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Figure 1.1 (see the colour supplementary sheet) shows the layout of an n-well CMOS circuit P
with four terminals: M, W, B and BB. Extract and draw the transistor-level schematic
diagram of this circuit. Note that the supply signals are labelled as vdd, gnd 1 and
gnd_2.

Giving that the transistor labelled TS is of size 4\ x 2, label all transistors in this circuit with
their sizes.
[8 marks]

What function does this circuit perform? Provide a brief description on how this circuit works.
[3 marks]

Explain why if this cell is manufactured, it may fail in the field. What should be done to
ensure that such failure is to be avoided?
[3 marks]

For the layout shown in Figure 1.1, draw the vertical cross section along the lines PP‘and
QQ'. Label your diagram indicating the n-well region and the different types and levels of
doping (e.g. p~, n™ etc).

[6 marks]

Provide a brief description (200-500 words) of your design project and your personal

contribution.
[9 marks]

Full custom or cell-based semi-custom design style was adapted in your design group project.
Discuss whether your design would have been better suited for other desien implementation

such as gate array or FPGA. Provide reasons for your opinion.
[5 marks]

Answer one of the following:

(i) Explain the test strategy adopted for your chip.
(ii) If you were to repeat the design exercise again, what would you have done differently
and why?
[6 marks]
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Figure 3.1 shows the circuit of a semi-dynamic D flip-flop.

a) With the help of timing diagrams showing the signals C, D, S, X and Q, explain how this

circuit works.
[8 marks]

b) What constraints must inverters G5-8 satisfy in order for this circuit to work properly? What

are the consequences if inverts G5-8 are removed?
[3 marks]

¢) Modify this circuit in order to embed the following Boolean function with the D flip-flop.

D=PeN+MeN

[3 marks]
d) Design the layout of the circuit shown in Figure 3.1 in the form of a symbolic layout or a stick
diagram.
[6 marks]
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4. Figure 4.1 shows a bit-serial comparator circuit that compares two m-bit unsigned numbers A and
B supplied to the circuit bit-serially with the least significant bit first. The output is high only if
A>B, and is low otherwise. The LSB signal is high when the least significant bit is supplied. The
circuit is driven by non-overlapping two phase clock signals @1 and @2.

The latches are clocked by the signals indicated in Figure 3.1, and all have inverting outputs. The
bit compare logic module BCL together with the latch L1 implements the logic function:

L, =AeB+L, o(A+B)
where n is the bit number being processed.

a) Draw the timing diagram for the circuit for m=4, and for two sets of input numbers
(A=0011, B=0110) and (A=1100, B=0010). Your diagram should include signals @1, ®2,
A, B, LSB, L,,; and MIN.

[10 marks]

b) Design a transistor level circuit to implement the bit comparator logic module BCL.
Marks may be deducted for unnecessarily large circuit.

[10 marks]
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Figure 4.1
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By applying the method of Logical Effort, explain why the oscillation frequency of an n-
stage ring oscillator is (approximately) independent of the sizes of the transistors used.
Furthermore, explain how a ring oscillator can be used to calibrate the speed of a fabrication

process.
[6 marks]

Figure 5.1 shows the circuit of a static XOR gate. All transistors are of length 2A. The
number adjacent to each transistor indicates its width in A units. Using the method of
Logical Effort estimate, in terms of the number of unit inverter delays, the delay from A or B
input to the XOR output. Assume that the loading on the output is equivalent to 10 standard
inverter loads where a standard inverter is assumed to have pull-up and pull-down transistor
widths of 4A and 2 respectively. You may ignore the effect of parasitic capacitances.

[6 marks]
Calculate the transistor sizes for stages 2 and 3 of the circuit in order to minimize the delay
through the circuit, assuming that the loading is equivalent to 10 standard inverters of size
4A x2), Estimate the new delay from either input to the output. You may again ignore the

effect of parasitic capacitances.

[8 marks]
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Figure 5.1
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a) Describe briefly how scan-path registers can be used to improve the testability of digital
circuits. What are the disadvantages of using scan-path registers?

Figure 6.1 shows a simplified block diagram of a processor chip. Suggest where you might
add scan-path latches in order to improve the testability of this chip.
[8 marks]

b) Design in schematic form the circuit of a scan-path register and explain the different modes of
operation when it is used in testing and normal environment.

[6 marks]

c) Consider the circuit shown in Figure 6.2. Explain why a stuck-at-0 fault at node X is
undetectable.

[6 marks]

Register
File
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instr_in ———» ROM ™ controller
Figure 6.1

Figure 6.2
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