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ECE 305 - Fall 2015
Exam 3 - Monday, November 2, 2015

This is a closed book exam. You may use a calculator and the formula sheet at the end of
this exam. Following the ECE policy, the calculator must be a Texas Instruments TI---30X
IIS scientific calculator.

To receive full credit, you must show your work (scratch paper is attached).

The exam is designed to be taken in 50 minutes (or less). Be sure to fill in your name and
‘Purdue student ID at the top of the page. DO NOT open the exam until told to do so, and
stop working immediately when time is called. The last 2 pages are equation sheets, which
you may remove, if you want.

100 points possible,
I) 40 points (8 points per question)
IT) 30 points
I1I) 30 points

Course policy

IfTam caught cheating, I will earn an F in the course & be reported to the Dean of Students,

[repeat:

Signature:
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Part I: Answer the 5 multiple choice questions below by entering them on your IDP-15 Scantron.

1 (8 points). Which of the following is the Schottky barrier height?

a. The difference between the conduction band at the MS junction of an n-type semiconductor
and the Fermi level in the metal

b. The difference between the valence band at the MS junction of an n-type semiconductor and
the Fermi level in the metal

¢. The difference between the conduction band at the MS junction of a p-type semiconductor and
the Fermi level in the metal

d. The difference between the valence band at the MS junction of an p-type semiconductor and

the—Fen@ I_evel in the metal

2 (8 points). The depletion and potential drop in the metal side of the Schottky diode is?

st
e ——

a. Verysmall, negligTﬁé“

b. Small, but not negligible

c. Llarge

d. Must know doping of metal

e. Under steady-state conditions

3 (8 points). In the following diagram, what non-ideality accounts for the current roll-over at large
forward biases (V > 0.7 V)?
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a. Recombination in the space-charge region
b. Avalanche diode

c¢. Quantum-mechanical tunneling

d. Recombination in the quasi-neutral region

=

~Series resistances
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4 (8 points). For a metal-semiconductor diode, which of the following is true?

a.

b.
C.

@

“None of the above

e.

The saturation current density is much larger than a PN junction with the same bandgap
semiconductor

The n=2 current is absent

The diode turn-on voltage is reduced compared to a PN junction made from the same
s;e_nji_@rljiuctor

—
All of the abO\Lg/

5 (8 points). Which is true ofthejunctlon capacitance in both PN and MS diodes?

It is proportional to 1/,/Vbl = VA

® oo o

It is proportional to /V;; — V,
It is proportional to 1/(V},; — V)
It is proportional to V; — V,

It is proportional to exp(qV, /kT)
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Part Il (Free Response, 30 points)

Consider an ideal metal-semiconductor with the band diagram shown below. The semiconductor has a
relative dielectric constant of 12 and an electron affinity of 4.0 eV. Answer the following questions.
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W=1pum
a. What is the built-in voltage of this junction?
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b. What is the numerical vafueofthemaximum electric field £(0)?
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c. What is the doping density of the semiconductor?

— : £yt e
L rom PoiesonS € oaks el . S
\" 4 550N S Cé( 9;»)/ I LU é’

S EOL s o - ke El)_12bssvog) i)
L Ke Co g W Ligio ”’)(O Yo

_- f i (4 (Gt
C.Lx 10 P
(g
ECE 305 Exam 3 — Prof. Peter BermelLM é 6 x (0 /cm J




d. What is the numerical value of the small signal junction capacitance (V/; = 0)? Assume
the cross-sectional area 4 = 0.1 cm?.

G 7 A JHlte fp1en?) (LTRSS Oy
' 2LV, i 208V

- B T AT
= O.lem™ 112210 N

e. Assume the metal is grounded and a voltage of 0.4 V is applied to the right-hand side of

the junction. Draw the resulting energy band diagram, and label any changed energy
levels with numerical values.

emiconductor
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Part [ll {(Free Response, 30 points)

Assume that we have a solar cell with dark current per unit area J, = 2 nA/cm?, short circuit current per
unit area /5. = 30 mA/cm?, and ideality factor n = 2.

a. Calculate the open-circuit voltage and fill factor of this cell. Hint: use

-1 0.72 . o
FF = Z"”—rzl@%—% where z,. = qV,./nkgT is the reduced open-circuit voltage.
oc

VI Sse 2007 A2
;LM:% Mm\fw > 2(00z6V) (q(zw s

[Vo =0.857V 2, =152

\’ £ = (g 52 " (16.52+0,72)
6. S22 w1

-l0.2¢

b. Draw the current-voltage relation for this cell, for voltages between 0 and 1 V. Label the
x- and y-intercepts. ’
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¢. Assuming that the cell is illuminated by the AML1.5 solar spectrum (P;;, = 100 mW/cm?),
calculate the maximum power conversion efficiency.

‘Pmﬁ/{ = 5;,\/% - (Zr\mi (@ 85 (Q(C/ ?g)) =) "‘1‘:«5

Lo ’L |
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ECE 305 Exam 3 Formula Sheet (Fall 2015)

You may remove these pages from the exam packet, and take them with you.

h/2m = h = 1.055 x 10~3* |5 N =3.23 x 1019 cp—3
my = 9.109 x 1031 kg Ny = 1.83 x 108 cpp3
ky = 1.38 x 10-% | /K n = 1.1 x 1000 ¢cm=3
q=1.602x10"19¢C K, =11.8

| €0 = 8.854 X 10712 F/my ] Ey=1.12eV; y=4.03ev
*13/2 .
Miller Indices: (hki) {hkI} [hkI] <hkis Density of states g, () = (WL)T )

1

Fermi function f(F) = PPy

I . e _ 1 2mpkry\3/2 _1 2m;;kT)3/2
Equilibrium carrier densities: N, = . (_F) N, = ” ( —
nO = NCe(EF_EC)/kT — nie(EF_Ei)/kT pO — NVe(EV—-EF)/kT — nie(EF—-Ei)/kT
Space charge neutrality: p —n+ N — N~ = ¢ Law of Mass Action: NgPy = n?
b D A bo i

Non-equilibrium carriers: 7 = NeeFn=Ec)/kT oy Ny e Ev=Fp)/kT np = n?eFn-Fp)/kT

Conductivity/resistivity: ¢ = g, -+ oy = q(nu, + piy) =1/p

Drift-diffusion current equations: ], = nqu.€, + qD, an = N, i On kT
dx dx Un q
_ dp _ de Dp . KT
]p_pq#pex_qua"pﬂpE Pl
R o . . on In
Carrier conservation equations: 5 = TV (?) + 6, —R,
% _ _y. lzz) -
L=y (q +G, — R,
Poisson’s equation: V(&) =p
SRH carrier recombination: R=An/z, or R = Ap/T,
. . . < . . dAn 3%An  An
Minority carrier diffusion equation: o = T + Gy, Lpn =+/Dyt1,
PN homojunction electrostatics: Vi = EIn (%—12\14) 2o
q n; dx Kseq

Ny4Np N4+Np Ng+Np Kse, Na+Np

W = \/ZKSZOVIJL' NA+ND) x, = Ny )W X, = ( Np )W £(0) = %(M)
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[ Physical Constants Silicon parameters (T =300K)

Intrinsic carrier concentration n; = /NN, e Eq/2kT




2

PN diode current: An(0) = n‘ (quA/kT 1) Ap(0) = %L—(quA/kT ~1) ‘
D

_ qV 4/kT 1 Dy n Dpn | Dy, n Dy niz hort

Jo =Jo(e —1) ]_anNA+Z_ (long) ]*CIWNA w.ng) (short)

Non-ideal diodes: | = ],(ed(Va~IRs)/kT _ 1) Jgen = —qZ—T—W

Photovoltaics: Voo = %—Tln (]]i:) Jpv = Jo(e®4/*T — 1) — I,

. Ip+l Keeoh [akseoN
Small signal model: G, = kDT/q C;(Vg) = ZKSEEOVM =4 |4 ZIibi = Cp = Gatyy
\/ qaN 4
MS diode properties: qui = I(DM—CDSI (DBP :X"I‘EG _'CDM q)BN Zq)M_){
Jo =1, (eV4/¥T — 1) Jo= A*T?e=P5/KT 4= “ﬂ}{”—"B 1202 —
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