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Q1.All taught.

a) 10 ohm (the amp is unilateral, the input impedance does not depend on the load. [4]
ov ov 0i Oi

b) h,=—+ Q),h, =—2" #],h, =—*+ #],h,=—2 S 4

) Iy i (2], A, ), (%], i, di, . [#] , Ay ), [S] [4]

¢) Q is the inverse of twice the damping factor, the coefficient of the linear term of the
denominator of the transfer function. If Q>1 the transfer function peaks near the break
frequency, the peak width being Q times smaller than the break frequency. Q>>1 means
that the filter “rings™

[4]
d)
H,s’ Hys* |}
H(S) = 7 2.2 :
s’ +as/ O+, s 1wy+20s!w,+1
H, is the maximum amplitude, @, is the break frequency, 4]

¢ is the damping factor, Q is the quality factor

€) An op-amp is an ideal voltage amplifier with infinite voltage gain. The op-amp is also a
difference amplifier, having both inverting and non-inverting inputs. [4]

f)

Vee

The Common Collector Amplifier has large input impedance, equal to the load impedance
multiplied by the current gain of the transistor, and small output impedance equal to the
inverse of the transconductance. Also called the emitter follower, it is a unity gain voltage
amplifier, and G parameters are the most appropriate to describe it. It is used as a power
amplifier.
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g) H is a current amplifier. The two circuits are equivalent only in terms of input and output
impedances.

I,
:‘“‘— YV-'::
Z(1+H) T

[4]

The darlington pair is a cascade of two emitter followers and behaves like a higher current
gain emitter follower.

[4]
i) The gain bandwidth product of commercial op-amps is constant. At 1 MHz the gain is
10. [4]
)]
fr”l g8, _ 1 I 1. L I S5#l10~ —1OnF

: BE T BE 7l f']' T X 1 :
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Q2. [new problem, similar to problem in problem sheet and lab]

Vin

100 n FI 10 kQ

1
b= H(5) = (145RC)

RC =1msec=159Hz

a

b)
1
v=v, —
“1+sRC
vrm-‘ :(v+_v-) Go :[v+ '_vﬂul' ;] GU
1+s7 1+sRC )1 +s7
H(S) G, (1+SRC)
v+ (l+SRC)(I+sr)+G
G, 1+sRC

1+sRC

B 1+G, s’tRC/(14+G,)+(RC+7)s/(1+G,)+1 - sS’TRC/(1+G,) +(RC +7)s/(1+G,) +1

This is the superposition of a low pass 2™ order filter:
G, 1

By = =
146G, s7RC/(1+G,)+s(RC+7)/(1+G,))+1 $*TRC/(1+G,)+s(RC+7)/(1+G,)+1

and a band pass 2" order filter:

B i G, SRC _
" 146G, s"tRC/(1+G,) +(RC +7)s/(1+G, ) +1

G, s(RC+7)/(1+G,)
l+r,fRC s’TRC/(1+G,)+s(RC+7)/(1+G,)+1

Both have natural frequency and quali |ty factor:

G, +1 1+G, 1+G,

O, Sy (0=
7RC r+RC\/G +1 \j B [
RC
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GO Gl]
—z] Hypp =2 1
1+G, 1+7/RC
Clearly, the band pass character dominates.

and gains H ,, =

[15]
¢) This is a series-shunt connection.
If the feedback factor is 1+ GH , G being the forward and H the reverse gain, then

Zr’n = ZHJ,()L (1 +GH) * Zm.'.‘ = Zour.(')f. ';(1 +GH)

Once the transfer function is known the loop gain can easily be calculated:

G
G‘ - OL
“ 1+G,H
G, 1+sRC G, 1
= —
4G, s’tRC/(1+G,)+(RC+7)s/(1+G,)+1 1+s71+G, H
1 G 1+sRC 1457
1+G, H 1+G, s*tRC/(1+G,)+(RC+7)s/(1+G,)+1 G,
1 3 s*TRC +(.RC+T)S+1

1+Gy H  s7RC+(RC+1)s+(1+G,)

lim(1+GH)=G+1, lim (1+GH) =1

a—0 —»0

[10]
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Q3. [new computed example]

Vin

R1 Vout

a) [bookwork and taught procn;dure]

V. —y I3 (2 ——
Cormm SR 2 Ry
NPN :
g, = i AR =4mS
vV, 25mV
g SIS < S ..
- m BE — -
e VT CoriC) b £ =& 27 f, 2 500 MHz
4 27Cy;
CB(' = Cu:‘ =0 2
200 V
R =B/lg =——=50KQ,R.. =—4-=1MQ
==P18n =002 E = Ima
PNP:
; 3
g e 2md oo
v, 25mV
g . B .. 8mS
— m BE
= (Cor ) b £ =8 27f, 2m 100 MHz
- 27C
Cﬁ(' = C(.'k‘ =0 J
50 4
R =f8/g =——=625KQ,R.. =—4—=250kQ2
=P8 =008 Ree =
E2.2 Analogue Electronics II ANSWERS
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b)The input impedance of the second stage is Z,,,, =(B+1)Z ; =9GQ 0 it can be

neglected in calculating the gain and input impedance of the first stage.
The low frequency first stage gain is G, ,, =—g, R, =25kQ:8mS =200

The second stage has a gain equal to lim G, =lim guly  o80ems 131 =]
f-0 /> 1+g R, 1+45kQ4mS 181

The overall gain is therefore 200.
[5]
¢) By the Miller theorem, the input impedance is Z,, =R, //(1+G)C

[5]

d) The output impedance is Z,, = (1;"4:'{,,,)1’;’1{2 =1/g, =250Q

aut

5
e) The frequency response of the amplifier is dominated by the Miller decomposition of -
C>> CE.‘:',NPN
The dominant pole is the lower frequency of the two time constants:
7, =(Rs/ /R pyp)(1+G)C and 7, = RC at zero source impedance 7,, =0 so the dominant

pole is at 7, . The two time constants are equal when
(Roowe ! 1Rs)(1+G)C=RC=>R;=R /G
Further increasing R, undermines the amplifier bandwidth. for the numbers given this
happens at R, =125Q
[3]
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Q4) [synthesis of taught methods]

11
]|
¢
_IF—WWR_
Rc R
Vs Vo

a) the circuit in the dashed lines is:

A model for this is

Op-amp Gain=-G
Input v-divider
Gain=K=R2/(R1+R2) v

Feedback v-divider
Gain=H=R/(R1+Ry)

with R =——+R,R, = KR

sC

[5]

b) the transfer function is (see notes):

H (s) = _KRSC i = L . The input

(K+1)RsC+ll+G RsC+1 (K +1+G)st+(1+G)
(K+1)RsC+1
: . 1 KR .
impedance is Z,, =—+ R+ (from Miller Theorem)
sC 1+G

(5]

¢) The gain of this circuit is:

E2.2 Analogue Electronics I1 ANSWERS 7/8



()= -7,11Z, G _
2,+(2,112,) |, G(z,/1Z)
Z,+(Z,11Z;)

3 -Z.Z, G _ -GZ,Z,
- ZZy+ 22+ 2,2y GZ Z, - Z2Z,+(1+G)Z,Z,+ Z2,Z,
VAV ML VAN A
The input impedance is:
7' =7 +2,11Z, = 22, +2.Z,+2,7,
Z,+Z,

The block gains are
__ %Nz, 71z
Z+Z 12, Z,+ZIIZ,
[10]

d) Z, =L+R,Z2 =KR,Z, =27,
SC

ingp—amp ? G ('S) = G
[3]

) Z,=R.,Z,=2",,Z,=1/5C,G(s)=H(s)

in?

[5]

E2.2 Analogue Electronics II ANSWERS 8/8



