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ABSTRACT

This thesis utilizes a solar cell model in one dimension to analyze the electrical
properties of p-n junction solar cell, including the decreasing of electric potential in the
p-n junction and the constant electric potential along this cell. These are explained by
considering the electron and hole carrier densities, both carriers are minority carriers
entering the p and n region. Carriers mentioned above are main parameters for current
density calculations, carriers generation and recombination and current density in the
depletion region. Carrier generation rate from exposed light is maximum at the surface
and decreasing along the cell depth. The carrier generation rate at the surface is added
up to electron in the n region and to holes in the p region. This rate is a parameter for
electric current density calculation resulted from exposed light. Light with continuous
wavelength increases electric current whereas single wavelength light with poor photon
absorption results in reducing this electric current density. There are also problems from
light reflections around the solar cell surface. With the high level of surface reflection, the
electron and hole generations will decrease. The light reflection coefficients for
reflections and electric current density are then analyzed in addition with the dept of p-n
junction which is the limiting factor for light intensity, or high junction dept lower light
intensity in low junction dept and vice versa. Parameters mentioned above show that

they are very vital for determining the solar cell efficiency of operation.
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1. Anszualniinanagas(Short Circuit Currentlsy) unszualfinfidaldiiion

nrzua il nduaud Srtesrmdsniiannn auinli VeilAnnnuaznizua | HAY

AnAY
2. nsenulnesasitla( v, )

13 i '
'i’fm'mmﬁugmﬁtﬂuﬁqmﬁumﬂ"lqmmmtmﬁulﬂﬁmwmﬂm(voc)ﬂ’qlmﬂwﬁmm

5 1an et lsAnuaunisusaanlieanding V) AR
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Dnn. Dpni
1, =qA( = ) (2.32)

L, N, L Ny,

= ° d‘ =S ° p =l o = a e E
1, sRAENTIgAAsazi ALY Voo gean lunsaireddaauaeAtTUA Si NAN
ANUIMANGIRRTDY V. WARALlszNN0s 700 mV uazAngegaresiladunninaslilszano

0.84[3]

]
o =

Tugun1si(2.32) WRRefdNAuansaniaRe  AMNMNWIINIBINIME(D;) T

-
= F - R e e

NIELTRIANITNFATNTRALFAND n, HAWNAL

2 EG
n, =N, exp(———) (2.33)
KT

ANANNIT (2.32) HANNIRUanIAANHATUEIENING 1, AZTBINANL E fine

aziflufeaniuiuilAsail

5 —Eg 2
1,210 exp( ) Alcm (2.34)
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=

ANANNTIN(2.33) WAL (2.34) TIHismaudnindesdnandsnuilAINn Azl V. HAY
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3. AAaawdntaas(Fil Factor; FF )

]
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o

v
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91V oe = Ve (KT /q) Fufusasdaannissediasudninasider luguvialuléan[14]

R —=SInCy . 502
FF = oC oC (235)
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18981572 9 Lim?”mwiﬁ@wmwﬁmﬁiwmﬁnmiw“ﬂw:aumsﬂwm(Poisson's
Equation ) LAZAITNUUILUUIDININL AxRANsINANNENNNTAINNER TlasTaI NI (Carrier
Continuity Equation) %M']N’l?ﬂﬁ@@ﬂﬁﬁdﬁ
annstlaaad(Poisson's Equation )
aunnadied 3 989 Maxwell  divD=p
AudiuSTEadesteEnsyan Lazauninih D =& E
A uduuSrznanauan IWfuas AndInih E = —grad
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div(€ - grad(D) =—pP
q
e

div(grad(P)=—+(n—p—C) (3.1)

]
=

AT C=N,y —N,
ﬂ;uﬂ’)i‘m’mEi’ﬂLﬁfﬂW'ﬂdW’m:(Carrier Continuity Equations)
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AUNITUAN 1 289 Maxwell divrotH =div] +——=0
t



o

LENAMNMLA NN Tz I@en 2 dow fusesl T =T+ Jp
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FatULNUANANNITT89 Maxwell Al
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t
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Dn,Dpﬁa Furs=@nSn1sunsd(Diffusion coefficient) apsBLlaNATANULATaAAN
Tasdy A9 ATANNUILULNSLLABIANATRULAL A

v L
32  @SednmsniEaiuan
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aa O(i),0n(i),0p(i)
ANUTOLAAIANNITIREMANGAALLT F1, F2 wazsalls derivative 284 F1, F2 LAz

F3 saufanisunan OQ(i),On(i),Op(i) fail
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h; i~ h, +h;
— Q- =9 J @ —0 !
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—R, =0
2
— Q; — P 1 Qi — P !
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Qi1 —@;, 1 Qi —Pigy, !
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i plit1/2 U, i i pi U, h,
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b =h
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2
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{oe® R; fAnTlu i

Ty {n; +p; +2.07)

snms¥ag Derivatives 184 F1, F2 uay F3 oy @.n.p fhudell iedawsinim

OP(i),On(i),0p(i)

o __ D .iBi./ / — hy-By) .E‘?i.%) %
L = . i i—ly 2 :
a(p i n|i—1/2 qu Ut hl_] i n|i—l dX3 r i—1
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-0
gFlz _ ‘B ./ —D . ‘B ./ _aRi ,hi—l+hi
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O _ o By oy o, By
op pli=1/2 ax, U, /h TP Telimi2 0x, U, /h,

. 2 i < o
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dX t 2 t 1
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On On 2

OR™he b,

gF—3:—D ‘B / —D ‘B / ——1. =
ap pli—1/2 ## h._; plitirz Tl h, ap :

s AL luaunnn Lautanannissasialyil

B, exp((pi — Qi Ut)—((pi _(Pi%l).exp((pi —(Pi%t)_l

¢, 0, i 2
(exp( U:) )

dB4 exp(q)‘ l—(‘P/ )_((pl'_l (IV) exp((‘p l_q)/ )_1

dX

4 (exp( 11_(p/)—l)
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1

On ’Ci'(ni+pi+2'n1)2

OR, (p, +np)’

OR, (n, +n,)’
ap ’Ci'(ni+pi+2'n1)2

a o =
33  nsoimuuaaulawauln (Boundary condition)

=dl o dl 1 9 d‘ o 0 a =3 3
AlavuiAnauUNAN1 N9ALRENARANTNNFINTHEALRY ( At ohmic contact 1)

Peontactt = (pbultinpotential - Vap (3.6)
2 2
S F AT Ay G
N¢ontactl = s Nd
2
¥y
P contact 1 T (8.7)
n
contact 1

1 v
TaefinnsundndndlininaneluRasunissasaluil

KT Nd Nd &

@ builtinpot ential = -In | ( Lk (3.8)
q 2.0q 2.n7

FlaruARaULNATI2 NeETuUaIAadNTNesRN AN ( At ohmic contact 2)

(pcontath = (pbultinpotential (3.9)
2 2
[c” +4.n] —C
Pcontact2 = 'c:—Na

2
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n (3.10)

contact2 ~
P contact 2

TrafinnsuAdndlniinnialuRasunissasa i

(Pbuiltinpot ential ~

KT
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SwunEanlaBudunitial condition) 199 (i), n(1), p(i)
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wasT LT A uRasian
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o
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T (" +8™ ) +p  +20) 2

= . ' o 4 o 9 . 2 A .
Taefl srasiinessndnauTRe h, = x4, —x; TAWBE i NUMNIBINNINT
wal¥ F, unu aunisthaaaduilelia

F, W ANNNTANNADIDIAVTLBIANATEU
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3.4 nsananawils (About scaling factors)

X, = max | K- k()|, k), VG D(@nanNe1 2, cm)

0

KT

@, =——(awnarind i, volt)
q
-3
C, = max |C(§))|,QC—_ D(anannududumsIail,em ™)
B &,P et ;
D, =max |D_(X),D_(X)|,X € D(ANANNUAA BINIVDIN W, cm / sec)
0 n p
2
= (Pg —r0 S (nnagunsiwod)
xo q-C,
2
X0
T, ——(mﬂaﬂma 1 INVDIN UL, sec)
Dy
DO ‘CO [ a as -3 -1
RO=—;—(mﬂﬁﬂﬂi’lﬂﬁlﬂﬂuﬂz’i’Jllﬂ'),cm *sec )
X
= q ) DO .CO 1 ] 2
] = (AnamANUNUIUUNT SUd, A/em )

(o]
X9

ANNMLILLLNTELA(Current density ,scaled values in all meshes)
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35 AMNANNUSIZNINNAMNAUILUUNTZLALA Quasi-Fermi potential

q v adg
I = "q.[EJ.Dn.n(x).grad(pnﬁ1ﬂinﬂlﬁﬂﬁiﬂu

__[a -
I = q.( o ).Dp.p(x).grad(ppmﬂ‘i‘lﬂﬂa

ANNTTTRIATNIUILUBNIZUATENIN meshes LT

P,G+tH -0,

J,(+1/2)=D \ , *nli+1/2)"
h.
()=, ()
Jp(i+1/2):Dp|i+1,2 'p(i-|-1/2)'(p s (P*'
imaﬁl n(i+1/2) waz p(i+1/2)
i+ 1/b] n(i) CE n(i+1)
n(1 =
D= QG+ +D—00)
l-l-exp((p(l) O )) l-l-t::xp((p(l i )
2-U, 2:U,
p(i) pi+1)
p(i+1/2)= * - x >
= 931 # (D1
1'|'v3xp((p(l : (P(l)) 1+exp((P(l) P ))
2:U 2:U,

t

WATANNNT A L- LN@§§(Quasi-Fermi potential s Imref potential )

KT n(i)
O . O=0Q3GE——In
q n

KT p(i)
@, 1=+ —ln( ]

q oy

[B42)

(3.8 )

(3.14)

(2.15)

(3.16)

{317)

(3.18)

(3.19)
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(3.20)

(3.21)

mnaumiﬁ(:’mT)LLamums‘(S.18) WiaunismiA AN IILLRRINZBLANATDY

v 1
waslaamuanay SIS TN AN AN N TTIABINNTINA VAT AT NN UINANEAUR

unsdn ezl dasuaneluaunian(3.20)uazannis(3.21) Tazifluaunishaiuism

WA A LML RIS BIAnATauLaslaan LT UIAIaN R ALLAY

° a a a ' a a = ar
36 N1991ABIMLLYNIABIAANASINEIATIZHAINITITARS NN A9 R9N L

s a o o sy ver
LVEAR LAIRN N AN UN bASLILLE
3.6.1 N19UIAINTZLE WA TN IA LU N

Taednannnasld continuity equation

) =
D, d_z(Pn(X)—pno)+G(x)— (p, o)

dx
P

=0

G(x) =OUN,.(1—R, ).exp(—0Lx) + OL.N, (1 —R, Jexp(—Ol(H —x))

azléian

G(x)= (X.NI.(I — R Nexp (— (l.x)—i- R.exp( —OL(H — x))]

ANANNIT (3.22 )azlean

(3.22)

(3.23)

(3.24)



47

2
d (x)— I—R
> (Pn (x)—pno)_—(P"n——z—prﬁ=-'(I.N'(——l—)[cxp(—a.x)+R.exp(—(1.(H"-x))]
dx L Dp
P
(3.25)
a2l solution AB
X X OL.N‘(I—RI)
P, — P —Acos| — + Bsinh| — |— . > [exp('—(1.x)+R.exp(-—Ot(H—x))]
B L,) D (OL —1/Lp)
(3.26)
LN (1—R,)

2 2
Dp((x —I/Lp)

X X
P, — P, T 4005 & + Bsinh| — —K.[exp(—(l.x)+R.exp(—(X(H—x))]

e i
(3.27)
A1N boundary condition azl#dn
d
Dp_(pn _pnO):Sp(pn _pnO) |X:0| (3.28)
dx
wae PRSP x=x; (3.29)

LTIATNITOUNWAT boundary condition RINANNIN(3.28)1a%(3.29) asluannag (3.27)

d D_B
D —(pn —pno]xzo Z'L'FK.(I.DP(I—R.exp(—(X.H))

¢ dx Lp (3.30)

=s,A—5 K(1+R.exp(— OLH))
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DPB
s,A——"—=D KOU(1—R.exp(—0L.H))+S K(1+R.exp(—CLH))=M  (3.31)
L,
X X;
Aceshl — |+ Bsinh| — “—‘K[exp(—()t.xj)+R.exp(—(l(H—xj))]ZN (3.32)
L, L
P
" D -
Msinh(x./L )+—-.N
it
L L
A=—L :
D Spr
p sinh(x./L )-I-cosh(x./L )
i'Tp ="
D
L
B:L—p SpN—Mcosh(xj/Lp)
S E
Pp| -2 Psinh(x-/L )+cosh(x-/L )
] p J P
DP

S
Aual z=-22 sinh(xj/Lp )-l-cosh(xj/Lp)

D,

D
Msinh(x./L )+—".N
L &r L
5 mer B P (3.33)
Dp 7
j i S N—Mcoshlx./L
B_____g[ p (J p) (3.34)
D, Z
J =—qD I,
N = =x .
¥ x=xj P dx il

unuAnadluannig azlasaselli
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Bandgap of Si at 300 K il eV
Boltzmann constant 1.38066x10°° JIK
Dielectric constant of Si 11.8

Electron charge 1.60218x10"° Coulomb
Electron rest mass 9.1095x10°" kg.
Intrinsic carrier concentration 1.45x10"° om’”
Planck constant 6.62617x10°" J-s
Permittivity in vacuum 8.85418x10™"* Flem
Temperature 300 K

Thermal voltage at 300 K 0.0259 V
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TﬂsLLn?u%ﬂaaqLmu‘nms@ﬂﬁi@ﬁ-LfSuﬁcé’f'mt,é‘u()ﬁ?:ﬂ:ﬂmumq 0.5 'luAsau Fun(Nseay
A8 396 5 luasan waztndnumdsinnisiflansiReslia(szarainena 3
laasan naieullsinsNA1aauTLduARAI®) Visual version 6
// 1DPNNplusSimulationDIg.cpp : implementation file
#include "stdafx.h"
#include "1 DPNNplusSimulation.h"
#include "1 DPNNplusSimulationDIg.h"
#include <math.h>
#include <afxctl.h>
#include <afxdb.h>
#include <time.h> Wi for difftime function
#ifdef DEBUG
#define new DEBUG_NEW
#undef THIS_FILE
static char THIS_FILE[] = _FILE__;
#endif
I ]==mmmmmmmmmmem e Declare all of parameter, variable, constant, function ----------s=-----—=
#define Planckh 6.62617E-34 // Planck constant, J-s
#define pi 3.14159265358979 // pi,22/7

#define m0 9.1095E-31 /[ Electron rest mass, kg.
#define Bk 1.38066E-23 // Boltzmann constant, J/K
#define g 1.60218E-19 /[ Electron charge, coulomb

#define epsrn0 8.85418E-14  // Permittivity in vacuum
#define Dc 11.9 // Dielectric constant of Si

#define NI 1.45E+10 // Intrinsic carrier concentration
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#define Nc 2.8E+19 // Effective density of state in Cond.B

#define Nv 1.04E+19 // Effective density of state in Vale.B
#define Eg 1.12 // Bandgap of Si at 300 K,eV
#define T 300 /l Temperature, kelvin

#define Ut 1.0 // Scaled thermal voltage

#define TNP 0.479E-05

#define MaxGen 6.94E+19

#define Ro 0.0

#define RT 0.0

#define R1 0.0

#define R2 0.0

#define Sn 0.0

#define Sp 100.0

#define Xj 0.5E-06

float Vap; //0,0.25852151, 0.51704302, 0.73808089 or negative values, Voltage

applied, volt

double Na; // Acceptor density in p-region
double Nap; // Danor density in n-region
double 'Nd; // Donor density in n+ region

double Alpha;// Absorption coefficien of light (1/cm)

double PF:// Photon flux (photon numbers /cm”2)

double Reflection; // Reflection coefficien

const double Correct=1e-2;

double
Lamda[78]={0,0.305,0.315,0.325,0.335,0.345,0.355,0.365,0.375,0.385,0.395,0.405,0.41
5,0.425,0.435,0.445,0.455,0.465,0.475,0.485,0.495,0.505,0.515,0.525,0.535,0.545,0.555
10.565,0.575,0.585,0.595,0.605,0.615,0.625,0.635,0.645,0.655,0.665,0.675,0.685,0.695,
0.6983,0.7,0.71,0.72,0.7277,0.73,0.74,0.75,0.7621,0.77,0.78,0.79,0.8,0.8059,0.825,0.83,
0.835,0.8465,0.86,0.87,0.875,0.8875,0.9,0.9075,0.915,0.925,0.93,0.94,0.95,0.955,0.965,
0.975,0.985,1.018,1.082,1.094,1.098 };
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double

Eph[78]={0,4.06,3.936,3.815,3.701,3.594,3.492,3.397,3.306,3.22,3.139,3.061 ,2.987,2.91
7.2.85,2.786,2.725,2.666,2.61,2.556,2.505,2.455,2.407,2.361 ,2.31?,2.275,2.234,2.194,2.
156,2.119,2.084,2.049,2.016,1.984,1.952,1.922,1.893,1.864,1.837,1.81,1.784,1.776,1.77
11.746,1.722,1.705,1.698,1.675,1.653,1.627,1.6103,1.589,1.569,1.55,1.540,1.503,1.493
1.485,1.464,1.441,1.425,1.417,1.397,1.377,1.367,1.355,1.34,1.333,1.319,1.305,1.298,1.
284 1.271.1.268,1:218,1.146,1.183,1.128 };

double
photonflux[?B]z{O,2.03E+14,3.33E+15,1.86E+16,3.08E+16.4.08E+16,5.12E+16,6.55E+
16.7.31E+16,7.41E+16,9'80E+16,1.53E+17,1.72E+17,1.80E+17,1.95E+17,2.42E+17,2.
67E+17.2.77E+17,2.90E+17,2.89E+17,3.13E+17,3.16E+17,3.14E+17,3.30E+17,3.51E+
17.3.50E+17,3/57E+17,3.64E+17,3.756E+17,3.79E+17,3.79E+17,3.85E+ 17 ,3.89E+17 3.
91E+17,3.98E+17,4.01 E+17,3.92E+17,4.12E+17,4.12E+17 4.15E+17,4 14E+17,3.43E+
17 4.14E+17,4.13E+17:4.12E+17,3.57E+17,4.09E+17,4.05E+17,4.05E+17,2.82E+17 4.
02E+17.4.01E+17,4.00E+17,3.98E+17,3.49E+17,3.88E+17,3.90E+17,3.85E+17,1.74E+
17 3.72E+17 3.70E+17,3.68E+17,3.66E+17,3.66E+17,3.63E+17,3.50E+17,1.01E+17.7.
67E+16,1.18E+17,1.11E+17,1.23E+17,1.36E+17,2.60E+17,2.47E+17,3.00E+17,2.65E+
17,2.48E-Ht, 289EF1 7k

double
alpha[78]={0,7.21E+05,6.00E+05,4.00E+05,3.80E+05,3.50E+05,1.50E+05,1.30E+05,1.
20E+05,1.15E+05,1.00E+05,4.00E+04,3,.90E+04,3.70E+04,3.00E+04,2.50E+04,2.00E+
04,1.70E+04,1.40E+04,1.35E+04,1.25E+04,8.80E+03,8.50E+03,8.00E+03,7.60E+03,7.
00E+03,6.00E+03,5.50E+03,5.00E+03,4.60E+03,4.30E+03,4.00E+03,3.50E+03,3.20E+
03,3.19E+03,3.15E+03,3.00E+03,2.80E+03,2.50E+03,2.20E+03,2.15E+03,2.00E+03,1.
80E+03,1.75E+03,1.65E+03,1.60E+03,1.57E+03,1.55E+03,1.50E+03,1.40E+03,1.30E+
03,1.25E+03,1.20E+03,1.00E+03,950,980,900,880,830,760,700,680,750,600,570,550,5
00,450,400,380,370,350,300,250,200,180,150,100,};

presssssns Mesh specification ***+ss/;

const double Length = 0.0400; // Device length = 400 um.,cm.

const double spc1 =0.000001;  // Auxiliary spacing = 0.07 um.,cm.

const double spc2 =0.000004; // Auxiliary spacing = 0.04 um.,cm.



const double spc3 = 0.000016;
const double spc4 = 0.000064,
const double spcb = 0.000256;
const double spc6 = 0.001024;
const double spc? = 0.004096;
const double spc8 =0.016384;

const int NM = 97;
const int JM1 =17,

const int JM2 = 64;
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// Auxiliary spacing = 0.16 um.,.cm.
/I Auxiliary spacing = 0.64 um.,cm.
/I Auxiliary spacing = 2.56 um.,cm.
// Auxiliary spacing = 10.24 um.,cm.
/] Auxiliary spacing = 40.96 um.,cm.
I/ Auxiliary spacing = 163.84 um.,cm.
// Number of mesh
// Mesh point of junction

// Mesh point of junction

Jpeerssses Diffusion coefficient

const double TauNp = 0.00000195;
const double TauPn = 0.00000115;
const double TauNpp = 0.0000005;
const double Dnn = 33.4;

const double Dnpp =5.2;

K

const double Dnp = 9.1;

const double Dpp = 18.2;

const double Dpn = 8.32;

const double Dppp = 4.68;

[ErRRRnk Digda physical parameter

double h[120];
double C[120];
double Dn[220];
double Dp[220];
double Tau[120];
double len[120];
double W[120];
double HL[120];
Jprsssans Sealing factor ]

double epsrnSi;

// Lifetime of electron in p-region,sec
// Lifetime of hole in n-region,sec
/I Lifetime of hole in n+ -region,sec
/I For electron in n-region at 300 K

// For electron in n+-region at 300

/I For electron in p-region at 300 K
// For hole in p-region at 300 K
// For hole in n-region at 300 K

/{ For hole in n+ -region at 300 K

**********//

/l Scaled spacing

// Scale impurity concentration
/I Scale electron diffusion
/1 Scale hole diffusion

// Scale life time for both carriers

// Scale device length

// Scaling factor of silicon permittivity



double sqrRMDA,
double Psi0;
double x0;
double CO;
double DO;
double Tauo;
double GRO;
double JO;
double JIO;
double NIO;

double Gen0;

= Ohmic contact parameter

double POhm;
double NOhm;
double PsiBohm;
double PsiOhm;
double PsiBct1;
double PsiBct2;
double PsiCt1;
double PsiCtZ;
double PCt1;
double PCt2;
double NCt1;
double NCt2;

double zzz;
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// Scaling factor of poison's eq.
/I Scaling factor of potential
// Scaling factor of distance
// Scaling factor of N,P,C
// Scaling factor of diff.coefficient carrier
// Scaling factor of life time of carrier
// Scaling factor of generation/recombination rate

/! Scaling factor of current density

**********/If

// Hole concentration at ohmic coatact

// Electron concentration at ohmic coatact
// Built-in potential at ohmic coatact
// Electrostatic potential at ohmic coatact
/I Built-in potential in p-region
// Built-in potential in n-region

// Potential at ohmic contact 1

// Potential at ohmic contact 2

/I Hole density at ohmic contact 1

// Hole density at ohmic contact 2

// Electron density at ohmic contact 1

/| Electron density at ohmic contact 2

/1 Utility variable

/lf********** Scale & de_scale ******‘k***/’f

double PhiP[250];

double PhiN[250]:

double Jpm[250];
double Jnm[250];
double Pm[250];

// Scaled Quasi-Fermi potential of hole
// Scaled Quasi-Fermi potential of Electron
// Scaled hole current at middle of the interval
// Scaled electron current at middle of the interval

// Scaled hole concentration at middle of the interval



double Nm[250];
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// Scaled electron concentration at middle of the interval

double DDp; // Scaled diffusion coefficient of hole for current density
eval.

double DDn; J/ Scaled diffusion coefficient of electron for current
density eval.

double EField[250]);  // Scaled mid-point electric field
double Jn_drift[250];
double Jp_drift[250];
double Jn_diff[250];
double Jp_diff[250];
double gradPsi;
double gradPhiN;
double gradPhiP;
double gradN;
double gradP;
double DGR[250]; // De-scale generation/recombination rate
double Jgr[250]; I/ De-scale total generation/recombination current
double ditdgr[250];

double JG[250];

double ditJG[250];

double GA[250];

double dItGA[250];

double GAt;

double ditGAt;

double GB[250];

double dItGB[250];

double GBt;

double ditGBt;

double Jt[250];

double JGt;

double dIitJGt;



double dItX[250];

double Gr[250];

double Gen[250];

double Jgrt;

double Jtotalt;

double ditdgrt;

double ditx;

double JTotal[250];

double JT[250];

double JNsun[250];

double JPsun[250];

double JTsun [250];

double Nsun[250];

double Psun[250];

[r*xeensx Newton, SOR, Belnoulli variables™********//
const double omega0=1.0f; //initial
double Nomega[120]; //SOR relaxation parameter
int ik,j;

int Nkk[250];

long EvolveN;

long MaxEvolveN;

double F1sor;

double F2sor;

double F3sor;

double RnF1kbyRnPsi;

double RnF2kbyRnN;

double RnF3kbyRnP;

double omega; //SORrelaxation parameter

int mm=0; /lomega-change parameter

double B1,B2,B3,B4; /! Value of Bernoulli function
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double x,x1B,x2B,x3B,x4B; // Potential difference between neighbor meshes
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double F1,F2,F3; /! Function

double RnF1byRnPsi; // Derivative of F1/Psi

double RnF1byRnN,; // Derivative of F1/N
double RnF1byRnP; // Derivative of F1/P
double RnF2byRnPsi; // Derivative of F2/Psi
double RnF2byRnN; /I Derivative of F2/N
double RnF2byRnP; /f Derivative of F2/P

double RnF3byRnPsi; /I Derivative of F3/Psi
double RnF3byRnN; // Derivative of E3/N
double RnF3byRnP; // Derivative of F3/P
const double x1 = -1E+308;  // X will be < this value!!
const double x2 = -1E-11;

const double x3 = 1E-11,

const double x4 = 700.00;

const double x5 = -1E-5;

const double x6 = 1E-5;

const double one = 1.00;

/I[‘k'k***'k**** Target parameter **********/,’

double Psi[1207,
double P[120];
double N[120];

double dlItPsi[120];

double ditP[120];
double dItN[120];
double R[120];
double Nill[250];
double Pill[250];
double JNill[120];
double JPill[120];

double Jtotal[250];

double Jdrw[120];

// Scaled potential
// Scaled hole concentration
/] Scaled electron concentration
// Scaled potential between neighbor mesh
// Scaled hole between neighbor mesh
// Scaled electron between neighbor mesh

// Scaled generation/recombination rate



double ALpha[250];
double ph[250];
double Lp[250],
double Ln[250]; //[de-scaled
double ditdNIll[120];
double dItJPill[120];
double ditJdrw[120];
double 10[120];
double Vc[120];
double FF[120];
double NV[120];

/}I********** FUﬂCtiOn prototype **********IIII

void ScalingFactor(); // Function prototype of scaling or declare of function

void Doping_to_Mesh();

// Function prototype of doping

void Diffusivity_to_Mesh(); // Function prototype of diffusivity

void Lifetime_to_Mesh(); // Function prototype of lifetime or tau

void Spacing_Map(); // Function prototype of spacing in each mesh forpn

void Real_len();
void Boundary();
void Initial();

void Control();

void Inner_Mesh();
void Simple_elim();
void Imref_N_P();
void CurrentDens();
regions

void GRCurrent();

// Function prototype of boundary condition
J/ Function prototype of initiat condition

// Function prototype of control

// Function prototype of inner mesh

// Function prototype of simle_eliminate

/I Function prototype of Current density for both

// Function prototype of

Generation/Recombination current density

void ElectField();

// Function prototype of Electric field

void CurrentComponent(); // Function prototype of Current component

void Inner_meshSOR();
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void SORInner_mesh();

double Bern(double); // Function prototype of Bernoulli function
double DerivB(double); // Function prototype of derivative
void DeScaled(); // Function prototype of De-scaled output data

void Generationrate();  // Function prototype of Generation rate of eph at distance
void illumination();
void darksun();
I T T T LT
// CAboutDIg dialog used for App About
class CAboutDlg : public CDialog
{
public:
CAboutDIg();
// Dialog Data
IH{AFX_DATA(CAboutDIg)
enum { IDD = IDD_ABOUTBOX };
IAFX_DATA
// ClassWizard generated virtual function overrides
IH{{AFX_VIRTUAL(CAboutDIg)
protected:
virtual void DoDataExchange(CDataExchange* pDX); = // DDX/DDV support
IMAFX_VIRTUAL
/{ Implementation
protected:
I{{AFX_MSG(CAboutDIg)
IIMAFX_MSG
DECLARE_MESSAGE_MAP()
h
CAboutDIg::CAboutDIg() : CDialog(CAboutDIg::1DD)
{
HH{{AFX_DATA_INIT(CAboutDIg)
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IIMAFX_DATA_INIT

}
void CAboutDIg::DoDataExchange(CDataExchange* pDX)

{
CDialog::DoDataExchange(pDX);
I{AFX_DATA_MAP(CAboutDIg)
IIMAFX_DATA_MAP
}
BEGIN_MESSAGE_MAP(CAboutDlg, CDialog)
I{AFX_MSG_MAP(CAboutDIg)
// No message handlers
INAFX_MSG_MAP
END_MESSAGE_MAP()
I T TR L
// CMy1DPNNplusSimulationDlg dialog
CMy1DPNNplusSimulationDlg::CMy1 DPNNplusSimulationDIg(CWnd* pParent
*=NULL*/)
:CDialog(CMy1DPNNplusSimulationDlg::IDD, pParent)
{
I{{AFX_DATA_INIT(CMy1 DPNNplusSimulationDIg)
m_ENmax = 1000000;
m_Excel = _T("Dark");
m_Loop = 0;
m_Vap = 0.0f;
m_Timer = 0.0;
m_Na = 1.0E+17;
m_Nap = 1.0E+18;
m_Nd = 5.0E+17;
m_Reflection = 0.0;
m_Excelsun = _T("illumination");

m_Alpha = 0.0;
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m_PF =0.0;

IIAFX_DATA_INIT

// Note that Loadlcon does not require a subsequent Destroylcon in Win32
m_hlcon = AfxGetApp()->Loadlcon(IDR_MAINFRAME);

}
void CMy1 DPNNplusSimulationDIg::DoDataExchange(CDataExchange” pDX)

{

CDialog::DoDataExchange(pDX);
I{{AFX_DATA_MAP(CMy1 DPNNplusSimulationDIg)
DDX_Control(pDX, IDC_LIST13, m_List);
DDX_Control(pDX, IDC_PROGRESS, m_Progress);
DDX_Text(pDX, IDC_EN, m_ENmax);
DDX_Text(pDX, IDC_Excel, m_Excel);
DDX_Text(pDX, IDC_Loop, m_Loop);
DDX_Text(pDX, IDC_Vap, m_Vap);
DDX_Text(pDX, IDC_Timer, m_Timer);
DDX_Text(pDX, IDC_Na, m_Na);

DDX_Text(pDX, IDC_Nap, m_Nap);
DDX_Text(pDX, IDC_Nd, m_Nd);

DDX_Text(pDX, IDC_Reflection, m_Reflection);
DDX_Text(pDX, IDC_SOLAR; m_Excelsun);
DDX_Text(pDX, IDC_Alpha, m_Alpha);
DDX_Text(pDX, IDC_PF, m_PF);
IIMAFX_DATA_MAP

}

BEGIN_MESSAGE_MAP(CMy1DPNNplusSimulationDlg, CDialog)
I{AFX_MSG_MAP(CMy1DPNNplusSimulationDlg)
ON_WM_SYSCOMMAND()

ON_WM_PAINT()
ON_WM_QUERYDRAGICON()
IAFX_MSG_MAP



END_MESSAGE_MAP()

I T T

// CMy1DPNNplusSimulationDlg message handlers

BOOL CMy1DPNNplusSimulationDIg::OninitDialog()

{

CDialog::OnlnitDialog();
// Add "About..." menu item to system menu.
// IDM_ABOUTBOX must be in the system command range.
ASSERT((IDM_ABOUTBOX & 0xFFF0) == IDM_ABOUTBOX);
ASSERT(IDM_ABOUTBOX < 0xF000);
CMenu* pSysMenu = GetSystemMenu(FALSE);
if (pSysMenu != NULL)
{
CString strAboutMenu;
strAboutMenu.LoadString(IDS_ABOUTBOX);
if (IstrAboutMenu.IsEmpty())
{
pSysMenu->AppendMenu(MF_SEPARATOR);
pSysMenu->AppendMenu(MF_STRING, IDM_ABOUTBOX,

strAboutMenu);

}

}
i

// Set the icon for this dialog. The framework does this automatically
/I when the application's main window is not a dialog
Setlcon(m_hlcon, TRUE); // Set big icon
Setlcon(m_hlcon, FALSE); /! Set small icon

// TODO: Add extra initialization here

return TRUE; // return TRUE unless you set the focus to a control

void CMy1DPNNplusSimulationDIg::OnSysCommand(UINT niD, LPARAM |Param)

{
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if ((nID & OxFFFO) == IDM_ABOUTBOX)
{
CAboutDlIg digAbout;
digAbout.DoModal();

else

CDialog::OnSysCommand(nID, IParam);

}

// If you add a minimize button toyour dialog, you will need the code below
// to draw the icon. For MFC applications using the document/view model,
// this is automatically done for you by the framework.
void CMy1DPNNplusSimulationDig::OnPaint()
{
if (Islconic())
{
CPaintDC dc(this); // device context for painting
SendMessage(WM_ICONERASEBKGND, (WPARAM) de.GetSafeHdc(),

// Center icon in client rectangle

int cxlcon = GetSystemMetrics(SM_CXICON);
int cylcon = GetSystemMetrics(SM_CYICON);
CRect rect;

GetClientRect(&rect);

int x = (rect.Width() - cxlcon + 1) / 2;

inty = (rect.Height() - cylcon + 1) / 2;

// Draw the icon

dc.Drawlcon(x, y, m_hlcon);

else



}

CDialog::OnPaint();
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// The system calls this to obtain the cursor to display while the user drags

// the minimized window.

HCURSOR CMy1DPNNplusSimulationDIg::OnQueryDraglcon()

{

}

return (HCURSOR) m_hlcon;

void CMy1DPNNplusSimulationDlig::OnOK()

{

R Start program calculation at here o 1l

UpdateData(TRUE);

time_t start, finish;

double elapsed._time;

time( &start );

int MaxRange,stp;

int div = 100;

Vap = m_Vap;

Nd = m_Nd;

Na = m_Na;

Nap = m_Nap;

Alpha = m_Alpha;

PF = m_PF;

Reflection = m_Reflection,
MaxEvolveN = m_ENmax;
MaxRange = MaxEvolveN/div;
m_Progress.SetRange(0,MaxRange);
stp=MaxRange/100;

m_Progress.SetStep(stp);

] Declare for difftime function

/Il Start time
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m_Progress.SetPos(0);

ScalingFactor(); // calculate scaling factors

Doping_to_Mesh(); /f scaling dopingLevel

Diffusivity_to_Mesh(); // scaling diffusion coefficent

Lifetime_to_Mesh(); // scaling lifetime
Spacing_Map(); // scaling spaceMap Call function
Real_len(); /l cm descaled lacation
Boundary(); //scaled value of BoundaryConditions
Initial(); I/ scaled value of InitialConditions
for(EvolveN=1:EvolveN<= m_ENmax;EvolveN++) /l Set repeating number at
here!
{
if(EvolveN%(stp*div) == 0)
m-_Progress.Steplt();
Control(); // scaled function
m_Loop = EvolveN,; {1l show maximum En in dialog
UpdateData(FALSE);
}

Imref_N_P();  //scaled values
for(i=0:i<= NM-1;i-++)
{

Nm[i] = N[i)/( 1 + exp((Psi[i]-Psili+1])/2/Ut) )

+ N[i+11/( 1 + exp((Psi[i+1]-Psi[i])/2/Ut) ); //scaled

Pm[i] = PLil/( 1 + exp((Psi[i+1]-Psi[i])/2/Ut) )

+ P[i+11/( 1 + exp((Psi[i]-Psi[i+1])/2/Ut) ), //scaled

CurrentDens(): // scaled function
CurrentComponent(); // scaled function
ElectField(); /{ scaled function

}

time( &finish ); {/Ilil Stop time

elapsed_time = difftime( finish, start );



m_Timer = (elapsed_time/60) ;
UpdateData(FALSE);
illumination();
Generationrate();
GRCurrent();
darksun();
DeScaled();
ShowResult();

PutToExcel_OutputDark();

/Il Show run-time in dialog

/! descaled function

/I descaled function

/f Call function De-scaled data

/| descaled Save data to Excel file

PutToExcel_Outputillumination();

MessageBox("Program complete!! You can see result in EXCEL

sheet" NULL,MB_OK|MB_ICONINFORMATION);

//CDialog::On0OK();
}

/- PutToExcel function excute /l

void CMy1DPNNplusSimulationDIg::PutToExcel_OutputDark()

{
UpdateData(TRUE);

CDatabase database;
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CString sDriver = "MICROSOFT EXCEL DRIVER (*.XLS)"; // exactly the same name as

in the ODBC-Manager

CString sSql;

CString sExcelFile = "c:\'+ m_Excel;
be created

float intval;

int indx;

TRY

{

// Filename and path for the file to

// Build the creation string for access without DSN
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sSql.Format("DRlVER:{%S};DSN=”;FIRSTROWHASNAMES:1 ‘READONLY=FALSE;CRE
ATE_DB=\"%s\";,DBQ=%s", sDriver,sExcelFile,sExcelFile);
// Create the database (i.e. Excel sheet)
if( database.OpenEx(sSql,CDatabase::noOdbcDialog) )
{
// Create table structure
sSql = "CREATE TABLE PsiNP (Mesh NUMBER,Length NUMBER,Psi NUMBER,dItPsi
NUMBER,N NUMBER,dItN NUMBER,P NUMBER,dItP NUMBER,R NUMBER k NUMBER,
omega NUMBER,Gr NUMBER,Gen NUMBER)",
database.ExecuteSQL(sSql);
/' Insert data
for(indx=0:indx<=NM;indx++)
{
sSql.Format("INSERT INTO PsiNP
(Mesh,Length,Psi,dltPsi,N,ditN,P,dltP,R,k,omega,Gr,Gen) VALUES
(%d,%1f,%.30f,%.50f,%.30e,%.50f %.30e,%.50f,%. 30f,%d, %.30f,%.50f,%.50f)",indx len
[indx],Psi(indx].d!tPsi[indx],N[indx],ditl\![indx],P[indx],dItP[indx],DGR[indx},Nkk
[indx],Nomegalindx],Grlindx],Gen[indx]);

database.ExecuteSQL(sSqgl);

/| Create table structure
sSql = "CREATE TABLE Current (Mesh NUMBER, Length NUMBER,Jn NUMBER,Jp
NUMBER,Jtotal NUMBER,Jn_drift NUMBER,Jp_drift NUMBER,Jn_diff NUMBER,Jp_diff
NUMBER,Jn_total NUMBER,Jp_total NUMBER Jtotal2 NUMBER,dltJgr NUMBER,Jgr
NUMBER k NUMBER)";
database.ExecuteSQL(sSql);
Il Insert data
for(indx=0;indx<=NM-1;indx++)
{

intval = indx+0.5f;
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sSql.Format("INSERT INTO Current

(Mesh,Length,Jn,Jp,Jtotal,Jn_drift,Jp_drift,Jn_diﬁ‘,Jpﬁdiff,Jn_totaI,Jp)total,Jtota|2,dIthr,J
gr,k) VALUES
(°/o|f,°/oif,%.30f,%.30f,%.30f,°/o.30f,%.30f,%.30f,%.30f,%.30f,%.30f,%.30f,%.SOf.%.SOf,%d)
" intval,len[indx],Jnm[indx],Jpm{indx],(dnm[indx]+Jpm(indx]),Jn_drift{indx],Jp_drift
[indx],Jn_diff[indx] Jp_difflindx],(Jn_drift{indx]+Jn_diff[indx]),(J p_drift{indx]+Jp_diff
[indx]),(Jn_drift[indx]+Jn_diff[indx]+Jp_drift[indx]+Jp_diff[indx]),dIthr[indx],Jgr
[indx],NKkk[indx]);

database.ExecuteSQL(sSql);

// Create table structure
sSqgl = "CREATE TABLE Parameter (Vap NUMBER,Nd NUMBER,Na NUMBER,Nap
NUMBER Jgrt NUMBER, TauNp NUMBER, TauPn NUMBER, TauNpp NUMBER,Dnn
NUMBER,Dnpp NUMBER,Dnp NUMBER,Dpp NUMBER,Dpn NUMBER,Dppp
NUMBER,JM1 NUMBER,JM2 NUMBER,NM NUMBER,Length NUMBER,RealEn
NUMBER,RunTime NUMBER)";
database.ExecuteSQL(sSql);
/I Insert data
sSqgl.Format("INSERT INTO Parameter
(Vap,Nd,Na.Nap,Jgrt,TauNp,TauPn,TauNpp,Dnn,anp,an,Dpp,Dpn,Dppp,JM1,JM2,N
M,Length,RealEn,RunTime) VALUES
(%.10f,%.30e,%.30e, %.30e,%.50f,%.30f,%. 30f, %.30f, %.30f, %.30f,%. 30f, %.30f, %.30f, %.
30f,%d,%d,%d,%.10f,%d,%.10f)",Vap,Nd,Na,Nap,Jgrt, TauNp,TauPn,TauNpp,Dnn,Dnpp
,Dnp,Dpp,Dpn,Dppp,JM1,JM2,NM,(Length*10000),m_Loop,m_Timer);
database.ExecuteSQL(sSql);

// Close database
database.Close();

}
CATCH_ALL(e)

{
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TRACE1("Driver not installed: %s" sDriver);

}
END_CATCH_ALL;

void ScalingFactor()

{
Psi0 = (Bk*T)/q;
DO = Dnn;
CO0 = Nd;
x0 = Length;
GRO = (D0*C0)/(x0*x0);
Tau0 = (x0*x0)/D0;
epsrnSi = epsr0*Dc;
sgrRMDA = (Psi0*epsrnSi) / (x0*x0*q*C0);
JO = -(g*D0*CO)/x0;
NIO = NI/CO;
Gen0= MaxGen;

return;

void Doping_to_Mesh()
{
I[1***** In n+-region *****//
for(i=0;i<=JM1;i++)
Cli] = Nd/C0;

{***** In p-region *****//
for(i=JM1+1;i<=JM2;i++)
Cli] = -Na/CQ0;

/*** |n p+ -region *****//



for(i=JM2+1;i<=NM;i++)
C[i] = -Nap/C0;

return;

void Diffusivity_to_Mesh()
{
[/F**** |0 n+-region /]

for(i=0;i<=JM1-1;i++)

{
Dn[2*i+1] = Dnn/DQ;
Dn[2*-1] = Dnn/DO0;
Dp[2*i+1] = Dpn/DO;
Dp[2*i-1} = Dpn/DO;
}

*****/,{

¥ In p-region

for(i=IM1;i<=IM2-1;i++)

{
Dn[2*+1] = Dnp/DO0;
Dn[2*i<1] = Dnp/DO;
Dpl2*i+1] = Dpp/DO0;
Dp[2*i-1] = Dpp/D0;
}

[[***** |n p+ -region *****//

for(i=JM2;i<=NM-1;i++)

{
Dn[2*i+1] = Dnpp/DO;
Dn[2*-1] = Dnpp/DO;
Dp(2*i+1] = Dppp/DO;
Dp[2*i-1] = Dppp/DO;



return;

void Lifetime_to_Mesh()

{

vV

{

[/***** |n n+-region *****//
far(i= i==IM1ieE)

Tau[i] = TauPn/ Tau0;
[/7**** In p-region *****//
for(i=JM1+1;i<=JM2;i++)

Tau[i]l = TauNp/Taug,
i |\nfof -region & 77
for(i=dM2+1;i<=NM-1;i++)

Tau[i] = TauNpp/Taul;

return,

oid Spacing_Map()

/1***** Set value of spacing in mesh in n+-region

for(i=0;i<=4;i++)

h[i] = spel1/x0;
forli=5i<=7i++)

h[i] = spc2/x0;
for(i=8;i<=8;i++)

h[i] = spc3/x0;
for(i=9;i<=11;i++)

hli] = spc2/x0;
for(i=12;i<=16;i++)

h(i] = spc1/x0;

/***** Set value of spacing in mesh in p -region

*****//

‘k*‘k**ll’!
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for(i=17:i<=26;i++)
h[i] = spc1/x0;
for(i=27;i<=31;i++)
h[i] = spc2/x0;
for(i=82;1<=385;1+%)
h(i] = spc3/x0;
for(i=36:i<=38;i++)
hli] = spcd/x0;
for(i=39;i<=41;i++)
h(i] = spe5/x0;
for(i=42;i<=44;i++)
hli] = spcb/x0;
for(i=45;i<=46;i++)
h(i] = spc7/x0;
for(i=47:i<=47;i++)
h[i] = spc8/x0;
for(i=48;i<=49;i++)
Rli] = 'SDaAX0;
for(i=50;i<=51;i++)
h[i] = spc6/x0;
for(i=52;i<=53;i++)
hli] = spc5/x0;
for(i=54;i<=55;i++)
hli] = spc4/x0;
for(i=56:i<=59;i++)
hli] = spc3/x0;
for(i=60;i<=63;i++)
h[i] = spc1/x0;
//***** Set value of spacing in mesh in p+-region
for(i=64;i<=68;i++)
h[i] = spc1/x0;
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for(i=69;i<=74;i++)
h(i] = spc2/x0;
for(i=75;i<=7T7;i++)
h[i] = spc3/x0;
for(i=78;i<=79;i++)
h[i] = spc4/x0;
for(i=80;i<=83;i++)
h(i] = spc3/x0;
for(i=84:i<=89;i++)
h[i] = spc2/x0;
for(i=90;i<=96;i++)
h{i} = spc1/x0;

return;

void Real_len()

{

double xx0;

len[0] = O;

xx0 = x0 * 10000;

for(i=1;i<=NM;i++)

{
len[i] = len(i-1] + ( h(i-1] * xx0 ) ;
}
for(i=16;i<=25;i++)
{
W[i] = W[i-1] + (h[i-1] * xx0 ) ;
)
return;
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void Boundary()

{

J/=**** Carrier concentration at ohmic contact 1 ***** //
NOhm = ( sqrt((C[0]*C[0])+(4*NIO*NI0))+C[0] ) / 2; //scaled
POhm = (NIO*NIQ)/NOhm; - //scaled

N[0] = NOhm; //scaled

P[0] = POhm; //scaled

J/***** Built-in potential at ohmic contact 1./

zzz = C[0]*CO/(2* "

PsiBohm = (Bk*T/q)*(log(zzz+sart((zzz*zzz)+1)))/Psi0;//scaled
J/=**** Potential at ohmic contact 1 ***** //

PsiOhm = PsiBohm;  //scaled

Psi[0] = PsiOhm-(Vap/Psi0); - //scaled

//***** Garrier concentration-at ohmic contact 2 ***** //

POhM = ( sqrt((CINMI*CINM])+(4*NI0*NI0))-C[NM]) / 2;//scaled
NOhm = (NIO*NIO)/POhm; //scaled

P[NM] = POhm; //scaled

N[NM] = NOhm; /Iscaled

/I***** Built-in potential at ohmic contact 2 *****//

zzz = -C[NM]*CO/(2*NI);

PsiBohm = -(Bk*T/q)*(log(zzz+sart((zzz*zzz)+1)))/Psi0;//scaled
//***** Potential at ohmic contact 2 ***** //

Psi[NM] = PsiBohm;//scaled

return;
}
ffmmmmmmmmnn Function initial condition execute ------------ 1
void Initial()

{

for(i=1:i<=JM1;i++)



{

Psi[i]=0;

N[i] = Nd/CO;

P[i] = (NIO*NIO)/NL];
}

for(i=M1+1;i<=JM2;i++)
{

Psi[i]=0;

P[i] = Na/CO;

N[i] = (NIO*NIO)/P[i];
}
for(i=dM2+1;i<=NM-1;i++)
{

Psi[i]=0;

P[i] = Nap/CO;

N[i] = (NIO*NIO)/P[i];
}

return;

void Control() //scaled function

{

for(i=1:i<=NM-1;i++)
Inner_Mesh();
for(i=NM-1;i>=1;i--)
Inner_Mesh();

return;

void Inner_Mesh() //scaled

{

J/ Call Inner mesh function

/I Call Inner mesh function
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double kk_Psi;
double GR; // scaled G/R rate
double RnB1byRnx1B,RnB2byRnx2B; // derivative of Bernoulli function
double RnBBbanxBB,RnB4banx4B;
double RnRbyRnN,RnRbyRnP; /{ derivative of G/R rate
//Go to F1 Newton task
kk_Psi=1;

LOOP: //label'LOOP' // number step of Newton method
F1 = sqrRMDA * ( 1./h[i1*(Psi[i+1]-Psilil) - 1 /hfi=1]*(Psilil-Psi[i-11) )

* (2/(h[i-11+n(i) ) - N[i] + P[] + CIil;

RnF1byRnPsi = -sqrRMDA * (1./h[i] + 1./n[=11) * (2/(n[il+hfi-11) ),
ditPsi[i]=-F1/RnF1byRnPsi;

[1****DECISION*™**
if(fabs(dItPsi[i])<Correct)

{
[+ *GTORE****
Psi[i]=Psili]+dItPsi[i];
goto EXIT_F1;

}

else

{
[ OOP***
Psi[i]=Psili]+dItPsifi];
kk_Psi=kk_Psi+1;
goto LOOP;

}

EXIT _FY

//go to Newton task
F1 = sqrRMDA * ( 1./h[i]*(Psi[i+1]-Psili]) - 1./h[i-17*(Psili]-Psi[i-1]) )
* (2/(h[i-1)+h(i) ) - N[ + PLi] + CIil;
GR = ( N[i]*P[i]-(NI0*NI0) ) / Tauli] / ( N[i] + P[i] + 2*NIO );
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R[I]=GR;
x1B=(Psili+1]-Psi[i])/Ut;
x2B=(Psi[i]-Psi[i+1])/Ut,
x3B=(Psi[i]-Psi[i-1])/Ut;
x4B=(Psi[i-1]-Psi[i])/Ut;

B1=Bern(x1B), // Call Bernoulli function
B2=Bern(x2B); // Call Bernoulli function
B3=Bern(x3B); /f Call Bernoulli function
B4=Bern(x4B); {// Call Bernoulli function

F2 = ( N[-11*Dn[2*-1]*B4/n[i-1] ) - ( N[i]*Dn[2*i-11*B3/h[i-1] )
< N[i]*Dn[2*i+1]*B2/h[i] ) + ( N[i+1]*Dn[2"i F1]*81/h[i])
-(ROJ*(h[-11+h(i0)/2 );
F3 = ( P[i-1]*Dp[2*i-11*B3/h(i-1] ) - ( P{1*Dp[2*i-1]*B4/h[i-1])
(P[II*Dp[2*i+11*B1/h[i] ) + ( Pi+1]*Dp[2*i+1]*B2/h(i] )
-( RII*(A(i-13+h[i1)/2 );
RnF1byRNnPsi = -sqrRMDA * ( 1./h[i] + 1./n[i-1]) * ( 2/(h[i]+h{i-1]) );
RnF1byRnN = -1;
RnF1byRnP =1,
RnB1byRnx1B = DerivB(x1B); // Call derivative of Bernoulli function
RnB2byRnx2B = DerivB(x2B); // Call derivative of Bernoulli function
RnB3byRnx3B = DerivB(x3B); // Call derivative of Bernoulli function
RnB4byRnx4B = DerivB(x4B); // Call derivative of Bernoulli function
RnRbyRnN = ( (P[i]+NI0)*(P[i]+NI0))
/ Tauli]/ ( (N[I]+P[i]+2*NI0) * (N[i]+P[i]+2*NIO) );
RnRbyRnP = ( (N[i]+NIO)*(N[i]+NI0) )
/ Tauli] / ( (N[i]+P[i]+2*NIO) * (N[i]+P[i]+2*NIO) );
RnF2byRnPsi = -( N[i-1]*Dn[2*i-1]*RnB4byRnx4B/Ut/h[i-1] )
- ( N[i]*Dn[2*-1]*RnB3byRnx3B/Ut/h[i-1] )
- (N[i]*Dn[2*i+1]*RnB2byRnx2B/Ut/h[i] )
- ( N[i+1]*Dn[2*i+1]*RnB1byRnx1B/UY/A[i] );
RNF2byRnN = -( Dn[2*-1]*B3/h[i-1] ) - ( Dn[2*i+1]*B2/h[i] )
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-( RnRbyRnN*((h[i-1]+h[i])/2) ),
RNF2byRnP = -( RnRbyRnP*((h[i-1]+h[i1)/2) );
RnF3byRnPsi = ( P[i-1]*Dp[2*-1]*RnB3byRnx3B/Ut/h(i-1] )
+ ( Pli]*Dp[2*i-1]*RnBA4byRnx4B/Uth(i-1] )
+ ( P[iI*Dp[2*i+1]*RnB1byRnx1B/Ut/h[i] )
+ ( P[i+1]*Dp[2*%i+1]*RnB2byRnx2B/Ut/N[I] );
RnF3byRNN = -( RnRbyRnN*((h[i-1]+h[i])/2) );
RnF3byRnP = -( Dp[2*i-1]*B4/h[i-1] ) - ( Dp[2*i+1]*B1/h[i] )
-( RnRbyRnP*((h[i-1]+hn(i1)/2) );
/I"***go to elimination method™™**
Simple_elim();
[ ERE R RS AR R R R
//DECISION
if(fabs(ditPsi[i])<Correct
&& fabs(dItN[i])<Correct
&& fabs(dItP[i])<Correct)

HHSTORE
Psi[i1=Psi[i]+dItPsilil;
N[i]=N[i]+dItN[i];
Pli}=P[i]+dItP(i];
Nomegali]=0;

/!

goto EXIT;

else

Inner_meshSOR();

goto EXIT;

1



EXIT:
return;

}

void Inner_meshSOR() //scaled function
{
IP***ININITIAL SET* >
RnF1kbyRnPsi = RnF1byRnPsi;
RnF2kbyRnN = RnF2byRnN;
RnF3kbyRnP = RnF3byRnP;
Psik=Psili];
Nk=N[i];
Pk=P[i];
DPsikm=dltPsi[i];
DNkm=dItN[i];
DPkm=dItP[i];

mm=0; //omega-change parameter

’[’{************************i******‘k

LOOP3: //label
omega=omega0*exp(-1.151292546*mm);
/lomega=omega0*exp(-0.460517018*mm); //omegal=1 .0
/lomega=omega0*exp(-0.160943791*mm); //omegal=1.0
/P***CALCULATE***™
SORInner_mesh();
e
//DECISION
if(fabs(DPsikm1)<Correct*1e-2

&&fabs(DNkm1)<Correct*1e-2

&&fabs(DPkm1)<Correct*1e-2)

//ISTORE

119



120

Psi[i]=Psik+DPsikm1;
N[i]J=Nk+DNkm1;
Pli]J=Pk+DPkm1;
Nomegali]=omega;
ditPsi[i]l=DPsikm1;
dItN[i]=DNkm1;
ditP[i]=DPkm1;

il
goto EXIT; lexit for excute Newton task
}
else
{
DPsikm=DPsikm1;
DNkm=DNkm1;
DPkm=DPkm1;
mm=mm-+1;
goto LOOPS;
}
EXIT: //
return;
}
void SORInner_mesh() //scaled function
{

double Rsor://R/G rate for this function only

double x1B,x2B,x3B,x4B; /linterim values

F1sor=sqrRMDA * ( 1./h[i]*(Psi[i+1]-Psik)- 1./h[i-17*(Psik-Psi[i-1]))
*(2/(h[i—1]+h{i]))~(Nk+DNkm)+(Pk+DPkm)+ Clil;

DPsikm1=-omega*F 1sor/RnF 1kbyRnPsi;

IIII**********************-k*****‘k*******************************
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x1B=(Psi[i+1]-(Psik+DPsikm1))/Ut;
x2B=((Psik+DPsikm1)-Psi[i+1])/Ut;
x3B=((Psik+DPsikm1)-Psi[i-1])/Ut;
x4B=(Psi[i-1]-(Psik+DPsikm1))/Ut;

B1=Bern(x1B); /f Call Bernoulli function
B2=Bern(x?B); // Call Bernoulli function
B3=Bern(x3B); // Call Bernoulli function
B4=Bern(x4B); /f Call Bernoulli function

Rsor=(Nk*(Pk+DPkm)-(NI0*NIQ))/Taulil/(Nk+(Pk+DPkm)+(2*NI0));
F2sor=(N[i-1]*Dn[2*i=1]*B4/h[i-1] )-
(NK*Dn[2*i-1]*B3/h[i-1])-
(Nk*Dn[2*i+1]*B2/h[i])+
(N[i+1]*Dn[2*i+1]*B1/hli])-
Rsor*(h[i-1]+h[i])/2;
DNkm1=-omega*F2sor/RnF2kbyRnN;
AR R R AR R R 2
Rsor=((Nk+DNKkm1)*Pk-(NI0*NI0))/Taulil/((Nk+DNkm1)+Pk+(2*NIQ));
F3sor=(P[i-17*Dp[2*i-1]*B3/h[i-1])-
(Pk*Dp[2*i-11*B4/h[i-1])-
(Pk*Dpl[2*i+11*B1/h[i] )+
(P[i+1]*Dp[2*i+1]*B2/h[i])-
(Rsor*(hli-1]+h[i1)/2);
DPkm1=-omega*F3sor/RnF3kbyRnP;

l,',,'********‘k*'k******'k********************8*************

return;

void Simple_elim() /Iscaled function
{

double A[3][3];

double B[3];



double x[3];

double cc,dd,ee,ff,gg,hh;
A[0][0] = RnF1byRnPsi;
A[0][1] = RnF1byRnN;
A[0][2] = RnF1byRnP;
A[1][0] = RnF2byRnPsi;
A[1][1] = RnF2byRnN;
A[1][2] = RnF2byRnP;
A[2][0] = RnF3byRnPsi;
A[2][1] = RnF3byRnN;
A[2][2] = RnF3byRnP;

B[0] = -F1;
B[1] =-F2;
B[2] = -F3;

Il’f********** Gaussian method **********/’f

cc = (A[1][01*AL0](1]) - (ALOJEOT*A[1]1]);
dd = (A[1](01*A[0][2]) - (A[O[OT*AL1][2]);

ee = (A[1][0]*B[0]) - (A[0](O]*B[1]);
ff = (A[2][0T*AL1[1]) - (ADILOTAL2][1]):

gg = (AL2J[0TA[11[2)).- (A0 AL2](2]);

hh = (A[2][0]*B[1]) - (A[1][01*B[2]);
x[2] = (ee*ff - cezhh) / (ff*dd - cc*gQ);
x[1] = (cc*hh - cc* g™ Xl Mol

x[0] = ( B[2] - (A1 I*x[1)+A[2][2]*x[2]) ) / AL2][0];

ditPsili] = x[0];
ditN[i] = x[1];
ditP[i] = x[2];

return,

double Bern(double x) //scaled function
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double result;
if(x1<x && x<x2)
result = x/(exp(x)-one);
else if(x2<x && x<x3)
result=(2*one)/((2*one)+x);
else if(x3<x && x<=x4)
result=x/(exp(x)-one);
else
result=x*(exp{-x));

return result;

double DerivB(double x) //scaled function

double ans;

if(x<=x5)

ans=(exp(x)-(exp(x))-1)/((exp(x)-1)*(exp(x)-1));

else if(x>=x5 && x<=x6)
ans=-(1+x)/(2+(2*x)+(x*x));
else
ans=(exp(-x)-(x*exp(-x))-(exp(-x) ‘exp(-x)))
1(1-(2*exp(-x))*+(exp(-x)“exp(-x)));

return ans;

void Imref_N_P() //scaled values

{

double zn,zp;
for(i=0;i<=NM;i++)
|
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zn = (Bk*T/q)*(log(N[i]/N10))/Psi0;

PhiN[i] = Psilil-zn; //scaled Imref potential for
electrons
zp = (Bk*T/q)*(log(P[i]/NI0))/Psi0;
PhiP[i] = Psilil+zp; //scaled Imref potential for holes
}
return;
}
[f-mmmmmm e Function CurrentDens execute ==----——=====----- It

void CurrentDens()

{
Jnm[i] = Dn[2*i+17*Nm[i]*(PhiN[i+11-PhiN[il)/h[i] ; //scaled electron current dens.
Jpml[i] = Dp[2*i+1]*Pm['\]*(PhiP[iH]~PhiP[i])/h[i] * //scaled hole current dens.
return;

}

s & Furctian: ElectricfistdexecUte —=--rsr=j== 1/

void ElectField()

{
EField[i]=-(Psi[i+1]-Psi[il)/h[i]; // scaled mid-point electric field
return;
}
J[mmmmmme e Function Current component executg ---=--------=-—-==- //
void CurrentComponent() /Iscaled function
{
gradPsi = (Psili+1]-Psi[il)/h[i]; // scaled potential gradient
gradN = (N[i+1]-N[i])/n[il; /f scaled electron gradient
gradP = (P[i+1]-P[)/h(i]; // scaled hole gradient
Jn_drift[i] = Dn[2*i+1]*Nm[i]*gradPsi; // scaled drift current component of
electron

Jp_drift(i] = Dp[2*i+1]*Pm[i]*gradPsi; // scaled drift current component of hole

gradPhiN = (PhiN[i+1]-PhiN[iJ)/h[il;
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Jn_diff[i] = -Dn[2*i+1]*gradN,; /*Nm[i]*(gradPsi-gradPhiN);  scaled
diffusion current component of electron

gradPhiP = (PhiP[i+1]-PhiP[i]/h[i];

Jp_diff(i] = Dp[2*i+1]*gradP; /*Pm[i*(gradPhiP-gradPsi);  scaled
diffusion current component of hole

return;
}
Hlermemrrre s Function GROUrreNt BXECULE < smsmsmmsss /!
void GRCurrent() /ldescaled function
{

ditX[0] = 0;

ditdgr[0] = 0;

Jgr[0] = 0;

JG[0]=0;

ditdG[0]=0;

ditx = 0;

ditdgrt = 0;

Jart = 0;

ditdGt=0;

JGt=0;

for(i=1;i<NM-1;i++)

{

ditX[i] = h[i]*x0; //(len[i+1]-len[i])*0.0001;

ditdgr(i] = g*(1./2)*(R[i]+R[i+1])*GRO*dItX[i];

Jarli] = Jgr[i-1] + ditdgr(il; /l De-scaled G/R current dens.

ditx = h[i]*x0; H{len[i+1]-len[i])*0.0001,

ditdgrt = g*(1./2)*(R[i]+R[i+1])*GRO*dItx;

Jgrt = Jgrt + ditdgrt; /! De-scaled G/R current dens.

ditX[i] = h[i]*x0; //(len[i+1]-len(i])*0.0001;

ditdG[i] = g*(1./2)*(Gen[i]+Gen[i+1])*dItX[i];
JG[i] = JG[i-1] + dItJG[il;
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dltx = h[i]*x0; //(len[i+1]-len[i])*0.0001;
ditdGt = g*(1 J2)*(Gen[i]+Gen[i+1])*ditx;
JGt = JGt + dIitUGt; /l De-scaled G/R current dens.

}

return;

flonammersneipsr s Function Generation rate I/

void Generationrate() //descaled function

{
double dltGr;
Gr[0]=0;
ditGr=0;
for(i=1;i<NM-1;i++)
{
ditGr= (Aipha*PF*U—Reﬂection)*exp(—Alpha*len[é]));
Gr[i] = ditGr;
}
I Generation rate/!/HTHTTTIIIIIT
{
double ditGen;
Gen[0]=0;
for(i=1;i<=NM-1;i++)
{

ditGen=0;
for(j=1;j<=77-1;j++)
{

ditGen= ditGen + ((alpha[j]*(exp(-alphalj]*leni]))*photonflux(j])+(alphalj+1]*
(exp(-alpha[j+1]*len[i]))*photonflux(j+1]));

!

Genli]= ditGen;

}



vV

{

return:}

---------------------- Function illumination 1

oid illumination()

double N;
double M;
double K;
double Z;
double ditALpha,dltph;
AlLpha[0]=0;
ph[0]=0;
JPill[0]=0;
JNIl[0]=0;
Jdrw[0]=0;
ditdPill[0]=0;
dItdNIll[0]=0;
ditJdrw[0]=0;
ditX[0] = 0;

for(i=1;i<=NM-1;i++)

{
for(j=1;j<=NM-1;j++)
{
ditph=0;
ditALpha=0;
{
ditph = photonflux[j];
ditALpha=alphal[j];
}

ph(i] =ditph-+phli];

Alphali]=dltALpha+ALphali];
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ditX[i] = h[i]*x0;

HL[i]=len[i]-(Xj+WI[i1)*dItx[i];

Lp[i]=sart(Dp[2*i+1]*D0*Tauli]);

Ln[i]=sart(Dn[2*i+1]*D0*Tauli]);

N= (-g*ALphali]*phlil*(1-RT)*Lpli)/(ALpha[i]*ALpha[iJ*Lp(i]*Lp(i]-1);

M= (q*ALpha[i]*ph[i]*(1—RT)*Ln[i])/{ALpha[i]*ALpha[i]*Ln[i]*Ln[i]—1);

K= (Sp*Lp[i]/Dp[Q*iH]*DO)*(sinh(Xj/Lp[i])+cosh(Xj/Lp[i]));

= (Sn*Ln[i]/Dn[Z*i+1]*DO}*sfnh((Ien[i]-(Xj+W[i]))/Ln[i])+cosh((len[i]-(><j+W[i]))/Ln
[i]);
dItIPINl[i] =(N*((((Sp*Lplil/Dp[2*i+1]*DO)+ALphaliT*Lp[i])-exp(-ALpha[ll*X)*(Sp*Lp[il/Dp
[2*i+1]*DO)*COSh(Xj/Lp[i])+sinh(Xj/Lp[i]))/K—(ALpha[i]*Lp[i]*exp(-ALpha[i]*Xj))))*dltX{i];
JPill[i)= JPill[i-1]+dItJPill[il;
dltJNHI[i]:((M*exp(—ALpha[i]*(Xj+W[i]))*((ALpha[i]*Ln{i])-(Sn*Ln[i]/Dn[Q*i+1]*DO)*(cosh
(HLLV/Ln[i])-exp(-ALphaliT*HL[i])+sinh(H L[iVLn[)+ALphaliT*Lnli]*exp(-ALphali]*HL
[i1)/2))))dItx[i];
JNIl[i] = JINIll[i-1] + dIitINill[i];

ditddrw(i]= (q*ph[i]*(1—RT)*exp(-ALpha[i}*Xj)*(1-exp(aALpha[i]*W[i])))*dItX[i];
Jdrw[i] = Jdrw[i- 11+ ditddrw(i];
JTotal[i]=JPill[i] +JNill[i] +Jdrw[i];
}
return;

}

e e Function illumination /!

void darksun()

{
ditX[0] = 0;
GA[0]=0;
ditGA[0]=0;
GBI[0]=0;
ditGB[0]=0;
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for(i=0:i<= NM-1;i++)
{

Nsun[2*i+1]= N[i]*CO-+(Gen[i]*Tau[i]*Tau0);
Psun[2*i+1]= P[i]*CO+(Genl[i]*Tau[i]*Tau0);
dItX[i] = h[i]*x0; //(len[i+1]-len[i])*0.0001,
ditGA[i] = g*Dn[2*i+1]*DO*(1 /2)*(Nsun[i]+Nsun[i+1])*dItx[i];
GA[i] = GA[i-1] + dItGA[], /| De-scaled G/R current dens.
ditx = h[i]*x0; //(len[i+1]-len[i])*0.0001;
ditGAt = (Nsun[i]+Nsun[i+1])*dltx;
GAL = GAt + dItGA; // De-scaled
ditGB[i] = g*Dp[2*i+1]*D0*(1 /2)*(Psun[i]+Psun[i+1])*dItX[i];
GB[i] = GB[i-1] + dItGB[i); // De-scaled G/R current dens.
ditx = h[i]*x0; //(len[i+1]-len[i})*0.0001;
ditGBt = (Psun(i]+Psun(i+1])*ditx;
GBt = GBt + dItGBt; // De-scaled
Jt[i]=GAli]+GB[;
lo[i] = (1.5e+05)*exp(-43.076);
ve[i] = In((Totall[il/1ofi]) +1);
FF[i] = (Ve[i-In(Ve[il+0.72))/(Velil+1);
NV[i] = 0.026*Vc[i]*(JTotal[i1*1E-03)*FF[i]*100;

}

return;
[frmmm e e Function De-scaled execute -----------==-- 1!
void DeScaled() /ldescaled function

{
I de-scale Psi PN [T

for(i=0;i<=NM;i++)

{
Psi[i] = Psi[i]*PsiO;
P[i] = P[i]*CO;
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N[i] = N[i]*CO;
PhiP[i] = PhiP[i]*PsiO;
PhiN[i] = PhiN[i]*PsiO;
Nsun[2%i+1]=Nsun[2*i+1],
Psun[2*i+1]=Psun[2*i+1];
}
NN - de-scale Current & GR rate /TN
for(i=0;i<=NM-1;i++)
{
Jpm[i] = Jpm(i]*JO;
Jnm(i] = Jnm[i]*JO;
Jn_drift[i] = dn_drift[i]*J0O;
Jp_drift(i} = Jp_drift[i]*JO;
Jn_diff[i] = dn_diff{i]*JO;
Jp_diff[i] = Jp_diff[i]*JO;
EField[i] = EField[i]*(Psi0/x0);
DGR[i] = R[i]*GRO;
}
return;}
void CMy1DPNNplusSimulationDIg::ShowResult()
{
int indx;
m_List.InsertColumn(0,"Length",LVCFMT_CENTER,60, 0);
m_List.InsertColumn(1,"Psi (V)",LVCFMT_CENTER, 70, 1);
m_List.InsertColumn(2,"Nm (1/cm~3)",LVCFMT_CENTER,70, 2);
m_List.InsertColumn(3,"Pm (1/cm~3)",LVCFMT_CENTER,70, 3);
m_List.InsertColumn(4,"Jnm(A/cm~2)",LVCFMT_CENTER,70, 4);
m_List.InsertColumn(5,"Jpm(A/cm~2)"LVCFMT_CENTER,70, 5);
m_List.InsertColumn(6,"Jtotal (A/cm”2)",LVCFMT_CENTER,90, 6);
m_List.InsertColumn(7,"Gen",LVCFMT_CENTER,70, 7);
m_List.InsertColumn(8,"k",LVCFMT_CENTER,30, 8);
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m_List.!nsertColumn(Q,"JPiII(Afcm"2)“,LVCFMT_CENTER,70. 9);
m_List.InsertCqumn(10,"JNiII(A/cm"2)",LVCFMT_CENTER,70, 10);
for (indx = 0; indx <=NM; indx-++)

{

char str1[20],str2[20],str3[20];

char str4[20],str5[20],str6[20];

char str7[20],str8[20],str9[20];

char str10[20],str11[20];

sprintf(str1," %1f " lenfindx]);

int idx =m- List.Insertitem(indx,str1);

sprintf(str2," %.3if",Psifindx]});

m. List.SetltemText(idx, 1,str2 );
sprintf(str3," %.2e ",Nm [indx]);
m_List.SetitemText(idx, 2,str3);

sprintf(strd," %.2e ",Pm[indx]);
m_List.SetltemText(idx, 3,strd);
sprintf(strs," %.2¢e " (Jnm[indx]));
m_List.SetltemText(idx, 4,str5);
sprintf(str6," %.2¢e ", (Jpm[indx]));
m_List.SetltemText(idx, 5,str6);
sprintf(str7," %.2e " (Jnm[inax]+Jpmlindx]));
m_List.SetltemText(idx, 6,str7);
sprintf(str8," %.2e ",Gen[indx]);
m_List.SetltemText(idx, 7,str8);
sprintf(str9," %d ",JG[indx]);
m_List.SetltemText(idx, 8,str9);
sprintf(str10," %.2e ",(JPilllindx]));
m_List.SetltemText(idx, 9,str10);
sprintf(str11," %.2e ",(INill[indx]));

m_List.SetltemText(idx, 10,str11);
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/- PutToExcel function excute /!

void CMy1 DPNNpIusSimuIationDlg::PutToExc:el_OutputiIIumination()
{

UpdateData(TRUE);

CDatabase database;

CString sDriver = "MICROSOFT EXCEL DRIVER (* XLS)" // exactly the same name as
in the ODBC-Manager

CString sSq;

CString sExcelFile’="c:\\"+ m_Excelsun; // Filename and path for
the file to be created

float intval,

int indx;

TRY

{

// Build the creation string for access without DSN
sSql.Format("DRIVERz{%s};DSN:";FIRST'ROWHASNAMES:1;READONLY:FALSE;CRE
ATE_DB=\"%s\";DBQ=%s", sDriver,sExcelFile,sExcelFile);

// Create the database (i.e: Excel sheet)

if( database.OpenEx(sSql,CDatabase::noOdbcDialog) )

{

/I Create table structure
sSgl = "CREATE TABLE GEN (Mesh NUMBER,Length NUMBER,Gen NUMBER,Nsun
NUMBER,Psun NUMBER)",
database.ExecuteSQL(sSqgl);
// Insert data
for(indx=0;indx<=NM-1;indx++)
{
sSql.Format("INSERT INTO GEN (Mesh,Length,Gen,Nsun,Psun) VALUES

(%d,%1f,%.50f,%.50f,%.50f)" indx,len[indx],Gen[indx],Nsun[2*indx+1 ],Psun[2*indx+1]);



database.ExecuteSQL(sSql);
}
// Create table structure
sSql = "CREATE TABLE Photocurrent (Mesh NUMBER,Length NUMBER,Gr
NUMBER,JNill NUMBER,JPill NUMBER JTtotal NUMBER,JG NUMBER,Jdrw
NUMBER,GA NUMBER,GB NUMBER,Jt NUMBER,lo NUMBER,Vc NUMBER,FF
NUMBER,NV NUMBER)";
database.ExecuteSQL(sSql);
/I Insert data
for(indx=0;indx<=NM-1;indx++)
{
intval = indx+0.5f;
sSql.Format("INSERT INTO Photocurrent
(Mesh,Length,Gr,JNill,JPiH,JTtotaI,JG,Jan,GA,GB,Jt,Io,VC,FF,NV) VALUES
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(%If, %I, %. 311, %.50f,%:50f, %.50f, %.50f, %. 50f, %.50f, %.50f, %.50f, %.50f, %.50f,%.50f, %.5

Of)",intvaI,Ien[‘\ndx],Gr[indx],JNiII[indx],JPill[indx],(JNill[indx]+JPiI|{indx]+Jdrw[indx]),JG

[indx] .Jdrw[indx],GA[indx],GB[indx],(GA[indx]+GB[indx]),Io[indx],Vc[indx],FF[indx],NV

[indx]);
database.ExecuteSQL(sSql);
database.ExecuteSQL(sSqgl);

}
}
/f Close database
database.Close();
}
CATCH_ALL(e)
{

TRACE1("Driver not installed: %s",sDriver);

}
END_CATCH_ALL;
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