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Question 1

The enhancement-mode MOSFET behaves as a “normally open” switch, requiring a gate-to-
source voltage to turn on the device. Sketch and label the cross-sectional view of an n-channel
(NMOS) transistor, clearly indicating the pinch-off region and the equations under the following

operating conditions:

(a) Linear region.

(5 marks)

(b) Edge of saturation.
(10 marks)

(c) Beyond saturation.
(10 marks)

Question 2

A transistor-level CMOS logic circuit has a function of F =x + wyz . By using the least

number of transistors:

(a) Identify the nMOS portion of the circuit and then implementing this equation as a 2-input

gate-level schematic.
(5 marks)

(b)  Apply bubble pushing on the 2-input gate-level schematic in (a) to construct the gate-

level schematic for the pMOS portion of the circuit.
(5 marks)

(c) Use the gate-level schematic in (a) and (b) to construct the transistor-level schematic

for the function.
(15 marks)

SAB23203 INTRODUCTION TO VLSI AND FABRICATION Page 10of 4



OCTOBER 2025 CONFIDENTIAL

Question 3

Figure 1 shows the symbol of a CMOS logic gate.

A
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Figure 1: Symbol of a logic gate.

(a) Identify the logic gate and write its equation.

(5 marks)
(b) Draw the layout of the logic gate.

(5 marks)
(c) Draw the stick diagram of the logic gate.

(5 marks)
(d) Draw the timing diagram of the logic gate.

(5 marks)
(e) Draw the transistor level diagram.

(5 marks)

Question 4

Consider a layout shown in Figure 2. The parameters of the NMOS transistor is as shown in
the layout. Given, Vpp =3.3V, Vg , = 0.4V, u,C,,. =100uA4/ 7% Neglect the channel-length

modulation and substrate bias effect(4 =0,y =0) and the V¢ =1.0V" . Assume it operates
in saturation.
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Figure 2: Layout for Question 4.
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(a) Construct the schematic from the layout.
(b) Determine the value of |q.
(c) Determine the value of Vps.

(d) Prove the assumption that it operates in saturation.

Question 5
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(5 marks)

(10 marks)

(5 marks)

(5 marks)

The simplified layout of a transistor in a 0.5um process is shown in Figure 3 with the fabricated
dimensions. Determine the device parasitics below using the following process model values

of Cox = 1.8fF/um?2, Cj = 0.75fF/um2 and Cjsw = 0.25 fF/um.

0.5um

<>

1um Tum

2um

Figure 3. Simplified layout of a transistor.
(a) Determine the gate capacitance, Ce.
(b) Find the gate-to-drain capacitance, Cap.
(c) Determine the drain-to-bulk capacitance, Cps.

(d) Determine the total capacitance at the drain node.

(e) If the drain node RC time constant is 4psec, find its channel resistance.
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(5 marks)

(5 marks)

(5 marks)

(5 marks)
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APPENDIX
Current-voltage equations of the nMOS Transistor:-
I,=0 for Voo <V;
k 2
I,(lin)= —2’—‘[2(VGS =V Wos — VDS'] for Vog 2V, and Vg <V = V5
k
1, (sar) = —2"—(VGS - VT)Z(I + AV 55) for Voo 2V, and Vg 2V =V,
Where,
kll = /LlnCO\f Z
S L
Current-voltage equations of the pMOS Transistor:-
I,=0 for Vg >V,
k )
I,(lin) = TP[Z(VGS —V Wy =V ] for Vo <V, and Vg >V =V,
k
L&ty = TP(VGS V) (1+ AV ) for Vo <V, and Vs SV —V;
Where,
w
kp = ILIPCOX I‘

Threshold voltage:-
VeWes) =Vro +7/(‘\/\2¢F _VSBI —\/l 20 1)

Capacitance Current:-
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SAB23203 INTRODUCTION TO VLSI AND FABRICATION Page 4 of 4










