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1.

Voltage and current-sources are key components in analogue circuit design.
Sketch a typical band-gap voltage reference circuit and prove that the temperature
coefficient of the output voltage V, is zeroif Vo =1.283 V.

Assume the temperature coefficient of Vg to be -2.5mV/°C, Boltzmanns constant
k = 1.38 x 10-23 J/K and electron charge g = 1.6 x 10-19 C.

Assume o »‘mfvxf; <f Vg (11

Calculate the fractional temperature coefficient for the constant current generator of
Figure I(a) at room temperature, given that R is a polysilicon resistor with a

temperature coefficient of 1500 ppm/°C. [7]

Explain qualitatively why the four-transistor voltage potential divider of Figure 1(b)
can have significantly less active-chip area than an equivalent two-transistor voltage
potential divider with the same power consumption.

[7]
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2.

Sketch typical circuit diagrams for a two-stage cascoded and a single-stage CMOS
op-amp. Explain why the single-stage design has potentially much higher
bandwidth than the two-stage design and in particular why it is not necessary to
Miller compensate the single-stage architecture. Give one advantage and one
disadvantage of the cascoded op-amp. [10]

Estimate the low-frequency differential voltage gain, slew rate, gain-bandwidth
product and maximum positive output swing of the two-stage CMOS op-amp shown
in Figure 2. Aspectratios of all devices are shown on the circuit. Assume all bulk
effects are negligible. Device model parameters are given below. [12]

Explain qualitatively why the addition of a load capacitor to the output of a two-

stage op-amp degrades amplifier stability, whereas an additional load capacitor
connected to the output of a single-stage op-amp improves amplifier stability.  [3]

CMOS TRANSISTOR PARAMETERS

MODEL PARAMETERS Kp (WA/V2) A (VD) Vo (V)
PMOS 20 0.03 -0.8
NMOS 30 0.02 1.0
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3. Under what operating ¢o

nditions does the MOSFET of Figure 3 (a) realise 2 linear

floating resistor between terminals A and B 7 Show that under these conditions the

equivalent resistance Rap can be approximated by
L

RAR = S v — Vo)
KW (Ves — V1)
stating any assumptions. All symbols bave their usual meaning. 6l
Discuss three sources of non-linearity in the single MOSFET resistor realisation of
ost one suitable circuit design to help eliminate oné or more of these

Figure 3(a) and SUEE
non-linear terms. Show all necessary circuit analysis tO confirm your design.

Figure 3( b) shows 2 fully differential continuous time integrator using a balanced double
differential linear active transresistor. Derive an expression for the time constant of the

erating in

8]

integrator. You may ignore all bulk effects, and assume 2all MOSFETSs are 0p
the triode region.
Finally, for the current rirror of Figure 3(c) estimate the minimum output voltage

while sall maintaining saturated devices. Derive this voltage swing in terms of device
{5}

threshold voltage Vo, clearly stating any assumptions you make.
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4. Very high frequency single chip integrated filters make use of the linear transconductance
based integrator of Figure 4 (a) Show how two of these transconductors can be connected
to simulate the impedance of a small value inductor, and derive an expression for the
inductance. [8]

Figure 4(b) shows a simplified diagram of the core section of a fully differential folded
cascode operational amplifier with a common-mode feedback block. Sketch a suitable
common-mode feedback circuit. What is the main advantage of a folded cascode
amplifier compared to a classical cascode connection ? [7]

Finally, a sampled-data methodology which overcomes amplitude accuracy constraints
encountered with the previous continuous-time circuits is the oversampling technique.
Briefly explain the principle of oversampling or sigma-delta modulation. Sketch a typical
architecture for an analogue to digital converter based upon this method, explain its
principles of operation, in particular the feedback noise shaping mechanism.

{10]
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S.

Briefly discuss the following with respect to high frequency circuits:
Decoupling capacitors;
50 ohm termination;
BNC connector;
Ground plane. [8]
The circuit shown in Figure 5 is a single bit cell of a current-mode algorithmic analogue
to digital converter. Briefly describe the operation of the cell and give reasons why this
converter is particularly suited to mixed analogue and digital VLSL [9]

Assuming that the maximum resolution of any sampled-data converter is limited by switch
noise (kT/C), calculate the maximum resolution of a stereo-audio system running at a sample
rate of 40 kHz. Assume a MOSFET switch aspect ratio (W/L) = 1/8, transconductance

parameter K =20 1A/V2 and a device threshold voltage Vp=1V.
The on voltage of the switchis a 5 V reference (i.e. Vggon = Vief =5 V). You may also

assume that the switch settles in 10 T (where T = time constant) over one period of the clock
frequency. (8]

Boltzmanns constant k = 1.38 x 10-23 J/K and the ambient temperature is 300 K.
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6. Give one advantage and one disadvantage of integrated continuous-time filters compared
with discrete-time sampled-data filters. [2]

Figure 6 shows three sampled-data integrator building blocks. Derive an expression for the
transfer function of the integrators of Figure 6(a) and Figure 6(b). All switches are
implemented by MOSFETs of equal size. Assume that the integrators are driven by non-
overlapping clocks with a clock frequency much higher than the maximum input signal
frequency. Also assume the switches are ideal.

(12} -

Figure 6(c) shows one section of a switched-capacitor ladder filter. Based on this filter
structure design a 3rd-order Chebyshev low-pass switched-capacitor filter with a cut-off
frequency of 5 kHz and a 1.0 dB pass-band ripple. Assume a clocking frequency of 100 kHz.
Passive component values for the L-C prototype, normalised to 1 rad/s, are
Cy=C3=2.0236, L) = 0.994. In your analysis you may assume all integrators to be

lossless. [11]
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