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II-1 (10%)

Answer the following questions as concisely as possible.

(a) For a p-channel J-FET (a J-FET with n*-p gating junctions and a p-region between the source and drain),
does the drain current flow into or out of the drain contact under normal operating conditions? Explain.

(b) What is the mathematical definition of the drain conductance? of the transconductance?

(c) What do MESFET, D-MESFET, and E-MESFET stand for?

11-2 (15%

An 15403-)0 is maintained at T = 300 K, the oxide thickness X, = 0.1 fzm, and the silicon doping is N5 = 10"

em?. @ p=kT/q In0Na/nj). KT/q=0.0259 V. n; = 10'° cm,

(a) Compute the depletion width W when silicon surface potential s =@ .

(b) Compute the electric fieldEs when¢gs =¢r, whereEs is the electric field in the semiconductor at the
oxide-semiconductor interface. The silicon permittivity & s; = 11.8x8.85x10* F/em. q = 1.60x10™ C.

(c) Compute the gate voltage Vg when ¢ s = ¢ ¢ . The oxide permittivity € ox = 3.9x8.85x10"* F/em.

11-3 (15%)
The C-V characteristic exhibited by an MOS-C (assumed to be ideal) is displayed as follows.
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(a) Is the semiconductor component of the MOS-C doped n-type or p-type? Indicate how you arrived at your
answer.

(b) Draw the MOS-C energy band diagram corresponding to point (2) on the C-V characteristic. (Be sure to
include the diagrams for all three components of the MOS-C, show the proper band bending in both the © = 7
oxide and semiconductor, and properly position the Fermi level in the metal and semiconductor.)

(c) Draw the block charge diagram corresponding to point (1) on the C-V characteristic.

(d) If the area of the MOS-C is 3x10? cm?, what is the oxide thickness (x,)? The oxide permittivity £ ox= 3.9x
8.85x10™ Fem.

() Determine the maximum depletion width Wr. The silicon permittivity € g; = 11.8x8.85x10™* F/em.

11-4 (10%)

For the npn transistor biased in the forward active region, the base recombination current is 0.012 mA, the
emitter-base junction space-charge recombination current is 0.025 mA, the emitter-base hole-diffusion current
is 0.045 mA, the emitter-base electron-diffusion current is 2.1 mA.

(a) What is the base transport factor?

(b) What is the emitter efficiency?

(c) What is the common emitter £.
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