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ABSTRACT

This thesis presents the electrical ~characteristic simulation of one and two
dimensional pn junction with finite difference method. The principle of this method is to
use the physical equations that consist of Poisson equation ,continuity equation for electron
and hole to make one and two dimensional finite difference equation to study electrostatic
potential ,electron concentration , hole concentration ,electric field and generation and
recombination of carriers. This thesis presents the electrical characteristic simulation of one
dimensional with a change of value’s voltages that consists of forward bias, reward bias
and no voltage, the difference of the distance between mesh and concentration. Also, the
electrical characteristic simulation of two dimensional only give bias voltage to zero that
fix difference of the distance between mesh and concentration in various values to study

a change of the electrical characteristics in a semiconductor.
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nadiasnand delavinfezSnAuiaumsiugHueedsiaandl (basic semiconductor

& & -
equations) mtmmsmmuﬁum'iwqu”lﬁmmnmﬁuuﬂna (Maxwell s equations) (2.1) (2.2)

(2.3) oz (2.4) MUAIAY

rot/—7=j+a—q (2.1)
ot
rot E = ) 5 (2.2)
ot
divD = p 2.3)
divB =0 (2.4)

= mmm’fuﬁummjmﬁﬂ (Magnetic Field Intensity)
B = amunuiiuveadunsdisiman (Magnetic Flux density)
E

D =anununnivvesldns 1Wa (Electric Flux density)

a1y W (Electric Field)

7 =aunuidunseua (Current Density)

p =armumuinvelszg WA (Blectric charge density)

2.2 aumaﬂa%m (Poisson’s Equation)

! ' 4 o P 1]
aumsilasroalinunaunIsuuAna (2.3) othelsEameuisaiheumsi 2.3) W

S gsE i Electric Displacement Vector D v T E

D=¢-F (2.5)

Taufi & ApA1 Permittivity Tensor
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o  da

(Electrostatic Potential; i ) 1agn1siinaumsi (2.4) manuduius il
B=rotAdvA=0 (2.6)

A A .
o f1D Vector Potential

R Xy

atussaumsh 2.6) unuasluaunsi 2.2) w18
it Ea 0 = @7
ot

- - 3
&1 "rot Z = 0" vnaumsanimes Gvanugy dniy

s, 4
ot

E grad y (2.8)

3 ' [
LinuthaunIsh 2.8) unuasluaunsi 2.5 11d

D = —g%; —ggrady (2.9)

dl'v(g g—’:} + div(e grady) = —p (2.10)

s o’/’ = 4 4 ' 8 i
S lumenusnvoaunsi (2.10) Hugud e permittivity 10130

w1301 171511 homogeneous soiuaeldaumsi (2.10) Funimizasonsunaunsilives
div(e - grady) = —p o 2.11)

éafhmmwmmiwmﬂixi;fﬂmiaﬂizmuaaﬂ“lﬁﬁdﬁumsﬁ (2.12)
p=qglp-n+C) (2.12)

iifo C 70 net ionized impurity concentration (/V =N )
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div - grady =L (n-p-C)
&

2.3 auNISAINABIHB (Continuity Equations)
aumsanaoiissmuison ldnnaunisuuniai

(operator) “div” vy quN15hn (2.1) i)zvlﬁ

div rotH = divJ + %5;— L0

2.13}

(2.14)

@1  &ldanlgidans

(2.15)
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LA

5 ' ad
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aAMuHLLHuYeInszia Taolan
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ad a g
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L)
ot

(2.16)

#siual s feusumaiondu

(2.17)

¥ I [
intuiiaunsn (2.12) uag (2.16) unuaaly (2.15) yaziaumsn (2.17) N

Jsenoudavaz 1@
div(jp + jn)+ q%(p -n)=0

ansanszwaunsi 2.18) 1adu

(2.18)
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Tauft R Apainsiiansemssudvesdidnasouuas Tea 1A R fauduvannuny
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2.4 AUMINUFIHMHIVEIINININN
a =Y d  a :ly 9 o é’ o s & o o A 9 [
T Snenfinutatuil It vuaaun I NuIHE NI UE1INAIUT Wolylun1sinaed
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gaiauiiamalwihuessosdomanedniy NanisliaLazaema IKBMIAYBIANY wArada,
mmﬁumﬁuvm%‘sﬁﬂﬂmu,ﬂ'mmumu'wumiaa,aum‘lﬂﬂ1,mﬂﬁmmzmssmﬁwm
1 AT A v @ o " as g
wmx“luﬁﬂﬂﬂamsﬂqmmtmzﬂswlmmfr:uwuﬁszmwﬂszummzmaﬂuiﬂUﬁumsﬁ'ugm
) as 2 & de o 1 4 o v ad
mm‘um'sﬂammﬂﬁzﬂauﬁ’aﬂﬁumii‘hwm(z.z1),ﬁumimmmmﬁmmﬂsumaﬂmeu

(2.22),ﬁ:um'§ﬂ'nwimﬁmﬁm%'ﬂaa (2.23),?mmsﬂszuﬁﬁxﬁﬂmiﬂu (2.24) uazauNINITU

b
Toa (2.25) fatl

divgrad y =L (n-p-C) (2.21)
£
. = on
avl, —-g-—=¢g-R 2.22
s, qat q (2.22)
2 \\, o
dvap+q5?=—q~R (2.23)
J =q-n-u,-E,+q-D,-gradn (2.24)

J,=q-n-u, E,-q-D, gradp (2.25)
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3.1 uni
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3Enssraesaandame lndhwosmsnadan Taedswasafuiiosszrhaumsilas

1 A o v ad 1 y o (Y
499 (3.1) FUNTANUADILDITIHIVUBDIANATOU (3.2) Llﬂzﬂuf‘l’liﬂ’ﬂuﬁ’ﬂtﬁ’ﬂﬂﬂ’m'i‘UI?Jﬁ (3.3)

P aa |
1 udug Ui uveaITHaA AL DY

A2div grady —-(n-p-C)=0 3.1)
div(D, - gradn — u, - n- grady) - Rly, n,p)= -g—': (3.2)
div(D, - gradp + p, - p - grady)- Rly,n, p)= Z—’; (3.3)

Y
=1

Smsulusnninusaiui i nesqaauiama I luan12sacAa (Steady State)

o

P o q Y Y Emes,
vz 19 laeruns niaetl

Adiv grady - (n- p-C)=0 (3.4)
div(D, - gradn — p, - n - grady) - Ry, n, p)=0 (3.5)
av(p, - gradp + u, - p - grady )~ R(y,n,p)=0 (3.6)

@ as Y =) d;

3.2 HanMIVBNIBHAANTULIHON
[y ad ' A o n: & o o ' {I 1 l Vet

NEANSUITHAR I AT N FUA TR IINUUIDDNUUTIULDY - il
o 4 4 = ° Y 4 o y & A o
auaedludmion Tasimsfmuald NX Ao auduiiueuuuny X oz NY A9

d' ' o : o/ g’ é @ 0 L & o

FuUANLUNINY Y Auiuesiigadauuauesnaniumn NX-NY 3@ Fevzdludmauga

fozdpanismidmsuanns (3.4) (3.5) uag (3.6)



i+1,]
X
xl 1 xi xi-*—l
3101 3.1 madmuadumiang 9 TneAtHaneduiiios
1N 3.1 sfmunldi
| I, C 2« ST (3.7)
Ky & g TV L1 MESTT (3.8)
azﬁmuﬂiﬁlﬂugﬂxmuﬁqﬁ
u,, = (x5 i=1,NX, j=1NY (3.9)
v, =u{xf—+xfi,y,J L] = 1,NY (3.10)
."+E,j 2
+
uij y = u[x,,z-fz—y’*iJ [=1,NX , j=1N¥1 (3.11)
’ +i

- ' : A,
1Mz IAUNIT (3.4) (3.5) HaT (3.6) MUY “div” LAz “grad” NTAUTIVY

2 2
Az[gx—"’;+gyv;]—n+p+C=O (3.12)



ax " ax) oy ey T oy

0 op oy 5] op oy
—| D, — p——|+—|D,— v ot | =R P)= 0 3.14
ax[ Pax M i axj+ay[ ”6y+ﬂ" # ayJ (i p) (B

—a—[Dna—n—-,u -n a—!’l/)-r—a-[D if?——,u - n a—wJ—R(y/,n,p)=0 (3.13)

J L= & o é
3.3 mstszandnameduifesivanmatiiives

o [ s o . .
fmuald v, ; Huduls s muali first order partial derivates by

u -Uu 4
a_u1 :_iu (3.15)
ox " h +h
2
YA Uy
ou| fFf3 —is (3.16)
oy 'Y K ==K '
¥ J j-1
2

o 1
nminaunsh (3.15) wag (3.16) unuasluaums (3.12) wldaumsiliswene

i | Wl s RPN
aX f+£,_f aX 'I_E‘lj ay "'aj"'l ay ,f'j_l
2 2 2 2 =
-n, + &l =0 3.17
h +h, V k; +k, | -
2 2
¢§ o 9t
Farmua 1
oy _ Yy =Yy (3.18)
X |1+ h,
oy _Yiy ¥y - (3.19)
= 1
aX /- irj h,r_l
2{{ - Wi — V¥, (3.20)
oy |1+ K,
ﬂu_ . Wi Wi (3.21)
a}/ "11'5 kj—l
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¥ v [l
pnuThaumsi (3.18) (3.19) (3.20) uag (3.21) unuasluaumsi (3.17) vz 1daw

o A ad ! A
msilasaes feglugiuuuvesitnainduiies

Wing =Yy Vi~ Viay Yign — Wi Vg™ ¥4
h/ hl—l kf kj—1

M kj +kj—1
2 2

7 -, +p,;+Cy=0

(3.22)

d \ r=| d'i (¥ 1 A'l
3.4 M3UIzyNANAM A UINBINUANNITAINADIHD
AunIsANUABBId s uUdAnaTeN  (3.13) uazaumsnnuaoitasdmiulea

' o a ' 4 ar ¢:|’JI
(3.14) Wuaumsneumsiszgnadisdinadaduiiodsil

i[Dnéﬁ_ﬂ .n.a_Vf_J+é%[Dna_fv__y .n.a_w]_,e(w,n,p)zo -

ox ox '’ X YL\ oy
0 op oy 0 op ay
Of(p Py . p Y 2D, Ly, p-==|-Rly,mp)=0 614
ax[ "ax+”" P axJJray( "ay“"’ P ay] v p) S

8
o o 39

o 0,: o ad 1 & A 91
Quuﬂ1141ﬁ1]ﬂ']5ﬂ0ﬁﬂﬂﬂ1ﬂ1lﬂuﬁﬂﬂ1iﬁﬂﬁﬂﬁNﬂfv‘INﬁ‘Umﬂ\ﬁl?ﬂvlﬂTl

z -~ 2 'R(anlp]!,j =0 (23

/7,+h,_1 kj+k-1
2 2
(Jpx*Jflj_(Jpx*_gj (Jpr*ﬁl_(']é’y*j—l
2 |3 L3 5 - 3.24
h +h ! K, +K;zy R(W:”,Pl,rj 0 sy
2 2
&
Lk
oy on
S o, p.0v_pon 3.25
nx Ha ox n ox ( )
oy on
S o, p.ov_pon 3.26
ny = Hn ay n oy ( )
Jp=typ- s o G

ox P ax
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B, p 2 (3.28)
oy oy

214
B Wij ~ Vi, ” _B Wia,; — Vi) .
U, U,
g ={ (3.29)
nx f+1,j n f+—j' hj
B Wiy —Wijn n,, -8 Vi el LYy Ay
Ye J Ye (3.30)
Jny i = Dn 1 .
i+ 1+ kj
e +1, ~ W 1
g _TarCp W OUN= Py,
U, U,
" = 2] (3.31)
Plisty T TPt h,
L PR W h 5T 4 Al
B[Wf,j U'//;,j 1in'j+1 —B[ i 1U i 1pl,j
t b
Jop|, N\ 5h, : % (3.32)
[ Jj+= I,j+i J
B Vi, — Wiy sy _B Vi —Via,j n,
U, ‘ U,
o =) (3.33)
nx .’—l,j n I-SW h!_l
B i1~ Vi Mo B Vg~ Vi n,
g Ye ! = (3.34)
AR VS k.
Vi, — Vi Vig ~ Vi,
B} — = 1 — B == Py
Y ' . (3.35)
Jpx 1 = DP 1 h .
i_i'j f”irj 12y
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Vi1~ Wi Wi; Wi
B[,"—a———Jp,,j - B(—J—(Z—L}Puﬂ

o 1
'rur*i' k

° ~ P 2
Thaun1sh (3.29) (3.30) (3.33) uag (3.34) unuasluaumsh (3.23) Faoz 1A aums

(3.36)
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1 2 o v ad ad 1 2 2
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5 B+
o 25
D ¢ t =
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Vijg —Yij- v, W,
gt }n [ sty
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- Dn J',j—% k -+ k Jj-1 7 R(I//f nl pl Wi 0 (337)
1-1 —T

= =i & '
PINFUNITN (3.31) (3.32) (3.35) LAz (3.36) unuasluaumsh (3.24) “]N"levlﬁfmﬂ'liﬂ?'lﬂﬂﬂ ;

A‘I o o/ - ad 1 = &
diesdmulealugduvuveaisnaniaauniod
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t

U,
=y B h, +2/'7,_1
B{%-Mu‘ LW ]pi,j _ B[V’/,j _UWHJ me,j
~ L fosidt t h +h t *
5 p,, 2t

2
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B{ iy~ Vi ]pf,j+1 _ B( Wi Vi, ]pi’j

+D s Ui
# frj*‘% k kj +kj—1
. 2
Wi Wiy Yy —Vij-
oA
T t

B Dp "'J_% kj + kj_1 B R(W’ i p] = 0 (.38

j-1 3
3.5 gl

lumsfiagmewesindiihadn (v) arwmmiveesdifnaseu(n) anumn

] o 1 A’ é o o oA ] P Y 9 ad 1
winveslea (p) figasa q vusumsidnilianmiuiuizdesadroaumslavionans
P & 9 '3 1 A ad 1
Fuifinsdalsznepdavaumsihiaes aumsnnuAelfioIvDIBIANATENLASTUMIAINAD

iinsveslealugluvyaesdfnudny WonnwazaanlumsdoulsunsuSadacums 1
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@ =
AU

k ) AR k,
j-1 2/71-1

.y +h 2 kf—l ¥ kj v kj—I +K; Y Mg+ A,

» R .
Vi [ 24 2 8([%%] 2, 2K,

% . + & f, ..+ h
Wiy A '—jé'/'h—j'*'%,jq V5 _ié;j—,

B + ¥,

l//l',j—l .}“2 ’ Zk L W}—l,j '/12 ’

h h k.,+K
_(n/’j - P, _C/,j) ;_12'*' i 112 ey (3.39)

Vija— Vg

My + 0

J'rjl"’_ Ut
Wi,y — Vi

P
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L
-5 Y,

_ \
B Vg =V

20,4
h+h

1
b3 U,

+D

2k,

n ,_1
2

U,

j .B[W!,j _W.’-l,jjk}-l + K,

20

+D

=1

-B
”';"j ( U,

¥ _Wl+l,j)kj-1 * kj

25,
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+D,-, o, 1 ‘B[Wf'j ;Wi'j+1jhf_21; hi )
f = A ;
W k
' ¢ i
+ n,r,j+1 Dn 1 B[Wf'jdll_ Vi J hf;/: h’
1+ . ;
. K, k
_ R,f,j h.f~12+ hf }“12+ J = 0 (340)
Wiy = Wi |yt h
Prsa Dy, s ‘B£ T J o
72 j# Jj1
Wyf — Wiy VK +K
+pim1,j'Dp i_lj'B[ f]U Ilj) leh J
2 t /-1
AN (=
"rj_i Ur ij_l
N/ B Via; —Wig kj—1+kj
Pli-2.s U, 2h,
4D B Vi, — Wiy kj-1+kj
3 i+ Uf Zh'[
+D B Wi =V | g + 4 )
Pliges O UK,
>y
Vg~ Vi, kj—1+kj
P B 1421 o U 2h,
R t
3
o Wiy Vi [y +0
F DDy, | L | B
U2 3 i
h h Kk, +K
R, /-12"' : N 12 g (3.41)
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o [} 4 = ] 4
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Teanudiay
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f(x)=0 wngmamuduvoadumunisvesns iy (p,, F(p,)) #o £ (p,) daruee
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szanauduaunis 1aea

y - F(p,)=F (0, Xx - P,) (@.1)

4 dvu £ o I = "o o
dHoamnduaumsisouny  x  Feeziildauunu p daumnuguoiazas

Yszainalugaidaldige p, w1d
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3
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pXl= pk - f,p e k>0 (4.4)
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[
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afz(lx) ofh(x) . asz‘()
Jx)=| ax, ox, X,
of,(x) of,(x) . o)
ax,  ox, ox, |
k+l _ ok f pk
G = % (4.5)

\

44099



18

davg 18 prt = p* —(x* ) F(p*) o k>0 (4.6)

3
=

gmsuludInoiinusaiud Idd muadevesssuuauns discrete equations

Fiw)=0 @.7)
£, W)

F=|FfWw) ()
£, )

W= i: (4.9)
p
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Y o J 1A ad 4 5
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Toa (p) fdwmiisan 9 veamssrasaguauianieliih sz luinoinuiniuild
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Wrn P]
Fly,n,p)= w,ﬂ p)l=0 (4.10)
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Tauii £, Ao aunisilisaes
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£, Ao dumsanuasiiesdiniulea

¥
A5nsvestiadua s aou laaalinnauns

p*t = pt _[J(Xk)]‘1f(pk) @.11)
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|0y on op |
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n = n exp[ ¥ —22) (5.4
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AUAITANUH UL UYDY 18n
q(‘?,o = ‘/’)
=n, exp| ———= (5.5
P / p[ T )

3
o =

senu M idesinsaniiteduaums (5.1-5.3) Taefl J, uaz J, aunsofivua ldaail

J, =-q(u,n - grady - D, gradn) (5.6)
7, =—=qlu,p - grady + D, gradp) (5.7)

e (5.6) uaz (5.7) unuasluauns (5.2) wez (5.3) adduazanniadagy

i
quns (5.1) (5.2) waz (5.3) lanaiife

szf—g(n—p—c)=0 (5.8)
£
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X o)
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td ¥ ;
f"fmsu“lummﬁwuﬁnﬁuuﬂzﬁﬂyﬂumuﬂjmﬁmazﬂammuﬂumau‘uaqaa_’: - ‘;_f -

Vi -n+p+c=0 (5.11)
difD, - gradn- u,n - grady) - Ry, n,p)=0 (5.12)
diAD, - gradp+ p,p- grady)- Ry, n, p)=0 (5.13)
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f 2 2
p0)= N +4n + N, (5.24)

2

n2
A= 2 . (5.25)
©) p(0)

¥
Tuauvesdums N

2
i m [
w(50) = = ln[Zn,. % (2@} +1J (5.26)
2 2
n(50) = VN +42n" e (5.27)
2
p(50) = n%o) (5.28)
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Fumsooniludiutes q Tumiiy
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y/(O):_—/fq—In[év; + (g;) +1]+Va,, (5.29)
/ i
JNZ+4nf + N,
p0)= . (5.30)
nZ
n0)=—- (5.31)
©) p(0)
Tudnvesduas N
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W(68)=ﬁTTIn(éde+ [Z%LJ +1] (5.32)
I !
2 2
n(68)= JN; + ‘;n, +N, (5.33)
2
7, (5.34)
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wl(i =0t013,j =60) =y, +V,, (5.35)
kT N, (Y
Vep == 7 In[zn/ + (Zﬂ,) +1] (5.36)
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p(7 = 0t013, f = 60) = Ys +42”’ + e (5.37)
(/ = 0013, j = 60) B
mi =013, ] = =— L 5.38
/ (i = 06013, / = 60) Gk
-
. : KT | N N
i =48to61, j =60)= —In =2 =21 +1 5.39
w( j =60) . [2;7,* [an] +] (5.39)
2 2
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oy oy
oy = IO w3, (5.45)
oy ’1,121/2 oy |i,119/2 ant}f,GO
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Joy|ipnp = _Jny|f',119f2 +2-R™ ’1,50 (5.46)
. - rf
pr‘/,uuz = _pr|!,119/2 ~2:-R™ |6 (5.47)
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Vier —Vieo Vieo —¥is9
5'7_' sem ‘—F_"” int‘.’,&ﬂ
60 59
Einx kGO t ey - k59
2
g 4 Ko
- = 3 (nf,so =P = C/,BO) =0 (5.48)

€ins 'km t Egem 'k59

4 . : suf
(‘ Jox 1+1/2,60 )‘ (“' Jhk I i-lfz,so) 26 J ny | /,119/2 73K |i,60
FZInt = h & = RI 7,60 = 0 (549)
1 fll ' &)
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Tae
Vieo — Vis,60 Wie0 — ¥ieo
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Tl 2,60 = Pplisyaen - 5 (5.60)
/
B Vit60 ~Vieo | n.. —B Vieo ~WVia60 | n,
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Jox|i-y2,60 = Dn|!—1f2,60 ' P (5.61)
i1
B Viss “Vieo | » _p Vieo “Viso |
i U w9 B T | e
. ¢ ¢
Joyligrop = Dnl/,ng/z ‘ X (5.62)
m-1
3
sasmadauaznssmeaIniluileas (bulk generation/recombination rate) Ay
n -
1g Py =1 (5.63)

R —_
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§a51M13AALAEN15TIUF IMNUTIIUAINY (surface recombination rate)

2
Migo " Pigo =1
R5Wf|,-'60 _ 1 1:‘,60 f; I (5.64)
——or—- (n/,so * Prag t 2’71)
Sn Sp

P 2= (jpx f+1/2,/‘6][.))1_-|-(.;;p-x ,-_1/2,50)_ 2. jpy’f,119/;_(+2 RS 160 R| o =0 (5.65)
= i 59
2

BS(M;J_W_M'SRJ Prargo — B [MU_—WIEJ P so
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i
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; ¢ (5.67)
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Sub h_map()
Worksheets("sheet2").Select
Set Targetrange = Range("N1:T100")
Fori=0ToNM-1 Step 1
Targetrange.Cells(i + 2, 1) =1
Targetrange.Cells(i + 2, 2) = h(i) * x0
Next i

End Sub

Sub Tau_map()
Worksheets("sheet2").Select
Set Targetrange = Range("K1:T100")
Fori=1ToNM -1 Step 1
Targetrange.Cells(i + 2, 1) =1
Targetrange.Cells(i + 2, 2) = Tau(i) * Tau0
Next i

End Sub

Sub C_map()
Worksheets("sheet2").Select
Set Targetrange = Range("G1:J100")
Fori=0To NM Step 1
Targetrange.Cells(i + 2, 1) =1
Targetrange.Cells(i + 2, 2) = C(i) * C0
Next i

End Sub
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Sub Dn_Dp_map()
Worksheets("sheet2").Select
Set Targetrange = Range("A1:1100")
Fori=0ToJM -1 Step |
Targetrange.Cells(i +2, 1) =i+ 1/2
Targetrange.Cells(i + 2, 2) = Dn(i + 1/2) * DO
Targetrange.Cells(i + 2, 3) = Dp(i + 1 /2)* DO
Next i
Fori=JM ToNM -1 Step 1
Targetrange.Cells(i + 2, 1) =i+ 1/2
Targetrange.Cells(i + 2,2) =Dn(i + 1/2) * DO
Targetrange.Cells(i + 2, 3) = Dp(i + 1/ 2) * DO
Next i

End Sub

Option Explicit

Sub Embryo()
Dim Start, Ended As Date
Worksheets("sheet1").Select
Set Targetrange = Range("A2:2100")
Start = Now

Targetrange.Cells(10, 12) = Start

Module3.Diffusivity to_Mesh
Module3.Liftime_to_Mesh
Module3.Primary
Module3.Doping_to_Mesh
Module3.Spacing_Map
Assist.Dn_Dp_map
Assist.C_map
Assist.Tau_map

Assist.h_map
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Module3.Boundary
Module4.Initial
Targetrange.Cells(8, 12) = Vap
For EvolveN = 1 To 1000

ModuleS5.Ctrl

Targetrange.Cells(7, 12) = EvolveN
Targetrange.Cells(43, 12) = EvolveN
Targetrange.Cells(60, 12) = EvolveN

Next EvolveN

Fori=1To 67 Step 1
Targetrange.Cells(i + 1, 9) = Nk(i)
Targetrange.Cells(i + 1, 2) = Psi(i)
Targetrange.Cells(i + 1, 4) = N(i)
Targetrange.Cells(i + 1, 6) = P(i)

Targetrange.Cells(i + 1, 3) = dltPsi(i)

Targetrange.Cells(i + 1, 5) = dItN(i)

Targetrange.Cells(i + 1, 7) = dItP(i)

Targetrange.Cells(i + 1, 8) = R(i):

Next i

Module5.QuasiFermi_GR
Module5.Current
Ended_at=Now

Targetrange.Cells(11, 12) = Ended at

End Sub

78



Option Explicit

Public Const Vap As Single =0

Public Targetrange As Range

Public Const Nd As Single = SE+15

Public Const Na As Single = SE+15

Public Const Planckh As Single = 6.62617E-34
Public Const pi As Single = 3.14159265358979
Public Const q As Single = 1.60218E-19
Public Const NM As Integer = 68

Public Const JM As Integer = 34

Public Const T As Single = 300

Public Const m0 As Single = 9.1095E-31
Public Const Bk As Single = 1.38066E-23
Public Const D¢ As Single = 11.9

Public Const NI As Single = 14500000000#
Public Const Nc As Single = 2.8E+19
Public Const Nv As Single = 1.04E+19
Public Const Eg As Single = 1.12

Public Const Dnp As Single = 30

Public Const Dpp As Single =9

Public Const Dnn As Single = 30

Public Const Dpn As Single =9

Public Const TauNp As Single = 0.000003
Public Const TauPn As Single = 0.000002
Public Const Ut As Single =1

Public Const epsrn0 As Single = 8.85418E-14
Public Dp(100) As Single

Public Tau(100) As Single

Public C(100) As Single

Public Dn(100) As Single

Public h(100) As Single

Public Const Length As Single = 0.0004
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Public Const spacing As Single = 0.000008
Public Const spcl As Single = 0.000002
Public Const spc2 As Single = 0.0000005
Public epsmSem As Single

Public sqrRMDA As Single

Public DO As Single

Public Tau0 As Single

Public Psi0 As Single

Public x0 As Single

Public RRO As Single

Public CO As Single

Public jO As Single

Public POhm, Nohm As Single

Public PsiBohm As Single

Public PsiOhm As Single

Public RRR(100) As Single

Public Jgrt As Single

Public Nk(100) As Integer

Public In(100), Jp(100) As Single
Public PhiN(100), PhiP(100) As Single
Public F1, F2, F3 As Double

Public i As Single

Public j, k As Integer

Public EvolveN As Long

Public B, B1, B2, B3, B4 As Double
Public x, x1B, x2B, x3B, x4B As Double
Public RnF1byRnPsi As Double

Public RnF1byRnN As Double

Public RnF1byRnP As Double

Public RnF2byRnPsi As Double'
Public RnF2byRnN As Double

Public RnF2byRnP As Double
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Public RnF3byRnPsi As Double
Public RnF3byRnN As Double

Public RnF3byRnP As Double

Public dItPsi(1 To 100) As Double
Public dItN(1 To 100) As Double
Public Psi(0 To 100) As Double
Public P(0 To 100) As Double

Public dItP(1 To 100) As Double
Public N(0 To 100) As Double

Public R(0 To 100) As Double

Public PsiCt2 As Single

Public PCt1 As Single

Public PCt2 As Single

Public PsiBet2 As Single

Public PsiCt] As Single

Public NCt1 As Single

Public PsiBetl As Single

Public NCt2 As Single

Public DDn, DDp As Single

Public Const x1 As Double = -1E+308
Public Const x2 As Double = -0.00000000001
Public Const x3 As Double = 0.00000000001
Public Const x4 As Double = 700#
Public Const x5 As Double =-0.00001
Public Const x6 As Double = 0.00001
Public Const one As Double = 1#

Public Const zero As Double = 0#



Option Explicit
Sub Primary()

Worksheets("sheet1").Select

Set Targetrange = Range("A2:7100")

Fori1=0 To NM
Targetrange.Cells(i+ 1, 1) =i

Next i

CO0=Na

epsrnSem = epsrn0 * Dc

sqrRMDA = Psi0 * epsrnSem / (x0 ~ 2 * q * CO)

x0 = Length

RRO=D0*CO0/(x0"2)

Psi0=Bk *T/q

DO = Dnn

Tau0 =x0/D0

jo=-q*D0*C0/x0

Targetrange.Cells(79, 2) = Psi0

Targetrange.Cells(85, 2) = jO

Targetrange.Cells(82, 2) = CO

Targetrange.Cells(84, 2) = RRO

Targetrange.Cells(80, 2) = x0

Targetrange.Cells(81, 2) = sqrtRMDA

Targetrange.Cells(86, 2) = D0

Targétrange.Cells(S?», 2) = Taul

End Sub

Sub Diffusivity to_Mesh()
Fori=0ToJM-1Step 1"
Dn(i+1/2)=Dnp/D0
Dp(i+1/2)=Dpp /D0
Next i

Fori=JMToNM-1Step 1/2



Dn(i+1/2)=Dnn/DO0
Dp(i+1/2)=Dpn/D0
Next i

End Sub

Sub Liftime_to_Mesh()
Fori=0 To JM Step 1
Tau(i) = TauNp / Tau0
Next i
Fori=JM+ 1 To NM Step 1
Tau(i) = TauPn / Tau0
Next i

End Sub

Sub Doping_to_Mesh()
Fori=0To JM Step 1
C(i)=-Na/C0
Next i
Fori=JM+ 1 To NM Step 1
C(i)=Nd/Co0
Next i
- End Sub
Sub Spacing_Map()ﬁ
Dim hh As Single
hh =spcl / x0
Fori=0To3
h(i) = hh
Next i
hh = spacing / x0
Fori=4To 26
h(i) = hh



Next i
hh =spcl / x0
Fori=27To 29
h(i) = hh
Next i
hh = spe2 / x0
Fori=30To 37
h(i) = hh
Next i
hh =spel/x0
Fori=38 To 40
h(i) = hh
Next i

hh = spacing / x0
Fori=41 To 63
h(i) = hh
Next i
hh = spcl / x0
Fori=64 ToNM - |
h(i) = hh
Next i

End Sub

Sub Boundary()
Worksheets("sheet1").Select
Set Targetrange = Range("A2:2100")
Dim zzz As Single
POhm = (1/2) * (Sqr(C(0)» 2 + 4 * (NI / C0) A 2) - C(0))
Nohm = (NI /CO0) ~ 2/ POhm
N(0) = Nohm
P(0) = POhm
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Nohm = (1 /2) * (Sqr(C(NM) ~ 2 + 4 * (NI / C0) ~ 2) + C(50))
POhm = (NI/C0) ~ 2 / Nohm
N(NM) = Nohm
P(NM) = POhm
Targetrange.Cells(1, 6) = P(0)
Targetrange.Cells(1, 4) = N(0)
Targetrange.Cells(NM + 1, 4) = N(NM)
Targetrange.Cells(NM + 1, 6) = P(NM)
zzz = -C(0) * C0O /(2 * NI)
PsiBohm = -(Bk * T/ q) * Log(zzz + Sqr(zzz * zzz + 1)) / Psi0
Targetrange.Cells(80, 9) = PsiBohm * Psi0
PsiOhm = PsiBohm + (Vap / Psi0)
Psi(0) = PsiOhm
Targetrange.Cells(1, 2) = Psi(0)
zzz = C(NM) * C0 /(2 * NI)

PsiBohm = (Bk * T / q) * Log(zzz + Sqr(zzz * zzz + 1)) / Psi0

Targetrange.Cells(80, 8) = PsiBohm * Psi0
Psi(NM) = PsiBohm
Targetrange.Cells(NM + 1, 2) = Psi(NM)

End Sub

Option Explicit
Sub Initial()
Worksheets("sheet1").Select
Set Targetrange = Range("A2:5100")
Fori=1ToIM
Psi(i)=0
P(i)=Na/CO0
N(i) = (NI/C0) ~ 2 / P(i)
Targetrange.Cells(i + 1, 2) = Psi(i)
Targetrange.Cells(i + 1, 4) = N(i)

Targetrange.Cells(i + 1, 6) = P(i)

82



Next i
Fori=JM+ 1ToNM -1 Step |
Psi(i)=0
N(i)=Nd/Co0
P(i) = (NI/C0) ~ 2/ N(i)
Targetrange.Cells(i + 1, 2) = Psil(i)
Targetrange.Cells(i + 1, 4) = N(i)
Targetrange.Cells(i + 1, 6) = P(i)
Next i

End Sub

Option Explicit
Sub Ctrl()
Worksheets("sheet1").Select
Set Targetrange = Range("A2:BZ100")
Fori=1ToNM-1 Step 1
Targetrange.Cells(4, 11) =i
Module6.Innner Mesh
Next i
Fori=NM-1To I Step -1
Targetrange.Cells(4, 11) =1
Targetrange.Cells(31, 11) =i
Targetrange.Cells(52, 11) =i
Module6.Innner Mesh
Next i

End Sub

Sub Current()
Fori=0ToNM-1 Step 1
Module8.CurrentDens
Next i

Fori=0ToNM-1 Step 1
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Next i

End Sub

Sub QuasiFermi_GR()
Module8.Imref N P
Dim RR As Single
Fori=1ToNM -1
RRR(i) = RRO * R(i)
Targetrange.Cells(i + 1, 38) =i
Targetrange.Cells(i + 1, 39) = RRR(i)
Targetrange.Cells(i + 1, 50) = i
Targetrange.Cells(i + 1, 51) = Abs(RRR(1))
Next i
Module8.Gen Rec_Current
Targetrange.Cells(1, 42) = Jgrt

End Sub

Option Explicit
Sub Innner_Mesh()
Dim GR As Double
Dim RnB1byRnx1B, RnB2byRnx2B, RnB3byRnx3B, RnB4byRnx4B As Double
Dim RnRbyRnN, RnRbyRnP As Double
Fork =1 To 1000
Targetrange.Cells(4, 13) =k
F1 = sqrRMDA * (1 /h(i) * (Psi(i + 1) - Psi(i)) _
- 1/h(i- 1) * (Psi(i) - Psi(i - 1))) * 2/ (h(i - 1) + h(i)) _
- N(@) + P@i) + C(i)
GR = (N(@i) * P(i) - (NI / C0) ~ 2) _
/ Tau(i) / (N(i) + P(i) + 2 * (NI / C0))
R(i) =GR
x1B = (Psi(i + 1) - Psi(i)) / Ut: x = x1B: B1 = Bern(x)
x2B = (Psi(i) - Psi(i + 1)) / T1t: x = x2B: B2 = Bern(x)



x3B = (Psi(i) - Psi(i - 1))/ Ut: x =x3B: B3 = Bern(x)

x4B = (Psi(i - 1) - Psi(i)) / Ut: x = x4B: B4 = Bern(x)

F2=N(Gi-1)*Dn(i-1/2)*B4/h(i- 1)-N() *Dn(i-1/2)*B3/h - 1) _
-N(@) * Dn(i + 1/2) * B2/h(i) + NG + 1) *Dn(i+1/2)*B1/h(i) _

-R@) * (h(i- 1)+ (i) /2

F3=P(i-1)*Dp(i-1/2)* B3 /h(i-1)-P()* Dpli- 1/2) * B4/h(i-1)

- PG) * Dpli + 1/2) * BL/h(i) + P(i + 1) * Dp(i + 1/2) * B2/ h(i) _
-RG@) *(h(i-1)+h@)/2

RnF1byRnPsi = -sqrRMDA *(1/h()+1/h(i-1))*2 /(h(i) + h( - 1))

RnF1byRnN = -1

RnF1byRnP = 1

% =x1B: DerivB (x): RnB1lbyRnx1B = DerivB(x)

x = x2B: DerivB (x): RnB2byRnx2B = DerivB(x)

x = x3B: DerivB (x): RnB3byRnx3B = DerivB(x)

x = x4B: DerivB (x): RnB4byRnx4B = DerivB(x)
RnRbyRnN = (P@) + (NI/ C0)) ~ 2/ Tau(i) / (N(i) + P() + 2 * (NIL/CO0)) "2
RnRbyRnP = (N() + (NI/ C0)) ~ 2/ Tau(i) / (N@{) +P@E) + 2 * (NI/CO0)) "2
RnF2byRnPsi = -N(i-1)*Dn(i-1 / 2) * RnB4byRnx4B / Ut /h(i-1) _
-N@) *Dn(i-1/2)* RnB3byRnx3B / Ut /hi-1)
-N(@) *Dn(i+1/2)* RnB2byRnx2B / Ut /h(i)

-N(G{+1)*Dn(i+1/2)* RnB1byRnx1B / Ut/ h(i)

RnF2byRnN = -Dn(i - 1 /2)*B3/h(i-1)-Dn(i+1/2)* B2 /h(i) _

- RnRbyRnN * (h(i - 1) + h(i)) / 2

RnF2byRnP = -RnRbyRnP * (h(i - 1) + h() / 2

RnF3byRnPsi = P(i- 1) * Dp(i- 1/ ") * RnB3byRnx3B /Ut /h(i- 1) _
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+P(@i) * Dp(i-1/2) * RnB4byRnx4B /Ut /h(i- 1) _
+P(i) * Dp(i + 1/2) * RnB1byRnx1B / Ut/ h(i) _
+P(@i+ 1) * Dn(i + 1/2) * RnB2byRnx2B / Ut/ h(i)
RnF3byRnN = -RnRbyRnN * (h(i - 1) + h(i)) / 2
RnF3byRnP = -Dp(i-1/2)*B4/h(i-1)-Dp(i+1/2) * Bl /h(i) _
- RnRbyRnP * (h(i - 1) + h(i)) / 2
Module7.simle_elim
If Abs(d1tPsi(i)) < 0.0000000001
And Abs(dItN(i)) < 0.0000000001
And Abs(dItP(i)) < 0.0000000001 Then
Exit For
End If
Next k
Nk(i)=k-1
End Sub

Sub SOR()

Dim omega As Single

Dim Psik, Nk, Pk As Double

Dim DPsikm, DNkm, DPkm As Double
Dim DPsikml, DNkm1, DPkml As Double
omega = 0.2

Psik = Psi(i) - ditPsi(i)

Nk = N(i) - dItN(i)

Pk = P(i) - dItP(i)

DPsikm = dltPsi(i)

DNkm = dItN(i)

DPkm = dItP(i)

F1 = sqrRMDA * (1 /h(i) * (Psi(i + 1) - Psik) - 1 /h(i - 1) * (Psik - Psi(i - 1)) * _

2/(h(i- 1) + h(i)) - (Nk + DNkm) + (Pk + DPkm) + C(i)
DPsikml = -omega * F1 / RnF1byRnPsi
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x1B = (Psi(i + 1) - (Psik + DPsikm1)) / Ut: x = x1B: Bl = Bern(x)
x2B = ((Psik + DPsikm1) - Psi(i + 1)) / Ut: x = x2B: B2 = Bern(x)
x3B = ((Psik + DPsikm1) - Psi(i - 1)) / Ut: x = x3B: B3 = Bern(x)
x4B = (Psi(i - 1) - (Psik + DPsikm1)) / Ut: x = x4B: B4 = Bern(x)
F2=N(@i-1)*Dn(i-1/2)*B4/h(i-1) _
-Nk*Dn(i-1/2)*B3/h(i-1)_
-Nk*Dn(i+1/2)*B2/h(i) _
+N@G+1)*Dn(i+1/2)*B1/h(i) _
- (Nk * (Pk + DPkm) - (NI/C0)~2)/ _
Tau(i) / (Nk + (Pk + DPkm) + 2 * (NI /C0)) * (h(i - 1) + h(i)) / 2
DNkml = -omega * F2 / RnF2byRnN
F3=P(i-1)*Dp(i-1/2)* B3/h(i-1).
-Pk*Dp(i-1/2)*B4/hi-1)_
-Pk *Dp(i+1/2)*B1/h(i) _
+ PG +A)* Dp(i +,DL2Y* B2/ AN, .
- ((Nk + DNkml) * Pk - (NI/C0)*2)/ _
Tau(i) / (Nk + DNkm1) + Pk + 2 * (NI /C0)) * (h(i - 1) + h(i)) / 2
DPkml = -omega * F3 / RnF3byRnP
Psi(i) = Psi(1) + DPsikm1
N(i) = N(i) + DNkm]
P(i) = P(i) + DPkm]
If i >= 34 And i <= 46 Then
Targetrange.Cells(i + 1, 11) = DPsikm
Targetrange.Cells(i + 1, 12) = DNkml
Targetrange.Cells(i + 1, 13) = DPkml
End If
End Sub

Option Explicit

Sub simle_elim()

Dim A(3, 3) As Double
Dim B(3) As Double



Dim x(3) As Double
Dim ii, jj As Integer
Dim cc, dd, ee, ff, gg, hh As Double
A(1, 1) = RnF1byRnPsi: A(1, 2) = RnF1byRnN: A(1, 3) = RnF1byRnP
A(2, 1) = RnF2byRnPsi: A(2, 2) = RnF2byRnN: A(2, 3) = RnF2byRnP
A(3, 1) = RnF3byRnPsi: A(3, 2) = RnF3byRnN: A(3, 3) = RnF3byRnP
B(1) =-Fl
B(2) =-F2
B(3)=-F3
cc=A2,1)*A(1,2)- A(1, 1) * A(2, 2)
dd=A(2,1)* A(1,3) - A(1, 1) * A(2, 3)
ee=A(2,1)*B(1)- A1, 1) * B(2)
ff=A(3, 1) * A(2,2) - A2, 1) * A(3,2)
gg=A(3,1)*A(2,3)- A(2,1) * A3, 3)
hh=A(3,1) *B(2) - A(2, 1) * B(3)
x(3)=(ee * ff- cc * hh) / (ff * dd - cc * gg)
x(2) = (cc * hh - cc * gg * x(3)) / (cc * ff)
x(1) = (B(3) - (A(3,2) *x(2) + A(3,3) * x(3))) / A3, 1)
dltPsi(i) = x(1): dItN() = x(2): dltP(i) = x(3)
Psi(i) = dltPsi(i) + Psi(i): N(i) = dItN(i) + N(i)
P(i) = dltP(i) + P(i)
End Sub

Function Bern(x)

If-1E+308 < x And x < x2 Then
Bemn = x / (Exp(x) - one)
Elself x2 < x And x < x3 Then

Bern=2 * one /(2 * one + x)
Elself %3 < x And x <= x4 Then

Bern = x / (Exp(x) - one)
Else

Bern = x * Exp(-x)
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End If

End Function

Function DerivB(x)
Dim Nom, Denom, Result As Double
If x <=x5 Then
DerivB = (Exp(x) - x * Exp(x) - 1) / ((Exp(x) - 1) " 2)
Elself x >= x5 And x <= x6 Then
DerivB=-(1+x)/2+2*x+x"2)
Else
DerivB = (Exp(-x) - x * Exp(-x) - (Exp(-x)) *2) / _
(1 -2 * Exp(-x) + (Exp(-x)) * 2)
'DerivB = (Exp(x) - x * Exp(x) - 1)/ ((Exp(x) - 1)~ 2)
End If

End Function

Option Explicit
Sub CurrentDens()
Dim jjn, jjp As Single
NG + 1/2)=N(i)/ (1 + Exp((Psi(i) - Psi(i + 1)) /2/Ut)) _
+N(@i + 1)/ (1 + Exp((Psi(i + 1) - Psi(i)) / 2 / Ut))
P(i+1/2)="PG) /(1 + Exp((Psi(i + 1) - Psi(i)) /2 / Ut)) _
+P(i+ 1)/ (1 + Exp((Psi(i) - Psi(i + 1)) /2 / Ut))
Jn(i+1/2)=Dn(i+1/2)*N(i+1/2)*(PhiN(i+ 1) - PhiN{i)) / h(i) *j0
Jp(i+1/2)=Dp(i+ 1/2) * P(i + 1/2) * (PhiP(i + 1) - PhiP(i)) / h(i) *j0
Targetrange.Cells(i+ 1,32) =i+ 1/2
Targetrange.Cells(i + 1, 33) =Jn(i+ 1/2)
Targetrange.Cells(i + 1,34) =Jp(i+ 1/2)
Targetrange.Cells(i + 1,35)=Jn(i + 1/2) + Jp(i+ 1/2)
Targetrange.Cells(i + 1,45)=i+1/2
Targetrange.Cells(i + 1, 46) = Abs(Jn(i + 1/2))

Targetrange.Cells(i + 1, 47) = Abs(Jp(i + 1/2))



Targetrange.Cells(i + 1, 48) = Abs(Jn(i + 1/2)) + Abs(Jp(i + 1 /2))

End Sub

Sub Imref N_P()
Dim z As Single
Fori=0ToNM Step 1
z=(Bk * T/q) * Log(N(i) / (NI/ C0)) / Psi0
PhiN(i) = Psi(i) - z
z=(Bk* T/q) * Log(P(i) / (NL/ C0)) / Psi0
PhiP(i) = Psi(i) + z
Targetrange.Cells(i + 1, 22) =1
Targetrange.Cells(i + 1, 23) = Psi(i) * Psi0
Targetrange.Cells(i + 1, 24) = PhiN(i) * Psi0
Targetrange.Cells(i + 1, 25) = PhiP(i) * Psi0
Targetrange.Cells(i + 1, 27) =i
Targetrange.Cells(i + 1, 28)=N(i) * CO
Targetrange.Cells(i + 1, 29) = P(i) * CO
Next i

End Sub

Sub Gen_Rec_Current()
Dim deltalgrt As Single
Jgrt=0
deltalgrt =0
Fori=1To 24
deltaJgrt = q * RRR(i) * spacing
Jgrt = Jgrt + deltalgrt
Next i
Fori=25To 28"
deltaJgrt = q * RRR(i) * spcl
Jgrt = Jgrt + deltaJgrt

Next i
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For 1= 29 To 52
deltalgrt = q * RRR(i) * spacing
Jgrt = Jgrt + deltalgrt
Next i
Fori=53 ToNM - 1
deltalgrt = q * RRR(i) * spcl
Jgrt = Jgrt + deltalgrt
Next i

End Sub

Option Explicit

Sub Babe_theOffSpring()
Worksheets("Sheetl").Select
Set Targetrange = Range("A1:BZ200")
Module3.Diffusivity to Mesh
Module3.Primary
Module3.Liftime to Mesh
Module3.Spacing Map
Module3.Doping to Mesh
Worksheets("Sheet1").Select
Set Targetrange = Range("A1:BZ200")
Fori=0To 68

Psi(i) = Targetrange.Cells(i + 2, 2)
N(i) = Targetrange.Cells(i + 2, 4)
P(i) = Targetrange.Cells(i + 2, 6)

Next i

Dim RTNEV As Long

RTNEV = Targetrange.Cells(7, 13)
Dim Start_to_run_at As Date
Start_to_run_at = Now

Targetrange.Cells(11, 12) = Start_to_run_at
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Worksheets("Sheet1").Select
Set Targetrange = Range("A1:BZ200")
For EvolveN = RTNEV To RTNEV + 400
Module5.Ctrl
‘Targetrange.Cells(7, 13) = EvolveN
Targetrange.Cells(6, 13) = EvolveN
Next EvolveN
Worksheets("Sheet1").Select
Set Targetrange = Range("A1:BZ200")
Fori=1 To 67 Step 1
Targetrange.Cells(i + 2, 9) = Nk(i)
Targetrange.Cells(i + 2, 2) = Psi(i)
Targetrange.Cells(i + 2, 4) = N(i)
Targetrange.Cells(i + 2, 6) = P(i)
Targetrange.Cells(i + 2, 3) = dltPsi(i)
Targetrange.Cells(i + 2, 5) = dItN(i)
Targetrange.Cells(i + 2, 7) = dltP(i)

Targetrange.Cells(i + 2, 8) = R(i):

Next i
Module5.QuasiFermi_GR
Module5.Current
Worksheets("Sheet1").Select
Set Targetrange = Range("A1:BZ200")
Dim Ended_at As Date
Ended_at = Now
Targetrange.Cells(12, 12) = Ended_at
End Sub
Option Explicit
Sub E_Field()
Dim E_F(100)
Worksheets("Sheet2").Select
Set Targetrange = Range("A1:BZ200")
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Fori=0ToNM -1 Step 1
h(i) = Targetrange.Cells(i + 2, 15)
Next i
Worksheets("Sheet1").Select
Set Targetrange = Range("A1:BZ200")
Psi0 = Targetrange.Cells(80, 2)
Fori=0ToNM -1
Psi(i) = Targetrange.Cells(i + 2, 2)
Psi(i + 1) = Targetrange.Cells(i + 3, 2)
E_F(i+ ! /2)=-(Psi(i + 1) - Psi(i)) / h(i) * Psi0
Targetrange.Cells(i +2,70) =i+ 1/2
Targetrange.Cells(i + 2, 71) =E_F(i+1/2)
Next i

End Sub
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Tdsunsunsdrassnaauiiama lfuunaesiia
Option Explicit
Sub Scaling_factor()
RO =D0*CO/(x0"2)
Tau0 =x0/D0
Psi0=Bk *T/q
sqrRMDA = Psi0 * epstSem / (x0 "2 * q —_—
DO = Dnn
C0=Na
x0 = Length
epsrnSem = epsm0 * De

End Sub

Sub Map_parameters()
Fori=i AToi C
Forj=j CToj_A
C(i, j) =-Na/CO0
Next j
Next i
Fori=i EToi G
Forj=j GToj_E
C(i,j)=Nd_nn/CO0
Next j
Next i
Fori=i A ToNo_of i
Forj=0Toj _C-1
C(i,j) =Nd/CO0
Next j

Next i
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Fori=i C+1Toi E-1
Forj=j CToNo_of j
C(i,j)=Nd/CO0
Next j

Next 1

Fori=i AToi C-1
Forj=j CToj_A
Dn(i, j)=Dnp /DO
Dn(i, j+1/2)=Dnp /DO
Dn(i + 1/2,j) =Dnp /DO
Dp(i, j) = Dpp /DO
Dp(i,j+1/2)=Dpp/ DO
Dp(i+1/2,j)=Dpp/D0
Dp(i,j+ 1/2)=Dpp/ D0
Next j
Next i
Fori=i§iTop B~
Forj=j CToj_E
Dn, j) = Dnn /DO
Dn(i,j +1/2)=Dnn/DO0
Dn(i+1/2,j)=Dnn/ D0
Dp(i, j) = Dpn /DO
‘Dp(i,j +1/2)=Dpn/DO0
Dp(i,j+1/2)=Dpn/ DO
Next j
Next i
Fori=0ToNo_of i
Forj=0Toj C-1
Dn(i, j) = Dnn/ DO
Dn(i,j+ 1/2)=Dnn/D0
Dn(i+1/2,j)=Dnn/D0
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Dp(i, j) = Dpn / DO
Dp(i, j + 1/2) = Dpn /DO
Dp(i+1/2,j)=Dpn/DO0
Next j
Next 1
Fori=i EToi G
Forj=j GToj E
Dn(i, j)=Dn nn/ D0
Dn(i,j+ 1/2)=Dn nn/DO0
Dn(i+1/2,j)=Dn_nn/DO0
Dp(i, j) = Dp_nn /DO
Dp(i,j+ 1/2)=Dp_nn/ D0
Dp(i+1/2,j)=Dp nn/DO0
Next j
Next i
Fori=i AToi C
Forj=j CToj A
Tau(i, j) = TauNp / Tau0
Next |
Next i
Fori=i A ToNo_of i
Forj=0Toj C-1
Tau(i, j) = TauPn/ Tau0
Next j |
Next i
Fori=i C+1Taoi E~1
Forj=j CToNo of j
Tau(i, j) = TauPn / Tau0
Next j
Next i
Fori=i EToi G

Forj=j GToj E
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Tau(i, j) = TauPn_nn
Next j
Next i
Dim hh As Single
Dim kk As Single
hh =spc3 / x0
Fori=0To3
h(i) = hh
Next i
hk =spcl / x0
h(4) = hh:
hh = base / x0
Fori=35To 11
h(i) = hh
Next i:
hh = spel /x0
h(12) = hh:
hh = spc2 / x0
h(13) = hh:
hh = spe5 / x0
Fori= 14 To 37
{i) = hh
Next i
hh =spcl /x0
Fori=38 To 39
h(i) = hh
Next i:
hh =spc3 /x0
Fori=40To 47
h(i) = hh
Next i:

hh = spcl / x0 'for i=48
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h(48) = hh:
hh = base / x0
Fori=49 To 55
h(i) = hh
Next i:
hh = spcl /x0
h(56) = hh:
hh =spc3 /x0
Fori=57 To 60
h(i) = hh
Next i
kk =spc3 / x0
Forj=0To3
k(j) = kk
Next j:
kk =spcl /x0
k(4) = kk:
kk = base / x0
Forj=5To 42
k(j) = kk
Next j:
kk =spcl /x0
k(43) = kk:
kk = spc5 /x0
Forj=44 To 60
k() =kk
Next j
End Sub

Option Explicit
Public Const Vap As Single

Public Targetrange As Range
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Public Consti_A As Integer =0

Public Const j_A As Integer = 60
Public Consti_G As Integer = 61

Public Const j G As Integer = 57
Public Const i_E As Integer = 44
Public Const j_E As Integer = 60
Public Consti_C As Integer = 22
Public Const j_C As Integer = 57
Public Const No_of i As Integer = 61
Public Const No_of j As Integer = 60
Public Const Length As Single = 0.04
Public Const base As Single = 0.001
Public Const spcl As Single = 0.0005
Public Const spc2 As Single = 0.00025
Public Const spc3 As Single = 0.000125
Public Const spc5 As Single = 0.00003125
Public h(0 To 100) As Single

Public k(0 To 100) As Single

Public i, j As Single

Public Const Nd_nn As Single = 1E+17

Public Const Nd As Single = 500000000000000#

Public Const Na As Single = 1E+17

Public Const Dnp As Single = 20

Public Const Dpp As Single = 8

Public Const Dnn As Single = 30

Public Const Dn_nn As Single = 20

Public Const Dp_nn As Single =9

Public Const Dpn As Single = 11

Public Const TauNp As Single = 0.00000105
Public Const TauPn_nn As Single = 0.0000008
Public Const TauPn As Single = 0.0000105

Public C(100, 100) As Single
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Public Dn(100, 100) As Single

Public Loc(0 To 100) As Single

Public Loca(0 To 100) As Single

Public Dp(100, 100) As Single

Public Tau(100, 100) As Single

Public Const T As Single =300

Public Const epsm0 As Single = 8.85418E-14
Public Const Bk As Single = 1.38066E-23
Public Const q As Single = 1.60218E-19
Public Const Dc As Single = 11.9

Public epsrSem As Single

Public Psi0 As Single

Public x0 As Single

Public Tau0 As Single

Public sqrRMDA As Single

Public RO As Single

Public CO As Single

Public DO As Single

Option Explieit

Sub Show_Map()

Worksheets("Scaling").Select
Set Targetrange = Range("A1:2100")
Targetrange.Cells(1, 2) = Psi0
Targetrange.Cells(2, 2) = x0
Targetrange.Cells(3, 2) = sqrRMDA
Targetrange.Cells(4, 2) = CO
Targetrange.Cells(5, 2) = Tau0
Targetrange.Cells(6, 2) = RR0O
Targetrange.Cells(7,2) = jO
Targetrange.Cells(8,2) = DO

Modulel.Scaling_factor



Modulel.Map_parameters
Worksheets("Doping").Select
Set Targetrange = Range("A1:CZ100")
Fori=0To No_of i
Targetrange.Cells(l, 1+ 2) =1
Targetrange.Cells(No_of j+4,i+2)=1
Forj=0 ToNo of j
Targetrange.Cells(j +2,1) =]
Targetrange.Cells(j + 2, No_of i +4)=]j
Targetrange.Cells(j + 2,1 +2) = C(i, j) * CO
Next j
Next i
Modulel.Map_parameters
Modulel.Scaling_factor
Worksheets("Dn").Select
Set Targetrange = Range("A1:1V300")
Fori=0 ToNo of i
Targetrange.Cells(1,2 * i+ 2) =i
Targetrange.Cells(1,2 *i+3)=i+1/2
Next i
Forj=0To No of j
Targetrange.Cells(2 ¥j = 2. 1) =]
Targetrange.Cells(2 * j=+ 3,1)=j+ 1/2
Next j
Fori=0To No_of i
Forj=0ToNo of j
Targetrange.Cells(2 *j+ 3,2 *i+2)=Dn(j,j+1/2) * D0
Targetrange.Cells(2 *j+2,2*i+3)=Dn(i+1/2,j) * DO
Next j

Next i
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Worksheets("Dp").Select
Set Targetrange = Range("A1:1V300")
Fori=0ToNo of i
Targetrange.Cells(1,2 *i+ 2) =1
Targetrange.Cells(1,2 *i+3)=i+1/2
Next 1
Forj=0To No of j
Targetrange.Cells(2 *j+ 2, 1) =]
Targetrange.Cells(2 *j+ 3, 1) =j+1/2
Next j
Fori=0ToNo of i
Forj=0 To No of j
Targetrange.Cells(2 * j+ 3,2 * 1+ 2)=Dp(i, j+ 1/2) * DO
Targetrange.Cells(2 * j+ 2,2 *i+3) =Dp(i+1/2,j) * DO
Next j
Next 1
Worksheets("Lifetime").Select
Set Targetrange = Range("A1:CZ100")
Fori=0 To No of i
Targetrange.Cells(1,1+2) =1
Targetrange.Cells(No of j+4,i+2)=1
Forj=0To No_of j
Targetrange.Cells(j + 2, 1) =]
Targetrange.Cells(j + 2, No_of i+4)=j
Targetrange.Cells(j + 2, i + 2) = Tau(i, j) * Tau0
Next j
Next i
Worksheets("h(i)").Select
Set Targetrange = Range("A1:CZ100")
Fori=0 To 60
Targetrange.Cells(1,i+2) =1
Targetrange.Cells(2, 1 + 2) = h(i) * x0
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Next i
Worksheets("k(j)").Select
Set Targetrange = Range("A1:CZ100")
Forj=0To 60
Targetrange.Cells(j + 2, 1) =
Targetrange.Cells(j + 2, 2) = k(j) * x0
Next j
Worksheets("Loc(i)").Select
Set Targetrange = Range("A1:CZ100")
Fori=0To No_of i
Targetrange.Cells(1, i + 2) = Loc(i) * 10000
Next i
Worksheets("Loca(i)").Select
Set Targetrange = Range("A1:CZ100")
Fori=0 ToNo_of j
Targetrange.Cells(j + 2, 2) = Loca(j) * 10000
Next i

End Sub

Sub About_Boundary_cntrl()
[DomainMesh&PhysicalParameter.xls].[Module1].Scaling_factor
[DomainMesh&PhysicalParameter.xls].[Modulel].Map_parameters
Modulel.EmitterAndBase_contct
Modulel.Aitificiall
Modulel.Artificial2
Modulel.Artificial3
Modulel.Initial Value
Module5.Show_Psi_N_P

End Sub

Sub EmitterAndBase_contct()

Dim z As Double
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Dim Pohm, Nohm As Double

Dim PsiBohm As Double

Dim PsiOhm As Double

Pohm = (1/2) * (Sqr(C(0, 60) ~ 2 + 4 * (NI/C0) * 2) - C(0, 60))

Nohm = (NI / C0) ~ 2/ Pohm

Fori=0To 13
j=060:
N(, j) = Nohm
P(i, j) = Pohm

Next i
Nohm = (1/2) * (Sqr(C(61,60) * 2 + 4 * (NI /C0) ~2) +C(61, 60))
Pohm = (NI /C0) ~ 2 / Nohm
Fori=48 To 61
j=160:
N(i, j) = Nohm
P(i, j) = Pohm
Next i
z=-C(0,60) * CO/ (2 * NI)
PsiBohm = -(Bk * T /q) * Log(z + Sqr(z * z + 1)) / Psi0
PsiOhm = PsiBohm + (Vap / Psi0)
Fori=0To 13
j=60;
Psi(i, j) = PsiOhm
Next i
z=C(61,60)*C0/(2*NI)
PsiBohm = (Bk * T/ q) * Log(z + Sqr(z * z + 1))/ Psi0
PsiOhm = PsiBohm + 0
Fori=48 To 61
j=60:
Psi(i, j) = PsiOhm
Next i

End Sub
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Sub Artificial3()
Dim z As Single
Dim Pohm, Nohm As Single
Dim PsiBohm As Single
Dim PsiOhm As Single
Pohm = (1/2) * (Sqr(C(0, 0) A 2 + 4 * (NI/ C0) "~ 2) - C(0, 0))
Nohm = (NI / C0) ~ 2 / Pohm 'scaled value
j=0:
Fori=0ToNo_of i
N(i, j) = Nohm
P(i, j) = Pohm
Next i
z=C(0,0)*CO /(2 * NI)
PsiBohm = (Bk * T/ q) * Log(z + Sqr(z * z + 1))/ Psi0
PsiOhm = PsiBohm
j=0:
Fori=0ToNo_of 1
Psi(i, j) = PsiOhm
Next i

End Sub

Sub Artificial1()
Worksheets("sheet1").Select
Sct Targetrange = Range("AZ:P;ZIOO")
Dim Evolve_No
Dim kN As Integer
Dim ii, jj As Integer
Forii=2To9
For jj=1 To 62
Targetrange.Cells(jj, i) = ""
Next jj

Next ii



i=0:
For j =1 To 59 'for 1=<j=<No_of j-1
Psi(i,j) =0
Next j
i=0
Forj=j CToj A-1
N(, j) = N(i, No_of_j)
P(i, j) = P(i, No_of _j)
Next j
Forj=1Toj C-1
N(, j) = N(, 0)
P(i, j) = P(, 0)
Next j
Targetrange.Cells(8, 12) = Vap
i=0;
Targetrange.Cells(1, 2) = Psi(i, 0)
Targetrange.Cells(1, 4) = N(i, 0)
Targetrange.Cells(1, 6) = P(i, 0)
Targetrange.Cells(61, 2) = Psi(i, 60)
Targetrange.Cells(61, 4) = N(i, 60)
Targetrange.Cells(61, 6) = P(i, 60)
i=0:
For Evolve_No = 1 To 20000
Targetrange.Cells(6, 13) = Evolve_No
Forj=1ToNo_of j-1Step ]
Targetrange.Cells(4, 11) =
Module3.Innner_Mesh
Next j
For j=No_of j-1To1Step -1
Targetrange.Cells(4, 11) = j
Module3.Innner_Mesh

Next j
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Next Evolve_No
i=0:
Forj=1ToNo_of j-1Step1
Targetrange.Cells(j + 1, 9) = Nkk_j(j)
Targetrange.Cells(j + 1, 2) = Psi(j, j)
Targetrange.Cells(j + 1, 4) = N(i, j)
Targetrange.Cells(j + 1, 6) = P(i, j)
Targetrange.Cells(j + 1, 3) = dltPsi(i, j)
Targetrange.Cells(j + 1, 5) = dItN(, j)
Targetrange.Cells(j + 1. 7) = dItP(i, j)
Targetrange.Cells(j + 1, 8) = R, j)
Next j
i=0:
For j=0 To No_of_j
Targetrange.Cells(j + 1, 16) = Psi(i, j) * Psi0
Targetrange.Cells(j + 1, 19) = N(, j) * CO
Targetrange.Cells(j + 1, 20) = P(i, j) * CO
Next j
End Sub
Sub Artificial2()
Worksheets("sheet2").Select
Set Targetrange = Range("A2:BZ100")
Dim Evolve No
Dim kN As Integer
Dim ii, jj As Integer
Forii=2To 9
Forjj=1To 62
Targetrange.Cells(jj, ii) = ""
Next jj
Next ii
i=61:
Forj=1To 59



Psi(i, j) = 0
Next j
i=61:
Forj=j GToj E-1
N(@, j) = N(i, No_of j)
P(i, j) = P(i, No_of j)
Next j
Forj=1Toj_G-1
N(@, j) = N(, 0)
PG j)= M, 0)
Next j
Targetrange.Cells(8, 12) = Vap
i=6l:
Targetrange.Cells(1, 2) = Psi(i, 0)
Targetrange.Cells(1, 4) = N(i, 0)
Targetrange.Cells(1, 6) = P(i, 0)
Targetrange.Cells(61, 2) = Psi(i, 60)
Targetrange.Cells(61, 4) = N(j, 60)
Targetrange.Cells(61, 6) = P(i, 60)
i=No_of i
For Evolve_No =1 To 10000
Targetrange.Cells(6, 13) = Evolve_No
Forj=1ToNo_of j-1Step1
Targetrange.Cells(4, 11) =
Module3.Innner_Mesh
Next j
Forj=No of j-1To 1 Step -1
Targetrange.Cells(4, 11) =j
Module3.Innner_Mesh
Next j
Next Evolve No

i = No_of i'=61
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Forj=1ToNo of j-1Step !
Targetrange.Cells(j + 1, 9) = Nkk_j(j)
Targetrange.Cells(j + 1, 2) = Psi(i, j)
Targetrange.Cells(j + 1, 4) = N(i, j)
Targetrange.Cells(j + 1, 6) = P(i, j)
Targetrange.Cells(j + 1, 3) = dltPsi(i, j)
Targetrange.Cells(j + 1, 5) = dltN(, j)
Targetrange.Cells(j + 1, 7) = dItP(i, j)
Targetrange.Cells(j + 1, 8) = R(, j)
Next j
i=No_of i
For j =0 To No_of j
Targetrange.Cells(j + 1, 16) = Psi(i, j) * Psi0
Targetrange.Cells(j + 1, 19) = N(i, j) * CO
Targetrange.Cells(j + 1, 20) = P(i, j) * CO
Next j
End Sub

Sub InitialValue()
Fori=1ToNo_ of i-1
Forj=1 To No_of j
Psi(i, j) =0
Next j
Next i
Fori=1Toi C
Forj=j C ToNo_of j
N(, j) = N(0, 60) 'equal to the value at A
P(i, j) = P(0, 60) 'equal to the value at A
Next j
Next i
Fori=i C+1Toi E-1

Forj=j G ToNo_of j
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N(i, j) = N(0, 0)
P(i, j) = P(0, 0)
Next j
Next i
Fori=1ToNo of i-1
Forj=1Toj G-1

N(, j) = N(0, 0)
P(i, j) = P(0, 0)
Next |
Next i

Fori=i EToNo of i-1
Forj=j_G ToNo_of j
N(, j) = N(61, 60)
P(i, j) = P(61, 60)
Next j
Next i

End Sub

Option Explicit

Public Const Vap As Single =0

Public Const Qint As Single = 1.602E-19
Public Const Sn As Single = 0.1

Public Const Sp As Single = 0.1

Public s0 As‘Single

Public Const epsrn0 As Single = 8.85418E-14
Public Const Ut As Single =1

Public Const NI As Single = 14500000000#
Public Rsrf(14 To 47, 60 To 60) As Double
Public epsrnS, epsml As Single

Public Pohm, Nohm As Single

Public PsiBohm As Single

Public PsiOhm As Single
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Public kk As Integer

Public Const Dc As Single = 11.9

Public Const DcIns As Single = 3.9
Public Nkk i(100) As Integer

Public Nkk j(100) As Integer

Public Nkk(100, 100) As Integer

Public F1, F2, F3 As Double

Public Flint, F2int, F3int As Double
Public RepeatNo_of Evolution As Long
Public B, B1, B2, B3, B4 As Double
Public x, x1B, x2B, x3B, x4B As Double
Public Psi(0 To 100, 0 To 100) As Double
Public N(0 To 100, 0 To 100) As Double
Public P(0 To 100, 0 To 100) As Double
Public dltPsi(100, 100), dItN(100, 1000), ditP(100, 100) As Double
Public R(100, 100) As Double

Public RnF1byRnPsi As Double

Public RnF1byRnN As Double

Public RnF1byRnP As Double

Public RnF2byRnPsi As Double

Public RnF2byRnN As Double

Public RnF2byRnP As Double

Public RnF3byRnPsi As Double

Public RnF3byRnN As Double

Public RnF3byRnP As Double

Public RnFlintbyRnPsi As Double
Public RnFlintbyRnN As Double

Public RnFlintbyRnP As Double

Public RnF2intbyRnPsi As Double
Public RnF2intbyRnN As Double

Public RnF2intbyRnP As Double

Public RnF3intbyRnPsi As Double
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Public RnF3intbyRnN As Double

Public RnF3intbyRnP As Double

Public Const x1 As Double = -1E+308

Public Const x2 As Double = -0.00000000001
Public Const x3 As Double = 0.00000000001
Public Const x4 As Double = -0.00001

Public Const x5 As Double = 0.00001

Public Const x6 As Double = 700#

Public Const one As Double = 1#

Public Const zero As Double = 0#

Sub Innner Mesh()

Dim sl, s2, 53, s4, s5, ss As Double

Dim tl, t2, t3, t4, TT As Double

Dim GR As Double

Dim RnB1byRnx1B, RnB2byRnx2B, RnB3byRnx3B, RnB4byRnx4B As Double

Dim RnRbyRnN, RnRbyRnP As Double

For kk =1 To 1000

F1 = sqrRMDA * (1/k(j) * (Psi(i, j + 1) - Psi(i, ) - 1 k(G - 1) * (Psi(i, j) - Psi(i, j - 1)) *2/

(kG - 1) + k() - NG, j) + PG, j) + CG, )

GR = (N(, j) * P, j) - (NI / C0) ~ 2) / Taui, j) / (NG, j) + P, j) + 2 * (NI/C0))

R(i,j)=GR

x1B = (Psi(i, j + 1) - Psi(i, j)) / Ut: x = x1B: B1 = Bern(x)

x2B = (Psi(i, j) - Psi(i, j + 1))/ Ut: x =x2B: B2 = Bern(x)

x3B = (Psi(i, j) - Psi(i, j - 1))/ Ut: x = x3B: B3 = Bern(x)

x4B = (Psi(i, j - 1) - Psi(i, j)) / Ut: x = x4B: B4 = Bern(x)

F2 =N(,j- 1) *Dn(,j- 1 /2)* B4 /k(j - 1) -NG,j) * Dn(,j-1/2) *B3/k(-1) _
-N(,j) * Dn(, j+ 1/2) * B2/k() + NG, j+ 1) * Dn(i, j + 1 /2)*B1/k(j) _
-R3G,j) * kG- D) +kG) /2

F3="P(i,j-1)* Dp(i,j-1/2) * B3 /k(j - 1)- P(i,j) * Dp(i, j- 1/2) * B4/k( - 1) _
-P(i, j) * Dp(i,j + 1 /2) * B1/kG) + P(i, j + 1) * Dp(i,j+ 1/2) * B2/ k()

- R, j) * kG - 1) + k() /2



RnF1byRnPsi = -sqrRMDA * (1 /k() + 1 /k( - 1)) * 2/ (k(j) + k( - 1))
RnF1byRnN = -1
RnF1byRnP = 1
x = x1B: DerivB (x): RnB1byRnx1B = DerivB(x)
x = x2B: DerivB (x): RnB2byRnx2B = DerivB(x)
x = x3B: DerivB (x): RnB3byRnx3B = DerivB(x)
x = x4B: DerivB (x): RnB4byRnx4B = DerivB(x)
RnRbyRnN = (P(i, j) + (NI / C0)) ~ 2 / Tau(i, ) / (NG, j) + PG, j) + 2 * (NI/ C0)) ~ 2
RnRbyRaP = (NG, j) + (NI / C0)) ~ 2 / Taui, j) / (NG, ) + PG, j) + 2 * (NI / C0)) ~ 2
RnF2byRnPsi = -N(i, j - 1) * Dn(i, j - 1/2) * RnBbyRnx4B / Ut/ k(j - 1) _
-N(,j) * Dn(i, j - 1/2) * RnB3byRnx3B / Ut / k(j - 1) _
- N(, j) * D, j + 1/2) * RnB2byRnx2B / Ut/ k(j) _
~NG, j+1)*Dn(, j+ 1/2) * RnB1byRnx1B / Ut / k(j)

RnF2byRnN = -Dn(i, j- 1/2) * B3 /k(j - 1) - Dn(i, j + 1/2) * B2/k(j) _
- RaRbyRnN * (k(j - 1) + k(j)) / 2

RnF2byRnP = -RnRbyRnP * (k(j - 1) + k(j)) / 2
RnF3byRnPsi = P(i, j - 1) * Dp(i, j - 1/2) * RnB3byRnx3B / Ut /k(j - 1) _

+P(i, j) * Dp(i, j - 1/2) * RnB4byRnx4B / Ut / k(j - 1) _

+ P, j) * Dp(i,j + 1/2) * RnBlbyRnx1B / Ut / k(j) _

+P(i, j + 1) * Dp(i, j + 1 / 2) * RnB2byRnx2B / Ut / k(j)
RnF3byRnN = -RnRbyRaN * (k(j - 1) + k(j)) / 2
RnF3byRnP = -Dp(i, - 1/2) * B4/k( - 1)- Dp(i, j + 1/2) *B1/k() _

- RnRbyRnP * (k(j - 1) + k()) /2

Module4.simple_elim
If Abs(dltPsi(i, j)) < 0.0000000001 _
And Abs(dItN(i, j)) < 0.0000000001 _
And Abs(dItP(i, j)) < 0.0000000001 Then
Exit For

End If
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Next kk
Nkk_j(j) = kk - 1
Module3.SOR

End Sub

Sub SOR()
Dim omega As Single
Dim Psik, Nk, Pk As Double
Dim DPsikm, DNkm, DPkm As Double
Dim DPsikm1, DNkm1, DPkm1 As Double
omega =0.2
Psik = Psi(i, j)
Nk =N(, j)
Pk = P(i, j)
DPsikm = dltPsi(i, j)
DNkm = dItN(, j)
DPkm = dItP(i, j)
F1 = sqrRMDA * (1 /k() * (Psii, j + 1) - Psik) - 1 /k(j - 1) * (Psik - Psi(i, j - 1)) * _
2/ (k(j - 1) + k())) - (Nk + DNkm) + (Pk + DPkm) + C(@,j)
DPsikml = -omega * F1 / RnF1byRnPsi
x1B = (Psi(i, j + 1) - (Psik + DPsikm1)) / Ut: x =x1B: B1 = Bern(x)
x2B = ((Psik + DPsikm1) - Psi(i, j + 1)) / Ut: x = x2B: B2 = Bern(x)
x3B = ((Psik + DPsikm1) - Psii, j - 1)) / Ut: x =x3B: B3 = Bern(x)
x4B = (Psi(i, j - 1) - (Psik + DPsikm1)) / Ut: x = x4B: B4 = Bern(x)
F2 =N(,j - 1)*Dn(i,j-1/2)*B4/k(j-1)-Nk*Dn(i,j-1/2)*B3/k(j— 1) _
- Nk * Dn(i, j + 1/2) * B2/ k() + NG, j + 1) * Dn(i, j + 1 /2) *B1/k() _
- (Nk * (Pk + DPkm) - (NI/C0)~ 2)/
- Tau(i, )/ (Nk + (Pk + DPkm) + 2 * (NI/ C0)) * (k(j - 1) +k(})) / 2
DNkm] = -omega * F2 / RnF2byRnN
F3="P(,j-1)* Dp(i,j-1/2)*B3/k( - 1)- Pk * Dp(i,j-1/2)*B4/k(-1) _
- Pk * Dp(i,j+ 1/2) * B1/k(j) + P(i,j+ 1) * Dp(i, j + 1/2)*B2/k() _
- ((Nk + DNkml) * Pk - (NI/C0)"2)/ _



Tau(i, j) / (Nk + DNkm1) + Pk + 2 * (NI / CO0)) * (k(j - 1) + k(j)) / 2

DPkm1 = -omega * F3 / RnF3byRnP
Psi(i, j) = Psi(i, j) + DPsikml1
N(, j) = N, j) + DNkm]1
PG, j) = P(i, j) + DPkml1

End Sub

Option Explicit

Sub simple_elim()

Dim A(3, 3) As Deuble

Dim B(3) As Double

Dim x(3) As Double

Dim ii, jj As Integer

Dim cc, dd, ee, ff, gg, hh As Double

A(1, 1) = RnF1byRnPsi: A(1, 2) = RnF1byRnN: A(1, 3) = RnF1byRnP
A(2, 1) = RnF2byRnPsi: A(2, 2) = RnF2byRnN: A(2, 3) = RnF2byRnP
A(3, 1) = RuF3byRaPsi: A3, 2) = RnF3byRaN: A(3, 3) = RnF3byRnP

B(1)=-Fl
B(2) =-F2
B(3)=-F3

cc=A2,1)*A(1,2)-A(1,1) *A(2,2)
dd =A@, 1) * A(1,3) - A(1, 1) * A2, 3)
ee=A(2,1) *B(1) - A(1, 1) * B(2)
ff=AB, 1) * AR, 2)- A2, 1) *AG, 2)
geg=A(3,1)*A(2,3)- AQ2,1) * AG3, 3)
hh=A(3,1) * B(2) - A(2, 1) * B(3)
x(3)=(ee *ff-cc *hh)/(ff* dd - cc * gg)
x(2) = (cc * hh - cc * gg * x(3)) / (cc * ff)

x(1) = (B(3) - (A(3,2) *x(2) + A3, 3) *x(3))) / AG3, 1)

ditPsi(i, j) = x(1)
dItN(, j) = x(2)
ditP(i, j) = x(3)
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Psi(i, j) = dltPsi(i, j) + Psi(, j)
N(, j) = dItN(, j) + NG, j)
P(i, j) = dItP(i, j) + P(, j)
End Sub

Function Bern(x)
If -1E+308 < x And x < x2 Then
Bern = x / (Exp(x) - one)
Elself x2 <x And x <x3 Then
Bern =2 * one /(2 * one + x)
Elself x3 < x And x <= x4 Then
Bern = x / (Exp(x) - one)
Else
Bern = x * Exp(-x)
End If
End Function
Function DerivB(x)
Dim Nom, Denom, Result As Double
If x <= x5 Then
DerivB = (Exp(x) - x * Exp(x) - 1) / ((Exp(x) - 1) *2)
Elself x >= x5 And x <= x6 Then
DerivB=-(1+x)/(2+2*x+x"2)
Else
DerivB = (Exp(-x) - x * Exp(-x) - (Exp(-x)) * 2) / _
(1 -2 *Exp(-x) + (Exp(-x)) * 2)
"DerivB = (Exp(x) - x * Exp(x) - 1) / ((Exp(x) - 1) * 2)
End If

End Function

Option Explicit
Sub Show_Psi_N_P()

Modulel.EmitterAndBase_cont~t



117

Worksheets("Psi").Select
Set Targetrange = Range("A1:CZ100")
Fori=0 To No_of i
Forj=0ToNo_of j+1
Targetrange.Cells(j + 2,i+2)=""
Next j
Next 1
Fori=0ToNo_of i
Targetrange.Cells(1,1+2) =1
Targetrange.Cells(No_of j +4,i+2) =i
Forj=0ToNo_of j+1
Targetrange.Cells(j + 2, 1) =
Targetrange.Cells(j + 2, No_of i+4) =]
Targetrange.Cells(j + 2, i + 2) = Psi(i, j) * Psi0
Next j
Next i
Worksheets("N").Select
Set Targetrange = Range("Al :CZ100")
Fori=0 To No_of i
Forj =0 To No_of j
Targetrange.Cells(j +2,i+2)=""
Next j
Next i
'End clear
Fori=0ToNo_of i
Targetrange.Cells(l, i+ 2) =1i
Targetrange.Cells(No_of j+4,i+2)=1i
For j =0 To No_of j
Targetrange.Cells(j + 2, 1) = j
Targetrange.Cells(j + 2, No_of i +4) =]
Targetrange.Cells(j + 2, i+ 2) = N(, j) * CO

Next j



Next i
Worksheets("P").Select
Set Targetrange = Range("A1:CZ100")
Fori=0 To No_of i
Forj=0ToNo of j+1
Targetrange.Cells(j + 2,i+2)=""
Next j
Next i
Fori=0 To No of i
Targetrange.Cells(1,i+2) =1
Targetrange.Cells(No_of j+4,i+2) =i
Forj=0To No_of j
Targetrange.Cells(j + 2, 1) =]
Targetrange.Cells(j + 2, No_of i+4) =]
Targetrange.Cells(j + 2, i + 2) = P(j, j) * C0O
Next j
Next i

End Sub

Sub Interface _inner()

Dim Trml, Trm2 As Double

Dim Trm2 As Double

Dim jjnx_phlf, jjnx_mhlf As Double
Dim jjny_mhlf As Double .
Dim jjpx_phlf, jjpx_mhif As Double
Dim jjpy_mhlf As Double

Dim Rnjjnx_phlfRnPsi, Rnjjnx_mhlfRnPsi, Rnjjny_mhlfRnPsi As Double
Dim Rnjjnx_phlfRnN, Rnjjnx_mhlfRnN, Rnjjny mhlfRnN As Double
Dim Rnjjpx_phlfRnPsi, Rnjjpx_mhlfRnPsi, Rnjjpy mhlfRnPsi As Double
Dim Rnjjpx_phlfRnP, Rnjjpx_mflfRnP, Rnjjpy_mhlfRnP As Double

epsmS = Dc * epsrn0: epsrnl = Dclns * epsrm0

For kN =1 To 1000
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Targetrange.Cells(13, 5) = kN
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Trm1 = ((Psi(i + 1, j) - Psi(i, )) / (i) - (Psi(i, ) - PsiGi - 1, ) /h(i - 1)) / (h(i - 1) + h(i)) * 2:

Trm2 = (epsrnl * (Psi(i, j + 1) - Psi(i, j)) / k(j) - _
epsrnS * (Psi(i, j) - Psi(i, j - 1)) /k( - 1) + Qint) / _
(epsrnl * k(j) + epsrnS * k(j - 1)) * 2:

Trm3 = epsrnS * k(j - 1) / (epsrnl * k(j) + epsmS * k(j - 1)) * (N(i, j) - P(i, j) - C(G, j)):

Flint = sqrRMDA * (Trm1 + Trm2) - Trm3
x1B = (Psi(i, j - 1) - Psi(i, j)) / Ut: x = x1B: B1 = Bern(x):
x2B = (Psi(i - 1, j) - Psi(i, j)) / Ut: x = x2B: B2 = Bern(x):
x3B = (Psi(i, j) - Psi(i, j - 1)) / Ut: x = x3B: B3 = Bern(x):
x4B = (Psi(i, j) - Psi(i - 1, j)) / Ut: x = x4B: B4 = Bern(x):
x5B = (Psi(i, j) - Psi(i+ 1, j)) / Ut: x =x5B: BS = Bern(x):
x7B = (Psi(i + 1, j) - Psi(i, j)) / Ut: x = x7B; B7 = Bern(x)
R(i, j) = (NG, j) * P(, j) - (NI / C0) * 2) / Tau(i, j) / (N(, j) + P(i, j) + 2 * NI/ CO0))
Rsrf(i, j) = (NG, j) * P(i, j) - (NI /C0)~ 2)/ (1 /(Sn /s0)) / (N(i, j) + P(i, j) + 2 * NI/ C0)
jjnx_phlf=Dn(i + 1/2, ) * (B5 * N(i, j) - B7 * N(i + 1, })) / h(i)
jjnx_mhif=Dn(i- 1/2,]) * (B2 * N(i - 1, j) - B4 * NG, ) / h(i - 1):
jjny_mhlf=Dn(,j-1/2)* (Bl * N(i,j - 1) - B3 * NG, j)) / k( - 1):
F2int = (<jjnx_phlf + jinx_mhlf) * 2/ (a(i - 1) + h()) + _
2 * jiny mhlf- 2 * Rsrfli, j)) / kG - 1) - RG, j)
jipx_phlf=Dp(i+ 1/2,j)/h(i) * (BS * P(i + 1,]) - BT * P(i, })):
ijpx_mhlf=Dp(i - 1/2,j) * (B2 * P(i,j) - B4 * P(i- 1,1)) /h(i - 1);
ijpy_mhif=Dp(,j - 1/2) *(B1 * PG, j) - B3 * P(i,j - 1)) / kG - 1):
F3int = (jjpx_phlf - jjpx_mhlf) * 2/ (h(i - 1) + h(i)) +
(-2 * jjpy_mhlf - 2 * Rsrf(i, j)) / kG - 1) - R(i, j)
RnFlintbyRnPsi = -2 * sqrRMDA * (1 /h(i - 1) /h(i) + 1 /k( - 1) / k() * _
(epsrnl * k(j - 1) + epsmS * k(j)) / (epsrnl * k(j) + epsrnS * k(j - 1))):
RnFlintbyRnN = -epsmS * k(j - 1) / (epsrnl * k(j) + epsmS * k(j - 1))
RnFlintbyRnP = epsmS * k(j - 1) / (epsmnl * k(j) + epsmnS * k(j))
x = x1B: DerivB (x): RnB1byRnx1B = DerivB(x):
x = x2B: DerivB (x): RnB2byRnx2B = DerivB(x):
x = x3R: DerivB (x): RnB3byRnx3B = DerivB(x):



x = x4B: DerivB (x): RnB4byRnx4B = DerivB(x):
x = x5B: DerivB (x): RnB5byRnx5B = DerivB(x):
x = X7B: DerivB (x): RnB7byRnx7B = DerivB(x):
Rnjjnx_phlfRnPsi = Dn(i + 1/2, )/ Ut/ h(i) * _
(RnB5byRnx5B * N(i, j) + RnB7byRnx7B * N(i + 1, j)):
Rnjjnx_mhlfRnPsi = -Dn(i-1/2,j)/Ut/hG- 1) * _
(RnB2byRnx2B * N(i - 1, j) + RnB4byRnx4B * N(i, j)):
Rnjjny_mhlfRnPsi=-Dn(i,j-1/2)/Ut/k(-1)* _
(RnB1byRnx1B * N(i, j - 1) + RnB3byRnx3B * N(i, j)):
RnF2intbyRnPsi = -2/ (h(i - 1) + h(i)) * (Rnjjnx_phlfRnPsi - _
Rnjjnx_mhlfRnPsi) + 2 / k(j - 1) * Rnjjny_mhlfRnPsi
Rnjjnx_phlfRnN = Dn(i + 1/2, j) / h(i) * B5:
Rnjjnx_mhlfRnN =-Dn(i-1/2,j)/h(i- 1) * B4:
Rnjjny_mhlfRnN =-Dn(i, j-1/2)/k(- 1) * B3:
RnRbyRaN = (P(i, j) + NI/ C0) ~ 2 /Tau(j, j) / (NG, j) + P(i, j) + 2 * NI/ C0) ~ 2:

RnRsurfbyRnN = (P(i, j) + NI /C0)~ 2 /(1 /(Sn/s0)) / (NG, j) + PG, j) + 2 * NI/ C0)  2:
RnF2intbyRnN = 2/ (h(i - 1) + h(i)) * (-Rnjjnx_phlfRnN + Rnjjnx_mhlfRnN) + _

2/k( - 1) * (Rnjjny_mhIfRnN - RnRsurfbyRnN) - RnRbyRnN

RnRsurfbyRnP = (NG, j) + NI /€0) A 2 A1 /(Sn /s0)) / (N(, j) + P(i, j) + 2 * NI/ C0) A 2:

RnRbyRnP = (N(i, j) + NI/ C0) ~ 2 /Tau(i, j) / (NG, j) + P(i, j) + 2 * NI/ C0) ~ 2:
RnF2intbyRnP = -2/ k(j - 1) * RnRsurfbyRnP - RnRbyRnP
Rnjjpx_phlfRnPsi=Dp(i +1/2,j)/ Ut/h(i) * _

(RnBSbyRnx5B * P(i + 1, j) + RnB7byRnx7B * P(i, j)):
Rnjjpx_mflfRnPsi =-Dp(i-1/2,j) /Ut/h(i- 1) * _

(RnB2byRnx2B * P(i, j) + RnB4byRnx4B * P(i - 1, j)):
Rnjjpy_mhlfRnPsi = -Dp(i,j-1/2)/Ut/k(- 1) * _

(RnB1byRnx1B * P(j, j) + RnB3byRnx3B * P(i, j - 1)):

RnF3intbyRnPsi =2/ (h(i - 1) + h(i)) * (Rnjjpx_phlfRnPsi - Rnjjpx_mflfRnPsi) - _

2/k(j - 1) * Rnjjpy_mhlfRnPsi
RnF3intbyRnN = -2 /k(j - 1) * RnRsurfbyRnN - RaRbyRnN
Rnjjpx_phlfRnP = -Dp(i + 1/2,j) / h(i) * B7:
Rnjjpx_mflfRnP = Dp(i - 1/2,j) /h(i - 1) * B2:
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Rnjjpy_mhlfRnP = Dp(i, j - 1/2) /k(j - 1) * B
RnF3intbyRnP =2/ (h(i - 1) + h(i)) * (Rnjjpx_phlfRnP - Rnjjpx_mflfRnP) - _
2 /k(j - 1) * (Rnjjpy_mhlfRnP + RnRsurfbyRnP) RnRbyRnP
RnF1byRnPsi = RnF1lintbyRnPsi
RnF1byRnN = RnFlintbyRnN
RnF1byRnP = RnFlintbyRnP
RnF2byRnPsi = RnF2intbyRnPsi
RnF2byRnN = RnF2intbyRnN
RnF2byRnP = RnF2intbyRnP
RnF3byRnPsi = RnF3intbyRnPsi
RnF3byRnN = RnF3intbyRnN
RnF3byRnP = RnF3intbyRnP
F1 =Flint
F2 =F2int
F3 = F3int
Module4.simple_elim
If Abs(dItPsi(i, j)) < 0.0000000001 _
And Abs(dItN(i, j)) < 0.0000000001 _
And Abs(dItP(j, j)) < 0.0000000001 Then
Exit For
End If
Next kN
Nkk(, j)=kN - 1
Psi(i, j) = Psi(i, j) + dltPsi(i, j)
NG, j) = NG, j) + dItNG, j)
P(i, j) = P(i, j) + dItP(i, j)
Targetrange.Cells(2, 10) = Nkk(i, j)
Targetrange.Cells(2, 5) =i
Targetrange.Cells(2, 6) = j
Targetrange.Cells(5, 2) = Psi(i, j)
Targetrange.Cells(5, 4) = N(i, j)
Targetranee.Cells(5, 6) = P(i, j)



Targetrange.Cells(5, 3) = dItPsi(i, j)

Targetrange.Cells(5, 5) = dItN(, j)
Targetrange.Cells(5, 7) = dItP(i, j)
Targetrange.Cells(5, 8) = R(i, j)

End Sub

Option Explicit
Sub Two_dim()
Worksheets("sheet8").Select
Set Targetiange = Range("A1:Z100")
s0=D0/x0
Targetrange.Cells(1, 11) = Vap
For RepeatNo_of Evolution =1 To 50
Targetrange.Cells(12, 5) = RepeatNo_of Evolution
j=60:
Fori=14 To 47
Targetrange.Cells(14, 5) =i
Targetrange.Cells(15, 5) =
Module6.Interface inner
Next i
Forj=59To 1 Step -1
Fori=1ToNo of i-1
Targetrange.Cells(14, 5) =i
Targetrange.Cells(15, 5) = j
Module8.Inner_mesh
Next i
Next j
For j=159 To 1 Step -1
Fori=No_of i-1To 1 Step-1
Targetrange.Cells(14, 5) = i
Targetrange.Cells(15, 5) = j

Module8.Inner_mesh
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Next i
Next j
j=60:
Fori=47 To 14 Step -1
Targetrange.Cells(14, 5) =i
Targetrange.Cells(15, 5) = j
Module6.Interface inner
Next 1
Targetrange.Cells(7, 5) = RepeatNo_of Evolution
Next RepeatNo_of Evolution

End Sub

Sub Inner _mesh()
For kN =1 To 1000
Targetrange.Cells(13, 5) = kN

F1=Psi(i, j - 1) * sqrRMDA * (h(i - 1) + h(i)) /2 / k(G - 1) + _
Psi(i- 1, ) * sqrRMDA * (k(j - 1)+ k()) /2 /h(i- 1) - _

Psi(i, j) * sqrRMDA * ((h(i - 1) + h(D)) /2 / k(- 1) + _
kG-1)+kG)/2/hG- 1)+
(kG- 1) + k() /2 /h(i) + _
(h(i- 1) +h(i) /2 / kG)) + _
Psi(i + 1, j) * sqrRMDA * (k(j - 1) + k(j)) /2 / h(i) + _
Psi(i, j + 1) * sqrRMDA * (h(i - 1) + h(i)) / 2 / k() - _

(NG, j) - PG, j) - CG, ) * (h(i - 1)+ h(i)) /2 * (k(j - 1) + k() / 2

x1B = (Psi(i, j - 1) - Psi(i, j)) / Ut: x = x1B: Bl = Bern(x)
x2B = (Psii - 1, j) - Psi(i, j)) / Ut: x = x2B: B2 = Bern(x)
x3B = (Psi(i, j) - Psi(i,j - 1))/ Ut: x = x3B: B3 = Bern(x)
x4B = (Psi(i, j) - Psi(i - 1, j)) / Ut: x = x4B: B4 = Bern(x)
x5B = (Psii, j) - Psi(i + 1, j)) / Ut: x = x5B: B5 = Bern(x)
x6B = (Psi(i, j) - Psi(i, j + 1)) / Ut: x = x6B: B6 = Bern(x)
x7B = (Psi(i + 1, j) - Psi(i, j)) / Ut: x = x7B: B7 = Bern(x)
x8B = (Psi(i, j + 1) - Psi(i, j)) / Ut: x = x7B: B§ = Prrn(x)
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R(, j) = (NG, j) * P(i, j) - (NI / C0) ~ 2) / Tau(i, j) * (NG, j) + P(i, j) + 2 * NI/ C0))
F2=N(,j-1)*Dn(,j-1/2)*B1 * (h(i- 1)+ h(i) /2 /k(G - 1) + _
NG-1,))*Dn(i-1/2,j)*B2* k(G- 1)+ k() /2/hG-1)-_
NG, j) * (Dn(,j-1/2)*B3 * (h(i- 1)+ h(i) /2 /kG - 1)+ _
Dn(i-1/2,j)*B4* (k(j-1)+k(G))/2/h(i- 1)+ _
Dn(i+1/2,7)*B5* (k(j - 1)+ k()) /2 / h(i) + _
Dn(i,j+1/2)*B6 * (h(i - 1)+ h(i)) / 2 / k()) + _
NG+ 1,))*Dn(i+1/2,j) *B7* k(- 1)+ k() /2 /hG) + _
NG,j+1)*Dn(i,j+1/2) * B8 * (h(i - 1) + h(i)) / 2/ k() - _
R(, ) * (h(i - 1) + h(@)) /2 * (kG - 1) + k() / 2
F3="P(,j-1)*Dp(,j=-1/2) * B3 * (h(i- 1)+ h(i)) /2/k( - 1)+ _
PGi-1,j)*Dp(i-1/2,j)) *B4*(k(-1)+k({)/2/hi-1)-
P(i, j) * (Dp(i,j- 1/2) * B1 * (h(i- 1) + h(i)) /2 /k( - 1) + _
Dp(i-1/2,j)*B2*(k(j- ) +k()/2/hGi-1)+_
Dp(i+1/2,j) *B7* (k(j- 1)+ k() /2 /h(i) + _
Dp(i,j+1/2)*B8 * (h(i- 1)+ h(i)) / 2/ k() + _
P(i+1,j) * Dp(i+1/2,j) * B5 * (k(i - 1) + k() /2 /h(D) + _
P(i,j+ 1) * Dp(i,j+ 1/2) *B6 * (h(i- 1) + h(i)) /2 / k() - _
R@G,j) * (h(i- 1)+ h(i)) /2 * (kG - 1) + k() / 2
RnF1byRnPsi = -sqrRMDA * ((h(i - 1)+ h(i)) /2 /k( - 1)+ _
(kG- 1)+kG)/2/hG-1)+ _
(kG -1)+kG) /72 /hG) + _
(h(i - 1) +h(@) /2 / k()
RnF1byRaN = -(h(i - 1) + h()) 72 * (k( - 1) + k(j)) / 2
RnF1byRnP = (h(i - 1) + h(i)) /2 * (k(j - 1) + k(j)) / 2
x = x1B: DerivB (x): RnB1byRnx 1B = DerivB(x)
x = x2B: DerivB (x): RnB2byRnx2B = DerivB(x)
x =x3B: DerivB (x): RnB3byRnx3B = DerivB(x)
x =x4B: DerivB (x): RnB4byRnx4B = DerivB(x)
x = x5B: DerivB (x): RnB5byRnx5B = DerivB(x)
x = x6B: DerivB (x): RnB6byRnx6B = DerivB(x)
x =x7B: DerivB (x): RnB7byRnx7B = DerivB(x)
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x = x8B: DerivB (x): RnB8byRnx8B = DerivB(x)
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RaF2byRnPsi = -N(i, j - 1)* Dn(i,j- 1/2) * RnB1byRnx1B * 1 /Ut * (h(i- 1) + h(i)) /2 /k(G-1)

-N(i- 1,j) * Dn(i- 1/2,j) * RnB2byRnx2B * | JUL* (kG- 1) + k() /2/h(-1) _
- N(i, j) * (Dn(i, j - 1/2) * RnB3byRnx3B * 1 /Ut* (h(i- 1) +h@))/2/kG-1)+_
Dn(i-1/2,j)*RnB4banx4B*1/Ut*(k(j-])+k(j))/2/h(i— N+
Dn(i + 1/2,]) * RnBSbyRnx5B * 1/ Ut* (kG- 1)+ kG /2/h() + _
Dn(i, j + 1/2) * RnB6byRnx6B * 1/ Ut * (hi - 1) +h(D)/ 2/kG)) _
- NG + l,j)*Dn(i-l—1/2,j)*RnB7banx7B*1/Ut*(k(j- 1)+ k() /2/h() _
NG, j+1)*Dn(,j+1/2)* RnB8byRnx8B * 1/ Ut* (h(i - 1)+ h(i)) /2 / k()
RnRbyRnN = (P(i, j) + NI/ C0) " 2/ Tau(i, j) / (NG, ) + P(i, j)+ 2 * NI/ C0) ~ 2
RnF2byRaN = -Dni, j- 1/2) * B3 * (i~ 1) + h(i)) /2 / kG - i
Dn(i< 172, §)* B4 * (kG- 1)+ k() /27 - 1)
~Dn(i +1/2,§)*B5* (kG- 1) +k()/2/h()
- Dni, j+1/2) *B6 * (h(i - 1)+ () / 2/kG) _
- RnRbyRnN * (h(i - 1) +h(i)) /2 * (k( - 1) + k(i) /2
RnRbyRnP = (N(i, j) + NI/ C0) A 2 / Tau(i, j) / (N(1, j) + P(i,{)+ 2 *NI/C0)" 2
RnF2byRnP = -RnRbyRnP * (h(i - 1) + h() /2 * (kG - 1) +k(G) /2
RnF3byRnPsi = _ | 3
P(i,j-1) *Dp(i, > 2) * RnB3byRnx3B * 1 /Ut * (h(i-1) + ) /27 k(= 1)

+P(i-1,j) *Dpli- 1 /2, ) * RnB4byRnx4B» * 1 /Ut * (kG - D+ kG /2/hG- 1)

+ PG, j) * (Dp(i,j- 1/2)* RnBlbyRnx1B * 1 /UL * (h( - 1)+ h(@) / 2/ kG- 1)+ _
Dpli - 1/2, ) * RnB2byRnx2B £ 1)ULk (G- DHKG)/2/hG -1+
Dp(i + 1/2,j) * RaB7byRnx7B * 1/ Ut ey = 1)+ kG) /2 /hii) + _
Dp(i, j + 1/2) * RnB8byRnx8B* 1/ Ut * (h(i - 1) + h(i)) /2/ kG))
PG+ 1,j)* Dp(i + 1/2,]) * RuBsbyRnxSB* 17Ut (kG- D+ k() /2/h0)
4+ P(i,j+ 1) * Dp(i,j + 1/2) * RnB6byRnx6B * 1/ Ut* (hi- 1) +h(i)) /2 / kG)
RnF3byRaN = -RnRbyRnN * (h(i - 1)+ h(D) /2 * (k(j - )+ k() /2
RnF3byRnP = -Dp(i, j - 1/2)* B * (h(i- 1)+ h(D)/2/k(- D _
Dpli-1/2,j)*B2* (kG- 1)+ k() /2/h-1)
CDpli +1/2,)* BT * (kG - D+ k() /2 /()
- Dp(i,j+1/2)* B8 * (h(i- 1)+ h())/ 2/ k() _
- RnRbyRnP * (h(i - 1)+ h(i) /2 * (k( - D + k() /2



Module4.simple elim
If Abs(dltPsi(i, j)) < 0.0000000001 _
And Abs(dItN(i, j)) < 0.0000000001 _
And Abs(dItP(i, j)) < 0.0000000001 Then
- Exit For
End If
Next kN
Nkk(, j)=kN -1
Psi(i, j) = Psi(i, j) + dItPsi(, j)
N, j) = N(, j) + dItN(, j)
P(i, j) = P(i, j) + dltP(, j)
Targetrange.Cells(2, 10) = Nkk(i, j)
Targetrange.Cells(2, 5) = i
Targetrange.Cells(2, 6) = j
Targetrange.Cells(5, 2) = Psi(i, j)
Targetrange.Cells(5, 4) = N(, j)
Targetrange.Cells(5, 6) = P(i, j)

Targetrange.Cells(5, 3) = dltPsi(, j)
Taigetrange.Cells(5, 5) = dItN(j, j)
Targetrange.Cells(5, 7) = dltP(i, j)
Targetrange.Cells(5, 8) = R(i, j)

End Sub

Option Explicit
Sub All_for Two_Dim()

[DomainMesh&PhysicalParameter.xls].[Module1].Scaling_factor

[DomainMesh&PhysicalParameter.xls].[Module1].Map_parameters

Worksheets("Psi").Select

Set Targctrange = Range("A1:CZ100")
Fori=0To 61

Forj =0 To 61

Psi(i, j) = Targetrange.Cells(2 + j, 2 + i) / Psi0
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Next j
Next i
Worksheets("N").Select
Set Targetrange = Range("A1:CZ100")
Fori=0To 61
For j =0 To 60
N(i, j) = Targetrange.Cells(2 +j, 2 + 1) / CO
Next j
Next i
Worksheets("P").Select
Set Targetrange = Range("A1:CZ100")
Fori=0 To 61
Forj=0 To 60
P(i, j) = Targetrange.Cells(2 + j, 2 + 1) / CO
Next j
Next i
Module7.Two_dim
Module10.Show _Eval_Psi_ N_P
End Sub

Option Explicit
Sub Show_Eval Psi N_P()
Worksheets("EvalPsi").Select
Set Targetrange = Range("A1:CZ100")
Fori=0 ToNo_of_i
Targetrange.Cells(1,i+2) =i
Targetrange.Cells(No_of j+4,i+2) =i

For j=0 ToNo_of j+1

Targetrange.Cells(j + 2, 1) =]
Targetrange.Cells(j + 2, No_of_i +4) =]
Targetrange.Cells(j + 2, i + 2) = Psi(i, j) * Psi0

Next j
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Next i
Worksheets("EvalN").Select
Set Targetrange = Range("A1:CZ100")
Fori=0 To No_of i
Targetrange.Cells(1, i + 2)=1i
Targetrange.Cells(No_of j+ 4,1+ 2)=i
Forj =0 To No_of j
Targetrange.Cells(j + 2, 1) =
Targetrange.Cells(j + 2, No_of i+4) =]
Targetrange.Cells(j + 2, i + 2) = N(i, j) * CO
Next j
Next i
Worksheets("EvalP").Select
Set Targetrange = Range("A1:CZ100")
Fori=0 ToNo_of i
Targetrange.Cells(l, i+ 2) =i
Targetrange.Cells(No_of j +4,i+2) =i
For j =0 To No_of_j
Targetrange.Cells(j + 2, 1) =]
Targetrange.Cells(j + 2, No_of i +4)=]
Targetrange.Cells(j + 2, i + 2) =P(i, j) * CO
Next j
Next i
Worksheets("Eval R").Select
Set Targetrange = Range("A1:CZ100")
For i =0 To No_of i |
Targetrange.Cells(1, i+ 2) =i
Targetrange.Cells(No_of_j+4,i+2) =i
For j=0 To No_of j
Targetrange.Cells(j + 2, 1) =
Targetrange.Cells(j + 2, No_of_i+4) =]
Targetrange.Cells(j + 2, i +2) = R(}, ) *RO
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Next j
Next i

End Sub

Option Explicit
Sub All_for_Two_Dim_OffSpring()

[DomainMesh&PhysicalParameter.xls].[Module1].Scaling_factor

[DomainMesh&PhysicalParameter.xls].[Module1].Map_parameters

s0=D0/x0
Worksheets("EvalPsi").Select
Set Targetrange = Range("A1:CZ100")
Forj=0To 61
Fori=0 To 61
Psi(i, j) = Targetrange.Cells(2 + j, 2 + 1) / Psi0
Next i
Next j
Worksheets("EvalN").Select
Set Targetrange = Range("A1:CZ100")
Forj=0To 60
Fori=0To 61
N(, j) = Targetrange.Cells(2 +j, 2 + 1) / CO
Next i
Next j
Worksheets("EvalP").Select
Set Targetrange = Range("A1:CZ100")
Forj=0To 60
Fori=0To 61
P(i, j) = Targetrange.Cells(2 + j, 2 + i) / CO 'scaled
Next i

Next j
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Dim RTNEV As Single
Worksheets("sheet8").Select
Set Targetrange = Range("A1:CZ100")
RTNEV = Targetrange.Cells(7, 5)
Dim Start_to_Run_at As Date
Worksheets("sheet8").Select
Set Targetrange = Range("A1:CZ100")
Start_to_Run_at = Now
Targetrange.Cells(2, 13) = Start_to_Run_at
Worksheets("sheet3").Select
Set Targetrange = Range("A1:CZ100")
For RepeatNo_of_Evolution =RTNEV To RTNEV + 10C0
Targetrange.Cells(12, 5) = RepeatNo_of Evolution
j=060:
Fori= 14 To 47
Targetrange.Cells(14, 5) =i
Targetrange.Cells(15, 5) = j
Module6.Interface_inner
Next i
For j =159 To 1 Step -1
Fori=1ToNo of i-1
Targetrange.Cells(14, 5) =i
Targetrange.Cells(15, 5) =
Module8.Inner mesh
Next i
Next j
Forj=159 To 1 Step -1
Fori=No of i-1To 1 Step -1
Targetrange.Cells(14, 5) =1
Targetrange.Cells(15, 5) =
Module8.Inner_mesh

Next i



Fori=47 To 14 Step -1'
Targetrange.Cells(14, 5) =1
Targetrange.Cells(15, 5) =]
Module6.Interface_inner

Next i

Targetrange.Cells(7, 5) = RepeatNo_of Evolution

Next RepeatNo_of Evolution
Modulel0.Show_Eval Psi_N_P

Dim Ended at As Date
Worksheets("sheet8").Select

Set Targetrange = Range("A1:CZ100")
Ended at = Now

Targetrange.Cells(3, 13) = Ended_at
End Sub

Option Explicit
Sub IMREF _potetial()
Dim phi_N(0 To 100, 0 To 100) As Single
Dim phi_P(0 To 100, 0 To 100) As Single
Psi0=Bk*T/q
CO0=Na
Worksheets("EvalPsi").Select
Set Targetrange = Range("A1:CZ100")
Forj=0To 6l

Fori=0To 61

Psi(i, j) = Targetrange.Cells(2 + j, 2 + i) / Psi0

Next i
Next j
Worksheets("EvalN").Select
Set Targetrange = Range("A1:CZ100")
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Forj=0 To 60
Fori=0 To 61
N(, j) = Targetrange.Cells(2 + j, 2 + 1) / CO
Next i
Next j
Worksheets("EvalP").Select
Set Targetrange = Range("A1:CZ100")
For j = 0 To 60
Fori=0To61
P(i, j) = Targetrange.Cells(2 + j, 2 + 1) / CO 'scaled
Next i
Next j
Fori=0To 61
For j =24 To 60
phi_N(, j) = Psi(i, j) - Log(N(i, j) / (NI / C0))
phi_P(i, j) = Psi(j, j) + Log(P(i, j) / (NI / C0))
Next j
Next i
Worksheets("Phi_N").Select
Set Targetrange = Range("A1:CZ100")
Fori=0ToNo_of i
Targetrange.Cells(1, i+ 2) =i
Targetrange.Cells(No_of j+4,i+2)=i
Forj=24ToNo of j'
Targetrange.Cells(j + 2, 1) =]
Targetrange.Cells(j + 2, No_of i+4)=]
Targetrange.Cells(j + 2, i + 2) = phi_N(i, j) * Psi0
Next j
Next i
Worksheets("Phi_P").Select
Set Targetrange = Range("A1:CZ100")

Fori=0 To No_of i
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Targetrange.Cells(1, i+ 2) =i

Targetrange.Cells(No_of j+4,i+2) =1

Forj=0To No_of j
Targetrange.Cells(j + 2, 1) =]
Targetrange.Cells(j + 2, No_of i+4)=j
Targetrange.Cells(j + 2, i + 2) = phi_P(i, j) * Psi0
Next j

Next i

End Sub
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Abstract

This paper presents the electrical characteristic simulation of one dimensional pn junction with
finite difference method. The principle of this method is to use the physical equations that consist of
Poisson equation, continuity equation for electron and hole to make one dimensional finite difference
equation. The interesting parameters are electrostatic potential, electron concentration and hole
concentration. Then, the parameter values are carried out by Newton method. So, this method can show
the values of parameters in semiconductor at various positions. Thus, the values are plotted in graph for

showing the various properties of semiconductor junction.
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