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1.
(a) Explain the phenomenon of deep depletion.
(b) Sketch a cross-sectional view of a DRAM element. How and why does the drain differ from that of a
regular MOSFET?
(c) Explain the operations of writing and storing ‘1’s’ and ‘0’s’, and of refreshing, in a DRAM.
(d) Why is deep depletion not an issue in the switching of regular MOSFETs?

2.
(a) What is the short-channel effect in MOSFETs?
(b) Discuss the importance of the source/drain junction depth, and the source-drain voltage, in determining
the extent of the short-channel effect.
(c) How is the short-channel effect controlled (reduced) in (i) regular MOSFETs, and (ii) dual-gate MOS-
FETs?
(d) As the channel length has shortened, the mobility has decreased. Why is this, and how might this trend
be halted?

3.
(a) Discuss the various factors that must be considered when choosing NSUB, L, TOX , and VDD in designing
a MOSFET suited to high-speed logic applications.
(b) What are the reasons for incorporating HBTs into a CMOS process?
(c) Compare and contrast CMOS logic and ECL.

4. Refer to the Figure overleaf, and consider building an HBT on an InP substrate, using InAlAs and
InGaAs epi-layers.
(a) Which of the two epi-layers should be used as the emitter, and why?
(b) Choose, giving reasons for your choice, suitable mole fractions of In for (i) the emitter, and (ii) the base.
(c) Draw an equilibrium energy band diagram, showing Evac, EC , EV and EF roughly to scale, for an npn
version of your HBT. The electron affinity can be assumed to be the same for all the materials used.
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Figure 1: Bandgap vs. Lattice Constant.

SOME EQUATIONS

p0n0 = n2
i ; n = ni exp[(EFn − EFi)/kT ]; n = NC exp[(EFn − EC)/kT ];

ni(Si)=1010 cm−3; kT/q = 0.026 V at 300K; Eg(Si)=1.12 eV
f(E) = 1/[1 + exp((E − EF )/kT )];
∂2ψ
∂x2 + 2m

h̄ [E − U(x)]ψ = 0; h̄2k2 = 2mE
−qψ = EFi − EF ; −qφn = EFn − EF
VT = 1

Cox

√
2εsqNSUB(2φB + VSB) + 2φB + VFB ; φB = kT

q ln NSUB

ni

v = µ
Ey

1+Ey/Ecrit
; D/µ = kT/q

IDsat = CoxZvsat(VGS − VT ); IC = IS exp qVBE/kT

(2πfT )−1 = Cπ+Cµ

gm
+ Cµ(RE +RC); fmax =

√
fT

8πCµRB
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