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1. Formulate the ideal diode current-voltage characteristics, Ip = Is-exp(VpMmVr — 1), with
respect to the Diode cross-sectional area 4, the carrier diffusion lengths: L, and L,, the
carrier diffusion coefficients: D, and D,, the equilibrium minority-carrier densities: 7,
and p,,, and the diode voltage bias: Vp. Where 1 is ideal factor of the diode. (20%)

2. SHow the fabrication process and draw its corresponding Ip - ¥p and Ip — Vg current
characteristics of an Enhancement mode N-channel MOSFET (ENH nMOS) and a
Depletion mode N-channel MOSFET (DEP nMOS) respectively. (Note: You need point
out the main differences between them) (20%)

3. A MOSFET has a threshold voltage of V7= 0.5 V, a subthreshold swing (SS) of 100
mV/decade, and a drain current of 0.1 pA at Vz. What is the subthreshold leakage current

at Vg =0V? (20%)

4. Nowadays for CMOS IC industry we normally need a buffered layer placed between a
high-k Ta,O5 and the silicon substrate. Please calculate the effective oxide thickness
(EOT) when the stacked gate dielectric is TayO3 (k= 25) with a thickness of 7.5 nm on a
buffered nitride layer ( k= 7) and a thickness of 1 nm). Also calculate EOT for a buffered
oxide layer ( k= 3.9) and a thickness of 0.5 nm). (20%)

5. C01151der an n-channel MOSFET with source and drain dopmg concentrations of Np =
10" cm™ and a channel region doli)mg of Ny=3 x 10" cm™ Assume a channel length of
L=0.6pum,eg=119x885x10 F/cm m=15x 10'° cm™ and assume the source and
the body are at ground potential. Assuming the abrupt junction approximation please
calculate the theoretical punch-through voltage. (20%)
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