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1. (compulsory)

a)

b)

d)

€)

g)

h)

An amplifier is given with a voltage gain of A_= 10. An engineer manages, with a

suitable feedback connection, to raise the voltage gain to A = 100. Is the

connection used a positive or a negative feedback connection? How much is the
loop gain of this connection? Explain your answer. [5]

A transconductance amplifier is given with an input impedance of 1 kQ and an
output impedance of 100 Q2. An input impedance of 1 MQ is required, and
negative feedback implemented with resistors is used to do this. What is the loop
gain required, and consequently what is the minimum gain the amplifier can have
for this to be possible using only passive elements in the feedback connection?

[4]
Explain why the input impedance of a loaded amplifier changes as we change the
load impedance connected to its output. [5]

Which type of two stage transistor amplifier would you prefer to use in an
application requiring a large voltage gain and a large bandwidth at the same time?
Show your reasoning. [5]

Considering that all MOSFET transistors have a finite transit frequency, what is
the current gain of a MOSFET with f; = 1 GHz if this MOSFET is used as a

common source, small signal current amplifier at f= 100 MHz ? What is the
phase of the current gain? Show your calculations. [5]

A second year student designed an operational amplifier which has a dominant
pole at f=10Hz and a DC open loop voltage gain of A, = 10°. Calculate the

maximum voltage gain an audio preamplifier built with this op-amp using
resistive feedback can have at a frequency of f= 10 kHz. Show your calculations.

[5]

An audio application requires a high order low pass filter at 24 kHz to exhibit a
96dB attenuation relative to the passband gain at 48kHz. Using a Bode plot, or
otherwise, calculate the minimum order of the filter required to meet this
specification. [5]

An audio power amplifier delivers 75W RMS to an 8 ohm load when driven by a
10 V peak-to-peak sinusoid. Upon inspection you find that the DC power supply
inside the amplifier delivers a maximum of 1 A at 48 V. Calculate power gain,
voltage gain and input impedance of this amplifier. (The RMS amplitude of a

sinusoid of amplitude ¥ is ¥,/ J2 )- HINT: apply conservation of power.  [5]
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2 A student proposed to use the circuit in Figure 2.1 as a high pass filter. The
student argued that the capacitor in the feedback path will supply an increasing
with frequency current to Rs. As a result, the overall gain will increase with
frequency. In this problem you will check the student’s claims by analysing the
circuit. As this circuit is rather complicated, we take a step-by-step approach.

a) Calculate the ideal frequency response of this filter assuming the op-amp is
ideal.

[10]

b) Model the circuit of Figure 2.1 as a block diagram similar to that of Figure 2.2.
Calculate the gains of the blocks B and H.

[10]

¢) Use the block diagram of part b) to calculate the frequency response of this
filter with a realistic op-amp of finite gain-bandwidth product. Assume the DC
gain and dominant pole location of the op-amp have been provided. The op-
amp is otherwise ideal. What type of filter is this? Calculate its centre
frequency, quality factor and maximum gain. [10]

R, R, R;
Vin

) Figure 2.1

4

Figure 2.2
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3. In this problem you will complete the design of the 100 MHz bandpass radio
frequency amplifier shown in Figure 3.1. The following data are given for the
transistor:

b)

)

d)

Analogue Electronics

Symbol | Condition Value | Units
B 10mA>1I.>0.1md |50 |-

Cho Ver =0 1 pF
5 I.=1mA 5 GHz
Co Vee =0V 0.1 pF
¥, Vo = 02V 40 v
o Ve >0 0 pF

Choose a suitable value for R, so that you have sufficient information to
construct a small signal model of the transistor. [2]

Draw the small signal equivalent circuit of the amplifier, clearly identifying all
elements of the transistor equivalent circuit and all circuit components.
Calculate the values of all equivalent circuit elements. You may assume the
depletion capacitances have no bias dependence. [8]

Choose values for C,. and C, so these two capacitors are effectively shorted

at the amplifier design frequency. You may interpret the term “effectively
shorted” to mean that the capacitor admittance must be at least 100 times
higher than the total of any admittances connected to it. [5]

Choose a value for L,. so that it completely neutralizes the Miller capacitance
Cj at the design frequency. Why is this important? [5]

Calculate the maximum possible voltage gain of this amplifier when driven by
a 50 Q source at the 100 MHz design frequency, by letting L. — . [5]

Calculate a value for L. so the voltage gain of this amplifier at 100 MHz is
4, =20 when driven by a 50 Q FM antenna. What is the phase of the gain?
[5]

VCC=4V

Figure 3.1
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4. Two small signal amplifiers are available, with the following parameter matrices:

a transconductor with

[A(1+s7,) C
%=
| B D
and a voltage amplifier with
(E(l+s7,) G
G, = F
| l+sz,

The constants appearing in these matrices have the values in Table 4.1:

Symbol A iy B & D E o2 F G | H
Value | 2x107*| 107 | 2x10™° | 107° 10* | 10° [10°| 50 | 0 | 30

Units ? ? ? 2 ? ? ? ? ? ?

Table 4.1

a)  Write down the units for all the entries of table 4.1
[5]
b)  Draw equivalent circuits for each of the two amplifiers described by ¥, and G, .

Only resistors, capacitors, inductors and controlled sources can appear in your
equivalent circuits.

[6]
c) Isany of the two amplifiers unilateral? Explain your answer.
[4]

d)  What is the total voltage gain of a system in which a 500 Q Thevenin source
drives amplifier ¥ , which in turn drives amplifier G, and which finally drives a

100 Q load?

HINT: You must account for the effect a load can have on an amplifier’s input
impedance.

[15]
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ANSWER QlI:

a)

b)

h)

The closed loop gain of a feedback connected amplifier is G, = ﬁ Since the

feedback connection increases the gain the denominator must be less than 1, i.e. the
feedback connection is positive. The loop gain is GH =0.9

The input impedance of the amplifier is required to increase by a factor of 1000. A
series input negative feedback connection increases the input impedance to
Z,=Z,,(1+GH) . Then GH =999. Since H <1 for a resistive network it

in0

follows G >999

A realistic amplifier has reverse gain. The reverse gain, together with the load and
the output impedance can be modelled as a feedback network. Since the input
impedance depends on the loop gain and the loop gain depends on the load, it
follows that the input impedance depends on the load.

The cascode, because it exhibits the large voltage gain of the CE first stage, while
the CB second stage almost eliminates the bandwidth limiting Miller feedback.

The small signal current gain of a MOSFET at any frequency is

h= Em = |h| = f—" . For the numbers given, [h| =10.
27(C,, +C,, ) joo f

The phase is -90 degrees.

This is a dominant pole amplifier with GBP =10*. The maximum gain a resistive
negative feedback circuit built around it can have at 10kHz is 1.

96dB attenuation at double the pole frequency means 10*° =2" = N >15.95 . The
minimum filter order required is 16.

The power supply can deliver a maximum of 48W. Then, a minimum 27 W must
come from the signal input. The power gain is therefore less than

4 y :
G X % =1.78. The output voltage, in order to deliver 75 W must have an

out
1

So the voltage gain must be 6.92. The input impedance must

be: 2:{ (5 >27= R, < % =0.45 Q. This looks like a transimpedance amplifier.

amplitude: % V: =75=V,, =+1200 =34.6, and twice this value peak-to-peak.

[40]
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ANSWER Q2 [Computed example]:
R, Ryv;R;

! Vout

-
5]

a)
In the following G, =1/R..

let ¥V, =FV,

V=0

i, =V,G,

Vi=-iR, =-V,GR,

i, ==VsC=V GRsC

Vou =V, =(is+ir) Ry =V, GR, - (V,,G, +V,,GRsC) R, =

ot 1

=7, (GR+GR +GRSCR )= F =—(GR, +GR +GR,sCR )=

F=-F, (1+s7)
with

RC
F=G(R+R), r= 22

This is a lossy differentiator.

b) The closed loop gain we just calculated is equal to:

F= 1imﬁm% =.F =§ =—F, (1+s7)

B is the input voltage divider:

Analogue Electronics

[10]
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RH“]‘ %,

__R+R/C 7 1+RsC
R+R+R/IC 5 p. R
Rk, 1+ R,sC
_ R(I+RsC)+R, R, +R,+R,R;sC _p 5Ty il
" (R+R,)(1+RsC)+R, R+R,+R +(R+R)RsC °l+s1,,
__R+R . _RRc ___(R+R)RC
T L p Al T o T Ty T
R+R+R, R+ R, R+R,+R,
we can now get H,
-2 _ & [10]
Fy(1+s7) F:)(l+.s'rgp)
©)
-A(s)B(:
1+4(s)H (s)
A(s) ==, B=B, T and H(s)=—r22
1452, 1+57,, 4, (1 +5T,, )
4, I+s7
BO ~+
List,  1+3z;, F,4,B, (1+s7)
=S = e =
+_AL_—‘BO___ ﬂ(1+srﬁp)(l+510)+AﬂBo
1487 E,(l-i-Spr)
_ =k A8, 1+s7
EJ"'AOBO (n"zfofgpFo"’(F;}+AoBo)+(TBp+TO)E)"’(E')—'_AOBO)-"])
This is the sum of a second order LPF and a BPF.
a)oz 'F‘0+AUB(}
F:er‘prﬂ
sty i) 1 Re) (FEAE
Fo+4,B, 2 R+ 4B, \ Fryr,
:gzl _L_ Tﬂ+ (5. 01
2 F(|J+AGBO Ty Z-.’:?p
The maximum gain is H, = \Eﬂ —>\2F, [10]
Fy+ 4,B,
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ANSWER Q3 [design problem]
a) Operating point: we want /. =1m4.

I, =1.02mA
Then, ¥, =1,R,  Then Rp=3.3k 2]
V.=0.7+1.R,
b)
Rs Vour
Vi
R.‘E
R =pYn 13k
I(.'
L.
g, =-<=38.4mS
h
Cpe =Cpeo =0.1pF
. g, 38%4mS -
c,+C. =—2—= =1.22pF = C, . =1.12pF
BE CEO 27f,  27x5GH:z P BE P
Ry =+ =40kQ 8)
(!

¢) We can chose Cr; to be negligible compared to 1/gm at the peak frequency. Negligible
means that

oC, >100g, = C, >1000, /@ (Cy, +Cyee) =
C, >50=100*1.22pF = 6.10nF

3]
The input DC blocking capacitance to be negligible compared to the source impedance, so

that:
@C,>100/50=>---=C, >12nF 2]
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d) The Miller neutralisation at 100 MHz requires that we choose:

1 ;
100MHz = ———== L, =253 uH At the centre frequency the amplifier is unilateral.
272, L.Cy

[5]
e) The maximum possible amplifier gain from an ideal voltage source at 100MHz is just:
_&n (R Il joL.) -
1+ jRaC
2Ry 0.039x 40k
RC ., 50x159Mrad/sx1.2pF

4, =

max |4, | = =163.5

]

f)
If a gain of 20 is required then

[5]

Analogue Electronics page 5 of 7



ANSWER, Q4

a) [bookwork]

Symbol | A T B C D E e F |G| H

Value | 2x10™ 107 | 2x10°% | 102 | 10 |10° |10°] 50 | 0 | 50

Units S sec S S S S sec - -1 0

[5]
b) [bookwork]
the first is a Norton-Norton:

i i
g 1 2
+ O G- — _*5-4_
Y211
¥ Y11 g § Yy vy
- | ia¥e
-0 G- = o -
- . HRSER ¢
the matrix entries corresponding to ¥, =
21 }f22
Y, is a parallel RC network with R=1/4=5kQ , C = 4Ar, =20pF [3]
The second amplifier is a Norton — Thevenin:
i <2
St — AW
VI” &un 2
£21¥1
The matrix entries corresponding to: G, = {g“ g”}
&n 82
G,, is a parallel RC network with R=1/E=1kQ , C=E7, =1nF [3]
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c) [bookwork] The Y amplifier is unilateral since y,, =0. The G amplifier is not since
g, #0. [4]

d) [computed example]

The following must be taken into account:

i) Convert the transconductor into a voltage amplifier of gain G, =-g,/g,, =-B/D.

ii) calculate the voltage divider D, = 1 from the source to the transconductor
1+ R A(1+s7,)

input.

iii) calculate the loaded input admittance Yin’ of the second stage voltage amplifier:

h=g W +8&ph =81V — 8u&iYs

V; =&Vt 8nh =&V —En& V> =

)

1+8,8;

il =v, [g“ _ - 81285 J: Ym =g+ 8182 ~ 81280
+8»8; 1+g..8;

v

v2(1+g22gi)=g2]v1:>v2= |

iv) calculate the voltage divider D, = ﬁ from the transconductor output to the
2Ty

in

modified voltage amplifier input admittance

v) Calculate the voltage divider D, = from the output of the second stage to the load.

1+ HR,

The overall gain required is clearly:
4, = GG, DD, D;
[15]
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