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Question 1  [20 marks]

(& An npn current source is shown in Figure 1. The transistor parameters are f = 200,

Vge(on) = 0.7 V, and V4 = 250 V. The required output current is 20 xA and the

reference current is 0.5 mA. Calculate the percentage change in output current 7, when

Ve changes from 0.9 to 5 V. [8 marks]

Figure 1 Figure 2

(b) A BJT differential amplifier with passive load is shown in Figure 2. The power supplies

(©)

are V'=5Vand V" =-5V. Draw a pnp version of the circuit. [4 marks]

For the pnp differential amplifier drawn in part (b), the value of Ip = 0.5 mA. It is
required that when vg; = vg, = 0V, the voltage Veci = Veg(on) = 0.7 V. Let =200 and
V4= o and neglect the base currents. Calculate the maximum value of load resistance
R for this condition and the one-sided differential gain, A,. [8 marks]
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Question 2 [20 marks]

Figure 3 shows an N-MOSFET differential amplifier with passive load. The differential
amplifier is biased by an N-MOSFET current source constructed by using M3, My, and M5
that produces the bias current 7o = 0.20 mA. Study the Figure 3 carefully. The overall circuit is
powered by ¥"=5 V and V" = -5V, with Rp = 40 K. Take note that different values of

parameters for MOSFET transistors are used in part (a) and part (c) of this Question 2.

Passive Load
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IREF l Y °—|
M |+_
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GSS
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-

Figure 3

(@) For the N-MOSFET current source bias circuit in the Figure 3 the transistors parameters
are Voy = 0.5 V, k’y = 50 uA/V:, (W/L); = (W/L)s = 15, (W/L)s = 3, and 4, = 0.

Calculate the value of Vgs. [5 marks]

(b) The differential amplifier with passive load shown in Figure 3 is to be redesigned to
increase its differential-mode voltage gain (4,) by replacing its passive load (Rp) with an

active load constructed using a P-MOSFET Cascode current source. Draw the new
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circuit for the differential amplifier incorporating the active load’s full circuit

diagram. Label the new circuit correctly and clearly with appropriate symbols and
numbering for the P-MOSFET transistors used in the new circuit starts from M. You are

NOT required to draw the N-MOSFET current source that biased the differential

amplifier in the Figure 3. [S marks]

For the differential amplifier circuit in the Figure 3 and the new circuit with P-MOSFET
active load in part (b), assume that N-MOSFET and P-MOSFET devices are available

with parameters shown in Table 1. For the circuit in Figure 3, given Rp = 40 k.

Determine how much the differential-mode voltage gain (4,) of the differential
amplifier had increased when the active load is used to replace the passive load in the

differential amplifier in Figure 3. [10 marks]|

Table 1: MOSFET parameters

N-MOSFET transistor P-MOSFET transistor
K, =0.4 mA/V? K,=0.2 mA/V*
Vin=05V Vip=-1V
2a=0.02V" 2p=0.02V"
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Question 3 [20 marks]
(@) For circuit in Figure 4, given that Ic; = 1.2 mA, I3 =5 mA, R, =50 kQ, and R, =5 kQ.

Determine the input resistance (R;) and output resistance (R,) of the circuit. Let the

transistor parameters £ = 60 and V4 = . [10 marks]

/
+‘,(‘(~
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l i( P
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~VYee

Figure 4 Figure 5

(b) Compare and contrast the Class-A with Class-B, Class-B with Class-AB, and Class-A

with Class-AB output stages, respectively. [2 marks]

(c) For the Class-AB output stage given in Figure 5, Vec=10V, Vg =135V, R, = 100 Q,
and for the transistors I = 10* A. For an output voltage vo = 5 V, calculate i, i, and

the power dissipated in both @, and @, transistors. [8 marks]
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Question 4  [20 marks]

() Consider the bias circuit portion of the 741 op-amp in Figure 6. Assume that the
transistor parameters of Is = 5 x 107'® A. The bias voltages are given as + 15 V. Neglect
the base currents.

(i) Redesign the bias circuit to obtain Irgr = 0.4 mA and Icp =40 A, [4 marks]

(ll) Determine the values of VEBIZ, VBEll, and VBEIO- [6 marks]
Inverting © 1 |
input : :
&> l . . l — — - ‘/'
|
Qs L)t) ()IZI P ——

/M

Noninverting
input

300 Q

/M
/T

R; =
S50 kQ

- | —
()l'l'.\ctl:

Input stage null | Bias circuit

Figure 6
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(b) Consider the MC14573 op-amp in Figure 7. Assume transistor parameters of V7y= 0.5V,
Vip=-0.5V, K,= 125 pA/V?*, K,=100 pA/V>, 2,=0.01 V', and 2,=0.02 V', Given that
bias current for differential amplifier is Zp = 0.1 mA.

Determine the overall small signal differential-mode voltage gain for the MC14573 op-

amp in the Figure 7. Value for gain of the output stage consists of transistor M7 and Mg is

given by equation A4, = g,,,7(F07 | ’”08). [10 marks]

vlo—| M, M, |—ov2
—“—o—o v,

w [ HH [
!

Figure 7

[Sel l RSC[
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Question 5 [20 marks]

(@) The equivalent circuit of an ideal operational amplifier (op-amp) is given in Figure 8.
(i) Explain why the op-amp input currents are zero.

[1 mark]
(i) Explain the ‘virtual short’ concept for the ideal op-amp. [3 marks]
v
. O
- +
+ An(/ ("’2 - vl) S()
Uy |
Figure 8

(b) Figure 9 shows a cascade circuit implemented using ideal op-amps. Determine the
voltages vo, vor and vg,. Given R = 10 kQ, R, =20 kQ, R, =30 kQ, and vy =1 mV.

[4 marks]
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Figure 9
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Refer to the instrumentation amplifier in Figure 10. With proper analysis using ideal

operational amplifier characteristics, it can be found that:

Resistor R; is such that it consists of a fixed resistor Ry, in series with a potentiometer
R,,. Design the circuit such that the differential gain varies between 10 to 500 V/V. Set
the difference amplifier gain to 4. The maximum current in Ry is limited to 10 pA for a

maximum output voltage of 5 V. What value of potentiometer (Ry,) is required?

[12 marks]
U \
A Vo1
A V02 &
Vp +
Figure 10

-END OF QUESTION PAPER-
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APPENDIX:

A) BASIC FORMULA FOR TRANSISTOR

BJT MOSFET
i =I.e"™"" ;NPN ;N-MOSFET
i =I.e"™"" ;PNP Vps (881) = Vs =V
ﬂ ip = Kn[VGS _VTN]Z
iC = ﬂlB = —lE .
p+1 K _HCW _k, W
ip =iy +i, ’ 2L 2 L
;P—MOSFET
:Small signal Vsp (Sat) = Vs + V7
B=gr ip :Kp[VSG+VTP]2
_Le _ 4G K W
STy 2L 2 L
BV, ;Small signal
— T
L Ieo g2, =2\K,I,, N-MOSFET
P g,=2K,I,, ;P—MOSFET
Iey . 1
V,=26mV © Ay,

B) HYBRID-n EQUIVALENT CIRCUITS

BT MOSFET
1, G b

! O

°© E —

d

Em V” To VL‘e VU Em Vg.\‘ o V(I\

— & — _

> Ps o <

C) QUADRATIC FORMULA

Ax* +Bx+C=0 - Xx=

Page 10 of 10



