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1.(a) If the hole concentration distribution p,(x) of the n-type semiconductor of a pn junction 1s shown in Fig. 1, find

the hole diffusion current J,(x) and hole transit time, assuming the hole diffusion coefficient is Dy,. (10%)

(b) Why are pn junctions called minority carrier devices? Why does its forward I-V characteristics have the

relationship of I e exp(£)? (10%)

Pn ()

pn(0)

Pno

Fig. 1

2.(a) Draw the energy band diagram of the MOS structure under strong inversion and use it to briéﬂy describe the

necessary conditions for strong inversion of the semiconductor surface. (10%)

(b) Briefly describe the challenges of scaling the threshold voltage V;; and subthreshold swing SS of MOSFETs.
(10%)

3. Why is the room temperature subthreshold swing (SS) limited to 60 mV/decade? How does the short channel effect
affect SS? Why? (10%)

‘4. Approximately what is the saturation velocity of electrons in single-crystalline silicon? (5%)
(&) 10° cm/s
(b) 10%cm/s
(c) 107 cm/s
(d) 10%cm/s

(e) 10°cm/s -
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5. For silicon PN junction diodes:

(2) Consider a reverse biased PN junction with Na=10" ¢cm™® and Np=10""cm®. How would the depletion region

width change (increase (1), decrease (|), or no change (—)) if we do the following (9%):

Action Change in depletion region width

Increase the acceptor doping concentration (Na)

Increase the donor doping concentration (Np)

Increase the reverse bias voltage (|[Vg|)

(b) Avalanche breakdown in the PN junction diode originates from which of the following pheﬁornenon? (5%)
A. Band-to-band tunneling

Impact ionization

Thermal runaway

Velocity saturation

MY o0 W

Carrier diffusion

6. For MOSFETs:
(a) What happens to the MOSFET SS at very low temperature, say -196°C or 77K? (5%)

(b) When making metal contact to the source and drain, why do we always need to ensure sufficient doping in the

semiconductor material (e.g. more than 10%°cm™ for silicon) at the contact? (5%)

(c) List two physical phenomena that reduces the output resistance of MOS transistors when channel length is -
reduced. (10%) ‘ ‘

- (d) Typically, what voltage is the pMOSFET body connected to in a CMOS integrated circuit, and why? (6%)

7. For bipolar junction transistors (BJT’s), why is heavy emitter doping preferred? (5%)




