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1.  (20%) Ge atoms are doped into InP with a concentration of 10! cm®. If Ge atoms are fully ionized, and 20% Ge
replace In atoms and 80% Ge replace P atoms at T=300 K. (a) Please calculate the electron and hole concentrations.
(b) Determine the position of the Fermi level with respect to Eg;. (For InP at T=300 K, numbers of atoms in 1¢cm?
=4x10%2; intrinsic carrier concentration=1.3x107 cm™)
2. (20%) Explain the following items or answer short questions:
(d) Fermi-Dirac distribution function
(b) Avalanche breakdown in junction diodes
3. (20%) The two equations shown below demonstrates the relation between carrier mobility and doping concentration.
(8) What is the definition of carrier mobility?
(b) Why does the doping concentration affect the carrier mobility?
(c) Considering an n-type silicon semiconductor resistor is to be designed so that it carries a current of 5 mA with
an applied voltage of 5V. Design a resistor for Ng=4x10'* cm™ to meet the required specification.
‘UI,(CIHZ/V~ S)i = 420 = O7+ 50 .“”‘;C"]z_', V.s) = 1318 ”“+ 92
L+[(Ny+Ng)/1.6x10"]" L+ [(Ng+ Ng/1x 1071
4. (20%) Considering a pn junction at T=300 K with a doping concentration N¢-N, =ax as shown below. Please derive

expressions for: (a) the electric field distribution, (b) the potential distribution, (c) build-in potential, and (d) the
depletion-layer width.

Nd'Na

Slope=a
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5. (20%) A metal-semiconductor junction is formed between a metal with a work function of 4.3 eV and p-type silicon
with an electron affinity of 4.0 V. The acceptor doping concentration in the silicon is N,=5x10'* cm. Assume T=300
K. (a) Sketch the thermal equilibrium energy-band diagram. (b)Determine the energy barrier (which is also called as
Schottky barrier) between the interface. (c¢) Sketch the energy-band diagram with an applied reverse-biased voltage
of V/=3V. (d) Sketch the energy-band diagram with an applied forward-bias voltage of V=0.25 V.

Q1. (45 %) Considering an MOS capacitor composed of an aluminum metal gate, a SiO2 insulator, and Si as the
semiconductor. The work function of aluminum is 4.1 eV. The oxide thickness is 12 nm. The electron affinity of silicon
is 4.05 eV. (£,=8.85x10"*F/cm, £5=11.7, £5i0o=3.9). The temperature is 300K. The silicon is uniformly doped with boron
so that @s=4.9 eV.

(@) Isthis an NMOS or PMOS capacitor/transistor?

(b) What is the flat-band voltage?

(c) What is the threshold voltage?

(d) Please draw its capacitor-voltage characteristic plot.

(e) Please draw the energy diagram illustrate the three regions: depletion, accumulation, inversion.

(f) What is the doping concentration of boron?

(9) Will the threshold voltage decrease when the MOS is operated under 77K? Why?

(h) How can we reduce the threshold voltage? Please also illustrate if there is any limitation or trade-offs in your

proposed strategies.
(i) Will the threshold voltage decrease when there are some negative charges trapped in oxide? Why?

B The energy band diagram of Si

Q2. (15%) Considering an MOS transistor composed of an aluminum metal gate, a SiO; insulator, and Si as the
semiconductor, which the parameters of the materials are all same with Q1. (You may or may not need the following
information: m= 1, L= 0.5 pm, W = 2.5 pum. Do not consider velocity saturation)

(a) What is the gate voltage V4 one must apply to obtain the I-V curve?

(b) What is the surface mobility of the MOS?

(c) Is the surface mobility obtained in (b) higher or lower than the bulk mobility? Please illustrate some possible reasons.

Ty A

l4i=2mA |

V=3V
I-V curve

Q3. (20%) Please clearly illustrate following terms (not only translate) and their effect on MOS transistors. (a)Body effect;
(b) velocity saturation; (c) series resistance; (d) velocity overshoot.

Q4. (20%) For an NMOS device with velocity saturation, indicate whether Vs, and Igsae increase, decrease, or remain
unchanged when the following device parameters are reduced.

W L Tox Vt Vg

Vdsat
Idsat
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