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1. An n-type semiconductor is under thermal equilibrium and has an electron distribution of n(x) = ng exp(—x/Ly),
where L isits length, ny and L, are constanf,and 0 <x < L. '
(@ Derive and sketch its potential distribution ¥{(x) with the potential of Fermi level at x = 0 as the voltage
reference. (10%)
(b) Find the ratio of drift currents at x = 0 and x = L. (5%)

2. Draw the possible energy band diagram of a Si pn junction under light irradiation (hv > Ej) in
open-circuit condition. What could be the maximum value of the open-circuit voltage? Why? (15%)

3. Explain the “Schottky effect” and “Fermi level pining™ which might occur in metal-semiconductor (MS)
contacts, respectively. (10%)

4. Please use energy band diagram to explain why bipolar junction transistors (BJTs) could serve as a
current amplifier. (10%)

5. Consider a planar N-channel MOSFET with a metzl gate with work function ®met =4.61V fabricated on
P-type silicon wafer with uniform doping concentzation Na=10"cm. The 8iOz gate dielectric thickness |.
(Tes) is 1.5nm. The MOS transistor is 10pm. wide: (#) and 100nm long (L). The threshold voltage (V) at
room temperature is 0.4V. '

(2) How would ¥; change if ®meta is increasedto .81V (5%)?
A. Increasesto 0.6V -
B. Does not change
C. Decreasesto 0.2V
D. Decreases by an amount that is smaller than 0.2V
(b) Which of the following statements is TRUE if Tox is doubled (3.0nm} (5%)?
A. The body effect factor ydecreases
B. V:increases
C. The gate capacitance Cox increases
D. The flatband voltage V7 decreases
(c) Which of the following statements is TRUE if we increase the doping concentration Ny to 10'%cm™
(5%)?
A. Videcreases
B. Punch-through will be larger (more severe)
C. Body effect factor ¥ decreases
D. Mobility p will be smaller (degraded)
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(d) Which of the following statements is TRUE if we replace the gate dielectric with HION with
relative dielectric constant =16 with twice the thickness of the original SiOz (5%)?
A. Punch-through will be larger (more severe)
B. The gate leakage current will be larger
C. The gate capacitance Cox increases
D. Mobility p will be larger (better)

6. Consider the following transistor output characteristics

Y

Vout

(a) If this set of curves were MOSFET drain current (ip) versus drain voltage (vps) characteristics for
different gate biases (vos), what is the name of the physical phenomenon responsible for the
non-zero slope at high vos (5%)?

(b) Following (a), explain the physical phenomenon that results in such non-zero slope (5%).

() If the above set of curves were BIT collector current (ic) versus collector voltage (vcE)
characteristics for different base current (iz), what is the name of the physical phenomenon
responsible for the non-zero slope at high Vas (5%)?

(d) Following (c), explain the physical phenomenon that results in such non-zero slope (5%).

(¢) Ifthe curves intersect at a negative voltage -V, express the output resistance (ro) as fanction of Va.
Consider a BJT with collector current ico near the edge of saturation (5%).

7. List three possible ways to reduce short channel effects (which causes drain-induced barrier lowering,
sub-threshold slope degradation, and Vi roll-off) in enhancement-mode MOSFETs (5%). '




