N

¢
fon
(
|

)
11
-l

o

5 €2 ‘},

=sreer

75

— e

e

QAT e € ¢

_~—

N

by |

¢ € oV DN

TR
<

o
~r

« &g

<

(e

<]

icv




d a J aa d'd; v aa [V =
CFAAUAIDINAYUVUBAADUNUYUNWITTVANDUIINNITNALDNT

WuFuaamsa=nauiay

SILICON SOLAR CELLS WITH STAIN ETCHED POROUS SILICON

AS AN ANTI-REFLECTION LAYER

a3 APEMIN

SORAWIT MOONGKANNA

a a i o ' =< < Y a v A
meniwustiilumuniavesmsannmundngasiSyanimnssumansumivadin
a a a g a ¢
M I¥Imanssululasdidanseting
o a oa v
vaeinIngay
aodumalulagnszeeundudinammsaianszils
N.71.2549

ISBN 974-15-2455-2


CLP-16
Textbox

CLP-16
Textbox

CLP-16
Textbox

CLP-16
Textbox

CLP-16
Textbox

CLP-16
Textbox

CLP-16
Textbox


SILICON SOLAR CELLS WITH STAIN ETCHED POROUS SILICON

AS AN ANTI-REFLECTION LAYER

SORAWIT MOONGKANNA

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN MICROELECTRONICS ENGINEERING
SCHOOL OF GRADUATE STUDIES
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2006
ISBN 974-15-2455-2


CLP-16
Textbox


COPYRIGHT 2006
SCHOOL OF GRADUATE STUDIES

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG


CLP-16
Textbox


" ¥
o YV oo o &

2B INTNUS AAUAIDMNAHU VT ARDUNTFUNDS AT ARDY

ar L= u‘: £
01ﬂﬂ'|‘iﬂﬂﬁﬂl.lﬁlﬂu%uaﬂﬂ]iﬂxﬂﬂuuﬁi

WUNANY WWAIIA JINITU
SHaNANY 46061403
Wan NI TUAAATUN T DUNR

a = ad a d
MIN FenssyluInsomnnseind
Nn.A. 2549

d = = =Y
o1EMILAIINNIINYS  sAas.auifiusA Aoy

L ]
UNAAED
: @ aa 4’ aa da o ﬂ d o
Funeiaginou (Ps) hwileFanounianvus UINTUYUIADNTIUIUNIN
.3’ - [] 8 aa n'; [ " o o ¥ =Y
ansoadnuvurvewrunangansuna 1 1d Taviw uaziszniangadumaiinves
] ¥ ¥
mifadond Arvmsazawilidunauveansalelasrgesin nsaluain uazi Funesa
an e wa a - v ﬁ ] -
Fanouliinuauianimmusoganaundazaansaziounasldiueded Sunuziiee
° : o a o aa a e -:
i W dusuaamsazfounaslumadumefinduuudaneu Tluaniteil lddnumsada
o w  aa aa v = a o a o 1 a d
TuneiagFanou lavismstadeuduuAmiveusaduai01Maduyusouasi-ou Adu
aa - > v aa 2 44 ' o o Y ' fa
Fmadenainsuneiagineummziun deez iianudemeMunsevsevousadnoy
' ' ' 9, : w aa Ao - o= o a
Auaruaetiala uazlddnynavssFuneiadanouniinenisiiines nd A yveurad
b

uemeMAduUUIoURER-DUYBIFaneu  wenvnild ldnSvuisunuguaniAveasad

o t’éan’: aa 3 =
uerserindnisuFanoulasenlad (sio,) Wi duasmsaziouuaadnais nvamsnaans

o ' - d‘dn’: o an 1da cd A e

uaaalfituduraduaserindiisunesadanousginiduuuveuraaaslinuanianig

o = o " o @ & o
371014“?1’\!91'11_]5:”1&1 20% TIWITOUNTSUTAANIVT (IE) Q'Qﬂ’.l'll"lfﬂﬁlml!ﬁi51]?117:’]11]‘}:'41]

¥
@

v
FuganoulasonlomduduaanisasAouuasdssuin 24357%  wadana12vir 1A
- - 4 s q. J J o o
Yszdninmlumsndoundanuveuyad () iiuiiu 21.989% naziimmidsnugaga (p,)
& X 4 - vd & e v .
NG 21.989% vinkamInaassiinaa ifiiuddnonmuazauiiuly 1dgelunnih
n’: @ ao LY = 9 a’: aa ¢ A a a a
Funeiaganouninmisnadeud I 1¥unususdanoulasen loamamulseadnininyes

- d a o aa
l"ﬂﬂﬁ Lmzaﬂﬁ'unu‘lumma AlyDALEIDINAYLU U ARDU



Thesis Silicon Solar Cells with Stain Etched Porous Silicon

as an Anti-Reflection Layer

Student Mr.Sorawit Moongkanna

Student ID 46061403

Degree Master of Engineering

Programme Microelectronics Engineering

Year 2006

Thesis Advisor Assoc.Prof.Dr.Somkiat Supadech
ABSTRACT

Porous silicon (PS) or bulk silicon contains many small pores can be formed on any
silicon surface using a very simple and inexpensive stain etching technique with the mixed
solution of hydrofluoric acid and nitric acid. Because of the excellent light trapping and anti-
reflection properties of porous silicon layer, it is widely used as an anti-reflection layer of solar
cell. In our study, we have focused on the selective formation of porous silicon layers by stain
etching on the surface of silicon solar cell without disturbing the underlying junction
characteristics. In this experiment the effects of porous silicon layer on the important parameters
of silicon solar cell are also studied and compared with the conventional SiO, anti-reflected
silicon solar cells. It shows that the short circuits current (I, ) of cell with porous silicon layer
(20% reflectance) is higher than the cell with SiO, layer about 24.357%, then it increases
21.989% of cell efficiency (1) and 21.989% of maximum power (P_). In conclusion, it has high
potential and possibility for replacing of SiO, layer by stain etched porous silicon layers to

increase solar cell efficiency and reduce the cost of cell fabrication.
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I=1,e* (2.4)
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I= IOl(e"T - 1] 2.5)
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=
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¥ '
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& v ) o a a o o ¥ ° Vet
malAnnudunszuayuzdanlees () Uannniga msvanelumadizdssiilnim
Viouiige 1azn133WAINAI (surface recombination) Ndealiiisntosfigadiusu@uani (17)
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2.3 Waunnmesuazlszansmumsudaanasany

oo lsfdvasimingad 1% wrades lieglunizdanees nieilalees wail
4 ' Y A o ' d o & Y
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4 il : " > B
AnuAmMmunmngauamis  seildnaguuesussdunaznszuaiigadiivoonuil
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AR VUMD
P =1V (2.14)
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uagﬂ1ﬂ11nﬂ1uTl1“1’3\1I'Hﬂﬁ“l"u’]zﬁll“’].lﬂ'iﬂﬂﬂu N3

VM
Ries ==

I

m

(2.15)

' b aa o =
fvea P, v, uaz I uaaslddnsmguaniAveusadlugli 2.11
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-
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FF = = —= (2.16)
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1V
n=2m 2 100%

= FF scVoc 4 100% @17
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i’iuvm 1?'1'1110@ (input power)
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3.3.1 IahavuneTadaneuainmsamenivesma lasudlenaululasn
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Ed ]
plasma  decomposition  SiH,) Hmsaaindnganeunivuiasgluszavuluiuas
% A e 1 1 4
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SiH, + H, and/or Ar
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Substrate
=
Valve
Power Vacuum
Supply pump
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Pt (Cathode)

— J -+
Si (Anode)
Aluminium plate
(back contact)
Lateral anodisation cell Conventional single-tank cell

From pump

To pump
Double-tank cell
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Si +2HF +h* —— SiF, +2H" +e~ G.1)

SiF, + 2HF —— §iF, +H,,, (3.2)

SiF, +2HF ~——H SiF,. (3.3)
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SiF, + AHF —— H,SiF,

6(aq )

o (3.4)
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Cathode: HNO, +3H" —» NO +2H,0 +3h* (3.5)
Anode : nh* +S8i+2H,0 — SiO, +4H"* +(4—-n)e” (3.6)

$i0, +6HF —» H,SiF, +2H,0 (3.7
Overall : 38i + 4HNO, +18HF — 3H,SiF, + 4NO +8H,0 (3.8)

+3(4-n)h* +3(d-n)e-  (38)
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d 4 13 3 @ an
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p-substrate (111)
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ATEUIUNTT Pre-deposition
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vsnuduihesn wisuiinsadeeon laavuInineudumsTuan (drive-in) pzaou
5o lusou

ulumsazarwiivivos (buffer for boron 875189 HF47%:6NH,F)

' : g Vv -
quluihdalessu udai 1

Ed ¥
luihaialosou udan 2

whudademar'luTasiau
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p-substrate (111)
B Db region (BSF)

AMIMANUAZDIARING
- dululasinTalsiensau a1 s un

dans1 o luezd lau a1 3 U

1 : [ ¥y =
wluihvialessu udai 1

1 oy [ 3 a
wluthvialesou udai 2

whuisdreme lulasmu

4 s a a S 1
M3aenoon la@ (slice etching) toABNDON lBATIAAAINTITUTIA (native oxide) AOY
msadreeenlag

L = =) =
- Wwlumsazaensalalasgoain 10% a1 10 3w

U :’ Y] Vv P
- qulwihwialosou udai 1
- ylurhvdalessou udai 2

whudsdema luTasiau

Y 3 aa o A ﬂ ) a ' -

5. mIasnvuganou lasonled Wwedlunihnmntlesdumsunsvesoznouasiie

o - - ] o
Woaesaluvnzadasesnof-dunaziunsduan (drive-in) ozaou Tusouvosaun' I

v v

aundalludadae dgangiiv 1,000C gangiithsooc Tdanuvuivesiudanoula

o °
p0n lwdilszua 7,000 A

Oxidation

- Dry Oxidation Ay 0, 1,200 cc./min. 1381 3 2114

- Wet Oxidation 828 O, 1,000 ce./min. 1981 2 %2134

- Dry Oxidation 428 O, 1,200 cc./min. 1781 4 %214

p-substrate (111)

E sio.

¥ "
6. Photo etching for n -region 1iumsitlatuvesdaneu lavonloa luuSnuiiee
3 - a o =
afraflusesdefi-duveusaduasoniind A1onzuruns 1145150517 (Photolithography)

a o o‘qy P = " -
n3o I TAasen Taoldnanaui 1 50091 N -region Mask
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Photolithography Mask#1 (n -region)

] ' dw :i o =
ammu"lnmmww 90 C 1721 30 U

Vv v
AU IuaasiiauIn (AZ P1350) 1013157 3,000 50UADUIN 1181 40 w1

AUWALN 90°C 1181 15 WA

R8T (Alignment expose)

p-substrate (111)

EE so.
B A7 P1350
Develop Waulae
- 411 AZ Developer (AZ 300 MIF) 13 1 1381 15 Ui
- 911 AZ Developer (AZ 300 MIF) ufa# 2 a1 15 3wl
' o w ¥
- lwihadaleasu udai 1
- ulihialessu udain 2

- whudsdrema luTasiou

p-substrate (111)

SO
Bl Az P1350

o 4:{ s =1
- pUWANN 90 C 11a1 10 WIN (Post bake)
- d Y [
- wmasuWauAIUMAY

- pUAEUN 90°C a1 30 WA



p-substrate (111)

Bl sio.
B AZP1350

ar g aa o v 4 i o [
m3l¥mIazawanatudanoulaeon lud (oxide etching) tivoilaiund s ums
UNSE15190

- gulumsazariivivles (buffer for oxidation SR8 IU HF47%:6NH,F)

¥
Y

¥
- lwmihwidalessu udan

Yy =

Ed
wluihwialessu udai 2

whudeadaemnaluTasiou

p-substrate (111)

Hl sio.
EEE AZP1350

d

NszUIUMIAENHAY
- guasluezdlaw uda 1 a1 1 i
- quasluezdlan udaf 2 a1 1 i

' :; @ ¥ A
- Wwlwhadalesou udai 1

' g & ¥
- guluihwdalosou ufdai 2

- whudadremaluTasiou

p-substrate (111)

El sio.

m‘sﬁmammmﬂﬁmﬁ

- dululasTalalsiensau na1 s un

63
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oans1 ot luezd lau a1 3 wn

[ uy o Y
wluhudalosou udan 1

| :’ o Vv =
quluiwialeseu udai 2

whuadomaluTasou
4 5 3 Y s a a . : 1
miaﬂﬂﬂ‘ﬂﬂ"l“liﬂ (slice etchlng) !ﬁﬂﬁﬂﬂﬂﬂﬂ"lmﬂﬁtﬂﬂﬂ'luﬁiilﬂﬂﬂ (native oxide) NOU
9 (= - |
NITAINIDUADN-1OU

- Wwlumsazawnsalalasigensa 10% a1 10 Turd

i
[

' By o b4
- yuluhwialosou udan
' 3 o Y o
- gulwihwialosou udai 2
- whudsdremalulasiou
W "V a3 A Ay a e 4 o o ¥
7. Mmsafusevasi-Buiiduiuisunasvousaduaotiiad Taomsunsozaou
v 9
msRertianssvututuguses luitidumsuniozasumatovosaavesamdr 11y
4 o o a oA = 1 a4 d a0
3NN INIBrHAN ANNANVesTosAoN-uTA) sz 1 TuTnswas
N32UIUNT Pre-deposition
& o o g 1 = a a
- veamsagaweraeumsoNaaeTd 1AW 3,000 SOUEDUIN 1381 20 IUIN

- puaIsaza1ui 150 C 1381 10 W

El sio.
Bl osioeadeda
W 0 region

p-substrate (111)

- Phosphorus pre-deposition 1,000 C N, 1,000 cc./min. 381 30 TRIT
[ v [

msaenean 1a@ (slice etching) toasnuven ledvesasdonoaroiainimh
- yuluansazaensalalasvigoaindmsunoarosa 10%

' oy o Y A
- uluihdalesau udan 1

¥ '

- Julwhwdalesou udan 2

- whudsdemalulasiau

p-substrate (111)

E sio.
M n region



65

. A o & Yy ¥ - " A od ¥
AS¥1UIUNIS Drive-in  iWoduAn1H l1danuanvessssaafi-duniudesnis Tu
- @ oo 9 3 an g'J ﬂ 3 9 a &
yaziauInunmmsadrusanou lasen ludvuuidlusuaamsaziounaa 1 luadqe &9
3 an o 3 =1 [V
Fusanou laeon lyanasevulinnuruilszum 1,000 d3anson

- Phosphorus drive-in #1 1,000 C O, 1,200 C cc./min. (Dry), O, 1,000 cc./min. (Wet)

p-substrate (111)
El sio.
W region
=y 3 _aa d a P 1 q’:
8. Photo etching for contact umsilladuvesdFanoulaoen loausnundudiuia
' ¥ '
FUNT (contact)  ¥oITOUADN-DUAIUMTURUNSVHAIVOUTASUAIDINAD A0
¥ v
a5z I 1da 150517 Taeld T IR uaddun 2 56071 Contact Mask
Photolithography Mask#2 (Contact)

¥ '
pULKHY 1AMV UN 90°C 11a1 30 LN

v ]
waoihe luaariauln (AZ P1350) 1013157 3,000 59UABUIN a1 40 Juh

DUNANT 90'C 1781 15 U

NG

p-substrate (111)
E sio.

P ' region
Bl AZ P1350

Develop WauTay
- 941U AZ Developer (AZ 300 MIF) ufa# 1 1281 15 311

- yulu AZ Developer (AZ 300 MIF) 134 2 131 15 319

]
=

' :’ o ¥
- whnihwdaleseu udan 1

¥ ]
- qulwhvialesou udai 2

whuadremaluTasiou
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substrate (111)
" EE sio.

N 1 region
Bl AZPI1350

¢ o -
- aUNAVT 90 C 1381 30 WA (Post bake)
3 a g aa 4 . z a 9 Y e
mslsmsazarwanasuganou lnoon laq (oxide etching) USHIMAUNIINTANY
ar 4'1 d a w Y A ¥ 3
HUIU52I 1,000 BIFATON HALITIDININDON ¥AUSIUA UK AIADIaINDRNINEES 1997
) " Y =R M Yo - o -y w
duraegudlne lulddmsndouthon luasidrumds
1 ) 4 [ "
- yulumsnza1otivines (buffer for phosphorus 6A3189U HF47%:6NH,F)

1 :‘ g y
- yulwihwialesou udan 1

1 oy o Vv ~
wluheialeseu udan 2

dhudademaluTasiau

p-substrate (111) B sio.
P n region
Bl AZP1350
o
nIZUIUMIADNNAY
J = b4 a =
- quadluezalau udad 1 nat 1w
1 =) v c; =t
- uasluezalau udai 2 nan 1 wii
1 :’ [ Y A
- Wwlwihwialessu udam 1
U oy ot Y
- gulwihvialosou udan 2

- whud g lulasiou

p-substrate (111)

El sio.
W . region

MIMANUAZDIARINTI

- aululasTalalsensau a1 5 win
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oans1 loialusza lay a1 3 vi

1 :' o Y
quluhedalesou udan 1

Ed ]
wluhuialeseu ufan 2

whurtsdeimalulasnu
msaonoen lud (slice etching) tioaanoon lHANINAAINTITHIIA (native oxide) NOU
a
manaeudu lane
- wlumsazawnsalalaswgesiadimsuneanosa 10% a1 10 Fui
" :F @ ¥y 4
- gulwhadalosou udai 1
¥ ]
- qulwhadalossu udan 2
- whudsdomaluTasiou
v o’f' . . a o J aa ) n’: L] S aa
9. M3ad 1%y Jane (metallization) DYUHENIUNAIMITININUAVBIHUNANTANDY
¥ ¥ Ed
fwnszurumsszime Tans lugayainIa (Al-vapor evaporation) e niilusudnives
4 a d 3 de U a A a & da ] Yt
iraduaseriing duvesTangilaud egiifionysqns Alianumuisa 1 Tulaswas e IAT
i Idhge mansmi i 1948
1
msndeutuegiiiion

¥ ¥ [
- MimsndeusuegiiitionlugyanAdlenies Evaporation NN1MAL 2x10° Torr,

El sio.

. Al

10. Photo etching for metallization 1{ums ﬂﬁm';"ufu'eaagﬁtﬁuuﬁﬂnﬂquﬁwmmu
wandanou Mifuaamonoudni @adusa) dronszuauns TWIdaTsns i Tael 9Tl 14
wafdmiuuen Tang (Metal Mask) Fuihu T 18 nad#uft 3 1agFon Metal Mask

N32UIUNT Photolithography Mask#3 (Metal Mask)

¥ ¥
ﬂmmu"lamm%uﬂ 90 C 178130 U

:’ a ~ o " a
mﬁaumm"lmmwuﬂmn (AZ P1350) NA211137 3,000 mumamﬁ 1381 40 'nnﬁ

pUNdNN 90°C 1941 15 UIA

RIYLLT



p-substrate (111)

=

Develop Houlae
- 41U AZ Developer (AZ 300 MIF) ufaf 1 13a1 15 31l
- 91U AZ Developer (AZ 300 MIF) ufaf 2 13a1 15 3w
1 oy [ v P
- quluthvdalesou udan 1
¥ [
- uluihwialossu udan 2

- whudsdemaluTasau

p-substrate (111)

4
1T

- oUAANT 90 C 1781 30 U7 (Post bake)
M3afia¥uegilitiun (Al-Etching)

wlumsnza1v Al-Etching Ngaivgiidszunm 40°C

' 3 o ¥ <
wlihialessu udai 1

' o w ¥
quﬁluuw%ﬂ"lﬂﬂﬂu NN 2

whudesdeme lulasiou

Ry
‘\"

p-substrate (111)

Ty

Si0,

n’ region
Al

AZ P1350

SiO:

n’ region
Al

AZ P1350

Si0.

n’ region
Al

AZ P1350

68



s
nIzuIUMIasnNau

wasluezalau udan 1 nar 1w

quasluezdlau ufai 2 a1 1 i

" °y ar ¥ ot

wlmihwialessu udam 1
i cw @ 3 a

- quluthedalesow udan 2

whuadrema luTasou

[

p-substrate (111) B sio.
M 1o region

3 d a [ (] 4 3 @ e [
MIAONFUDON I¥AUT UM UNAINUDON BRI oNA 319V IFUR AR UN S
1 .
- puuKu lannudud 90°C 1nan 30 U
¥ "
- i Iuaariiauan (AZ P1350) MATUHLIHY

- uHdUN 90°C 1181 30 W17

SiO.

n' region
Al

AZ P1350

i

i
¥ W o an o i &
msldmsazawanasudaneulaoonlod (oxide etching)

uluarsazarwiinines (buffer for phosphorus 8931874 HF47%:6NH,F)

1 : s 9 =
wluiwdalosou udan 1

yiluihwialoseu udan 2

whudadeiaslulasiou

Si0,

n’ region
Al

AZ P1350

p-substrate (111)

&
gii
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d
nIzUIUMIaDNNaAY
' a y =
- quasluezdlay uddn 1 a1 11

" = 1) 4
guasluezaTau udan 2 nar 1w

Vv [l
lwiwdaleseu udai 1

' o o Y
qi.laluu’l‘tl‘ﬂﬂllﬂﬂﬂu NN 2

ghudsdremna lulasou

E sio.
P 0 region
B al

p-substrate (111)

v
MsindouFuogiition
¥

- iimsndouyuegiiiion lugynInARI181n504 Evaporation NAMWAU 2x10° Torr.

El sio.
M 0 region
R SR ST e 5w A L A A

11. AILUIMAITUIADIIA (sintering) e Iseuduriasznhalany uazasnadani
Aaiflusansy (Al-si Alloy) Fevzilniiguauifiusevdudaloniin (ohmic contact) fiR
waziilusooduiaiiauysel

- sintering ﬁqmwgﬁ 500 C N, 1,000 cc./min. 301 12 U9
432 mszuumsaduvaduasemndinvwe fadaneusnmatadenmiluuan

MIazrounay

] a g | o« a d 1
1. UAURARITUAY (initial wafer) MiTUFIUTO9 (substrate) YDAFAALTIDIAAEG 1&UA

& aa a oA d’d . -
WANHAADUFUAN NUILUIU (orientation) (111)

p-substrate (111)
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o ' J o o Ao . 4 o A'
2. miw1m1uﬁ:mﬁuwunﬁ'nmsmmuwanau (wafer cleaning) lﬁﬂﬂﬂlﬂﬂﬁﬁﬂ‘ljﬁ'ﬂ
o ) - a " da ] - 1
ﬂﬂW\]lﬂﬂfJHﬂ:DﬂQ lﬂHTﬁ'H: mansm’lwumqq NHIVDAULHUHAN HUQL‘ﬂU

¥
MININNVALDIAUAUTANDUAT AN

v
dans latinlurivda looou a1 2 un

¥
wluniwialessu

whuwadoma luTnsiou

aulunsaluasn (HNO,) 181 10 WI¥

»
wilnihvialesou

v "
duluiialessu uda 1 na1 5 un

v "
duluiwdalessu uda 2 a1 5 un

1 d ]
whniwialesou udn 1

1

¥ [
wilmiwdalessu udan 2

whudadroma luTasiou

MIMANNALOIAR MY UHULDUINATFIY

aululasInlalsiensau nal 10 un

dans1 lyiinluezd lay a1 5w

1

» '
lwmihadaleoou udai 1

luiwialessu udam 2

whuadofie TuTasiau
msaonoon lua (slice etching) 1Noaonoon l¥@aNINAMNTITUYIA (native oxide) NOU
msaseeon loa
- wlumsazawnsalalasigonia 10% a1 10 i
¥ "
- wluhvialeseu udaii 1
- gulwiwdalessu udam 2
- nhudsdome TuTasiou
a o . . q’: aa ¢d da tY ] =
3. DONFATY (oxidation) HumsadaFudanoulaeen lanvunAamihvesuHunan
aa a o A y3 aa u‘d” LY ar '
Fanoudronszuumssendintu e ldvudanou lasen ladil iunthnindlesiunisuns
¥
YDIDZAOUA15IVD (diffusion mask of impurity atoms) 1ﬁ7qmﬂﬂ“ﬁ!ﬂ1 1,000 C Qmﬂquﬁ1 9 C
3
Ranunuivessuganoulasen laddszum 6,000 A
Oxidation
- Dry Oxidation 420 0, 1,200 cc./min. 1781 1 $3 T34

- Wet Oxidation @70 O, 1,000 cc./min. 1381 2 $2 139
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- Dry Oxidation A28 O, 1,200 cc./min. 1381 1 %2134

p-substrate (111)

El sio.

aensudaneulasen leduinudumdwruitondsauy I dumds (back
surface field: BSF) °lﬁﬁ’mmaﬁummﬁmﬁ

- ouwsuldn A 90°C nan 30 1l

- yhe lusssiiauan (AZ P1350) Ndumiiuniy

- UNEUN 90'C a1 30 wf

p-substrate (111)

R sio.
B AZPi1350
F4 [ 3 aa o
M3 l¥msazawanasusanou laoon lae (oxide etching)
' s o ] 1
- W lumsazmwiiines (buffer for oxidation 65103 HF47%:6NH,F)

U uy o Y
wluidalessu udan 1

' :’ @ ¥y
wluiwialesou udan 2

whusdome ' luTasiou

p-substrate (111)
HEl sio.
EEE Azri3so

o
NszUIUMIARNNAN
- quasluozdTau udan 1 na1 1w

- yuadluezdTau udan 2 a1 wf
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' :J' [ Y a
- quluhaialosou udan 1

' uy @ Y
- qulushadalosew udan 2

- whudedemaluTasau

p-substrate (111)

Bl sio.

o = 9
ANTNIANUTEDIANITI U

dululasiaTalsionsau a1 s wif

oans 1 latialuezd lau a1 5 U

1 oy [ Y ~
wluiadalosou udai 1

1 : [N Y P
luihadalosou uiai 2

whudadremaluTasiou

o 4 o a a 1
n15aeneen 4@ (slice etching) 1ioaonoan lEANIAAAINTITUIIA (native oxide) ABYU
MIMTUNT A5

wlumsazawnsalalasvigesn 10% a1 10 Jud

1 :‘ w v a
wlwihwdalossu udai 1

Y ]
guluihinlessu uiai 2

whudadema'luTasiau

s 4 s d 1 a
4, ﬂ’l‘iﬁ%"]»‘lﬁu']Mllﬂﬁ"iﬁ'ﬁlﬁﬁﬁmﬂ%t%ﬁﬂlkﬁﬁ@'lﬂﬂﬂ TﬂUﬂ'lﬁLLWiﬂ%ﬂ'é]iJﬁﬁﬁi’}“ﬁuﬂ
A o o Yy
mmnugmmwummwmuq&
NT¥UIUNIT Pre-deposition
o = g ' ~ a
b Wﬂﬂﬁ"l'iﬁgﬁ'ltlﬂzﬂﬂhE‘I"I‘EHIEIIUSEIN NAIUET 3,000 SDUADUIN 1307 20 IUIN

- puasazaei 150 C 11a1 10 WA

p-substrate (111)

E sio.
o550 Tusou

- Boron pre-deposition f 1,OOODC N, 1,000 cc./min. 1381 30 U
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p-substrate (111)
EEl sio.

Bl oseluseu
B 1 region (BSF)

1 v v
M3a0n00n 9@ (slice etching) tivasnduoon lydussansde lusounamih

JwlumsazarwnsalelasvigesindimiuTuseu (HF for boron) 10%

1 Sv [ Yy
wluiadalessu udai 1

1 :‘ [ Yy
wluhadalesou udam 2

whud s luTnseu

p-substrate (111)

R sio.
B p region (BSF)

9/ W 3 an o " : A o
msl¥asazarvanasusanou lnoonlaq (oxide etching) tWoasnoon laarun
= ¥ 3/ = [ ¥ 33 LI @ @ & E K
vsuuneen misuihimsaitesn laavu lvunieudumsvudn (drive-in) 9&@DU

=
@150 luseu

Julumsazaretivines (buffer for boron 851891 HF47%:6NH,F)

¥ '
luhvialessu udan 1

Y
A
' o’J g ¥y A

wluhvialessu udan 2

whudademarluTasiau

p-substrate (111)

:

s p region (BSF)

MM NUALDIARINTN

dululasialalsiensau a1 s uid

dans lawnialuezd oy a1 3 U

i 3w ¥
whnhavalesou uian 1

[ 3 o 9
wluihaialossu udah 2
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- whudedremelulnsou
o 4 o a = 1
M1520N00N 194 (slice etching) 1NBADNDDN IHANAANIUTITUIIA (native oxide) AOU
myas1eoon loa
- gwlumsazmensalalasvigoain 10% a1 10 Fui
" :‘ Qs 9 .::{
- qulurhedalosou udaii 1
- quluhedalosou udai 2
- thuisdemaluTasiau
o 3 aa ¢ A o £ o 1 A
5. miadrtusanou laven lad ineilunthnndlestumsunsvesezaouasie
Woaofaluvnzadsssrefi-Duuaziumstudn (drive-in) ozaouTusouvesauulnih
v ¥
aunas ) luddae ldgaungiiimn 1,000C quygiii 90C Tdnnunuvesiuganoula
3 o
oon lyatlseua 7,000 A
Oxidation
- Dry Oxidation @28 O, 1,200 cc./min. 1381 3 %2 T34
- Wet Oxidation #28 O, 1,000 cc./min. 1781 2 %2 133

- Dry Oxidation At 0, 1,200 cc./min. 1101 4 F2 14

p-substrate (111)

HE sio.

N 3 an o = {
6. Photo etching for n'-region tHumsitlasuvesganou laoen led luusnuneg
1 < a = ]
afuilusovdofi-duvousaduasoriad Arenszurums 148150313 (Photolithography)
a o /o o v + :
w30 I TAea%en Taeldanandudi 1 50091 N -region Mask

Photolithography Mask#1 (n'-region)

i ' 4 4 o =
puury lanuAuN 90 C a1 30 wIn

uy =Y — =1 " a =
Lﬂﬁﬂumm"huﬁwuﬂmﬂ (AZ P1350) NA10L57 3,000 '5?J'Uﬁ'lﬂu'lﬁ 130140 UM

ay o 4:‘ o =
2UNANN 90 C 1181 15 WIN

RIULLT



p-substrate (111)

E sio.
B Az P1350

Develop Waulas

- 41y AZ Developer (AZ 300 MIF) ufia# 1131 15 U1

- qulu AZ Developer (AZ 300 MIF) 424 2 181 15 U7

¥
=

1 :‘ o 3
wluthwdalesou udai 1

[

" : o Y =
wluihaidalessu uiai 2

- whudsdemaluTasou

p-substrate (111)
B sio.
EEE AZP1350
o -:: ° =
- aUWAVN 90 C 1121 10 UM (Post bake)
-~ d 9 [
- wasuWauM UK
g =
- puAauN 90 C 1121 30 UIN
p-substrate (111)
HE sio.

B AZP1350

76
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¥ " ¥ v
mslFmsazawaiadudanonulaoon lad (oxide etching) tiodanuiidmsums

1 A
LWITT199

Julumsazaesivivlos (buffer for oxidation SA183U HF47%:6NH,F)

1 :‘ [ Y
guluiwidaloosu udai 1

' :‘ w y &
- quluihadalesou udai 2

whudadeimaluTasiau

p-substrate (111)

B sio.
BEEE AZP1350
o
AszUIUMsasnlaY
J = 9/ d‘ =1
- quasluezdlau udai 1 a1 1w
1 = 9 d' =
- yuasTuezdTay udai 2 a1 1 i
1 :’ 7] 9/ d'
- quluthudalesou udaii 1
¥ ]
- gulwhadalessu udain 2
1 [+
- whutedreimaluTasou
p-substrate (111)
E sio.

MINIANUAZDIARINT
- dululasTaTalsondau a1 5 un
- pans1 latnluezd 1y 1Da1 3 WIN
’ 3 o 9/ d'
- wlnhadalesen udan 1
v 1
- wlwidaleseu udan 2

- whudsdefaluTasiou
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o y I a a . ‘ 1
miaﬁlﬂﬂﬂﬂul“]iﬂ (slice etching) Lﬁﬂaﬂﬂﬂﬂﬂul“ﬂﬂﬁtﬂﬂﬂnlﬁﬁuﬁfm (native oxide) NOU

msadreoon loq

wilumsazaensalalasgessa 10% a1 10 Fuid

v :’ o y
wluihwialossu udan 1

¥ [
' o w v
luhwdalosou udan 2

whuiadema'luTasou
[ 1 A d A ,ﬁ' - o a a o [
78 ﬂ'lﬁﬁi']\']i@Uﬂﬂw-muﬂl‘ﬂuwuT’I'iﬂllﬁﬁq.lﬂﬂ!“ﬂﬂﬁllﬁﬁﬂ'lﬂﬂﬂ Iﬂﬂﬂ‘]ﬁ%LWi'ﬂg@]ﬂﬂJ
v ¥
msReviansatutuiugiuses lunizdumsunsoznevmstovesloaresmd 1yl
& w o - | 1 A g A

15Nt Iusesriliail Anudnvessesdo-wulia sz 1 Tulaswns

NTLUIUNTT Pre-deposition

- o a o 1 = a =
- “Hﬂﬂﬂ'l'iﬁ$ﬁ1ﬂﬂ$ﬂﬂuﬁ1§mﬂﬂﬂﬂwﬂiﬁ NAIULTT 3,000 59UADUIN 1381 20 IUIN

- pU@ITAZAIwN 150 C a1 10 WA

p-substrate (111)
HEl sio.

B osieveaeia
M n region

- Phosphorus pre-deposition 1 1,000C N, 1,000 ce./min. 1381 30 N

4 . . y q’; s [ o
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AuaulRveraanaI0INa Anti-Reflection | AN
AM 1.5 WA3U3U 100 mW/em' W | Coating (ARC) | uANA

WuASUIaIveuvad (active area) 0.5 cm’ Si0, | PS (%)
AUNUNNIUNTENE (J,) mA/em’ | 30.538 | 37.976 | +24.357
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M99 5.2 guaiaveasaduaseindh lifiduaamsasiounds uazlisuannis
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pauautiAveraduTIeI A Fuaamsazfeuias (ARC)
AM 1.5 WA 100 mW/em' el No Sio, PS
%uﬁ%’mmwmwné (active area) 0.5 em’ ARC ARC ARC
ANUNUMUUNIZUE (J) mA/em’ | 22,530 | 29.985 | 34.460
NITUAVUZ AN (1) mA 11.265 | 14993 | 17.230
usaAuYnzla9 (V) \% 0.500 | 0.501 0.500
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AZ 300 MIF Developer

High Purity
Organic Aqueous Alkaline

MIF Developer

1. Description
AZ 300 MIF developer is an organic aqueous alkaline developer based on TMAH. It has low
metal ions . Lot - to - lot consistency is achieved through strict quality control.
AZ 300 MIF developer contains no surfactant and can be used in dip, puddle, and spray process
2. Properties
1) Appearance : Clear (colorless)
2) Spectific Gravity (25 °C ) : 1.000 + 0.010
3. Storage Condition
Keep insealed original container. Protect from sunlight. Store in a cool and dry room.
4. Handling Precaution / First Aid
1) handle with care. Keep away from heat, sparks, and open flames.
2) Keep away from skin. Were gloves and protective clothing as needed.
3) First Aid
If skin contact: Wash affected areas with soap and water.
If eye contact : Flush with water for at least 15 min. Contact physician.

If inhaled : Move into flesh air
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AZ P1350 Series Photoresist

For Photo Mask and Optical Disk Manufacturing

High Adhesion

For g — line Exposure

1. Description
Az 1350 series photoresist is suitable for photomask and optical disk manufacturing , especially
for the processes requiring high adhesion properties . It is formulated with the safer solvent
propylene glycol monomethyl ether acetate (PGMEA) rather than ethylene glycol acetate (EGA)
2. Features
1) Good resolution and linearity.
2) Wide exposure latitude and DOF margin.
3) Good adhesion.
4) Small dark erosion.
3. Storage Condition
Keep insealed original container. Protect from sunlight. Store in a cool and dry room.
4. Handling Precaution / First Aid
1) handle with care. Keep away from heat, sparks, and open flames.
2) Keep away from skin. Were gloves and protective clothing as needed.
3) First Aid
If skin contact: Wash affected areas with soap and water.
If eye contact : Flush with water for at least 15 min. Contact physician.
If inhaled : Move into flesh air.
5. Specifications
Solid Content (wt%) 162+ 1.0
Viscosity / 25 °C 48+ 0.5
Specific Gravity 1.010 + 0.005
Water Content (wt%) 0.5 max

Solvent propylene glycol monomethyl ether acetate (PGMEA)
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MICROPOSIT

S1818 Series Photoresist

S1800 positive g — Line photoresist is an industry proven, general purpose resist for conventional
device applications.

Features

- Fast photospeed and High resolution

- Good adhesion

- Good dry etching resistance

- Good film retention

Component Photoresist

] (411 on

(l)kl'll.

0 Solvent - MN%
ol TN e 1yt

Binder or matnx. ~  20%

Ll

propylene glycol methyl ether acetate A Novalac Resin

L&

Phouwuctive Compound  ~ 1-107%

diazonapthoguinone

Components without CAS numbers are Trade Secret

Component Name CAS# / CodesConcentration

Electronic grade propylene glycol 108-65-6 65.00 - 75.00

monomethyl ether acetate

Mixed cresol novolak resin 20.00 - 30.00
Nonionic Surfactant 0.01 - 1.00
Diazo Photoactive Compound 1.00 - 10.00

cresol 1319-77-3 0.01 -0.99
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Physical State Viscous liquid
Color Red

Odor Sweet

VOC (g/) 741.06
Specific Gravity 1.055

pH Neutral

Boiling Range/Point (°C/F)  145.8/295

Flash Point (PMCC) (°C/F)  40.5-46.1/105-115

Explosion Limits (%) Lower limit 1.5 at 20 °C. Upper limit 7.0 at 20 °C.
Solubility in Water Insoluble.

Vapor Density (Air = 1) Heavier than air.

Evaporation Rate Slower than ether

Vapor Pressure Propylene Glycol Monomethyl Ether Acetate:

3.7 mmHg at 20 °C.

SPIN CURVE
30.000
& 20000
S
2
@
g
3 51818
£=
[l
E
& 10,000|
0
2,000 3,000 4.000 5,000 6.000

Spin Speed (rpm)

4 o e ' o @
31 v.1 anudiussznianuEseuveImsatiuiuaNunuIve iy

»
e luas wed s1818



140

MARUIN A

- e y Yo o a < v
N?N'IN"JﬂElmﬂ‘SUﬂ']‘SﬂWNW!NUIIWﬁ

1. auifusd soiay o33 sjamsun wiade vouen ulu S50 uazqsing oude, “ms
ahuimeiadaneulasmatadendiielfiihiuanmsazfeuuaadmivivaduaeriing
uuuFanen,” mvszainmsmadaans syl it 27 (EECON 27), Vol.2, 1111 237-
240, Tsausu TaWina 5191 0ofia YOULAY, VOULAY, 11-12 WOATNIOU, 2547

2. 9337 3amIu daifiusA gies wazqsAng ouisey, “madenadrsiunesadanou
mmzilag3snsiadend,” nsszquinmimedmanssuTiih n¥ai 28 (EECON 28),
Vol.2, 11 1109-1112, Tsausu iiiia Jude, Qifia, 20-21 gainw, 2548

3. 9536 JYINITU AUNUTA FAAY wazqsfn iivaedey, “raduaeIRng v me Yo
Q‘ﬁnaumnﬂnﬁﬂ:’feuﬁlﬂuf;'uanmm:v‘fauuaa," msilszeuirmsnisinanssuivdh ﬂ%

#1 28 (EECON 28), Vol.2, w¥i1 1113-1116, Tsausu iisa I, e, 20-21 fainw, 2548



nsus:u3sINIsnvdAonssuluin ason 27
LaElectrical Engineering Conference

g -: Lo

ol g .2 -

\‘\;l\!\\\\: AR

\ ff > 3 6’\\

-1

mmdﬁn%y»ﬁg :
s:uunoﬂéuua:ﬁnsﬁﬂqu (c1)
AoUDoIMaSIia-inAlulagansauine (CP)
nasus:udawadnyryarundnaa (DS)
alannsaling (EL)

- lwidoans (cm)

11-12 wopdmeu 2547
Isvisulswina sis1 oofa voulnu

aidumsdaus:sulas
MADBIDANSSUIWWA Aru3ADNSSUANEAS

umidnenaauouinu




Back to content

Back to main

msahavuneaddnoulaamitadendineiluvuaamiasteunasdimivsadumsoinduuudaneu
Formation of Porous Silicon by Stain Etching for Anti-Reflection Layer of Silicon Solar Cells
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Abstract

Porous silicon or bulk silicon which contains
many small pores, can be formed by various methods but
the easiest and cheapest method is Stain Etching of
silicon crystal with the mixed solution of hydrofluoric
acid and nitric acid. Because the important properties of
porous  silicon such as  photoluminescence,
electroluminescence and high efficiency of photon
absorption so it is widely used, especially in the field of
optoelectronic devices. This paper presents the
experiments and results of formation of porous silicon by
stain etching, the investigation of growth rate and
properties of porous film that obtained by difference
conditions such as temperature of solution and surface

condition of initial silicon wafer are reported. Moreover
the effects of light illumination and sonication during the
formation of porous silicon are also proposed. The
experiment results show high potential applications of
porous silicon by stain etching for the low cost and high
efficiency silicon solar cells manufacturing industry.

Keywords : porous silicon, stain etching, solar cells .
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Abstract

This paper presents the experiments and results of sclective
formation of porous silicon by stain ctching on silicon surface and
aluminium coated silicon surface. The positive photo-resists of AZ
P1350 and SI818 have been used as the masking layer in
photolithography process. The experimental results show that both of
photo-resists are good masking layers but S1818 provided the higher
sclectivity of porous silicon layer. Morcover, the S1818 photo-resist can
be used as masking layer in forming porous silicon layer by ctching
through aluminium metal layer. Also. using Al patterns can provide
routes for sclective formation of porous silicon as well. By this simple
technique, it is very uscful for making low cost and high efficiency
silicon photo detectors and silicon solar cells with porous silicon as

anti-reflection layer.
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Silicon Solar Cells with Stain Etched Porous Silicon as an Anti-Reflection Layer
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Abstract

Porous silicon (PS) can be formed on any silicon surface
using a very simple and inexpensive stain etching technique. Because of
the excellent light trapping and anti-reflection propertics of PS layer, it
is widely used as an anti-reflection layer of solar cell. In our study, we
have focused on the formation of PS layers by stain etching on the
surface of silicon solar cell without disturbing the underlying junction
characteristics. In this experiment the effects of PS layer on the

important parameters of silicon solar cell are also studied and compared

o d

with the conventional SiO, anti-reflected silicon solar cells. It shows
that the short circuits current (I,) of cell with PS layer (20%
reflectance) is higher than the cell with SiO, layer about 19.88%, then it
increases 24.41% of cell efficiency (1)) and 19.64% of maximum power
(P_). In conclusion, it has high potential and possibility for replacing of
S$i0, layer by stain ctched PS laycrs to increase solar cell efficiency and

reduce the cost of cell fabrication.

Keywords : porous silicon, stain ctching, anti-reflection layer,

solar cclls
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