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Test #1  Winter 2008

Time allowed: 2 hours (including the first 5 minutes for exam review . no writing.) Calculator permitted.
Closed book; one- side 8/le 1lin “crib-sheet” permitted; (tum in the crib sheet with the test paper.)
Answer questlons on these pages. If you need more space, use the back of the page.

There are eleven questions at 10 points each. Answer any ten or all eleven Maximum score 100 pomts

In all your answers, state all approx1mat10n clearly, and explain each step succmctly
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1 [2.19] InP is composed of equal atoms of In and P in a lattice similar to that of Si. If a Ge atom replaces
anIn atom in the lattice, Will it act as an acceptor or donor? Explain.
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2.[2.47] A Sum-long block of p-type Si has an acceptor doping profile given by: . :
Na(x) = 104+ +10"exp(- 10"x) where x is in cm.
(a) Show that the material must have a non-zero internal elecmc field, E:
(b) Find E at (i) x=0 and (ii) x~5um
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3. Given the diode equatlon ip =Is [exp(vp/nV1) — 1), with reverse saturation current Is, derive an ;
expressmn for the temperature coefficient of vy in terms of ip, V1, n, energy band-gap Eg, & temperature T.

. - ~ ~‘ L %774/!\/" (Nﬂlv)
o 517 (éo‘/’ 'qu l) {7 »
2p V= al £p
59 'Z/D A 7"/ ‘.ZS/
/%’fwma/‘ﬂvxj' /ﬁ/q{’ncﬂ/% M/e_ﬁq,w/p/%of)
ﬂ(’ﬁﬁ Z ;
| = oy oS ALy p Ve 4 i
(s e i () toaAr z
=\ J.,ofi} , o a(k/
, g a I a7 Vi ﬁ
:';/;Z e 2’0_(%_5@;2__ | —I—;M /lc'z - sihce Ze ﬁﬁ“f Vé’ M”"”MN_
, : : a:s'g'f @4/«7 JAT JW? C"%S
So oy Up 4 :

| | \ 7
aT ~ Vr 70 "r e | + 3BT M/"”"?/“‘T

"-@o——sﬂvr—wzégé; | L %rz-tﬁ T,

T

‘fdvD- : - 3n \/— - N L'«"r/a
drl T

4.[339]A dxode has Wgo = lum and ¢; = 0. 6V If the diode breaks down when the mtemal field exceeds
3GOkV/cm what is the diode breakdown voltage?
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5.[3.46/471 A pn Junctlon dlode with NA—~IO ®/cm® on the p-side and ND~10”/cm on the n-side, has cross-
sectional area 10*pum>
(a) What is the junction capacitance at a reverse bias of 5V? :
(b) What is the diffusion capacitance at a forward bias current of 100mA for a
- 10ns diode transit time, and how much charge is stored in the diode?
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7. (a) Determine which diodes are “on” and which are “off”’ ) ‘ ; ‘
in the circuit shown, if V,, for a conducting diode is 0.75V. Zk—ﬂ. Va 2 k. : 25&“‘

(b) Calculate the voltages V a, Vg, and currents 1;, I, I5. '-—D'_—M__Nx 5 Ve = l"*"!
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8. For the Zener regulator circuit shown,
(a) Express V| in terms of the circuit parameters, and hence
(b) Identify expressions for the line and load regulation.
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9.[3. 105] The full-wave rectifier circuit was de51gned to have a maximum rlpple of approximately 1V, but
is not operating properly. The measured waveforms at the 3 nodes ldentlf ed are shown What is wrong
with the circuit? :
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10.[3.109] What are the d¢ output voltages V,and V, for this circuit with vs-3 55m377t and C=10,000uF?
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11, [3.107] A3000V, 1A dc-power supply is to be designed with a ripple voltage < 1% at 60Hz input, using
a full-wave bridge rectification circuit with capacitor filter. - ,
(a) What is the size of the filter capacitor C?
(b) What is the minimum PIV rating for the diodes?
(c) What is the rms value of the transformer voltage?
(d) What is the peak value of the repetmve current in the dlode? ,
(e) What is the surge current at t=0"? :
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