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Java Programming for Numerical Solution of Nenlinear Diffusion Equation
(Dissociative and Kick-out Mechanisms)

Masami MOROOKA (Department of Electrical Engineering)

Abstract

A Java Programming to solve nonlinear diffusion equation by Crank-Nicolson’s implicit and
Guss-Seidel’s iteration methods is presented. Dependences of the time increment, the criterion in the
iteration, and the initial value on the numerical solution have been investigated using the program.
The time increment to constrict the calculation decreases with the decrease of the criterion and the in-
itial value. The criterion and the initial values are enough to be used a value less than 107% and 1075,
respectively, in our case.

In the practice of Au diffusion in Si, which is affected by dissociative and kick-out mechanisms,
useful in-diffusion and out-diffusion profiles are obtained within one minute of computing time even

in use of an old type Mac computer.

Keywords; Java programming, nonlinear diffusion equation, Au diffusion in Si.
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/* M. Morooka 2001.9.1 numerical solution of Au diffusion in Si,implicit and Gauss-Seidel method%/
import java.io.*; //AHA /Sy ir—
public class DiffusionAuSi2 {

public static void main{String args[]) throws IOException {

//iBEtemp, dIsd, REHEXLOFHIAH

double temp, dIsd, xL;

InputStreamReader in = new InputStreamReader (System. in);
BufferedReader br = new BufferedReader (in);

System. out. print{” Input temperatyre ©: ")

String nl = br.readLine

temp = Double. valueOf (nl). doubleValue()

System. out. print{” Input component of interstitial mechanism dIsd: “);
String n2 = br.readLine(});

dIsd = Double. valueOf(nZ). doubleValue ()

System. out. print (" Input smple thickness {ecm): “);
String n3 = br, readline();

xL = Double. valueOf (n3). doubleValue () ;

/IEREEXD

double c0, k, kT, ¢50, dself, dVsd, dV, £V, ¢V0, £1, aD, dI, c10;

c0=4, 9E22; // density of Si atom (1/cc)

k=8. 617386E-5;

kT=k* (temp+273. 15) ;

¢s0=8. 15E22#Math. exp(-1. 76/kT) ;//solid solubility of sub. Au
dself=100%1. 46E3#Math. exp (-5. 02/kT)}; // self diffusion constant of Si
dVsd=1, 0-dlsd;

OE-5#Math. exp (0. 18/kT); // diffusion constant of vacancy

d
fV=0. 6;

cV0=dVsd*dself*c0/ (fV*dV) ;

£1=0. 7 735

aD=1.0; // ratio of diffusion constants aD=dV/dI

di= dV/a ;

cl0=dIsdxdself*c0/ (fI*dl) ;

System. out. printIin(” )

System. out. println(” substitutional Au concentration csQ = “+cs0+ (/ee)”)s
System. out. printin(” vacancy concentration ¢V0 = "+cVO+"  {(/ce)”):

System. out. println(’ vacacy diffusion dV = “+dV+" {em"2/s) ),

System. out. println(” self-interstitial concentration cI0 = “+c10+"  (/cc)”);
System. out. println(” self-interstitial diffusion dI = "+dI+” (cm'2/8)"):
System. out. println(” self diffusion constant of Si dself = "+dself+ (em™2/5)7) s

double kVd, kId;

kVd=0.0; /7 vacancy capture rate by dislocation, kVd=2m*nd*dV/1n(rd/rd0)

k1d=0.0; // self-interstitial capture rate by dislocation, kId=2m #nd%dl/1n(rd/rd0)

System. out. println(” vacancy capture rate by extended-defects kVd = “+kVd+” BMH

System. out. printin(” self-interstitial capture rate by extended—defects kId = “+kId+" (/s}");
//RIEME, SEAME

double ¢0i, ¢00, c01;

c0i=1,0E-6; // initial condition at t=0

c00=1.0; // boundary condition at x=0

¢01=1.0; // boundary condition at x=1

//BEHE L R D 53]

int m, j, jmax, n,1 1max, ipn, ipms // i : BERTclh, 5o BEEEExEH

double h, r, kk,

m—99 // xﬂ)é}iﬂ#l(mﬂ) x=0 => j=0, x=1 => j=jmax
max=mt

h 1. 07(m+1) // increment of x, = A x

=0, 5%1. 0; // r=k/h"2 (i‘é‘ﬁ@ffftifﬁﬂﬂ& ,L ﬁ%ﬁmrm 0.5)
kk=r#h*h; // increment of time t
n=100000; // BE4yBi3tEsL, t=0 -> i=0, t tmax -> i=imax
imax=n;//ipnOBEHETH B Z ti"%i [

tmax=kk*imax;

ipn=10; // output No. among O-imax
ipm=imax/ipn;

double ramda;
ramda=0.5; // ramda=0.5, Crank-Nicorson

JHECRT BEIE

double aa, ab, ac, ad, ae, all, a21, al2, a22, al3, a23,bll, b21,b12, b22, b13, b23;
aa=c10/ {cs0+cV0) ;

ab=dV*cV0/ { (dV+d1) * (csO+cV0)) ;

ac=kVd#cV0*xL#xL/ ((dV+dI) * (cs0+cV0) )

ad=dI*cI0/ ((dV+dI)*(cs0+cV0)) 5

ae=kIdkcT0*xLaxL/ { (dV+dI)*(cs0+cV0)) ;

all=ab*ramdar;

a2l=ad*ramda%r;

alZ=1. 0+2%abkramda*r;
a22=aat+2*ad*kramdakr;

ald=all;

a23=a2l;

bll=ab*{l. O~ramda)*r;

b2l=ad* (1. O-ramda) *r;

b12=1. 0-2%ab* (1. O-ramda) *r-ac*kk;
b22=aa-2%ad* (1. O-ramda) *r-aexkk;
b13=bl1;

b23=b21;

System. out. println(” all= "+all+"¥t"+ a2l= "+a2l+"¥t"+ al2= “+al2+"¥t"+" a22= "+ad2+"¥t7+"
System. out. println(" bll= "+bl1+7¥t™+" b2l= "+b21+"¥t™+" bl2= "+b12+"¥t™+" b22= "+b22+"¥t"+"

/7 ITPESE
double [] O
double [] f1

new double[jmax+1]; // #IMASH
new double{ jmax+1]; // Gauss Seidel #:¥3E LSEITRIT BI040

(O]

(i)

ald=
bi3=

“al3+ ¥
T+b13+T¥LH

al23=
b23=

“+a23) ;
“+b23) ;
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double [] £2 = new double[jmax+1}; // Gauss Seidel #:viE LBz B (i+1) 5%
double [}[] fOut = new double[1pn+1] [jmax+1]); // HAFTHIf0ut(1] (1, 147J%1
double [] time = new double[ipn+1]: // HiJylediismers

// boundary condition
fo[O] cOO,
f1[

f2[03~coo,
£0[ jmax]=c01;
£1{ jmax}=c01;
£2{ jmax}=c01;
for (i=0;i<ipn+l;i+H) {
fout[i1{0]=c00;
fout[i] [jmax]=c01;

// initial condition
for (j=1; j¢imax; j++) {
fO[ji‘—‘cOi;
£1[j]=c0i;
fOut [0] [j]=c0i;

time[0]=0, 0;

// Crank Nicolson implicit method
/% al2#f2(j] - a22/f2[]] =
al3*f2[j+1] - a23/f2[_1+1] + all#f2[§-1] - a21/f2[j-1] +
, bI3*f1[j+1] - b23/f1[j+1] + b12%F1[j] -b22/f1[j] + bli*f1[j-1] - b21/1{j-1] + kk*(ac-ae)
*,

// Gauss Seidel R ¥
double eps, sum, 014, kkacae;
int ii, ipd, ip;
ipd=0;
ip=0;
eps=1, 0E-8; // INFRHIEE
kkacae=kk*(ac-ae) ;
for (i=0; i<imax;i++) {

for (j=0; j<jmax+1; j++) (

fz[ji =f10jl;

ii=0;
do{
sum=0. 0;
for (j=1: j<jmax; j++) {
£0ld=£2 i
f2(51= (313*f2[J+l] ~ a23/f2(j+1] + all#f2{j-1] - a21/f2[§-1] +
bIBEITj+1] = b23/F1[j+1] + b12+F1[j] -b22/f1[j] + bl1*f1{j-1] = b21/f1[j~1] + kkacae)/(2%al2) +
Math. sqrt ((al3*f2{j+1] - a23/f2[j+1] + al1*f2[j-1] - a21/f2[j-11 +
bI3*f1[j+1] - b23/£1[3+1]_+ bl2%f1[j] -b22/¢F1[j] + bll¥F1[j- 1] - b21/f1{j~1] + kkacae)*
(a13%f2[j+1] - a23/£2[j+1] + alixf2(j-1] - a21/f2[j-1] +
b13%f1[j+1] = b23/f1[j+1] + b12%f1[j] -b22/F1[j] + bll*f1[j-1] - b21/f1[j-1] + kkacae)+4*al2*a22)/(2¥al2);
sum=sum+Math. abs (FOLd-£2(j]);

//System. out. println(” sum = "+sum) ;//RRFEOF
ii=1i+1;
}while(sum>eps) : )
//System. out. printin(” ii = "+ii);//# VB LEZK
for (j=0; j<jmax+1; j++) {
f1ljl=f2[4};

/B ERERDipnED H 1
ipd=ipd+l;
if (ipd>=ipm) {
1pd‘0,
ip=ip+l;
for (J*O j<imax+1; j++) {
fout[ip] [j1=f2[j];

) time[ip]=ip*ipm*kk*xL#xL/ (dV+dI};
}

/1 FTRDTY b
for (i=0;i<ipn+isi++) {
for (j=0: j<jmax+1; j++) {
System. out. print (FOut[i1{j]1+"¥t"); // "$t" . F 7 F—DikY

System. out. print ("¥n”); // BAT

// SLERER Y > b
for (i=0;i<ipntl;i++) {
System. out. print ("t = "+time[i]+" (s) (="+ikipmt™)"+"¥t"); // "¥t” : F T —DFEY

System. out. print ("¥n");
System. out. print ("¥n”) ;

/7 IR OER
for (3=0: j<jmaxtl; j++) |
for (i = 0; i < ipnt+l: i++) .
System. out. print (fOut [i] [JJ+ ¥

System. out. print ("¥n") ;
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