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NTANUIN N

FROGRAN SOLAR;

{ Version 2.0 }
{ Written by Mr. Pradoodet Kilagupta }
{ 23 JUKE 1967 }

COHST
{ SOLAR SFECTROM AMI DATA }

LADA : ARRAY [1..21) OF REAL AN
= (0.308-6,0.328-6,0.368-6, 004086, 0.45-5, 0. 4oL

0,568-6, 0. 6086, 0, G4y, T2E-80. 7656, Gebd

0.B48-6, 0. B6B-6, 0-m=8yH Lia=, - 0054,

PROTON_FLIX = ARBAY (1..21] 0
= (1.51815,2.67815,8.44

4.00817, 4.22807, 4. 1504 ,

3.95811,3. 36817, 7R 1148 30000

ALPEA : ARRAY [1..21] OF REAL 4
= (7,21E5, 4, 4485, 1, 6705, hs]

4,2583,2.9989, 2. 0841, 61

5.4182,3. 6182, 2. 4682, 1

DATALXL : ARRAY [1..9) OF EEAL
= (0.1,0.2,0.3,0.4,0.5,0.¢

To  : ARRAY [1..4] ORGZAL

= (158, 187, 18,0

¢ ARRAY [1..3] OF REAL

= (0,186,156, 105-4); ¢ o

mmﬂmwmm

:M]’[I"J{lﬂlﬂ.

a*mmmm UNIAINAY

{ SOLAR CELL NUMERICAL DATA FOR SILICON AT 300 K UNDER AMI CONDITION }

g F

W4 :REAL = 5E19; Na  :REAL = SEIT;
Dp :REAL = 1.285; Dn :REAL = 10.9;
Lp :REAL = 7.28-4; la  :REAL = 52.2-4;
Tp :REAL = 0.48-6; To  :HEAL = 2.58-6;



W :REAL = 0.058-4; DELTA :REAL = 1E-5;
Yd :REAL = 1.022; 3 :EEAL = 300.08-4;

Sp cREAL = 1R4; MILIANP :REAL = 1E3;
So :REAL = 1E5; '
TABLE_SPEC = 21;
Q :REAL = 1.6E-19;
THICK = 50; { 500 uM}
TiFE
A = ARRAY [1..TABLE_SPEC] OF REAL
VAR
ILJ,1  : INTEGER;
BRI ¢ REAL;  { RERLE
ILE =B 9
JPNJIR ;A
STEP AR : HEAL;
FIL : TEIT;
Fl : STRING[12]
(41 : STRIMG[1]
Lpp,lon  : REAL;
Jrd : ARRAY[1..50,1..5] O ':"‘j",
1,02 : INTEGER;

X11,JP81, JH81, J061 : ARRAY[1.,50
Don,Dpp @ REAL; Lo®
!'IE'I.'I{II COSH(X :REAL):RE |

m mﬁ%?'ﬂﬂ?ﬁﬂﬂ’]ﬂ?
Wmmmum'mmaﬂ

IHJ.P[ -0,
m;

{ FUNCTION Jp CURRENT DENSITY }

FUNCTION JP1{ALPBAL, PFLOX1, Dp1,R1,Lp1,5p1, X1, 11, R :REAL):REAL
VAR
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J1,J2,J3, 10, X1, IR,
I¥1, X2 : HEAL;
BEGIN
R := (1-R2)/(1-R1);
IV := -ALPHAL#X1;
= -ALPAISTL;
12 := -ALPEAI3(TI-X1);
IF X1¢-709 THEN XY := -709;
IF XY1¢-600 THEN XY1 := -600;
IF XY2¢-600 THEN X¥2 := -600;
L = X1/Lpl,
J1 := QSFFLOX1#(1-R1)#ALPAALsLp1 /( SQRIALSEALIRS
J2 = J1%(((Spl#Lp] /Dpl ) +ALPEALSLpkeRilPRY
(Spl4Lpl /Tpl #31KE(XJ)+C0SH( L
J3 := JIvERe({(SplsLpl/Dpl-ALPHAL*Lg
+SIHB(XI)) ) /(SploLpl /Dp) #STNG( LA¥
JP1 iz J24J3;
B;

{ FONCTION Jo CURRENT DRNSITY }

FUNCTION JN1(ALPRA2, PFLDX2, D2, B1, L, So2,
m b S ——
J,2,03, 5,0 IR : REALSA :
uam

= u—rzml RL);

rr v ﬂﬂEJ’JVIEJVI?WEJ’]ﬂ?

1= -ALPAAZEYE;

5% MQIﬂim NN Y

%(1-R1) $ALPEA2#1n2/( SQR( ALPHAZ ) $5QR(LaZ) -1 ) *EXP(XY1);
JE = W—{M[M{H]-ﬂ{ﬂ}hﬂimw
EXP(XY))/(Sa2#Lo2 Da2¢SINB(M +00SH (M) );
J3 1= JUARRH( ((Sa2#Ln2,Dn2 +ALPAAZ#LnZ ) -EXP( XY) #(Su2#La2/Dn2#00SE( XJ ) +STHR( L)) )) /
{SotLo/DusSIHA(1J) +00GH (X)) )-ALPAZ$LaZ¢EXP(XY) };
Il := JI0J243;
B;



FUNCTION JDRI(VAR ALPRA3,PFLOX3,R1,X1,N1,X3,R2 :REAL) : REAL:
CONST
@ :REAL = 1.6E-19;
VAR
I, IVl GREAL;
BEGIN
XY := -ALPHA3®XL;
Y1 := -ALPRA3$(X3-X1);
IF XY¢-709 THEN XV := -709;
IF XT1 <-600 THEN XY1 := -§00;

{ SIMSON 'S BULES INTRGRATION }

FONCTION SIMSON(VAR CURRORM :; SPP

VeR

RESULT,XY : REAL;

I : INTEGER;
BEGIN

RESOLY := 0;

o =0 e
PRI:=2N0SP-100 ol
BEGIN )

CASE 1 MOD 2 OF

f s - mmJ'JVIEWﬁWEJ’]ﬂﬁ
” “wwmn‘imummmaa

SIIEII Stﬁ‘_ﬁlﬂﬁ O¢{CURRDEN[1] + XY + CURRDEN[SPEC]);
B;

FUNCTION EX(T :INTEGER): REAL;
VAR

J : INTEGER;

¥ REAL;
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BEGIN
LRERH
FRJ:=1T010D0
BEGIN
N iz Me10;
END;
Bl =
END;

{ CALCULATION }

BEGIN
fli=1;
FRIT:=17020D0
BRGIN
FRJ:=1100D0
BRGIN ,
GOTOXY(50,2); WRITE('ANALYZE ',
X1 := DATAXI[J)SEX(IT)*IE-5 ;
STEP_H := (LAMDA[3)-LAMDA[2])#1E
12 = X1, -
B = B-12; oA
FOR 1 := 1 70 TABLE_SPEC :
BEGIN
JR(T) <= PL(MHBAE
JH(1] = JNI( r? P00 R, L :
mR(y) <= awigabfaA), rmmmm,m: B

mﬂmmam‘mmma )

MI[C!] := SINSON(JN, TABLE_SPEC, STEP_R) sNILIANP;
JDBL{CL] := SIMSON{JOR, TABLE_SPEC, STEP_H)sMILIAWP;
JRE(C1,C2] = JPRL[C1]+JNBL[C1]+JDBI[CL];
HIC]) == XsIEd;
€1 :=Cla;

END;
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FRITELK;

PROCEDURE NEWD;
BEGIN
CLESCR,
mmmm:-- WITEN( MW '),
GOTOXY(30,8); WRITELN(" 1. Sp IS VA
GOTOXY(30,9); WRITELN(® 2. SR .,._.,

.I
mmmm.m;m['a. ' //

GOTOXY(30,11); WRITELN(' 4

GOTOXY(30,12); WRITELN(’ 5 i

GOTOXY(30,13); m{ . THIQ ,‘,/

GOTOXY{30, 15);WRITE( " SELECZE0!CH

READLN(CH1); '
B;

PROCEDURE CHOICE.I;
VAR |
[ : INTEGER; o
BRSTH Y
MI=z104W [

BEGIN

wa.wmﬂmwmm
m@m‘mn‘imummmaﬂ

[111[11 10:4, JPH(T, 1):10:4, JPB(T, 2):10:4, JPH(T, 3):10:4,
JPA(1,41:10:4);
WRITELN(FIL, X11(1]:10:4, JPA[T, 1:10:4, JPR(1,2]:10:4, JPA( 1, 3]:10:4,
JPA(T, 4]:10:4);
END;
END;
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PROCEDURE CHOICE_2;
VAR
I : INTEGER;
BEGIN
FRI:=110500
EEGIN
Q=
CAL(Sp, Sn[1), Tp, o, Lo, Lp);
D,
FRI:=1MC-100
BEGIN
WRITELA(X11(1]:10:4, JPB[ L dhed@eTP0EE 20 10:4, JFE
JPB(1,4]:10:4, JPA1, 5]: 104
WRITELN(FIL, X11[1]:10:4,JP%
JPE(1,4]:10:4,JP(1, 5] -10°4)
0,
;

PROCEDURE CBOICE_3;
R

[ : INTRGER;
BEGTH -
PRI:=1M4D0 &0
BGIN i
Lan := SQRT(De*Taa(1));

anuﬂwﬂmwmm
n wmanmummmaﬂ

mm 1{1):10:4, JPBLT, 1):10:4, JPA[T, 2] :10:4, JPA(T, 3):10:4, JPH[1, 4):10:4);
WRITELK(FIL, X11(1]:10:4,JPB(1, 1):10:4, JPALT, 2]:10:4, JPALT, 3] 10:4, JPA(T, 4):10:4);
END;
D,

FROCEDURE CHOICE_4;
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VAR
1 : INTEGER;
BEGIN
MRI:=170300
BEGIN
Lpp := SQRT(DpeTpp(1]);
Q:=1
CAL{Sp, 5o, Tpp(1], To, Lo, Lpp);
END;
FR1:=1MC-100
BEGIN BN
WRITELN(X11(1]: 10: 4, JPA[ 1, o d0000PErE. 2): 10
WRITELN(FIL, X11(1):10:4, JEid "
BND;
BiD;

PROCEDURE CBOICE_S;
VAR
I : INTEGER;

BEGIN
2=l
CAL(Sp, S, Tp, To, L, Lp);
WRITELN(" :
WRITELN(FIL,* £
!m =110 C1-1 0 |

mzmmwv’ﬁw'm

WRITELR(FIL, l- JRU[I):10:4," ve 7, JPENT]:10:4 JHI[I] A,

wwwawnmumfmmaﬂ

FROCEDURE CBOICE_6;
VAR
I,J : INTEGER;
13 : REAL; { TRICHNESS }



EBGIN

Q:=1
(HE
Il := 1E-5;
STEP_B := (LAMDA[3]-LAMDA[2])#1E5;
2 := X+,
FORJ := 1 10 TBICK 0
BEGIN
GOTOXY(50,2); WRITE(’AMALYEE ',C2:2," 4CkQ
13 i= JH081E-4; N\
B o:= B3-12; y
FOR I := 1 T0 TABLE_SPEC Dl
BEGIN
JP(1] := JP1{ALPH
JN(1] ‘-.lll[ﬂ-'l’li!.{

R(1) <= J0RLAcPel 1 JRAL
I;:z] - STNSOR(JP, T /./ ’

JRHL(CL) := SM[JI.T !
JOHL[CL] := SIMSON(JDR, TAB!
JPR[CL,C2) := JPRL[CL)+JHBL([C:
e := XslEg;
01 == C141;

D,

WRITELN('

WRITELH(FIL,*

M I 10010

DI04, 0P(T,C20:00:4,"  wA); ¢

SRS S BIYENR) 2] 2

{ MAIN PROGRAN }

e M@[ua BANININT
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BESIN
MEND;

WRITE( ' INPOT REFLEXTION COEFFICIENT R = ’);

READLN(R);

WRITE(" INPOT BACK REFLEXTION CORFFICIENT RI = ');

READLR(R1);

WRITE('00TPOT FILE °);

READLN(F1);

ASSIGN(FIL, "\pdet\picture\"+F1);

REWRITE(FIL);

CLRSCR;
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NIANWIN 1.

nramaaanszua i TnTalusu nt

Taoi8u9nn13ld continuity equation

2 (p.- p )
d n no
DP Z(Pn— Pm}+ G{xj.. -.-T_P— = Q {'Il-‘l]
G(x) = nFlfl-Rl}exp[-ﬂx 2 oFy A1 , zje::p{- (H=x) )

ﬂ:‘lﬂ' ';"l

G(x) = arn{l—n

K3t/ R exp (~u (H-x) }]

a:la solution fim

ﬂ 'Hm ‘HW?% exp(~ax)+ R exp(~a(H-x)) |
mmm URIAINYIAY

'-1.4"1-]

BB

i A cosh {:—j-lr B sinh {-E:- k[oxg{-ux]+ R e:qp{-utﬂ-—xll] (u.2)

P

97n boundary condition wszlAdn
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d
D, ax Pn” Ppo! = S, (B - B |x = o]
uaz p-p _ = 0O |x-ij

x=0 v
= g™ ) )
. — ' L —
D : S
Spk = 'f.P_ = 1!/4‘/* *j (1+R exp (-aH) (u.3)
. N ’

P

" \
A cosh {Ei}_', B sir 1- [-{I(H"x:]}]] (ﬂ,d.)

P

. AUEANENINGINg

Labi ety EGER

S L
r P
n =z Dp sinh{xjfLF]+ cosh(x

B =

(v.8)

jﬁp}

ILGI:* }EU

EJH sinh{xjfLPj-I»
A =
DP,- =

“]

(v.7)
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L |S N-Mcosh (x,/L)
& = _DE[_P - LP] (v.8)
P

9n  J

kn(axp{-m:jj—n exp{-—u{ﬂ-xj}}}

h{xij-P}J+ ku(ﬁxpt-ﬁle

k(exp(~ay J4R exp(-a(H-g))) (= sinh (x,/L )+ —5‘- cosh {—111

ammnmumfmpwaa

(exp(—-a

qaF_ (1-R )L [u:. (1-R exp (-aH))+ —E-P{1+n exp (-uH) )

g = 3
? (a’r’p” ]_ *p
Dp sinh (x j;’LP}+ cosh (x jfLP}
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5 L
- (exp(-ax )+ R exp (-0 (H-x,))) {sinh{xjfl.p]-l- —%—E cosh (x jn.Pn

] P
S L j ]
dﬁl‘—:- sinh {xjfLPH cosh (x/L,

-uLPlaxp(-axj} -R exp (-a [E—xj] } }]

| 5 L
“p oy ;’LPH _E._E cosh (x

i P RS Sbl) Aba (~ax.) (sinh (x /T
J o R
pl ¥ 1) e
(o i = =Toh xjﬁ':p“' cosh {xij-P}
..
4k, e . NN

' @ ’ \\ exp(-a(H-x,)) (sinh(x;/L)+S L
o 5, D
wr om0 £
p2 =1 - ':‘Ek *\\ "’Lp} L lxj "’fLP]

LT T

cosh ( /1
—

‘ v_ = lf:‘

] d
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nramanazud i I Talus E+

Tav3usannasld continuity equation

- n
[n-npo] + G(x) ——'P—'—-E = 0 (v.9)

n

w-

G(x) = oF (1-R)) [exp(-mx)+ R exp (- a(H-x))]

ganduntsf (v.9) azlAan

dz o= 0
= [np— npn] - 2P0 exp (- a(H-x))]

LG

9zln solntion fe

n- npn = A cosh r.x,an}"' [Exp{-ux}+ R uxp{—niﬂ-x}}]

af (1-R._)
W k = = L
D (a"=1/L
nP- npu = A cosh l‘.x" + B sinh L )= k |exp (-ax)+ R exp [-a{:-:-xn]

ﬂ‘NEJ’JVIEJVI?WEJ”ﬂ‘S @.10)

97n boundary condition azla3n

ammnmumw Y1 Y

d
D_ H{np- Do) ™ =8 a=m ) |x = H|
Az o 0 [x-xj+w|



124

unuAn boundary condition mwlu (w.10) wzlaan

D D
! S .| . —oH) =
B, w0y B,) 4 7 A sinh (H/L )+ . B cosh (H/L )+ koD _[exp(-aH)-R]
n
= -S_ A cosh(H/L )- S B sinh(B/L )+ S k[exp(-oH)+ R]
D N : /. D
S cosh (H/L )+ —> sinho(AE )N W6 (/L )+ —= cosh (H/L ]]s
n n' L ) e 0 L n
— - —
R s + aD ) kR
| (1.11)
A cosh {lxj+ W) /L )+ Bfss i H:p{-—u(xj-l- wll+ R axpt-u{H-xj-w}}

(v.12)

T - -
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