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EEEB273, Semester 3 2018/2019

Question 1 [20 marks]

(@) Figure 1 shows a two-transistor MOSFET current mirror. The transistor parameters are
assumed to be Vrp = -0.4 V, k%, = 60 uA/V? and 4 = 0. The transistor width-to-length
ratios are (W/L), = 25, (W/L), = 15, and (W/L); = 5.

Calculate lo, Irer, Vsc1, and Vsgs. [10 marks]
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Figure 1 Figure 2

(b) Figure 2 shows a MOSFET diff-amp with a Cascode active load. Assume that NMOS
devices are available with the following parameters: Vry = 0.5 V, k%, = 80 nANV?, 4, =
0.02 V!, and (W/L); = (W/L), = 10. Assume that PMOS devices are available with the
following parameters: Vrp = -1.0 V, k’, = 40 pANV?, 4, = 0.02 V', and (W/L), = 20. The
circuit parameters are V' =5V and V" = -5 V. The bias current is Io = 0.2 mA.
(i) Determine the output resistance, Ro, of the Cascode active load. [6 marks]

(i)  Find the differential-mode voltage gain, Ag. [4 marks]
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Question 2 [20 marks]

(a)

(b)

Design a three-transistor BJT current source using PNP transistors so that its output
current (o) is 0.8 mA. All transistors are matched. The transistor parameters are g = 50,
Veg(on) = 0.6 V, and V = 0. The circuit parametersare V" =75V and V " =-7.5 V.
Draw the circuit diagram of your design. Show clearly all calculations and values in the
circuit diagram as marks are given according to this. [10 marks]

A basic differential pair is shown in Figure 3. It is given that V' =15 V, V™ = -15 V,
resistor Rc =5 kL, g =2 mA, and transistor parameters are £ = 100, voltages Va = 100 V,
Vge(on) = 0.7V, and Vcg(sat) = 0.3 V.

Figure 3

(i) Calculate the one-sided small-signal differential voltage gain (Ag) of the differential
amplifier. [2 marks]

(i) The constant current source of Figure 3 that is providing the current lg is
implemented using the basic two transistor current source. Find the value of Acn,
the common-mode voltage gain of the differential-amplifier, using Equation (2.1)
given above near the Figure 3. Assume Rg = 0. [2 marks]

(iii) The differential amplifier shown in Figure 3 has a PNP three-transistor current
mirror connected as an active load. Redraw Figure 3 with the new active load.
Assume same values of # and Va for PNP. Determine the differential mode gain

(Aqg) and how much the A4 had changed using the new active load. [6 marks]
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Question 3 [20 marks]
(@) A simple bipolar op-amp is shown in Figure 4. Study the Figure 4 carefully.

Neglect base currents. Assume parameters for all transistors are Vge(on) = 0.7 V, g = 200,
and Va = co. Bias current for the differential amplifier can be calculated to be 1o = 1.2 mA.
With small-signal analysis, values of gain Aq; for the differential amplifier, r,3, and gain Ay,
for the gain stage can be found using the following Equations (3.1) to (3.3).

|
<+———— Differential Amplifier ————+——Gain Stage ——==——— Qutput Stage ——~i

Ve g
Ag = sz = %2 (RcllRi2) (3.1)
d
Tn3 = :8 Tra (3-2)
~ Ir
sz = j (RS) (3.3)
Calculate the total overall small-signal voltage gain (Ag) for the bipolar op-amp.
[10 marks]
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Figure 4

(b) An idealized Class-B output stage is to deliver 10 Watts of average power to a load for
a symmetrical input sine wave. The maximum output voltage (¥},) required should be 80%
of the power supply voltage Vece. Given that the power supply voltage Ve is 24 V and the
average current in the circuit is I(ave) = V,, / (nRr), where R, is the load. Calculate the

value of the output stage’s power conversion efficiency (7). [10 marks]
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Question 4 [20 marks]
(@) The 741 op-amp is shown in Figure 5. Assume that Vge(on) = Vegg(on) = 0.7 V, B, = 200,
B =60, Van = 200 V, and Vap = 100 V. The area of transistor Qi3g is 75% of transistor

Q2. It is given that Irgr = lc12 = 0.4 mA. Calculate the small signal input resistance of
the Gain stage (i.e. equivalent resistance looking into the base of Qsg). [10 marks]
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Figure 5
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Question 4  (Continue)

(b) Consider the MC14573 op-amp in Figure 6. Assume transistor parameters for N-
MOSFET are Vry = 0.5 V, K, = 100 uA/V? and 4, = 0.01 V'; and transistor parameters
for P-MOSFET are Vp=-0.5 V, K, = 125 uA/V? and 4,= 0.02 V",
Given that Vsgs = 1.5 V:
(i)  Find the quiescent bias currents for all transistors in the Figure 6.  [4 marks]
(i) Determine the overall small signal differential-mode voltage gain for the MC14573

op-amp in the Figure 6. Gain for the output stage consists of transistor M; and Mg is

given by equation Ay = —Gm7 (10717 08)- [6 marks]

V-
Figure 6
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Question 5  [20 marks]

(a) List two (2) ideal op-amp characteristics. [2 marks]

(b) Figure 7 shows a difference amplifier using ideal op-amps.

Figure 7

With proper analysis, show that [10 marks]

R2 R4/R3 R2
Vo =| 1+ Vio—| = Via
R1 1+ R4 / R3 R1

(c) For the difference amplifier in the Figure 7, let Ry = 12 kQ, R, = 120 kQ, R3 = 40 kQ, and
R4 =440 kQ. Determine CMRR(dB). [8 marks]

-END OF QUESTION PAPER-
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APPENDIX:

A) BASIC FORMULA FOR TRANSISTOR

BJT MOSFET
i =1.e"="" :NPN ;N—-MOSFET
ic — ISeVEB Ny ‘PNP Vps (Sat) = Vs =V
. . p . ip = K, [Ves —Viy ]2
Ic = ﬂIB =—70 I '
p+1 K = MGV _ Kk W
iE = iB + iC 2L 2 L
;P—MOSFET
;Small signal Vo (S2L) = Vs +Vrp
L=0,r iD = Kp[VSG +VTP]2
ICQ :—’upCOXW :&V_V
=V »T L 2 L
BV ;Small signal
ro=-—" =2 /K 1o, :N-MOSFET
ICQ gm - n'DQ ’
r :V_A gm:2 KpIDQ ,P_MOSFET
(o]
ICQ . 1
V, =26 mV SRUTI
B) HYBRID-n EQUIVALENT CIRCUITS
BJT MOSFET
I G D
— o(©) — e
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&m Vn A Vw Vg.-.' gmvlq.': Yo Vd.'.‘
. ° o—— . °

C) QUADRATIC FORMULA

_ —B++/B?-4AC

Ax?+Bx+C =0 s x=
2A
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