ECE 3040 Microelectronic Circuits

Exam 1
February 20, 2008

Dr. W. Alan Doolittle
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Print your name clearly and largely: <) 0 / U H@ neg

Instructions:

Read all the problems carefully and thoroughly before you begin working. You are allowed
to use 1 new sheet of notes (1 page front and back) as well as a calculator. There are 100
total points. Observe the point value of each problem and allocate your time accordingly.
SHOW ALL WORK AND CIRCLE YOUR FINAL ANSWER WITH THE PROPER
UNITS INDICATED. Write legibly. If I cannot read it, it will be considered a wrong
answer. Do all work on the paper provided. Turn in all scratch paper, even if it did not lead
to an answer. Report any and all ethics violations to the instructor. Good luck!

Sign your name on ONE of the two following cases:

[ DID NOT observe any ethical violations during this exam:

[ observed an ethical violation during this exam:




First 33% Multiple Choice and True/False
(Circle the letter of the most correct answer or answers )
T C?” l/r

1.) (3-points) True dr False:“Various energy bandgaps can be produced in research laboratories This YA
using either MOCVD or MBE tools. ’but these tools are not suited for Targe scale | manufacturing /
due to theirtow-growth 1 rates resultmg from the atom by atom layering they implement . T
True or False: The bandgap results from the splitting of energy Tevels, typically the s
itals of atems.
3.) (3-points) True %‘I;l}e( "The term (1-f(E)), where f(E) is the fermi distribution function,

describes theﬁnp ability that a state at energy E is occupied.
4 (3- pomtsz_g(ge‘or False: Since both energy and momentum must be conserved when electron-

hole recombination happens, indirect semiconductors require a phonon (lattice vibration) to allow
the transitione~occur.

5.) (3-points) Truedor False: Strong atomic bonds lead to large energy bandgaps.

6.) (3-pointsy_True or False: The density of states predicts that at energies equal to the bandgap
energy (E= e there is no available state for electrons to occupy.

7.) (3-points) True or False: Impact ionization occurs under very high electric fields when electrons
slam into atoms and knock free another electron.

is 1115@

Select the best answer or answers for 6-10:
8.) (4-points) The minority carrier diffusion equation ...
a.) ... can predict drift currents .
b.)) ... cannot be used when drift current is present
C.) ... can determine the majority carrier concentrations if one also uses the law of the junction to
P relate n to p.
/

d.) ). is a simplification of the current continuity equation.
KE . is something I really do not understand and thus I might not pass this exam!

9.) (4-points) The valence electrons ...?
a) Disappear when the crystal is formed.
o Participate in bonding the crystal’s atoms together.
) _Can be captured by an acceptor thus creating a free hole.
d) Cannot be promoted into the conduction band unless they are in a direct bandgap material.

10.)(4-points) The following energy band diagram indicates the material is:
a.) Degenerate and n-type E.
b.) In equilibrium
g) ~Non-degenerate n-type Ec-3kT
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Second 17% Short Answer (“Plug and Chug”):
For the following problems (11-12) use the following material parameters and assuming total
ionization:

n=le-14 cm” (not a mistake) Na=lel6 cm™ acceptors mp*=0.8m0 m, =0.1m,

Eg=3.4¢eV Electron mobility, w, = 1200 cm*/Vsec Hole mobility , p, =50 cm’/Vsec
Temperature= 27 degrees C

11 )(10-p01nts) Where is the ferml energy (relatwe to the valence band which is referenced to zero

-0.049 eV
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12.) (7-points) What is the resistivity of the semiconductor?
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13.)(20-points total) A 0.2mm x 6 um x lcm semiconductor resistor is made from the semiconductor
from problems 11 and 12. It is biased on two opposing sides (longest dimension) with 120 volts.

a) (3 points) What type (diffusion, drift, electron dominated, hole dominated, etc...) of current
results?
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b) (7 points) Draw the 1 dimensional energy band diagram in the direction of the electric field
indicating the actual slope of the bands (numeric answer).
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¢) (10 - points) Determine both the electron and hole current density and currents flowing in

the device. 0=
- - . 4
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Pulling all the concepts together for a useful purpose:

14.) (30-points)

An  infinite  length of  GaN
semiconductor is grown in a Clemson
University epitaxy reactor. In the
middle of the growth, the Clemson
student drops his gold wedding ring in
the growth system creating midgap
impurities, enhancing Shockley - Read
- Hall recombination, resulting in a region of very hlgh recombmatlon In this defective
region, the minority carrier lifetime is 0.0 seconds indicating zero excess minority carriers in

this region. Next to this defective region is a region of very high minority carrier lifetime, 10 ¢ h

Defect Free
Region
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x=0
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nanoseconds. The sun has been shining uniformly on the entire semiconductor (including -
x=infinity ) for more than 10 seconds and is uniformly absorbed, generating lel7 extra
electron-hole pairs per cm’ per second in the defect free region. If the semiconductor is held C =0 .
at room temperature (27 degrees C), determine the minority carrier diffusion current density C”’/z/ ‘

at all positions in the semiconductor. Assume a minority carrier moblhty of 4.0 cm */Vsec.

D V.Y O - 2
‘\/ f‘C ! ‘>;|q<,e C)Lz. o> 16;\5 A {7 wl) I p (/( - ch "",/l/scc
2 4‘ Z ""‘," = (,/(G)& cml/se
‘ d’ An, An o g “y 7
Given: 0=D, R General Solution is: An (xf* Ae 7 + Be
- dx” T,
\ ! 2
\ d ‘(A d"AI/l An _ V//
I 7’ Given: 0=D, - ——L+4G,  General Solution is:An, (x)= Ade """+ Be /i, +G, 7,
’/ "/fr) p/v‘ dx' Tn
| — ,8_2 An I} . - ——————
Given: 0=D, § General Solution is: An, (x) = A+ Bx
dx”
Lh:\;py\ﬂ'ﬂ ‘ dzAnp o ,
& Given: 0=D, —+G, General Solution is: An, (x): Ax” + Bx+C
= ;/:(,Xl() (qu dx
703 uim
Given: 0=D, _dx2_+ G, f(x) General Solution is: An, (x)= T Hf(x)dx +Bx+C
2 s N
2. C. @& G dan, An G LSl R () An (1 =0) A
oy 1ven: =—— eneral Solution is: n\t)=An (t=0)e ™
K=00 &« t T, ! !
| I mmw“m"kﬁ—w'“‘“‘“" - V2 ("
: —'\‘Given 0=—=2+G, General Solution is: An,=Gt, - /}() for JeTec ‘e resicn
1’('; Cﬂ : T" .’
A A
{4 N, M. — /)
T X =0 ,//0” =/
~ ;”‘ . ! pd @
{’ [+ X = 0 Ny, ;L Ve ‘Ly Carrmie,” f/ /‘ LS C R 67 PP NP A
S muse Le cof o
7 iU L Sotlve ol ” Oy A ~
o / NSl / A
O 28 160 — 2= 6w,
[ ‘ 7 '
= (o', -
‘C(oxe ,,)
R |



l

Use this page for additional work.
J”‘W("): AE\X/LH . Bew‘-x/u\ . é;_z‘,,,
A;ﬂ/()’ B,
Since @ x =C A\V\/(}()‘: ¥,
Anf(x)ZC’ = At By 6T

5‘,,‘,46(‘ ¢ x= X ﬁnyy(k): (L Z\L\/ 927() ﬁ,p
Am/(x) o Le £ilntre .

Tocet! A
logether =7 A = _ 6L

: N X/Anj
A‘“f (’(3 = 6.2, ((* e . ]
Amj(/{): [)(/06’(/- e X/ ) Cr
ﬂh,()()%
x=0 Ve
jh(x)? 0 {cff X < O Hi:;*\afén
7 Dn 7'32 bor XxZ0 o/zh
JX B

:7 7‘”\ ('X>: 0 For X < O

’X/C-r\ |
0 6,2 4,2

L

A O F@r)/éc’z
- /X> g(w Al SO




