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You have 1 hgur to finish the quiz. There are fouyr problems and each is 25% of the total grade. For
problem 3, pick one from A B and C.

Use T=300K unless specified otherwise. Make appropriate assumptions when necessary.

Constants for room temperature Sj

1o
S0 _
n; = 105 cm3 Eg = 1.14eV €si = 1.04 * 10712F /cm =16+107°C
h=6.63x 10‘34m2kg/s = 27h kg = 1.38 % 10733m2kgs~2K~! = 8.617 * 10~ 5eVK™!
h%K? £(E) =
p hk,E 2m » Megp = h /(akz 1+ exp( T F)
E e 3 }rr(Zm )

NopPo = N = N N,exp(— ‘—) gc(E) = 4—(1?1'-2 E—Ec g(E) = —5—E

E,—E — Lp
E ) Er — Eg _ _Zv Fy_

ng = N_exp —(—F,‘-FL] = n exp[ T ] Po = Nyexp| T 1=mn exp[ kT 1
’ _ Ng = _N_a___
Ng+Ng—DPa=pPo+Ng—ny nd—m Pa 1+~exp( Ep- Ea)

1 1

1
Ivl = ulEl' ; - Hiattice - Himpurity

2
Ng—N, Nd‘Na) 2
no=T+J(—z— e

— E dn — —aD dp
In.drift = GQUANE, Jp arite = qUpP | ana,lp,diffusiOn L
_ € Dn Dp _ kT
0'=q,lnn+qupplp=1/al‘[d—; L—:—”———q—
- n 14
L% = Dptpo; Lna: Drf;,o n 62(5pn) a(é‘pn) , OPn _ 6(6]3“)
g p m _2ln —— i "
% = —;;]f » —;p—t, ot q0x + 9n Tpe P g2 Hp dx Tpo dat )
2 B sn, d(dn
’ llnnDp'{ i‘ppDn - “n”‘p(p—n) Dn d (6:'17) _ unEa(anp )__ + g' — - P = atp
D' = (TR R TRY 4 ! Upntt+upp dx x En(;z
NqNg crit
p(x) dE(x) -d’¢ In(Ez0) Ve ™ on,
= - 2
€s dx o 1/2 qD Pno ann'pO qVa
1/2 265V . = prn + ) (exp (——) = 1)
. {ZG;VM L%'d_a] [N.,-:Nd]} ) Xp = { [ ][N,,+Na]} Jidear = ( L, L, kT
| = To exp(+2)
,  dg’ q€sNaNa }1/2 Np = Npo€XP(r),  Pn = Pno€XP
C =" {z<v,,i+vn)(~a+~d)

Some solutions for the ambipolar transport equation

_ —-|x|/L
sp(t) = dp(0)e/™° Sp(x) = SP(E)l)e "(x_upsnt‘)z
5p(t) = g'tpo(1—e™/™) §p(x,t) = e™/™0 x (4mDyt) * * exp|="— =]
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(a) When we calculate the ideal current for a forward-biased diode * ignaring the recombinaticn
current), what are the four components of the. rurrent? In the figure, we showed on2 of the four
components in the neutral p region. Which conrponent is this one? (b) IF D, = 25tm? /s, Dy, =
10cm?/s, 1,0 = 5 * 10~7s and Tpo = 5+ 107°s and the given current comnonent ’s 10pA4 at
—Xp and N; = Ny, what is the total current of the forward-biased diode? Plot the ‘otal current
in the same figure. (c) Sketch electron current and hole current in the neutral p region,
depletion region and neutral n regions based on the information from (a) and (bj).
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3.

UID:

Choose one from problem A, R, C

A: (a) Sketch how carrier mobiiity changes with temperature and explain. (b) For a moderately
doped Si (Ng~1013cm™3), sketch its conductivizv (log(o)) versus temperature (1/7.

B: Siis used as dopant (N;) in GaAs. Suppose a
fraction of the Si atoms, a% replaces Ga and the
other 1 — a% of Si atoms replaces As in the
lattice. How will the Fermi level change in the
GaAs with respect to o?

106cm3

“-<- - - - —

C: (a) For a p-i-n junction with the linear dopant |
nrofile as shown in the figure, what's the applied T oum -1ipm
reverse bias if the depletion width is 4um? (b)
Repeat (a) if the i-region is now replaced by
metal (o0 = o).

S
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Figure for 3C(a)

~10%cm™3
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4. Assume that o finite n
X=0inann

umber of electron-hole pairs is generated instantaneously at * = 0 ard
(a) Sketch ex

-type semiconductor, assume the 2Xxcess carrier generaticn rate is zerofort > 5.-  —
Cess carrier concentration with respectto x fort = ty,t = t,, t = t3.(3Acurves) and

t3 >tz > t; > C for no external field (Eg = 0). (b) Repeat (a) for Ey > O.O(c) lnanred by.t.he

result from (b), a very famous experiment is se* up to measure the minority car}ner mobmm,f
minority carrier \diffusion coefficient and minority excess carrier lifetime. \j‘\/hax_s_the nam?boe

the experiment and what’s its significance? Draw the set up for the experiment. (d) Descr

‘ ' [ m the
how you can use it to measure the underlined parameters (you might need hint from t
equation sheet).




