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1. The approximate large signal model of the MOSFET can be represented by
Ip = ®W/DI[(Vgs - V1) - (Vps/2)IVps(1+AVpg).

Under what operating conditions does the MOSFET exhibit a square-law
between Ip and Vgg ? Derive this square law relationship from the above

expression.

Figure 1 shows a single-stage inverting CMOS voltage amplifier. Sketch a typical
large signal voltage gain transfer characteristic of the amplifier. Identify clearly on
your curve the particular operating mode of each transistor when Vj, is increased
from OV to Vpp. In particular identify the region and operating conditions for the
highest, linear voltage gain of the amplifier.

Assuming operation in the linear high gain region, calculate the voltage gain of
the amplifier of Figure I given that Vijag is 2 volts.

The CMOS process has the following parameters:

NMOS PMOS

Ky = 20 pA/V2 Kp = 10 pA/V2
An = 0.01 A, = 0.02

VTy =2V VT, = -2V

Assume the process has a fixed transistor length L=10 pm and that the width of the
NMOS transistor is W; = 40 um, and for the PMOS transistor W, = 20 um. You may
also assume that the DC value of Vy, is appropriate for correctly biasing the amplifier.
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2. The circuit of Figure 2(a) is a typical common-emitter amplifier. Sketch and
label the small signal high frequency hybrid II model of the amplifier.
Apply Miller’s theorem to derive approximate expressions for the amplifier's
small signal voltage gain and input -3dB bandwidth. Clearly state any
assumptions you make. Assume all a.c. coupling capacitors are short-
circuits at the frequency of interest.

Transistor data:
= 100 Ea= 100V Ibp = 50 Q Cp’c= 2pF

where P is the current gain (also known as hfe), Ea is the Early voltage, ry’b is
the base spreading resistance and Cypc is the reverse-biased collector-base
junction capacitance.

A graph of transition frequency F versus collector current for the transistor
is shown in Figure 2(b). You may assume that the thermal voltage VT of the
transistor is 26 mV, and Vg = 0.6 V.
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3. Figure 3(a) shows a single-stage inverting CMOS voltage amplifier, and Figure 3(b)
is a corresponding high frequency small signal macromodel of the amplifier.

The CMOS process has the following parameters:

NMOS PMOS
Ky=20AV2  Kp= 10 pA/V2
Ay = 0.01 Ap = 0.02

VTy = +2V VT, = -2V
Cgdy =0.02 pF Cgd, = 0.02 pF
Cbdy =0.05 pF Cbdy = 0.01 pF

Assume the process has a fixed transistor length L = 10 um and that the width for the

NMOS transistor is Wy = 50 im, and for the PMOS transistor W, =100 pm. You may
also assume that the d.c. value of V; is appropriate for correctly biasing
transistor Mj.

By inspection of the amplifier of Figure 3(a ) calculate values of all the small signal
parameters shown in the macromodel of Figure 3(b), and then use the model to calculate

the small signal bandwidth of the amplifier. Assume an Oxide Capacitance Coy = 3.5 x 104

pF/um?2 and an amplifier load capacitance C; = 0.05 pF. Assume also that the
amplifier approximates a single dominant pole response up to its unity-gain frequency.
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4. Figure 4 shows two bipolar current-mirrors. Briefly explain the operation of
each current-mirror, identifying all sources of error contributing to current
transfer inaccuracy.

Assuming identical transistor current gain B for each device, prove that the
finite beta error for the current-mirror of Figure 4(b) is approximately 2/B? and
qualitatively explain how the action of negative feedback increases the output
resistance of this current-mirror compared with the current-mirror of Figure

4(a).
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5. Briefly explain what is meant by the following terms when used in analogue
circuit design : -

bootstrapping
cascoding
phase-margin
Figure 5 shows a single-stage inverting CMOS voltage amplifier. Using simplified

models for each FET prove that the output conductance, goyt, of the amplifier
operating in saturation is given by

gout = [(g01 202/8m?2) + go3]
stating clearly any assumptions you make.

Calculate the maximum positive and negative output swing of the amplifier.
Finally, what is meant by the body effect in CMOS circuits ?
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