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EE 566 — Solid State Devices
Spring 2006 — Debdeep Jena
Assignment 1 — Solutions
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PROBLEM 2
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q=1.6%10"1° (» Electron charge, Coul onb )
.63
hbar = 5 *1073%* (% Reduced Planck' s constant, J.s )
T
kb =1.38%10"2 (» Bol tzmann constant, J/K x)
m =9.1%103 (» Electron rest mass, Kg =)
meGaN = 0. 2 » nD (» Electron effective mass, CB x)
mhGaN = 1. 4 » n0D (» Hol e effective mass, VB x)
meGaNxkb « T\ 7 -6 i
Nc [T ] =2*(—) *10 (» CB edge Effective DOS, cntd &)
2 % 7w+ hbar?
mhGaNskb*T\Z _
Nv [T ] =2*(—) *10 (» VB edge Effective DOS, cntd *)
2 » 7+ hbar?

2 Vx dx
V;J; 1+Ep[x-n] ]

(* Fermi -Dirac Integral of order j=1/2 %)

Fin_]1 = Abs|

(* |n energy scale, Ev is set to zero,
and Ec=Ev+Eg=3.4eV. Ef is in eV too! %)

Eg =3.4 (» Bandgap of GaN, eV. Al so conduction band edge!x)
Ea = 0. 16 (» Acceptor ionization energy, eV x)
Ed = Eg - 0. 01 (» Donor activation energy, eV =x)
ND = 106 (» Donor atom vol ume density, cntd %)
NA = 10%° (» Acceptor atom volunme density, cnr3 x)
ND : :
NDp[Ef , T ] = (* loni zed donor density, cntd &)
1+ 2*Exp[—q*(kEg*_TEd)
NA
NAMIEf |, T ] =
1+4«Exp[ i)
(» lonized acceptor density, cntd x)
g (Ef - EQ)
n[Ef _, T 1 =Nc[T] *F[T]
(» Free electron density in cnt® dependent on Ef «)
gq=* (0-Ef)
PLEF , T 1=Nv[T] *F[W]

(» Free hole density in cnr® dependent on Ef x)
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(k=—m——— SET Directory TO Export Data-----—————————- *)
SetDirectory["C: \Docunents and Setti ngs\ Debdeep Jena\ My
Docunent s\ Tr ansf er\ Post PhD\ Uni ver si t i es\ Not r eDane\ Teachi ng\
CourseMat eri al 16_Spri ng EE _566_SSD\ Assi gnnment s\ Mat hemat i ca" ]
Ferni Level Pl ot = Tabl e[ {Ef , NDp[Ef, 300], NAm[Ef, 300],
n[Ef, 300], p[Ef, 300], NDp[Ef, 300] + p[Ef, 3007,
NAm[Ef, 300] + n[Ef, 30071}, {Ef, -0.2, 3.6, 0.05}]
Export ["Ferni Level Plot.txt", Ferm Level Pl ot, "Tabl e"]

(* 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)
Fi ndRoot [NDp [Ef, 300] + p[Ef, 300] - (NAm[Ef, 300] +n[Ef, 300]) =0,
{Ef, 0}]

(Ef -0.117157}

root [T _]: =
Fi ndRoot [NDp [Ef , T] +p[Ef, T] - (NAM[Ef, T] +n[Ef, T]) =0, {Ef, 0}]
r[T_]1:=Ef /. root [T]

p[0.117157, 300]
(» This is the Hol e concentrati on,
the seni conductor is obviously p-type =)

4. 45615 x 107

(¥----You can do a Graphical Solution also -
See the attached figures, which are basically the
pl ot bel ow | abel ed and suitably comented upon----x)

LogPl ot [{NDp[Ef, 300], NAm[Ef, 300], n[Ef, 300], p[Ef, 300],
NDp [Ef , 300] + p[Ef, 300], NAm[Ef, 300] + n[Ef, 300]},
(Ef, -0.2, 3.6}, PlotRange » {10°, 10%?}, Frane - Tr ue,
Aspect Rati o » 2, FraneLabel -» {"Ef (eV)", "Carrier Density (cnt®)"}]
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PROBLEM 3

Si npl e probl em - use Vegards' sl awtointerpol at et he bandgap f or t he
al I oy. I nvestigatewhat does one nean by t he negati ve bandgap ??
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PROBLEM 4

Appl y Gauss' s | aw (or Poi sson equation) tothejunction,
and cal cul atethe charge -field -
band di agram The charge profil e shoul d be neutral,

and t hereafter the probl emi ssinple. Notethat theelectricfieldprofile
X
determ nestheprofileof thepotential V (x). SinceV (x) =-j F (x) dx,

t he potenti al changes fast est wheretheelectricfieldisthehighest
i nmagni tude. Here, thefieldreachesit' s maxi mumval ue at t he netal -
sem conduct or i nterface, thereforetheslopeof V (x) shoul dbethe
hi ghest t here. The sl ope of V (x) shoul d decr ease conti nuously fromx =
OtoX =Xg2. | useF (x) for electricfieldinthefoll ow ng
Fx)=0, x<0

[P1*Xd1 + 2 * p1 * (Xd2 — Xd1) ] P1 (2 Xd2 - Xd1)
F(x=0)=-|Fmx|=- = - :
€s €s
1 X
F(X) =F (x=0) + — (p1) dx =
€s Jx=0
P1 (2 Xg2 - Xq1) (o1 *X) P1[2 Xg2 = (Xg1 +X) ]
- + = - for 0 <X < Xqz,
€s €s €s
1 X
F(X) =F (Xda1) + — (2p1) dX =
€s X=Xd1
2p1% (Xd2 - Xd1) 2 p1 (X - Xd1) 2 p1 (Xd2 - X)
_ o = - for Xq1 < X < Xqg2,
€s €s €s

F (x) =0, X > Xqg2

X
Simlarly, thepotential canbe eval uatedas V (x) = -j F (x) dx f or each x.

-
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