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1. a) Describe the three main components of the load capacitance Ciaq, Wwhen
a logic gate is driving other fan-out gates. Sketch the equivalent circuit of

the model of parasitic MOSFET capacitances.

(15 marks)

b) Referto Figure 1.
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Figure 1. Layout view of a transistor

Consider the layout of an nMOS transistor shown in Figure 1. The process

parameters are:

Np = 2x10%0 cm3
Na = 1x10"%cm3
X; = 0.5um

Ltp = 0.5 pm

tox = 0.05pm
Vo= 0.8V

Channel stop doping = 16.0 x (p-type substrate doping)

Find the effective drain parasitic capacitance when the drain node voltage
changes from S Vto 25V.

(35 marks)
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c) Consider a CMOS inverter with the following parameters:

nMOS Vron =06V

LnCox = 60 HAN?
pMOS Vrop =-0.7V
HpCox =25 AIV?
W/LN =8

(W/L)p =12

Calculate the noise margins and the switching threshold (Vi) of this circuit.
The power supply voltage is Voo = 3.3 V. Comment on the condition of the
inverter based on the value of noise margins.

(50 marks)

2. a) Consider a CMOS inverier, which has the following device parameters.

nMOS Vrp,=08V
pMOS Vrop=-1.0V
HnCox = 50 PA/N?
UpCox = 20 pAN?

The power supply voltage is Voo = 5 V. Both transistors have a channel
length of Ln = Lp = 1 um. The total output load capacitance of this circuit is

Cout = 2 pF, which is independent of transistors dimensions.

(i) Determine the channel width of the nMOS and the pMOS transistors
such that the switching threshold voltage is equal to 2.2 V, and the

output rise time IS trise = 5 NS.

(20 marks)

(i) Calculate the average propagation delay time tp for the circuit
designed in (i).
(20 marks)
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(ili) How do the switching threshold (Vi) and the delay times change if the
power supply voltage is dropped from 5 V to 3.3 V. Provide the
interpretation of the resulis.

(20 marks)

Consider a CMOS ring osclilator consisting of an odd number (n) of
identical inverters connected in a ring configuration as shown in Figure 2.
The layout of the ring oscillator is such that the interconnection (wiring)
parasitics can be assumed as zero. Therefore, the delay of each stage is
the same and the average gate delay is called the intrinsic delay (tp) as
long as identical gates are used. The ring oscillator circuit is often used to

quote the circuit speed of a particular technology using the ring oscillator

frequency (f).
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Figure 2

(i) Derive an expression for the intrinsic delay (tp) in terms of the number

of stages n.
(20 marks)

(i) Show the 1p is independent of the transistor size, i.e. it remains the
same when all gates are scaled the uniformly up or down.
(20 marks)
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3. Consider two logic functions F = A+B+C and G = A+B+C+D. Assume both true

and complementary signals are available.

a}) Implement these functions in dynamic CMOS as cascaded @ stages so as
to minimize the total transistor count.
(40 marks)

b) Discuss any conditions under which this implementation in part a) would
fail to operate properly.
(20 marks)

c) Design an np-CMOS implementation of the same logic functions. Does this
design display any of the difficulties of part b).
(40 marks)

4. Consider a standard 6-T SRAM cell as shown in Figure 4. Due to Random
Dopant Fluctuation (RDF), transistors in a single cell may have different
threshold voltages than that of what was designed for. Assume that the cell is
designed for Voo = 1V, Vin = 0.3 V, and Vyp = -0.3 V. Consider that due to RDF,
a variation of £ 30 mV in threshold voltage can happen. Clearly and concisely
answer the following questions with an explanation. Write your assumptions, if

any.

a) Determine the threshold voltages of all the transistors for worst case read
operation.
(60 marks)

b} Determine the threshold voltages of all the transistors for worst case write
operation.
(50 marks) .
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Figure 4. Standard 6-T SRAM Cell
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APPENDIX
Question Course Qutcome Programme Qutcome
(CO) (PO)
1 1 PO3
2 2 PO3
3 3 PO3
4 4 PQO3
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APPENDIX

Drain Current Equations for nMOSFET:

ID(lln): —-7_._2.[2(‘/65“- VT)Vps—VLZ)S] (fOI’ VGS > Vr
and VDS < VGS - VT '
N -
Ln - Co.r w '
Ip(sat) = -+ Vos = Vi)t (14X Vps)  for Vgs>Vy

and VDS‘ > Vs — VT

Drain Current Equations for pMOSFET:

. _ ,up . CO.I' W
Ip(lin) = o [2-(Vos — Vr)Vps — V3] for Ves<Vr
and Vps > Vgs — Vr
2.
M 'Cox |24
Ip(sar) = —’7— -7 (Vos = Vi)l (1+A-Vps)  for Ves<Vr

and Vps < Vgg— Vr

CMOS inverter Switching thresholid.

1.

/1
VTO,n + E‘“" ) (VDD - |VT0,pI)
Vrh = R

(1+/50)
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CMOS inverter Propagations delay Times:

1.

_ Cfaad ’: ZVT.H
tPHL = ky(Vop — Vra) L Vop — V1

C[oad [ ZIVT.Pl
TPLH = 1y — |Vr,pl) L Von — [Vrpl

+ln(
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4(Vpp — [Vrpl) _

Vop

)



