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1.

The dielectric constants of silicon and silicon dioxide (SiOz) are 11.7 and 3.9, respectively.

The permittivity of vacuum is 8.85 x 107 F/em.

Energy bandgap of Si: Eg = 1.12 eV, charge ¢ = 1.6 x 10 C,kT=259meVat T=300K
Electron affinity of Si: qx = 4.01 V. Intrinsic concentration of Si at T =300 K: n;j =1.5 x 10'° cm™.
Please note that all calculation answers must include the unit and calculation process.

(25%) A silicon pn junction in thermal equilibrium at T = 300 K is doped such that Er — Eri = 0.407

eV in the n region and Eri — Er = 0.3474 eV in the p region. In the p-type semiconductor, the diffusion

coefficient of excess minority carriers is 25 cm?/s, and the carrier lifetime is 0.5 us. In the n-type

semiconductor, the diffusion coefficient of excess minority carriers is 10 cm?/s, and the carrier lifetime

is 0.1 us. A A

(a) (15%) Calculate the total potential difference across the depletion region and the maximum electric
field (Emax) for a pn junction under a reverse bias of 8 V.

(b) (10%) Calculate the current density of holes (Jp) and electrons (Jn) at the edges of the depletion
region when a forward bias of 0.72 V is applied. !

(10%) For a silicon-based n*-p one-side junction, the relationship between the capacitance density and
the reverse bias voltage at T = 300 K is shown in Figure 1. Please calculate the doping concentrations
of the p-type and n-type semiconductors (Na and Ng, respectively).
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Figure 1

. (10%) The I-V relationship of a diode can generally be expressed as I = Is[exp(qVa/nkT) — 1], where

the parameter n is referred to as the ideality factor. What are the possible reasons for n = 2? Please
provide two examples.

(15%) For a silicon-based p-i-n junction, the width of the intrinsic semiconductor is 1 pm, and the
doping concentrations of the p-type and n-type semiconductors are 10 ¢cm™ and 10'7 cm3,
respectively. At T =300 K, calculate the following when a reverse bias of 8 V is applied:

(a) (5%) The total depletion region width (Wpin).

(b) (10%) The maximum electric field (Emax).

(20%) Consider an ideal tungsten-to-p-type silicon Schottky diode at a temperature of 300 K. The work

function of tungsten is 4.55 eV, the doping concentration of the semiconductor is 3 x 10" cm™, and

the effective density of states in the conduction band and valence band for silicon are 2.8 x 10Y cm?

and 1.04 x 10" cm™ respectively. |

(a) (10%) Calculate the ideal Schottky barrier height and the built-in potential of the semiconductor.

(b) (10%) Calculate the depletion region width and the maximum electric field when a reverse bias of]
8 Vis applied.
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6. (20%) Consider a MOS capacitor with an n-type silicon substrate doped to Na = 10'® cm3, a silicon
dioxide (SiO) insulator with a thickness of tox = 20 nm, and an n" polysilicon gate (assuming Er =
Ec). The threshold voltage (Vi) is defined as the gate voltage required to achieve strong inversion at
the silicon surface, where the surface potential [()s| =2¢r.
(a) (10%) Calculate the threshold voltage (Vin).
(b) (10%) Calculate the capacitance density at flat-band (Crs) and the minimum capacitance density

(Cmin) in the high-frequency C-V curve.
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