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1. (40%) At room temperature, consider a Ge p-n junction with acceptor concentration of
Na=1.5x10"® cm™ and donor concentration of Np=5x10'® cm™. (g, = 8.85 x 10~ 1%; for Ge,
& =16, 1, =1, = 107°s),please derive expressions and draw the plot for : (a) the electric field
distribution, (b) the potential distribution, (c¢) build-in potential, and (d) the depletion-layer width.
Please mark all the definite value shown in the plot you draw.
2. (10%) Follow the condition listed in question 1, if the Ge p-n junction is reversed biased of 1 V,
please calculate the depletion-layer width.
3. (20%) Follow the condition listed in question 1, if the Ge p-n junction is forward biased of 1V,
please calculate: (a) the depletion-layer width, (b) the forward current density.
4. (30%) For a particular semiconductor, Eg=1.5 eV, Mp+=10My+, T=300 K, and ni=1x10° cm™>.
(a) Determine the position of the intrinsic Fermi energy level with respect to the center of the
bandgap.
(b) Impurity atoms are added so that the Er; is 0.45 eV below the center of the bandgap. Are
acceptor or donor atoms added? What is the concentration of impurity atoms added?
(c) Using the results from (b), plot the distribution of electron and hole densities versus energy,
with the energy on the vertical axis and the carrier concentration on the horizontal axis. Be

sure to include the Fermi-Dirac distribution as a reference.
Room temperature properties of semiconductors: Si and Ge

Quantity Symbol Si Ge (Unit)
Crystal structure D D -
Gap: Direct (D) / Indirect (/) I I -
Lattice constant ap = 5.43095 5.64613 A
Bandgap energy E,= 1.12 0.66 eV
Intrinsic carrier concentration n; = 1x10" 2x10% em™
Effective DOS at CB edge N.= 2.8x10" 1.0x10" em’”
Effective DOS at VB edge Ny = 1.0x10" 6.0x10" em™
Electron mobility Uy = 1500 3900 cm’/Vs
Hole mobility = 450 1900 cm’/Vs
Electron diffusion constant D,= 39 101 cm’/s
Hole diffusion constant D,= 12 49 em?/s
Electron aftinity ¥’ = 4,05 4.0 \%
Minority carrier lifetime T = 10°¢ 10°° S
Electron effective mass me* = 0.98 m, 1.64 m, -
Heavy hole effective mass mpn* = 0.49 m, 0.28 m, -
Relative dielectric constant &= 11.9 16.0 -
Refractive index near £, n = 33 4.0 -
Absorption coefficient near E, o= 10° 10° em™

LTREICIE | I S i

Ql. (45 %) Considering an MOS capacitor composed of an aluminum metal gate, a SiO» insulator,
and Si as the semiconductor. The work function of aluminum is 4.1 eV. The oxide thickness is 10 nm.
The electron affinity of silicon is 4.05 eV. (£0=8.85x10"* F/cm, &i=11.7, €si02=3.9). The temperature
is 300K. The silicon is uniformly doped with boron so that ®s=4.9 eV.

(a) Is this 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.
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(d) If we decrease the thickness of oxide, how will the following parameters be affected? (Please
indicate your answer by putting a mark, V, in the correct column.) Write down any relevant equation
and explain briefly how you obtain the answer (a few words or one sentence).

Parameters Increase Decrease Unchanged
Accumulation region capacitance
Flat-band Voltage
Depletion-region capacitance
Threshold voltage

Inversion region capacitance

Q2. (35%) Considering an ideal N-channel MOSFET with the following parameters: W=20 um, L=5
pm, Tox = 0.05 um, Na = 10" cm™, N* poly-Si gate, pins = 800 cm?/V/s (and independent of V). For
question (a), (b), and (c), please ignore the bulk charge effect and velocity saturation

(a) What is the threshold voltage?

(b) What is the drain current when V=2 V?

(c) What is the value of dIds/dVds when V=2 V and V¢=0 V?

(d) Considering velocity saturation effect, indicate whether Vgsar and lgsac increase, decrease, or
remain unchanged when the following device parameters are reduced.

W L Tox Vt Vg

Vdsat
Idsat

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.
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