EE566 Solid State Devices

Spring 2005
Dept of Electrical Engineering
University of Notre Dame
Instructor: Debdeep Jena (djena@nd.edu, x8835)
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Problem 2 -

EE 566 — Solid State Devices
Spring 2005 — Debdeep Jena
Assignment 1 — Solutions

In[1]:="| << G aphi cs®

2= q=1. 61071 (» Hectron charge, Qoul onb )
6. 63

hbar = 27*10‘34 (» Reduced Pl anck' s constant, J.s x)
T

kb=1.38+102 (» Boltzmann constant, J/K )

nd=9 1103t (+ Bectron rest mass, Kg )

neGN= 0. 2« n® (» Bectron effective nmass, (B *)

ninGaN= 1. 4 « n® (» Hole effective mass, VB x)

3
Ne[T ] =2*(T&N7’:g’a:;)2 +10® (« (B edge Hfective DB cmd #)
* TT %
3
N/[T] =2*(%)2*m-6 (+ VB edge Efective DO§ cm3 «)
* TT %
2 (= 3
Fin_1=Aos|[— —— dX
" [\/-,; o 1+ BEXp[X-n] ]

(» Ferm-Drac Integral of order j=1/2 x)

In[11]:=| (% In energy scale, Bvis set to zero, and Ec=Bv+Ey=3.4eV. B is in eV too: x)

Eg=3.4 (» Bandgap of GN eV. A so conduction band edge! )
Ea=0.16 (» Acceptor ionization energy, eV x)
Ed = Eg-0.01 (» Donor activation energy, eV x)
ND= 10% (+ Donor atom vol une density, cm?® x)
NA= 1018 (+ Acceptor atom vol une density, cn® x)

NC . . 3

n[16l:=| NDp[E _, T_1= == (» lonized donor density, cm® x)
1+2% EXp[M]
kb«T
NA

NAME _, T_1 (+ lonized acceptor density, cn® )

T leduBp[ ®EE)

nflE _, T 1=NI[T] *F[mi(fi*__fg)] (» Free el ectron density in cnm® dependent on B «)

q= (0-H)

PIE_ T_1=N/I[T] *F[W]

(+ Free hole density in cm? dependent on B )
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SetDrectory|
"C \ Docunents and Settings\ Debdeep Jenal M/ Docunent s\ Tr ansf er\ Post PhD\ Lhi versi ti es\
Not r eDane\ Teachi ng\ Gour seMat eri al 5_Spri ng_EE 566_SSD\ Assi gnnent s\ Mit henat i ca” ]
Ferm Level M ot =
Tabl e[{B, Np[HE, 3001, Ndm[E, 3001, n[E, 3007, p[E, 3001, NDp(H, 300] + p[E, 3001,
NAM B, 3001 +n[E, 3001}, {B, -0.2, 3.6, 0.05}]
Export [" FermiLevel Hot.txt", FermlLevel A ot, "Table"]

(» Nunerical Solution of the charge-
neutrality equation gives us the Ferm Level in eV. Note that you can do this
for any general tenperature and dopi ng densities. x)

F ndRoot [NDp[ B, 3007 + p[E, 3001 - (NAM[E, 3001 +n[H, 30071) =0, {B, 03]

{Ef - 0.147989}

pr0. 147989, 300]
(» This is the Hol e concentration, the semconductor is obviously p-type x)

outj20)=| 1.35713x 10%

(»----You can do a Gaphical Solution also - See the attached figures,

which are basically the plot bel ow | abel ed and suitably conmented upon----x)

LogH ot [ {NDp[Ef, 3001, NAmE, 3001, n[E, 300], p[E, 3001, NDp[E, 300] + p[E, 300],
NAT Ef, 300] +n[H, 300}, {E, -0.2, 3.6}, Pl otRange - {10° 10%}, Frane - True,

Aspect Rati 0~ 2, Franelabel » {"E (eW", "Carrier Density (cm3)"}]

1 x10%°

1 x10%®

1 x10%2

Carrier Density (cm?d)

1. x108

10000
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Problem 3 -

The majority carriers will flow from the hot probe to the cold probe inside the
semiconductor. Thus, from the direction of the current flow, the carrier-type can be
determined.  This is the so-called "hot-probe" technique of finding whether a
semiconductor is n- or p-type.

The current may be modeled as diffusive current, but it is not entirely correct. Please see
the following for more information -
http://ece-www.colorado.edu/~bart/book/hotprobe.htm
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Problem 4 -
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