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1. Use the circuit of Figure la to confirm Miller’s theorem by deriving
expressions for the input and output admittance of the network. 6]

For the circuit of Figure 1b apply I\/Iillef’s theorem to estimate the high
frequency, small signal — 3dB bandwidth of the amplifier, given the
following transistor data for a collector current of ImA:

VEE(on) = 660 mV kT/q =26 m V at room temperature,
B =100 E. =100 Twp=50Q  Cyo=2pF
ls=945x 10" A fr =430 MHz
Assume the input side of the amplifier dominates the bandwidth.
[14]
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2. Figure 2 shows a single-stage inverting CMOS voltage amplifier.

The CMOS process has the following parameters:

NMOS PMOS

Ky = 20uA/V? Kp = 10pA/V?
An=0.01 Ap=10.02
VIn=+2V VTp=-2V

Given that the process has a fixed transistor gate length, show that the small
signal voltage gain of the amplifier is given by '

Av =-94.3 (W1/W2)"2

Where W1 and W2 are the channel widths of NMOS transistor Q1 and PMOS
transistor Q2 respectively. You may assume a value of Viis= 2V and you
may further assume that the d.c. value of Vi, is appropriate for correctly
biasing the amplifier. - [15]

Finally, what 1s meant by the BODY EFFECT of the transistor and what
precautions are taken to reduce the effect in a practical circuit such as that of
Figure 27 [5]

VDD (+5V)

Vbias ,L__| Q2

Vin l

Figure 2
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3. Briefly explaiﬁ what is meant by the terms ‘cascoding’ and ‘Bootstrapping’
when applied to CMOS amplifiers. [6]

Figure 3 shows a single-cascode, inverting CMOS amplifier. Using simplified
small-signal models for each FET prove that the output conductance of the

amplifier is given by:

Zout ® [(8018 02)V/g ma] + [(8 04 & 03)/8m3)]

where g, is the output conductance and g, the transconductance of the FET.
State any assumptions you make. [10]

Given that the threshold voltage of the PMOS device is -2 V, estimate the
maximum positive output swing of the amplifier of Figure 3. [4]
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Figure 3
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4, Give two reasons why is it necessary in analogue electronics to create
current —sources and current-sinks with high output resistance. [2]

Figure 4 shows the circuits of two current sources each biased appropriately
with a voltage Vg. Calculate the small-signal output resistances of the current
sources of Figure 4(a), and Figure 4(b), using the appropriate transistor data
given below. You may assume that the current source connected to the emitter
of Q1 (Figure 4(a)) and to the source of M1 (Figure 4(b)) has an incremental
output resistance of 100 k() at a bias current of ImA. Assume Vr, the
transistor thermal voltage, is 26 mV at room temperature. [12]

Finally, sketch typical circuits of a Widlar, Cascode and Wilson current mirror
and give one advantage and disadvantage of each. Explain qualitatively how
the action of negative feedback in the Wilson current-mirror increases output
resistance. [6]

Transistor data:

BJT: B =100 @ 1mA Ea =100V
MOSFET: A =0.02 W/L =10 Ky = 20mA/V?

Ioul Iout
O

, .
Vg Q1 B/L_{EVH
: gk

(@ - @)

Figure 4

Page 40of 5 E22



5. Show how the combination of a common-emitter and common-base amplifier
helps to break the conflict between voltage gain and bandwidth in a single
stage amplifier. [6]

Sketch the large signal voltage gain characteristic of a MOSFET common-
source amplifier with active load. Describe the various regions of the curve, in
particular, the region best suited for linear analogue amplification. [4]

Explain why the small signal voltage gain of the FET in saturation increases if
the drain current is reduced. [2]

Sketch a suitable single-stage CMOS voltage amplifier which will give a
bandwidth BW of

BW = [(201802 /gm2) + go3}/[27CL]

where go is device output conductance and Cp, is the effective amplifier load
capacitance. Assume all devices are operating in the high gain saturation
region and the amplifiers bandwidth is dominated by the output of the
amplifier. [3]

Finally, comment on the amplifiers phase margin and show how it is effected
by a reduction in load capacitance Cy, . [5]
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