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1. Figure 1 shows two bipolar integrated circuits.

For the bandgap voltage reference circuit of Figure 1(a), show that dV/dT =0 (where
T is temperature) if I; =1, exp [29 Rs/R,], and for this condition V,=1.283 V.

Assume the temperature coefficient of Vpg to be -2.5mV/°C, the collector current of
transistor Q4 is 100 pA and the device saturation current Iy = 1.2 x 10°A.
Boltzmanns Constant k = 1.38 x 10°°J/K and electron charge q = 1.6 x 10 C. [10]

For the circuit of F igure 1(a), design a suitable current source Ig of value 300 wA, which

is virtually independent of power supply voltage and directly proportional to absolute
temperature. Sketch the circuit and ignore any automatic start-up circuitry. [7]

Figure 1(b) shows a high swing low voltage cascode current-mirror. Estimate the minimum
output voltage swing V(min) which ensures that all devices remain in saturation. Given the

following data, calculate V(min): T, = 100uA, K =40 LA/V*, and (W/L) =1 forall  [8]
devices.

What is the new value of V(min) if (W/L) is increased to 107
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Briefly explain the operation of each of the biassing circuits in Figure 2. [10]

For the circuits of Figure 2(a) and Figure 2(b) calculate a value for resistor R to

yield an output current Iy of 10 A and use this example to show that the circuit of
Figure 2(b) has alower fractional temperature coefficient. You may assume that the
circuits are operating at room temperature. The forward saturation current of the transistor
s =10 -14 A, the temperature coefficient of Vgg = -2 mV/°C and R 'is a polysilicon
resistor with a temperature coefficient of 1500 ppm/°C. [6]

It is likely that on power-up the output currents of Figure 2(a) and Figure 2(b) will
fall into a zero current state. Sketch a suitable start-up circuit for one of these two
circuits to ensure this condition will not occur. (3]

Finally, using reasonable engineering approximations, give an expression for the

output resistance of the circuit of Figure 2(c). You only need consider trsnsistors

Q1, Q2, Q3 and Q7 since the remaining transistors are purely for biassing purposes.
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Figure 3 shows a partially-designed two-stage CMOS op-amp required to give a voltagé
gain of approximately 80 dB, a slew-rate of 5 V/uis and a gain-bandwidth product of

3 MHz Given that the technology is a fixed 5 um length double metal CMOS process,
design the channel widths of transistors Q1, Q2 and Q6 for the op-amp to meet the above
performance specifications. Aspect ratios of all other devices are shown on the circuit.
‘Assume all bulk effects are negligible. Device model parameters are given below.  [16]

After simulation you find that the phase margin of your op-amp is below specification.
Qualitatively, discuss a sequence of parameter changes that would lead to improvement
in phase margin; you are willing to sacrifice amplifier gain-bandwidth product. [5]

Finally, give a reason why the introduction of a single integrated resistor in series with
the compensation capacitor should significantly improve the amplifier's phase margin. -

(4]
CMOS TRANSISTOR MODEL PARAMETERS
MODEL PARAMETERS Kp (UA/VY) A (V') Vo (V)
PMOS 20 0.03 -0.8 e
NMOS 30 . (C0.02 1.07> (o i¥

LNe
+5V
10/5

~1110/5
Qs Q4 :
:p QS
- -

Vin— |
VIN+D__{ Q, Qz }—{1 c ’_%——oVo
c

N |l o

5/5 | 5/5 l

nt)
5V

Figure 3

Page 4 of 7 E3.01



Using two switches and a capacitor, sketch a circuit that will synthesise an active
resistor. Given that the switches are driven by a pair of non-overlapping clocks
running at a frequency of 100 kHz, estimate the value of a capacitor to give a [&]

resistance of 10 M.

A fundamental limitation imposed on the Dynamic Range (DR) of any high
performance A/D converter will ultimately be switch noise. Prove that the
fundamental limit is given by,

S G
> o moluar

where V. is the reference voltage, k is Boltzmann’s constant, T is absolute
temperature, R is switch resistance and f; is the maximum clock frequency of the
switch. You may assume that the system settles in 10t (where t = time constant),
over one period of the clock frequency.

Finally, Figure 4 shows one section of a switched capacitor ladder filter. Based
on this filter structure, design a 3" order Chebyshev low-pass filter with a cut-off
frequency of 5 kHz and a 1.0 dB pass band ripple. Assume a clock frequency of
100 kHz. Passive component values for the LC prototype, normalised to 1 rad/s,
are C; = C3 = 2.0236, L, = 0.994. In your analysis assume all integrators to be

lossless. [10]
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Classical CMOS operational amplifiers (op-amps) are either single-stage or two-

stage designs. Based on the two stage design of Figure 3 sketch a typical

architecture for a two-stage cascoded output op-amp and a single-stage fully
differential folded cascode op-amp. Briefly describe the operation of each of these
op-amps and give one peformance advantage and disadvantage of each

compared to the basic op-amp architecture of Figure 3. Ignore common-mode  [18]
feedback circuitry in the folded cascode op-amp.

Finally, what is the function of the circuit of Fig. 5(a)? 7]
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In mixed-mode ASIC design, process technology is being optimised for digital
performance specifications. Give one example of the constraints this places

upon analogue circuit design performance.

Two high-performance analogue-to-digital converters are the current-mode
algorithmic converter and the sigma-delta converter. Sketch a typical architecture
for one of these converter types and explain its principles of operation. [18]

When prototyping high frequency amplifiers, why is a good ground plane (4]
important?

Why is a x10 scope probe used for measuring high frequency signals on the  [3]
oscilloscope ?
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