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1. (40%) A p-n junction is formed in Si whose Fermi level on the p-side is 25 meV above the valence
bandedge E,.. The n-side material is doped at a concentration of Ny = 10%® crn~3. Given the electric
field of F(0) = —1.583 x 10* V/cm at the junction (z = 0), the junction area of 0.02 cm®, minority
carrier life time 7, = 7, = 1.0 s, and the temperature 300 K, answer the foliowing questions:

- (&) (5 %) Explain the purpose(s) of having the acceptor level very close to E,.
(b) (5 %) Determine the contact potential energy gVp, where g is the elementary charge.
{c) (10 %) Derive, showing all the work, the expression for the eleciric field at the junction [Le. E(0)].
(d) (5 %) Calculate the total width Wof the space charge layer.
(&) (5 %) Calculate the current flow under a forward bias of 0.60 V.
(f) (10 %) What is the effective injection rate of holes into the n side under the bias condition given in

(©)?

Constants: ¢ = 1.602 x 1071° C; kT = 0.0259 eV; ¢ = 8.854 x 107 */cm
For Si: D, = 12.43 cm?/s, D,, = 35.0 cm?%/s, B, = 1.11 eV, n; = 1.5 x 10"/cm®, ¢, = 11.8,

n %4
Diode equation: [ = eA [i—nnw + f—:pm] [exp (%f) _ 1}

2. {10%) Assume both carriers present in a semiconductor sample in thermal equilibrium. Derive, showing
all the work, the minimum conductivity of this sample in terms of the mobility of each carrier species
and the intrinsic concentration n;.

3. For the circuit shown in Fig. 1(a), the input and output voltages that are zero at 7 = 0 is driven by the
mput signal v; shown in Fig. 1(b). The resistance and capacitance in the circuit are C; = 0.2 uF and R, =
5 K. Determine the maximum value (5%) and minimum value (5%) of output signal v;. Sketch and
label the resulting output waveform vo versus time (5%).
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4. For the circuit shown in Fig. 2, assume small-signal output resistances of transistors #o; ~ ros are finite
and rs 18 Infinite.
(a) Determine the small-signal voltage gain 4, = vofv; (10%).
(b) Determine the output resistance R, (5%).

5. For the circuit shown in Fig. 3, derive the expressions for the voltage transfer function 7(s) = V,(s)/Vi{s)
(5%), dstermine the cutoff frequency fiqs (5%), and sketch Bode plots of magnitude (5%) and phase
{(5%) for the circuit. .
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