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QUESTION ONE

(a)

(b)

A diode has vp = 0.7 V at 1 mA and is characterized by n=2. It is connected in
series with a 150-Q resistor to a 1.2 V dc supply. Using iterative analysis and the
exponential diode model, give an accurate (to 3 significant figures) estimate of the

current through the diode. : (10 marks)

Using basic principles of ideal opamp circuits (such as ij, =0) and the diode
exponential model obtain the relationships between the output and input voltages in
each of the three circuits in Fig. Q1b. Specify the range of validity of the input
voltages.

(7 marks)

R
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R
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(c)

Use the results obtained in (b) to show that the circuit in Fig. Q.1c is a multiplier of
the voltages v and v,. Assume that all diodes are matched and the resistors are
equal. Specify the range of validity of these voltages.

(8 marks)

Fig. Q.1c
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QUESTION TWO

(a) A circuit designer has produced the current mirror circuit shown in Fig. Q2a.

Transistors Q1 and Q2 may be assumed to be matched. On testing the circuit it is

found that it does not work as expected. What is wrong with the circuit and how

would you correct the mistake? . (5 marks)
Vcc
¢+ 12 V
R1l R2
1k 2k
Q1 ' Q2
Fig.Q2a

(b) For the Widlar current source circuit shown in Fig. Q.2b, the transistors are matched

and  may be assumed to be >> 1 unless otherwise stated.

@
(i)
(i)

@iv)

I
Show that I, =V—T1n(’—ef] (5 marks)
RE I o

Design the current source so that I, = 400 pA using +15 V supplies. Resistor
values used should not exceed 20 kQ. | (5 marks)
What is the maximum load resistance that can be connected to your current
source in (ii)? (4 marks)
Calculate the output resistance of your current source when the transistors
used have f=100 and V4, =100 V. (6 marks)

O +Vcc

R1

J-

Q1 Q2

Re

Fig.Q2b

¢ 0 -Vee
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QUESTION THREE

(a)

(b)

®

(ii)

(iii)

Derive an expression which can be used to calculate the input offset voltage
due to mismatch in the collector resistors of a basic BJT differential amplifier,
assuming that a = 1 and that all transistors are matched.. (5 marks)
Use your expression to evaluate the mismatch in a BJT differential amplifier

with a total bias current of 500 pA when collector resistors have tolerances of

+2%. (2 marks)
If emitter degeneration resistors with Rg = 8, are added what input offset

voltage results? (4 marks)

Figure Q.3b shows a differential amplifier whose gain is controlled by a dc voltage

Ve.
@

(i)
(i)

(iv)

Using the exponential I-V equation of a BJT in active mode and the
relationships between the currents and voltages shown in the diagram, show

that under steady state conditions the current I3 is given by

I = &_KQEA_.*. 11 v, (5 marks)
Ry 2R, |2R, Ry
Explain how the voltage V; controls the gain of the amplifier. (3 marks)

Using the relationship in (i) explain how can the output voltage can be made
independent of V; while the amplifier is stabilizing after a change in V,.?
‘ (2 marks)

Obtain expressions for the g, and gain of the amplifier in terms of ¥, and the

circuit parameters. (4 marks)
< O +Vs
Rc l 13

——0 Vo

o1 Q2 b_; R1 l Il
Vin A

° R2 l I,

3 Y Q4

A K
VBE4

Fig. Q.3b —
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QUESTION FOUR

(a) A MOSFET with constant Vs operating in the saturation region is found to have
ip=18mA atvps =5V and ip=1.85 mA at vps = 7 V. Using a sketch of output
characteristics (ip vs vps) of a MOSFET use this data to calculate the corresponding
values of r,, V4 and A for this MOSFET. (4 marks)

(b) A MOSFET biased as shown in Fig. Q.4b has k, (%) =1 mA/VZ

(i) What value of Rs should be used to get vp =2 V. Specify Rsto 1 significant
digit. | (6 marks)

(ii) Find the actual value of vp when the resistor accurate to 1 significant digit
found in (i) is used. - (6 marks)

Rb Rd
1M 150k

vD

Rs
Fig Q.4b

(c¢) = Determine the output current at ¥, =5 V for the MOS current mirror given in Fig.

Q.4c. The transistors used have Vy; = Vo =1V, 4;,=4,=0.02 V!, and

k, (%) =200 pA/V? &, (g) =300 pA/V2, (9 marks)

Fig Q.4c 1
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- QUESTION FIVE

(@) Figure Q.5a shows a simplified input stage of the NE592 video amplifier. This
input stage is followed by another differential stage and emitter followers so that the

overall gain of the IC with terminals G1A and G1B connected is gmkR'L =400

where gn, is transconductance of the input stage, R’ is the effective differential
load impedance on the input stage and £ is the gain of the subsequent stages after
the input stage. Through use of the gain select terminals G1A, G1B, G2A and G2B
the gain can be varied between 0 (minimum) and 400 (maximum) by shorting,
open-circuting or connecting external R or RLC circuits to terminals G1A and

G1B, or G2A and G2B. In summary, the gain depends on the g, of the input stage.

(i) What is the gain when all gain select terminals are left open?: (2 marks)
(i) What is the gain of the amplifier when terminals G1A and G1B are shorted.
(2 marks)
- (iii) Estimate the gain of the amplifier when terminals G2A and G2B are shorted
(6 marks)
(iv) Estimate the gain of the amplifier when a resistor of 1 kQ is connected
between G2A and G2B. (2 marks)

(v) The series RLC circuit shown in Fig. Q.5a is connected between G1A and
G1B. Find an expression for the gy, of the input stage and the variation of the
gain of the amplifier with frequency. Sketch the gain-frequency

characteristic.
(6 marks)
] ]
|
INPUT 1 Ql Q2 INPUT 2
....... ol ol
GAIN SELECT RI RI
50R » 50R
G2A G2B
1.62 mA 1.62 mA
‘ 0-6V
R L C

Fig. Q.5a
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Question 5 continued
(b) (i) Sketch a CMOS logic gate realization of the function

Y=4+B(C+D) (5 marks)

(ii) How many transistors does it need? (2 marks)

====== END OF EXAMINATION PAPER =====
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SOME USEFUL MOSFET EQUATIONS
ip = k, %[(VGS ~¥,)vps _%V%S:I in triode region

in = %kn I%v—(vGS -V, )2 in saturation region

ip = %kn _V)II/,—(VGS -V )2 (1+Avpg) in saturation region with Channel Modulation effect

BJT EBERS-MOLL EQUATIONS

in = _I-L(e"BE/VT _1)_1 (evBC/VT _1)
E ap s

ic = I (evBE/VT _1)_I_s(evBC/VT _1)
ar

ig = I_s(evBE/VT _.1)+.I_s(evBC/VT _1)

F Br



