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The test is open book/open notes. Show all work. Be sure to state all assumptions made and check them
when possible. The number of points per problem are indicated in parentheses. Total of 100 points in 4
problems on 4 pages

1. A silicon p-n junction is very heavily doped on the p-side (Ef = E,) and has uniform doping of 10'7¢m ™3
on the n-side, except there is an additional narrow region of much heavier doping with dose of 1012¢m™2
located in the n region 0.1pm from the metallurgical junction. Note that the extra dose is given as
doping per unit area rather than volume and treat as a delta-function.

If the width of the depletion region on the n-side is 0.2um, sketch the charge density, electric field and
potential versus distance What is the applied bias? (22)
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2. Consider an abrupt silicon pn junction at 300K. The diode has a neutral p region with W, = 200um,
doped with N, = 10'¥cm 2 and a neutral n region with W, = 0.5um and Ny = 108¥cm=3. 7, =7, =
10~ %sec. D, = 9cm?/sec and Dp = 4cm?/sec in the n-region and D, = 25cm? /sec and D), = 9 cm?/sec
in the p-region. The junction is operated in forward bias with V; = 0.4 V. Assume traps at midgap and
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(a} Calculate the electron current at —x, (edge of depletion region on p-side}. (8) ( _ |
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(b) Calculate the hole current at the contact to the n-region. (12) Lf’h = \ﬁ‘f "“%1)(,0*‘%) = ,?O_,mm
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(c) Calculate the ratio of stored minority charge in the n region to that in p-region. (6)
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3 Inasilicon (x, = 4 05V) MOS capacitor with an n-type substrate and a p+ polysilicon gate (F, — E; =
0.1eV), the substrate doping is uniform with Ny = 10'8cm~3. The oxide thickness is 50 A and there is
a positive oxide charge of Qss =4 x 1078 C/cm? located at the oxide/semiconductor interface.

(a) Determine the state of the channel region (accumulation, flat-band, depletion, strong inversion,
etc.) and sketch the charge density, electric field and energy band diagram for the system 1f the
gate charge is Q, = —7 x 1077 C/em? (12)
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(b) Determine the applied gate voltage (12)
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(c) What gate capacitance would be measured at (i) high and (ii) low frequencies under these bias

conditions. {6) -
Jy R mo-dulal ¢ @M@%m b W VMW }

ol vegpen Lint o
- = (0
X4 = Qg Ry zu.uxm om f,a ¥ 3000,

v A

O = (CA Q%)/(Qgﬁ Y= 2o Lok
e, . , Coez Cop = = 6,207 Yo

d

-0.82.\




4. A contact is made between tungsten (¢, = 4.3¢V) and silicon (x; = 4.05¢V). The silicon is doped
uniformly with 5 x 107cm 3 of arsenic.

{a) If a high density of surface states pins the Fermi level at 0.4eV above the valence band maxima,
calculate semiconductor work function (¢,), effective barrier for electrons from metal to semicon-
ductor (¢pe), and effective barrier for electrons from semiconductor to metal (¢;) and sketch the
band diagram (including vacuum level and w1th baIrlers indicated) and the charge density versus

~ position for the contact in equilibrium. (1 1) gﬁﬂgm Ao {2, RLAY
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(b) If a bias of 0.2V is applied to the metal relative to the semiconductor, calculate the junction

capacitance per unit area and sketch the band diagram. (11)
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End Of Exam




