35.423 SEMICONDUCTOR ELECTRON DEVICES Name: \g ocuTis 's/

Fall 1998 (please print)
Quiz 1

This quiz is aimed for 1-1/2 hours with 30 minutes allocated for checking your paper. This quiz will be
picked up at 9:00 P.M.

You are permitted 1 - 8 2" x 11" formula sheet without any derivations or problem solutions. The
formula sheet must be handed in with your quiz (and will be returned with this quiz). If either

1. your formula sheet violates these constraints
OR
2. you are NOT using a formula sheet
RAISE YOUR HAND AND INFORM A PROCTOR NOW!

If you do not inform a proctor that you are taking the quiz without a formula sheet, it is your
responsibility to staple the formula sheet to the quiz when handing in your exam.

All work should be done on these sheets. On your desk top and seats should be this exam, one formula
sheet, computation aid, and writing instruments ONLY. All other material should be stored under the
seats.

If you are unsure about alternate interpretation of a problem, ASK A PROCTOR.

While the parts of a problem are related, many do not “chain” together, latter parts of a problem can
usually be done even though earlier parts are not done successfully. If you cannot, or do not have time to
solve a problem numerically, CLEARLY indicate the appropriate formulas and the method of solution.

If a problem states “Explain briefly” or “Show all work”, full credit will not be allocated without the
information requested. An explanation, when not required, can be helpful in allocation of partial credit.

THINK ! ! |  GOOD LUCK!!

Must hand in all quiz pages and formula sheet. Whena [ ] appears, circle the correct answer or
answers.

(Below is information after your exam is returned.)

Grade Record Check Total
PS1 1(39) pg. 2-4
PS2 2(30) pg. 5-7
3331 pg. 8-10

If you believe that you have been graded unfairly, the following procedure is to be followed:
1. Review the solutions in the library.

2. Type, print or write legibly a paragraph describing your complaint on a separate page and submit
to a staff member by October 10 with your original work as returned to you.

After October 10 all grades for the first part of the course will be considered finalized.
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35.423 Semiconductor Electron Devices
Quizl

1. [6] (a) An ionized donor atom in a semiconductor is |negative|. Also, in silicon,

neutral

3

it has a valence of |4} .

[5] (b) The space charge neutrality in a semiconductor means

<a/llt/he—;)ositive charges equals all the negative charg‘ei )

electron and hole concentrations are the same
donor and acceptor concentrations are the same

the semiconductor is at thermal equilibrium

| none of the above

[5] (c) [True ox(False)

“All semiconductors have covalent bonds only.”

A brief explanation is needed for partial credit.
Com/;ow\A Atmiconductors Rave e leboneut e Heo
Cﬂ&mﬂ;cq,( Goda .
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[6] (d) Ifa semiconductor has an equal concentration of donor and acceptor atoms, the electron comc.

N

N, ( Py=1y)

. (@ N . Po=N,

is ,| & thermal equilibrium and the hole concentration is such that , | Under
n; I;
Ny N,

what condition(s) will the semiconductor be p-type ? Explain briefly.

all ('ow tl«ioemttus ( o He 2 oull /Ltf'am),
ahea. o a—C(‘.efa'h'V ,Q.ch,( <o SLaz((oer Heduan

"ML CLovuY (-Q .

[4] (¢) Calculate the areal atomic density of the (100) plane of the silicon lattice. (The lattice
constant of silicon is 0.543 nm.)

4 cormer aoms — [ aton
I center alom —> ) ot

avea. = (0-£43 x(o'7c,,\_)"= Z‘?f)(/o_"-%l

Aved  ddomic c(eas-"fovt = l/)_.?;-x /o"/‘-sz: 6.78,(/0"" >

om
[6] (f) Low-level injection means

steady state only
excess carrier concentration is larger than minority carrier concentration
_excess carrier concentration is smaller than majority carrier concentration

excess carrier concentration is smaller than donor or acceptor concentration|
drift
and under this condition, the minority carriers are transported by [either diffusion or drift| .

cannot be determined

none of the above
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[4] (g) A good recombination level cannot be a good dopant level because
b nakcon middle g +a_Luand
jk{ M C—M %“P & )

/Mﬂnup(g +H be near He Lond WWM
LOmZafi o .

[3] (h) r False] Every silicon atom in the diamond cubic lattice has exactly four nearest
neighbors.

degenerate

[4] () (Bonus) A | heavily doped semiconductor has both donor and acceptor atoms

indirect

[none of the above_

present.
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2. An energy band diagram of a semiconductor in thermal equilibrium is shown below, doped with a
donor concentration dependent on x.

X=0 X=L
\EC

. €
LB

\E

[5] (a) The donor concentration

(increases with increasing x)

decreases with increasing x

v

peaks near x = L/2

is constant

[cannot be determined information given

[51 (b) The electric field intensity is
[ zero throughout since we are in thermal equilibrium
increases in magnitude with increasing x
decreases in magnitude with increasing x E ol
peaks near x = L/2

cannot be qualitatively discussed with the information given

[5] (c) The hole concentration

increases with increasing x

decreases with increasing X

peaks near x = L/2

is constant

[cannot be determined information given
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[5] (d) If the minimum and maximum donor concentrations are 10" and 10'® cm™® respectively,
calculate the respective Fermi levels with respect to the intrinsic level.

E,-E = A7 Ln (22

E;-E (for 10%cm?®)=__ (- l% eV

E; - E, (for 10" cm™)= 044 eV

[5] (e) The diffusion component of the hole current is in the

in the +x direction

in the -x direction

in either +x or -x direction

[cannot be determined information given|

in the +x direction

while the drift component is in the "1 the -x direction

in either +x or -x direction

[cannot be determined information given|
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MIM-&

[5] (g) Assume now that uniform illumination is put over the sample and t, = T, = 10° sec. TheFermi-
devel-at is the maximum generation rate [electron-hole pairs per cm3] to keep the injection low
level? (Hint: How large can the excess carrier concentration be while maintaining low-evel
injection?)

AQ(M) =/0“'Lcm'3 o an (wax) ‘—"/0'30»\:3=X/’(”‘W)

6= 10" EHP el

[8] (h) (Bonus) Calculate and sketch the electron and hole Quasi-Fermi levels under the maximum
generation rate described in (g).

\S(‘WCQ -fﬁk G;AJ‘CC*I.M {CWQ b'v [000, F, - E, (x=0) = 024 eV

E.-¢€; fx - - Fu-E; ’x=o and . Fx=0)=__0-(f eV

- & F.-E(=D)=__0-4& v
A .ng

E -Fx=L)=_ 0. /& v

1
Pua
{
T

Q{t)(:(), “{’) o T Xfo [0 em
E, P fi"’ﬁm( )2‘ 0-(§eV

Q;‘(KX‘O) 1)= ‘f%-fjf):/odc“gg
E&"F.F: 0-(&6\/
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3. A piece of p-type silicon of length L and cross-sectional area A is uniformly doped. We are given
boundary conditions that at x = 0, a constant density of excess electrons is maintained so that
dn(x,1),., = 8n(0,7) = An and dn(x,9)|,_, = dn(L,f) = 0 for all time where An < < N, is
maintained. No carrier generation but a uniform, if any, recombination is assumed within the
semiconductor.

We know we can simplify the continuity equation into the diffusion equation, which is

D 9* dn(x) _ on(x) _ 0

n
2
ox T,

[4] (a) The reason for the disappearance of the % term is because _ § +€dd»0~t state
Condit'on oo pesumed
first term

(Second term) represents bulk carrier recombination. Give a brief physical description
both terms

[5](b) The

of minority carrier lifetime.

Mb;\.on“/a Carn;’,r [Lfe‘l'lm w '7%3_ £ Ef-&, a WMOH?
Carner Can "h'w(,( widlon He Sewiconductoy ‘6(#&
/\‘LCM‘D«. Vkﬁ?h‘avv

[6] (¢) Shown below are four possible steady-state solutions for dn(x,f) = dn(x).
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-

The case (iv) cannot be a solution because . _ é; nebi'oa
L L
aw X> / 2 -Mmm. 3»/ X £ %5

The correct solutlon for any particular so cI:tlon depends upon the relative magnitude of L
and = Du<Thn H»Ls-av\ Cagit. )

(express answer in terms of sy symbols in diffusién equation)

[4] (d) Case (i) is valid if L, > L

Case (iii) is valid if Lin << [
(express answer in terms of symbols in diffusion equation)

[6] (¢) The excess electrons injected into the semiconductor at x = 0 in case (i)

( mostly recombine at x @

mostly recombine within the material

remain at x = 0

are swept across the material by a large £

((move through the material mostly by diﬁhs@)

The excess electrons injected into the semiconductor at x = 0 in case (iii)

mostly recombine at x = L

(mostly recombine within the material)
remain at x = 0

are swept across the material by a large €

(move through the material mostly by diffusion)
L oD
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[6] (f) Estimate the electron diffusion length for case (i) if L is 10 um. State your assumptioms and
approximations.

L,> L say L,> 0L
La=VD Ty > /0L = (o0 um

2
a (JoL) _
Cn > o 333/usec

[4] (g) (Bonus) Under what condition will case (iv) can be a solution?

Y‘m-—w@fom Mcombination .
éy‘/lm,oniat Cayner L M o hmcﬂ sﬁuftar
x> Ao pox <Yy

10



