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. The electron concentration in a semiconductor at room temperature is given by n(x) =

10*8 exp(—5x/L) cm™ > where 0 < x <L and L = 2 X 10~3 cm. Determine the electric field at

x = 0 and the electron diffusion current at x = L/2 under thermal equilibrium, assume the electron
mobility is 1500 cm?/V-s and kT/q = 26 mV. (10%)

Please plot the possible potential distribution of an M/Si(p)/M structure, assume ¢,,, < ¢s;, where
¢m and ¢s; are the work function of the metal M and the p type silicon, respectively. (10%)

. For the pn junction shown in Fig. 1, assume the doping concentration of the p and n type

semiconductor are Ny and Np, respectively. Please find the ratio of V,/V},, and derive Xp as a
function of V. (10%)
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If the energy band gap of the semiconductor (Eg) for a pn junction is reduced to be of E;/2, please
plot and explain how the diode current-voltage (I-V) characteristics will change. (10%)

. Please use energy band diagram to explain the electric field effect of a MOS (p-Si) structure under

strong inversion. Briefly describe the source of electrons in the inversion region. (10%)

6. Fig. 2 shows the typical common-emitter current gain, Pr as a function of collector current.
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Fig. 2
Explain why Br drops (a) when Ic is smaller than 10A, and (b) when I¢ is larger than 102A. (10%)
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7. Inaheavily velocity-saturated n-MOSFET device, the velocity at the source end of the channel is already
approximately vsa. The inversion charge density per unit area at the source end is given by
Qinv= - Cox(Vgs — V1). The transistor width is W. Derive an expression for the drain current I;.(10%)

8. Calculate threshold voltage shift (AVy) in an n-MOSFET due to fixed negative sheet charge at the SiO,/Si
interface (gate dielectric/channel interface) with density 10"c¢m?. The transistor has a high-K gate
dielectric with relative dielectric constant £=15.6 and thickness of 2.5nm. (10%)

9. Fig. 3 shows a typical I¢-Vas characteristics of an n-MOSFET. Sketch a new I4-Vgs curve to illustrate
how this curve would change in the presence of drain-induced barrier lowering (DIBL) effect. (10%)
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Fig. 3 (Sedra & Smith, 7" Ed.)

10. Which of the following statements is FALSE about n-MOS C-V characteristics (single-choice)? (5%)
A. Quantum mechanical effects causes MOS inversion capacitance to increase. |

Poly-silicon depletion effects causes MOS inversion capacitance to decrease.

Thicker gate dielectric causes the n-MOS threshold voltage to increase.

Heavier body doping causes the n-MOS threshold voltage to increase

Lower metal-gate work function causes the MOS flat-band voltage to decrease

woaow

11. Which of the following statements is FALSE about MOS leakage current and short channel effects?
(single-choice) (5%)
A. Typically, sub-threshold slope (SS) increases when gate length (L) decreases.
Typically, nMOS threshold voltage increases when gate length (L) decreases.
Gate leakage current is present when the gate dielectric is toQ thin.
Gate-induced drain leakage (GIDL) flows from the drain to the body (substrate).
Punch-through leakage current can be suppressed by increasing body doping concentration.
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