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QUESTION 1 [20 marks]

A BJT differential amplifier shown in Figure 1 is biased by a constant current source with lg =

0.23 mA. The differential amplifier is to be redesigned with an active load. The active load to be

used is a BJT Wilson current source using pnp transistors.

The transistor parameters are # = 120, Vgeg(on) = Veg(on) = 0.7 V, Van = 100 V, and Vap = 120 V.

(@) Draw the new differential amplifier circuit added with the active load. Label the circuit
correctly and clearly with appropriate symbols and numbering for transistors used in circuit.

[4 marks]

(b) Calculate the differential-mode voltage gain, (Ag), of the new circuit. [12 marks]

(c) Calculate the differential-mode voltage gain, (Aq), of the differential amplifier circuit if the
active load is changed to a three-transistor current source. Give your comment about
values of Ay for the differential amplifier circuit using Wilson current source and three-

transistor current source active loads. [4 marks]

Answers for Question 1
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Figure 1
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Answers for Question 1 (continued)
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QUESTION 2 [35 marks]

Figure 2 shows a differential amplifier circuit with active loads and biased by a current source
using MOSFET. Transistors M; and M, are driven into saturation with Vpg(sat)= 1.12 V. The

active load transistors (M3 and My) are matched with parameters K, = 0.1 mA/NV?, Vrp = -2 V, and
Ap = 0.02 V! Transistors Ms, Mg and My are identical. All the NMOS transistors have the same
Kn=0.2 mA/NV?, Vry =2V, and A, = 0.015 V2,

(@)
(b)

(©)

(d)
(€)

Determine 1y, lg, and Ips whenvy =v, =0 V. [6 marks]

Determine the one-sided differential mode voltage gain (Aq) for the differential amplifier if

R =100 kQ. [9 marks]
It is required that the CMRR of the circuit to be 60 dB. What is the common mode voltage
gain (Acm)? [3 marks]
Suggest 2 ways to improve the CMRR for the circuit in the Figure 2. [2 marks]

The MOSFET differential amplifier with active load in the Figure 2 is replaced with the
MOSFET differential amplifier with Cascode active load. Draw and label clearly all the

transistors used in the new circuit. [15 marks]
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Figure 2
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Answers for Question 2
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QUESTION 320 marks]

Consider the circuit shown in Figure 3. Study the Figure 1 thoroughly. With supply voltage £10V
and circuit parameters R; = 19.3 kQ, R, = R; = 0.1 kQ, and R, =5 kQ it can be calculated that the
value of lg is 0.307 mA.

Assume the quiescent values Ic7 = lg; lc1 = lgx = Iz = lez; Vee(on) = 0.7 V, g = 120, Early

voltage is 100 for Q7 and Q11; and vo = 0 when vy =v, = 0.
R; is the input resistance of the Darlington Pair while R is the effective resistance connected

between collector of Q; and signal ground. Calculate the small signal voltage gain of the

Darlington Pair (A,) by using the following relationship: [20 marks]
A, = Ver _ AL+ NI [ RL)
, = =
Vi R;
v+

Figure 3

Answers for Question 3
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Answers for Question 3 (Continued)
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QUESTION 4 [25 marks]

(@)

(b)

Draw a class-A output stage constructed using npn emitter follower with load R, and biased
by a three-transistor current sinking current source. The overall circuit is connected to supply
voltages of V' =+5V and V' =-5 V. [5 marks]

A class-AB output stage with BJTs is shown in Figure 4. Reverse saturation current for
every transistor is Is = 2x10™ A. Assume +Vcc = +6 V and -Vee = -6 V. Let R = 1 kQ and
Vgg = 1.40 V. For the case of the output voltage vo = -4 V:

(i) Determine i, icp, icn, and v. [12 marks]

(if) Calculate the power dissipated in transistor Q, and Q. [8 marks]

Answers for Question 4
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Answers for Question 4 (Continued)
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APPENDIX

A) BASIC FORMULA FOR TRANSISTOR

BJT MOSFET
i = ISeVBE/VT “NPN ‘N-MOSFET
.= ISeVEB/VT ‘PNP Vbs (sat) = Ves —Vrn
_ B, ,B ip =K, [Ves _VTN]2
| .
ﬂ+1 K = HColV _ Ky W
i =i, +ig 2L 2L
;P—MOSFET
;Small signal Vs (Sa) = Vs +Vre
p=q.r =K [Vse +VTP]2
_ o K, = _HCW K, W
=V 2L 2 L
Y ;Small signal
=" —2 /K 1o ;N—MOSFET
ICQ gm - n"DQ !
i :V_A On =2\ K.l ;P—MOSFET
° leo (= 1
V, =26 mV > Mg
B) HYBRID-n EQUIVALENT CIRCUITS
BJT MOSFET
e G D
—@® 3 =1
+ {4
Em Vn To vce Vg.s‘ gmv'qx "o Vf“
) ; [e” _ 5 ;

C) QUADRATIC FORMULA

~B++B*-4AC

2A

AX’ +Bx+C =0 — X=
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