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1. For a semiconductor material,

(a) Its conductivity o (in Q'-cm™) is affected by carrier concentration and mobility values. Please write down the equation
describing the relationship between these physical quantities. Please remember to explicitly write down the units of these
quantities in the equation. (5%)

(b) The values of carrier concentration and mobility are also dependent on temperature value. Please describe these
T-dependences (for example, what kind of mathematical functions.) (5%)

(¢) Do you know how to measure the mobility value of the semiconductor material? Please describe the method you know.
(5%)

2. For an abrupt p-n junction, a potential barrier is established at the junction and the built-in potential V is described by the well
. " N,N . . . e . .
known equation: V, = L2k In ———"«-2—"~ where N, and Ny are the doping concentrations and n; is the intringic carrier concentration
; q n,
of the semiconductor material.
(a) As the temperature T rises, will V increase or decrease? Please explain. (7%)
(b) If, at some temperature, a small forward bias voltage V¢ is applied to the diode made of the abrupt p-n junction, how will
the terminal current I of the diode behave? (4%) If the value of V¢ is larger than that of Vo, is it correct that the potential

barrier at the junction will be totally diminished? Please explain. (4%)

3. Consider an npn Bipolar Junction Transistor, with 10%°, 10'® and 10'® cm™ doping levels in emitter, base and collector
respectively, answer the following questions.
(a) Plot qualitatively its energy band diagrams at zero bias and at forward-active conditions. (5%)
(b) Why the emitter is doped more heavily than the collector, in a typical BIT? (5%)
(c) How does reducing base width affect the current gain, B? (5%)
(d) Ifa wide bandgap material with conductor band edge 0.2eV higher and valence band edge 0.3eV lower that of silicon, is
chosen to substitute the emitter. Plot the corresponding energy band diagram of the new BJT and explain how this will

affect its current gain, § and why? (10%)

4, For a pnpn-SCR shown below, answer the following questions.
(a) Describe its basic operation principles. (5%)
(b) Sketch qualitatively the I'V characteristics between the anode and cathode at the gate current, ;=0 and 1;>0 on the same
plot. (5%)
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5. A CMOS cross-section with four terminals (A, B, C and D) is shown in Figure 1.
(a) Which terminal is INPUT (Vin)? Which terminal is Vpp? (4%)
(b) Which terminal is OUTPUT (Vour)? Which terminal is Vgs? (4%)
(c) Draw CMOS circuit diagram and mark A, B, C, and D for each terminal. (6%)

6. Consider a MOS (Metal-Oxide-Silicon) capacitor with oxide thickness Tox = 1004, and its oxide capacitance Cox = 10pF and
C-V curves are shown in Figure 2.
(a) What is the type (n or p) of the substrate dopant? (2%)
(b) Which is the depletion region (1 ~ 4)? Which region is in accumulation? (4%)
(c) Ifthe frequency of small signal is 10MHz, what is the C-V curve (Cp or Cg)? (2%)
(d) The minimum depletion capacitance of silicon substrate is 0.25 Cox, what is the minimum MOS capacitance (pF)? (3%)
(e) Follow (d), if the oxide thickness becomes 75A, what is the minimum MOS capacitance (pF)? (3%)

7. An n-channel MOSFET with channel length L is shown in Figure 3. The saturation current Ipsar is 300pA when the channel
length L is 0. 1pm.
(a) Consider the channel modulation effect, when AL = 0.025um, what is the modified Ipgar (UA)? (4%)
(b) Follow (a), will the sub-threshold swing S (8Vgs / 6 log Ip) increase or decrease? (3%)

b HEHHA

[ANER




H RL B 9T 2 SE 2B - HE 2 3 4 HE 4K

#H8

Ay

Gate -
electrode TH electrode

b T/\ D
T Gate T

p substrate

Figure 1

1 f g 2\ ! 3 o, 4 P
i i 1
i i 1
Q CA : : : Cox
. /T » i . -4
ol o e
o P /'/
[ 1 1
o Lo A
Lol ) o ya
w ; '\ | S
o | 7 4 [
(@) CB ; :'q; 6,»"'/ i
~~~~~~~~~~~~~~~~~~ Lin 7™ 1
m I I 1
1 1 r
1 t 1
1] 1
| ‘ |
O ] ! i .
-10v Gate Voltage 10V
Figure 2
' l §
Source = L ™

Figure 3




