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THE BASIC SEMICONDUCTOR EQUATIONS

e Poisson's equation:

div€ grad $=-q (p-n+C)

e Continuity equations:

aivﬁ’n--q(s-n)
div3p= q(G-R)

® Current relations:

Jna-q(ﬁnngradlv-l)ngradn)

T = +
p —q(Pppgradw ngtadp)



ASSUMPTIONS MADE

e Constant and isotropic permittivity:

881 = 11.7 cox’. 3.9

e Total ionization of impurities:

+ -
C= Ny - NA = ND - Ny

¢ No degeneracy:

-7000/T -3

= n (T) = 3.88-1016.71-5.¢ (cm™3)

bt 1
@ No majority carrier current flow (for the non-avalanche case):
Jp = 0 (for n—-channel devices)
Jn = 0 (for p—channel devices)

e Constant temperature:

T = const, Uy, = k-T/q, 250K .LE. T .LE. 450K

e Boltzmann statistics:

n= ni'e(q’ - ’n)/UT P = nioe(’p - %/UT

e validity of Einstein-Nernst relation:

Dn = ’n'U& Dp = ﬂp'Ui



MODELING OF THE DOPING PROFILE

e External one-dimensional doping data.

Cix,y) = C((y2+max(x/£,0)2)1/?)

(x .GT. 0) ... oxid mask
(x .EQ. 0) ... mask corner
(x .LE. 0) ... free surface

e Analytical predeposition:

Ld = 2-YD-¢t
2 .
Cp(x,y) = 0.5°Ns c e (y/Ld) = | erfc(x/Ld)

e Analytical ion-implantation and diffusion:

a= (2 + (La/Arp) 2 )71/2
- - 2 -
R(y) = o= (2" ®oN/BRDE | oo oo ((rp/ARD) Y 2-y/1a))

C;(x,y) = (a/(4'6Rp"‘;))°Dose * (R(y)+K(-y)) * erfc(x/Ld)

e Diffusion constants:

D = D0°eTa/'r
2 -1
Element Do/(cm s 7) Ta/(K)
B 0.5554 -3.975-10%
P 3.85 -4.247-10%
SB 12.9 -4.619-10%
4

A 24. -4.,735-10



® Projected range parameters:

n

Rp = &f:i

f=1

(Fm)

n
ARp = zbi-xi (pm)

i=1

Coefficients for Rp in silicon:

Element B P SB a
=3 =3 =4 =1
a;  3.338-1072 1.259-1077 8.887-10°; 9.818-10°;
a; -3.308-107° -2.743-107; -1.013-107; -1.022-10 3
a3 1.290-10 8.372:10°5, 9.067-1073,
a; -3.056-10_73 -3.442-10773
ag 4.028-10 4.608-10
Coefficients for ARp in silicon:
Element B P SB A
b,  1.781-107  6.542-107¢ 2.674-107;  3.652-10_%
. b, -2.086:1073 -3.161-10°5 -2.885-10_5 =-3.820-10_%
b  1.403-1077. 1.371-1075, 2.311-107;, 3.235-10°%,
b; -4.545-10_73 -2.252-10 % -8.310-117;3 -1.202-1073
bg  5.525-10 1.084-10 1.601-10
Coefficients for Rp in silicon-dioxide:
Blement B P SB A
a,  3.258-107 9.842-1073 7.200-107% 7.806-1073
a; -2.113-107° -2.240-1077 -8.054-107¢ -7.899-107%
a3 6.641-107; . 7.029-1073,
a, -2.422-1073 -2.653-10773
ag 3.191-10 3.573-10

e Implantation through an oxide:

Bp = Rpg;°(1-T;,2/RPoy)



MOBILITY MODELING

e Lattice scattering:

P (T) = a-r79 (cm?/vs)
8 - .1n8
A, = 7.12-10 A, = 1.35:10

g, = 2.3 9p = 2.2

e Lattice and impurity scattering:

PLr(R,T) = P (T)a+ Py c(l-a) (cm’/Vs)
1
1+ (T/300)°- (/) €

a =

+ -
N = ND + N

A

Poio = 55.24 Painp = 497

b, = -3.8 by = 3.7

c. = 0.73 c. = 0.7

% = 1.072-10%7 N = 1.606-10%7
on = 1- op = 1

TmEw Y. )

e Lattice, impurity and surface scattering:

Y+Yr 2
pLIS (YIEPIEtINIT) = )’u (N,T) - 7tbey (cm®/Vs)
¥ = Yo/ (4B /E ) g
b = 2+E_/B
E_ = nai(dt?B J_+E_-J.) /(32432172

P T2 Yx 'y Ty X g 5
Bt = lax(OL;Ex'JY—Ey°Jx)°Jx/(Jx +Jy )) -
Yo, = 5°10 Yop = 4°10
4 3
B = = -
pOn 10 s BpOp 8-10 s
EtOn = 1,810 EtOp.' 3.8-10

e Lattice, impurity, surface scattering and velocity saturation:

R - 8 8,1/8
’tot (YlEplEtINIT) (pLIS(...) +(v8/Bp) )
T 1nd.m—0.87 - c1n8.m=0.52
Ysn 1.53-10°-T | vsp 1.62-10 T

n P



GENERATION/RECOMBINATION MODELING

e Thermal generation/recombination:

2
n; - pen (1/cm3s)
tn(p+ni)+tp(n+ni)

(G-R )th =

= . -6 = - -6
tn 1-10 tp 1.-10

e Surface generation/recombination (only in avalanche case):

2
n;” - pn

3
s " (pn;) /s *(n*n)/s, d(y) (1/cm’s)

(G-R)
d(y) : Dirac-Delta function, y=0 denotes the interface
s, = 100 sp = 100

@ Auger generation/recombination (only in avalanche case):

(G - R)Aug = (ni2 - p'n) (Cy°n + C°p ) (1/cn3s)

P
c, = 2.8-10"°1 c, = 9.9-10"32

e Avalanche generation:

P’J By [Tl

Ga . ——— A exp ( - ) +
E-J.
3‘
+ EA A_exp ( - ._E_l_Bl (1/@33)
p
A = 7-10° A, = 1.588-10°
n 6 6
B, = 1.23-10 Bp = 2.036-10

e Total generation/recombination:

(G - = (G ~-R )th + (G~-R )8 + (G~-R )Aug + G

R )tot a
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FLECTRON DISTRIBUTION
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AVALANCHE GENERATION
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