent of the impedance of a signal source connected to its input? [4]

List four of the equivalent ways of describing the small signal behaviour of an
amplifier. What is the meaning of gain in each of these descriptions? [4]

Two amplifiers appear in a mail order catalogue. One is listed as a "voltage
amplifier” and the other as a "transimpedance amplifier”. Which of the two is
likely to have a lower input impedance? Justify your answer. [4]

Draw the schematic of a passive second order low pass filter. Write an expres-
sion for its transfer function without solving the filter circuit. Comment on the
magnitude of the quality factor of a passive 2nd order low pass filter. [4]

Describe the common gate amplifier. Draw a schematic for the common gate
amplifier and comment on the magnitude of its input and output impedance. Is
it better to describe the common gate amplifier as a transimpedance amplifier
or as a unity gain current amplifier? Why? [4]

Series-shunt positive feedback, with less than unity loop gain, is applied on a
voltage amplifier. Will the closed loop amplifier have a higher or lower volt-
age gain, input impedance and output impedance than the open-loop amplifier?
Justify your answer. [4]

Describe the ‘Miller Cancellation’ technique in high gain and high frequency
narrowband applications. In other words, explain how an inductor can used
to cancel the effects of the Miller capacitance in a common emitter bipolar
transistor amplifier. [4]

A FET transistor has a transit frequency fr = 10GHz. Its threshold voltage
is V7 = OV and its drain current is Ip = 1md at Vgs = 1V. Calculate the gate
capacitance of this transistor. Calculate the current gain of a common source
amplifier built with this transistor at a frequency f = 1GHz. You may neglect
Cop. [4]

Draw a schematic of a two stage FET amplifier consisting of a common drain
stage followed by a common gate stage. What is the common name of this
circuit? What are its desirable performance characteristics? [4]

Define the transmission (‘ABCD”) parameters. Explain how the ABCD param-
eters are used to simplify multistage amplifier calculations. [4]

[ Total: 40 ]
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b)

Prove that the impedance Z,4 between node ‘A’ and ground in the Generalised
Impedance Converter (‘GIC”), shown in figure 2.1(a), is given by:

 Z1Z37s

Zy= 2.1
"= 2.1

Assume the op-amps are ideal. [10]
HINT: Apply a test voltage on node ‘A’ and evaluate the resulting input current.

Design a band pass filter with @ = 27t X 10kHz and Q = 10 using only resistors
capacitors and operational amplifiers as follows:

i) Calculate the transfer function of the filter in figure 2.1(b). [5]
ii) Calculate L and C to meet the filter specification. R = 50082 [5]

iii) Use the generalised impedance converter to emulate the neccessary
inductor. Assume the operational amplifiers are ideal. Any capacitors
Cg you use must all be equal to the capacitance C you calculated in part
(ii) above. All resistors used in the simulated inductor circuit should
be of one value Rg (Rg does not need to be equal to R). [5]

iv) Calculate the ratio W /Wc. Wy is the energy dissipated on the GIC
resistors in one period of the signal at the filter centre frequency. W is
the peak energy stored on the GIC capacitor(s). [5]

HINT: In 2.b.iii you derived an equation expressing the filter centre
frequency in terms of R and Cg.

[ Total: 30 ]

(a) (b)

Figure 2.1 (a) Circuit of a Generalised Impedance Converter (‘GIC’) for question 2.a (b) Band pass filter

for2.b
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£ An NPN bipolar transistor has a common emitter current gain 8 = 100, a transit fre-
quency fr = 1GHz and Cgg = 9Cpc at Ic = lmA. The Early voltage for this transistor
is ¥4 = 100V The thermal voltage at room temperature is approximately ¥;; = kT /q=

25mV.
a) Draw the small signal ‘Pi’ model for the transistor. Identify all elements on this
model. [5]
b) Calculate the values of all the small signal model elements appearing in the
model of question 3.a. Do your calculation at /o = 1mA. You may ignore Ccg.
[5]
c) Write by inspection the small signal admittance matrix for the transistor at a
DC bias of Io = 1mA in terms of the transistor ‘Pi” model elements. [5]
d) Derive expressions for the entries of the small signal "h” parameter matrix (hy-
brid, current gain parameters) for this transistor in terms of the admittance pa-
rameters you computed in part (c) above. [5]
e) A common emitter voltage amplifier operating at a DC bias of Ic = 1m4 and

from a supply Vcc = 10V has been designed. In this design, shown in figure
3.1, Z, = 5k and Zg as a parallel combination of R = 2k and Cg = 10nF.

i) Calculate the transistor common emitter current gain at low frequen-
cies. Use the series form of the Miller theorem to derive an approxi-
mate expression for the input impedance of the amplifier of figure 3.1
at low frequencies. [5]

ii) Calculate the voltage gain of this amplifier at high frequencies. Use the
parallel form of the Miller theorem to calculate the input impedance
of this amplifier at high frequencies. What is the bandwidth of this
amplifier if Zg = 100927 [5]

[ Total: 30 ]

Figure 3.1 The common emitter amplifier for question 3.e
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4, The schematic of the Deliyannis-Friend band pass filter is shown in figure 4.1a. For
parts (a) and (b) of this question you may assume the op-amp is ideal.

a)
b)

c)

d)

e)

Figure 4.1 (a) The band pass filter for question 4. (b) Model for the filter for question 4.c .

Calculate the transfer function of this filter. [5]

Express the centre frequency, quality factor and peak gain of this filter in terms
of R1, Ry, Cy and C; . [51]

Calculate the transfer function 4 = y/x of the block diagram in figure 4.1(b).
Calculate the sensitivity of this transfer function to the op-amp open loop gain
G. [5]

Draw a block diagram, similar to that of figure 4.1(b), for a Sallen-Key filter.
Derive the transfer function of the Sallen-Key filter. Calculate its sensitivity to
the amplifier gain. [5]

The finite gain amplifier used in the Sallen-Key filter is implemented using a
non-inverting op-amp circuit. Calculate the sensitivity of the amplifier gain on
the op-amp gain. Make an approximation to express your answer in terms of
the op-amp open loop gain and the amplifier closed loop gain. [5]

Compare the sensitivities of the Deliyannis-Friend and Sallen-Key band pass
filters to the open loop gain of the op-amp used. Why is the op-amp gain-
bandwidth product important in designing active filters? [5]

HINT: The Sallen-Key filter uses positive feedback, and the loop gain is less
than unity.

[ Total: 30 ]
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Q1.All taught, except (h) which is computed example]

a) If the amplifier is unilateral. [4]
b) Impedance, Zparameters, gain=transimpedance.

Admittance , Yparameters, Gain is transconductance

Hybrid, Current gain, Hparameters, Gain is Current gain

Reverse hybrid, G parameters, Gain is voltage gain [4]

¢) The transimpedance amplifier since is must have a current meter behaviour at the input.

[4]
d)
R1 R2
wﬂé =1 = C2
H(s)=o————
s +wys/Q+1
Q=<1 [4]

e¢) Common terminal is gate, input at emitter, output at collector. Low input impedance ,
and hight output impedance. These are the terminal characteristics of a current amplifier.
Current gain is unity. [4]

f) Feedback factor F=1-GH< 1. Gain divided by F, increases, input impedance multiplied
by F, decreases, output impedance multiplied by F, increases. [4]

g) Connect an inductor between base and collector to resonate C,,. at an RF frequency.

This makes the amplifier unilateral at that frequency greatly increasing its gain with no
bandwidth penalty. [4]

hy I, =lmd=K(V, ~V,) = K =1md/V?

d‘{m -3
g, =—2=2K(V,~V,)=2x10

av, ®

-3
S =107 =—én ¢ . =2—>%=31.9x10"51?
25C,, ® 2710

At 1GHz the current gain is -10j [4]
i) Differential amplifier. High gain, high bandwidth. [4]

i C Dl
amplifier. [4]

A Bllv
) [v,} =[ ][ 2 } . Multiply single stage ABCD matrices to get ABCD of multistage
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Q2. [new problem, mentioned in notes but not taught]

z

a) Number the nodes 1,2,3,4,5 from the bottom. Then V, =V

I@=V3=V1:>V1=VA:>II=VA;’25:>
V2:V1+IIZ4

]2=(V;“VA)/Z3

E:VA_I::Zz

Z, = 12,2, ~Y

Z.Z

I, =(VA _Vé)‘le 2(1222)/21 =(V2 _VA)ZZ
143

_ZZZ;

Z
v Z.Z,

b) [taught procedure]
i)
sL
b n \
H(s)=Yow = 1+5°LC _sL 1

e ot Rjsdiee

+s’LC

H, =1

o, =1/ LC
QO=R/Z,,Z,=~NLIC
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if)
w, =1/\NLC =2rx6x10* =377x10° = /LC =2.65x10™

=
RINLIC=10=L/C =50

L=132uH
C =53nF
[5]
iii) Need to make a .=132nH out of C=53nF. Chose Z2=53nF and resistors elsewhere.
Demand
RR,RC N
er Rni
Any way to achieve this is acceptable. If we require all resistors equal, then R=50 Ohm.

[5]

AR L 2500
e

iv) [first year material!]
i, =i, =V, loL=V,/50
Bou =Py + Py + P+ Py + Py

all currents are equal in magnitude, and there is no dissipation on Z2. Therefore:
P =4PR=4V}/R

total
4zV; . . . .
4 where V, is the signal amplitude, while the peak energy stored

In one period, W, =/
0

s 1
on the capacitor is W,. = EC v:

The ratio of the two energies is:

&_—_% . since , = ! =—1- it follows that £=—1- i

W, 8z JIC RC W, 8x

E2.2 Analogue Electronics II ANSWERS 3/7



Q3.
a) [bookwork]

Is

_——‘E
- [5]
b) [taught procedure]
fo= & __ &n
T
27(C..+C.~ 207C .
( BE B ) BC o CBC =40—mkgq636.6_fp =
i 1mA 207z %10
g, =—== =40mS
vV, 25mV
Cpr =9C,. =5.73pF
100
R =8/g =——=2500
=D &n 0.04
R =L =100kQ
© o 1mA
[5]
¢) [taught procedure]
D Y= :;(CM+CB(,)+U’R)T =
- &n—S5Che 1/R,+5Cy
[3]
ii) [similar to coursework example]
from Y calculate H:
P’]}zhliil}:’[ I 0 }:h[y“ y12i|:’
L V, Yu  Vn 0 1
h—{ 10 ]{yn 3’12]] *L{ 10 }[l _y].‘!}_L[: 1 _y|2i|
Yun YulLO 1 YulVa Y20 w alyn Ay
[5]

iii) [application of taught theory] .

h,=p

The series form of the Miller theorem suggests that
Z,'=Z,+(h,+1)Z, =R_I/Cy +(1+ B) (R, /I C})
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iv) [application of taught theory]

The parallel form of the Miller theorem suggests that
Y=l +(G+1)CH('

G=g, R =5kQx40mS =200
The dominant pole will then be at

1
fo= 2am, (Cpe +(G+1)Cye)

}: Y, =C,, +201C,. =134pF

=11MHz
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Q4) [computed example, known circuit, not taught]

a)

(V, =V,)sC, +(V,—V,) G, =V,sC, =0=>V, sz, +V, =V, (s7, +1+57,,) =0 R
V.G, +VsC,=0=>V, =-V,G,/sC,=-V, /s,

V.st,+V,+V, (st,+1+57,)/ 57, =0=

V. —1 —S7, -7, s(z,+1,

V, st +(st+l4st,)lst, s'or,+s(r+e,)+l 7+7, S0, +5(7+7,) +]

[5]
b) [taught and practiced procedure]

=
- 2
H, =

Note that
o}-2, 2
(2]

¢) [application of theory]
i)

[5]

s - G 0 [ -KG )_ G —K(1+GH)+KGH_ 1 -
76T 4 0G\1+GH ) A4, (1+GH)' 1+GH
[5]
d) [diagram taught]
Same diagram, except G is positive and finite!
Therefore same sensitivity function, accounting for positive feedback,

G 8 ( -KG ]_Q—K(1+GH)+KGH_ I

s = - >1
v A 0G\1-GH ) A4, (I—GH)“ 1-GH
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e) [taught]
The non-inverting amplifier is again a feedback circuit, so
G _GoG, GI1+GH-GH __ 1

G, = =>So'n(;“‘_ = g
1+GH ' G, 0G G, (1+GH) 1+GH
gl g% _G
G, G+G @

[5]

f) [interpretation]
The overall sensitivity of the SK filter is:

| G, G
I-GH G G
While the sensitivity of the DF filter is

11 1
1+GH GH G
So the DF filter is less sensitive to the op-amp gain.
The gain bandwidth product determines the open op-amp loop gain at the signal frequency.

[5]

SF,G =S 1<'.(;USG0,G =
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