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Development of Silicon Solar Cells by using Anodized Porous Silicon

as an Anti-Reflection Layer

Ms. Nicharee Ratanavarakom
Assoc.Prof.Dr. Somkiat Supadech (Advisor)

2" Semester, Education Year 2005

Abstract

Porous silicon (PS) or bulk silicon contains many small pores can be formed on any silicon
surface. 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. The porous silicon layer is formed by
electrochemical etching reaction of silicon wafers in hydrofluoric solution which is called
anodization. In the present, anodization method is widely use because it has many advantage such as
highly uniform films with excellent anti-reflection{AR), can control the dept and pore of porous,
gradient index ARCs and can be form to micro porous. The porous silicon described in this our
study was fabricated by the electrochemical anodization of silicon in a hydrofluoric acid(HF) based
electrolyte in single tank vertical cell. In this study the effect of anodization time, anodization
current density and ratio of hydrofluoric acid concentration and ethanol solution and investigated.
Finally, silicon solar cells with anodized porous silicon as an anti-reflection layer are fabricated.

It is found that the varying one of anodization conditions such as decreasing the current
density or increasing the anodization time. It can decreases nanostructure which attributed to the
size effect. Finally,The porous silicon was applied to be optoelectronic divice such as a porous

silicon solar cells,
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1. snsfinaNgnd

maﬁwmﬁzﬁnmau (rest mass of an electron} m, 9.100x10™" kg
yaiisvesTilsaou (rest mass of proton) m, 1.672x10"" kg
u?ﬂﬁ@ﬂlﬂx‘iﬁ’lﬂ‘i DU (rest mass of neutron) m, 1.675x107 kg
ﬂi:ﬂﬁLEHWiﬂu (clectron charge) q 1.602x10"° C.
AT P ITE AR RRY P ER) fuiaiiwesdannTou g/m, 1.76x10""  Cikg.
fhm‘ﬁmmtmmﬁ {Planck’s constant) h 6.626x10"" J-sec
h=2imr | 4.136x10" &V-sec
ﬁ1ﬂﬁﬁﬂjﬂﬁiﬂﬁﬂ°ﬁ‘ﬁuﬁ (Boltzmann’s constant) k 1.31x10™ VK
8.617x10° eV/K
mﬂjﬂdﬁﬂﬂ’mﬂﬂ {Avagadro’s number) N, 6.023x10°° (k mol)'I
mmﬁmm‘luqumﬁ {speed of light in space} C 2.998x10°  msec
Sasdmuaa llsaounazdidnason m/m, | 1836
frneti InBidnA3AVBIRRIMA (Permittivity of free spacc) €, 8.854x10"
c;'/N.ml(F/m)
Aoy ﬁﬂzﬁﬁéﬁmjtyﬂpmﬁ (Permeability of free space) L, 1.257x10°
T.m/A(H/m)
ASeiueauens (Bohr radius) a, 5292x10" m
Fi'lﬂ»!ﬁ‘llﬂﬁﬂl‘l]ﬂ‘;ﬂ (Rydberg constant) R 1.097x10’ m"
ﬁ1ﬂ4ﬁﬁ]’ﬂdﬂmﬂ1u (Stagan’s constant) 'e] 5.67x10° w/m’
Aruesuuniinowu (Bohr mahneton) I, 9.273x10" T
Arnafisdnaien 1204 ( 1 electron - volts) eV 1.602x10° ]
ATNGI91UY0 (1 Joule) ] 6.242x10° eV
ﬁ1qmwgﬁﬁuusﬂ (Absolute temperature) K *c+273.15 K




2. parudanldveamstadahigamgiides (300 K)

qmwﬂa ddnou watuiilnu unoidoy i
onwlud

ANUNUMHHBE ROY 5x107 4.4x10” 2.2x10% cm’
¥OININGIU(E) 1.12 0.66 1.42 eV
UIOUIHD
B1BnAT8Y (mn*/mo) 1.182 0.553 0.0655
Tan  (mp*/mO) 0.81 0.357 0.524
ANURUMUU AN
fuauhy) 3.22x10” 1.03x10° 421x10" em”
fuourndudN) 1.83x10° 5.35%10" 9.52x10'°
ANUNUNUUNINE 1x10"° 2.17x10" 2.49x10° em”
DUNTUTA (ni)
frmwrna'mﬁ low doping
i, (electron) 1350 3900 8800 cm'/V-S
i, (hope) 480 1900 4000
aun dhanane 3x10° 105 4x10° Viem
Breakdown field
Anaraladianaia (K) 11.8 15.8 13.1
JAv ANz Ay 1,410 940 1240 °C




3. prumninvessdneulasenlua

e AUIA mine
R A— 60.08
AMUNUUUUOLADY 2.310-22 e’
AmMudLNIU (3 300 K) >1016 -em
fnafi laidnasn 3.9
YANADINGD 1700 °c
ANuiouiume 1.0 ig'c
msihanuiou 0.014 wies-°c
msveeduiisannanudeu 0.5x10° )"
4. pirniifiveistneu

#o winA miw
aveT Al 14
T — 28.086 glem”
ANUNUUILY 2.328 em”
ANUHHIHUOADY 2.96x10”
mnafi ladidinasn 11.7
WALULOVADIR 1.115
FulszAntpumgiveandsnuuoudosdiu -23x10" eV/°C
AHDOUNAD 1417 °C
ARG IR YBIBIANATOUTIAD 551D 100 580 cm'/V.s
nuadesivesBiinaseulions szUM100 1260 em'/V.s
ANunadIves Taafiia 5211100 400 em’/V.s
Anungessiveslealuiinms sz 100 230 em’/V.s
AN 3420




Mahanuiou 1.57 W/iem-°C

mMsveneda iesnnauiou 2.6x10° o)
AnsAYDIAAN 5.4307 A
ANuAuAenuIulsNIAS 0.98 x10" cm /dym
anufoulumsazae 1000 /G

1 Lt = qd -
ATUNU U UVDINIHZVBITAAOUL TGN 1.45 x10" cm’
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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 (PFGMEA) 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 Ald
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.
S. Specifications

Solid Content (wi%) 162+ 1.0



Viscosity /25 °C 48+ 05
Specific Gravity 1.010 £ 0.005
Water Content {w1%) 0.5 max

Solvent propylene glycol monomethyl ether acetate (PGMEA)

Spin Curve

g

:

An
T
E?

H

Film Thickness( A )
i

j'm L H L
2,000 3.000 4,000 3.000 6000

Spin Speed{rpm)
s 4,8cP

4 % o ] d o ar
i 2. 1 namlumaannuduiussendnn s seuvesmsaumediuanunuives

s 7 -
Adurionlues iwes AZ1350



MICROPOSIT

S1818 Series Photoresist

81800 positive g — Line photoresist is an industry proven, general purpose resist for conventional

device applications.

FEATURES

- Fast photo speed and High resolution
- Good adhesion
- Good dry etching resistance

- Good film retention

Component Photoresist

)

I))K"H,

3] Solvent -
e 1,

propylene glyoad methyi ciber acetule

R

drronapthopumne

ik

Lk

Hat e

[313]

A Nonabiwe Resin

Phiacin ¢ Compound -

Components without CAS numbers are Trade Secret

Component Name CAS# / Codes Concentration
Electronic grade propylene glycol 108-65-6 65.00 - 75.00
monomethyl ether acetate

Mixed cresol novolak resin 20.00 - 30.00

1- 1645

Binder or many ~

0 E



Component Name

Nonionic Surfactant

Diazo Photoactive Compound

CAS# / Codes Concentration
0.01 - 1.00
1.00 - 10.00

cresol 1319-77-3 0.01 -0.99
Physical Stata Viscous liquid

Color Red

Odor Sweet

VOC (g/) 741.06

Specific Gravity 1.055

pH Neutral
Boiling Range/Point (°C/F)
Flash Point (PMCC) (°C/F)
Explosion Limits (%)
Solubility in Water

Vapor Density (Alr = 1)
Evaporation Rate

Vapor Pressure

145.8/295

40.5-46.1 / 105-115

Lower {imit 1.5 at 20 °C. Upper limit 7.0 at 20 °C.
Insoluble.

Heavier than air.

Slower than ether

Propylene Glycol Monomethy| Ether Acetate:
3.7 mmHg at 20 °C.



SPIN CURVE
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1.1 thouadiiSlhumatadtneulasenlasd
nIanBon shntvived (buffer solution)

éy or g ¥ o W oA 4 A ] a o v - -~ A a
U’lUT]JﬂLNBﬁi‘ﬂﬁ'l‘l’TTUﬂWSﬂﬂ"ﬁﬂﬂﬂuﬂﬂﬂul%ﬂlswatﬂﬂﬂiﬂﬂﬁ'lﬁﬁ‘].IL!WSI‘T'I';TH]'B HIDIWDY

¥
ar

o o Y o o 4 o e : eig W I o/ ] G -3 LY
soudude (contact) MARURAINsalenshsdnl e isiulidas lumsdanandaiuvuegiv

=) b4 o
ﬂ'lﬂﬂﬂﬂql"lfﬂ'n.lﬂ'ﬂﬂi]’]lﬂu““'ﬂﬂﬂ']u

whisdided 1
nsa laTasvgoasn (HF) 50 % 1 gau
uanTuflouwgonlsd (NHF) 6 du
wauiu Tal5inas T8a51m 318 (etching rate) Yszu1m 1000 S3arAI0UADLIN
witirived 2
nin'laTasugoosn (HF) 50 % 1 A
uouTuflouviges |5 (NH,F) 10 @

waunu InsdSuias 1onsimstalssuin 600 iaasauAawIN (10 DgaToNAa )
1.2 Yheusiiis lumatnesgiitley
1

a - 3 s ] 3 o Qs o oo P o
uwuﬂmﬂﬂumiﬂﬂﬂzqmuﬂﬂmmmumiﬂﬂazgmuﬂmwammmm

c:’ 4 & @ o A = = [ dw
ﬂ.l'ﬂﬂﬂ%lll!’t}“ﬂﬂiﬂ!ﬁ"liﬂﬁﬂ?ﬂ'] MET’JNIH’L‘T!JEIJENﬁﬁLﬂllTﬂEJﬂilﬂﬂ'i N

nianaaesn (H,PO,) 80 o
nsa luasn (HNO,) 5 A
nIABZFAN (CH,COOH) 5 AU
ﬁw“l U?fj“ﬂ Ed (deionized water; DI water) 10 a4

1.3 thenadlfil¥ lumshansiodtneu uuy Stain etching
nsalalasvigoodn (HF) 50 % 1 e
n3a luain (HNO,) 3 dau

¥ o
IRLTE ONT (deionized water; DI water) 5 T
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nImiaNNrseIAuNUBIReUATININ

Ultrasonic 14 DI 1381 2 WA

a;ju“luﬂy1 DI

dulunsaluasn (HNO,) 1381 10 win
ﬁuiuﬁq DI

Aulu DIuAaf 1981 5 wif

ul DI udaf 2981 5 Wi

lu DI

whudsdemasTuTaseu (N,)

MIMININEEIRRINININHILLINASEIH

auly Trichloroethylene (C,HCI,) 1781 10 U
Ultrasonic 14 Acetone (CH,COCH,) na 5 UIN
fuln DI ufafi |

§ulu DI ufafi 2

whudsdommluTasieu ()

17 Slice Etching

julumsazanensalelasiougeelsn (HF) 10% a1 10 3w
ulu DI ufad 1
Julu Dl udan 2

thuiademes TuTasiou (N,)
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