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1. (50pt) The energy band diagram pictured in the Figure below characterizesa S
sample maintained at room temperature. Note that Ei-Er=Eg/4 at x=L and x=-L.
Er-Ei=Ec/4 at x=0.

a. (bpt) The semiconductor isin equilibrium. How does one deduce this fact from
the given energy band diagram?

b. (5pt) What is the electron current density (Jv) and hole current density (Jp) at
x=+L/2 and x=-L/27?

c. (5pt) Roughly sketch nand p versus x inside the sample

d. (10pt) Isthere an electron diffusion current at x=+L/2 and x=-L/2? If thereisa
diffusion current at a given point, indicate the direction of the current flow.

e. (15pt) Sketch the electrostatic potential, electric field, and charge density inside
the semiconductor as a function of x

f. (10 pt) Isthere an electron drift current at x=+L/2 and x=-L/2? If thereisadrift
current at a given point, indicate the direction of the current flow.

Assume that the function -L<x<L is quadratic: x*




2. (50 pts) Si is doped with Np= 10" cm™® As atoms. (Ec-Ep=0.054 eV) Determine the
fraction of the donors that are ionized and the location of the Fermi energy with
respect to the conduction band at T=77 K given my*=1.062m,, my*=0.590m,, and
Ec=1.12eV.



3. Please refer to the schematic below.
a. (20 pts) What CMOS/MEMS fabrication procedure do the schematics below
represent (Be specific)?
b. (10 pts) Write the processing step for last line (#5) below.
C. (20 pts) Isthe photoresist positive or negative? Why?
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Electronic charge

Speed of light in vacuum
Permittivity of vacuum
Free electron mass
Planck's constant

Boltzmann's constant

Avogadro's number

Thermal voltage

at 80.6° F (300K)
68°F (293K)

Conversion Factors

1A=10%cm=0.1nm

1 mil = 107 inch = 25.4 pm
1eV=1.602x10"7J
1J=10"erg

Physical Constants
(in units frequently used in semiconductor electronics)

Vt:kT/ q

1.602x 10 C
2.998x 10"cm s™
8.854x 10" Fem™!
9.11 x 10* kg
6.626x 10>*J s
4.135x 10" eVs

1.38x 102 JK'!
8.62x10° eV K

6.022 x 10* molecules (g mole)™

2.586 mV
2.025 mV



Appendix Il
Properties of Semiconductor Materials

m’,/m, m*./mg Density

E,
)

g Hon e P A
(V) (em?/Vs) _ (em?/Vs) {rmu,my) (s M) alAl & [g/em

1.11 1350 480 0.98, 0.19 0.16, 0.49 5.43 11.8 2.33
0.67 3900 1900 1.64, 0.082 0.04,0.28 5.65 16 5.32
2.86 500 — 0.6 1.0 3.08 10.2 3.21
2.45 80 — - 0.2,0.63 5.46 9.8 2.40
2.16 1200 2.0 . 0.15,076 5.66 10.9 3.60
1.6 200 0.12 0.98 6.14 1 4.26
2.26 300 12,0.22 0.14,0.79 5.45 1.1 4.13
1.43 8500 0.067 0.074,0.50  5.65 13.2 5.31
3.4 380 0.19 0.60 4.5 12.2 6.1

0.7 5000 0.042 0.06,0.23 . 6.09 15.7 5.61
1.35 4000 0.077 0.089, 0.85 5.87 12.4 4.79
0.36 22600 0.023 0.025, 0.41 6.06 14.6 5.67
0.18 10° 0.014 0.015,0.40  6.48 17.7 5.78
3.6 180 0.28 -_ 5.409 8.9 4.09
2.7 600 0.14 ‘0.60 5.671 9.2 5.65
2.25 530 0.18 0.65 6.101 . 5.51
2.42 250 0.21 0.80 4137 8.9 4.82
1.73 800 0.13 0.45 4.30 5.81
1.58 1050 0.10 0.37 6.482 6.20
0.37 575 0.22 0.29 5.936 7.6

0.27 1500 — C - 6.147 - 8.73
0.29 6000 0.17 0.20 6.452 30 8.16

Al values at 300 K. *Vaporizes

The first column lists the semiconductor, the second indicates band structure type and crysfal structu
nitions of symbols: i is indirect; d is direct; D is diamond; Z is zincblende; W is wurtzite; H is halite
(NaCl). Values of mobility are for material of high purity.

Crystals in the wurtzite structure are not described completely by the single lattice constant given he
since the unit cell is not cubic. Several II-VI compounds can be grown in either the zincblende or wutzit
structures. .

Many values quoted here are approximate or uncertain, particularly for the 1=V and V-V compoupds.
The gaps indicate that the values are unknown. :

For electrons, the first set of band curvature effective masses is the longitudinal mass, the second sef{fh
transverse. For holes, the first set is for light holes, the second for heavy holes. R




Usetul Equations

Planck: E = hv = fiw

2 .

__ "
d*E/dk?

P
= K (3-4) Effective mass: m*

(3-3)

1,
K1%§t1c: = Emv = "

oo

Total e_ilec&o_n energy = P.E. + K.E. = E, + E(k)

1

Fermi-Dirac ¢” distribution: f{B) = —=—gypr — = B~ BT for E >> Ep (3-10)

Equilibrium: g = J RE)N(E)AE = NAE,) = Ne”® 5/ (3-15)
E.

2mmik kT2 2mmiE kT\3/2
N,= 2(72_) N, = 2(—}5—) (3-16), (3-20)

po=N,([1 - flE)] = Nve_(EF_EV/kT (3-19)
n = Nce_(Ec—El)/kT’ pi= Nvg'(El_Ev)/kT (3_21)

. 3/2
7y = /NN N, e ET =2 <2q;lecT> (m,’fm;f)m e BT (3-23), (3-26)
b = n.eErENKT
Equilibrium: 0 _ " pyer (3-29) npe =12 (3-24)

po = e

& : n = Ne~EFNkT — p o(F~EYET _

Steady state: b= NC o~ E—EYKT — n,le E-gpyir (4-15) np = nte B~ FIT - (5-38)
. vV 1

)

dE
%(x) -7 dx: %

L (4-26)

1
g

R O OO .
| Poissen:. T - 2 e E(p —-n+ N;j —N;) (5-14)

. _ qr i . .

4 wé { = % (low fields, ohmic)

1+ p%/v, \ = v, (high fields, saturated vel.) .(Flg' 6-9)

I
Drift current density: j =17, = q(np, + pu,)é. = c%, (3-43)
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Useful Equations


dn(x)
]n(x) = q“‘nn(x)cé(X) -+ qD"—;{;—

Conduction Current: drift diffusion (4-23)

1) = aup(a)8) - aDp 2

av

Jioal = Jeonduction ]disp]acement =J,+ ]p + C—d?

op(x,f) p 19 % dn_13d, bn
ot ot q ox ’1;; ot q ox Tn

Continuity:

i d*sn dn _ on d%p dp
For steady state diffusion: 1 = Do = Z,% —é}? = —L—ﬁ (4-34)

Diffusion length: L = VD7 Einstein relation:
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