ANAYUN IWNNNON : MIANHIFAALAIINAE IATIA319 Local back passivation 910
aIAA18Y8INAY Borosilicate glass deansazane lusou (STUDY OF LOCAL BACK
PASSIVATION SOLAR CELL STRUCTURE USING PATTERNS OF BOROSILI-
CATE GLASS FILM BY BORON SOLUTION) e10136f1/3n11 : diaveaasiangd

a J [ 9
AT.NNYITIU ‘ﬂﬂq:}iimiﬂy, 136 ¥iUN.

Yy 9 o 4 A daa 1 . : Z
Iﬂ5Qﬁ51ﬂﬂ1u14ﬁﬂsllﬂﬂl"]5aﬁllﬁﬂBTVW]?J"B&?]E]‘L!?E]?JG]E] p/n-Si ﬁﬁ’mﬂixﬂaumawu

ard ad a { 1 a < 4 Y Aa a a o ia o o { '
‘V\Iall‘]J’l\“lulﬂalaﬂﬂiﬂﬁﬁa')ﬂa']fJGlf'ENUJ@]GUu'lﬂ!aﬂ Lﬁ’iﬂﬂtﬂﬂﬂinmqum%uﬁw’muwﬁ‘ﬁgmu

Aana 9 [ ' . . =
FIUFANDUA UK AN i38n71 Local back passivation %30 Local back surface field (LBSF) U518

v A

2 K 2 o 4 a X v A Y (9 1 =
umm@ﬁum”lﬂﬂmwslumu C]f\?ﬁﬂ‘]&lil!%ﬁﬂl;ﬂﬂﬂ]ﬂl;ﬂﬁ?ﬂﬁ\?Nai‘ﬂﬂWiﬁ’)ll@'ﬂWllﬂlﬂﬁW'leﬂ
a 9 [ Y] a o a 4 9 a
UIIUATUNAIAAAN Glu‘]ji]i]ﬂufﬂiNﬁ@L%ﬁm!ﬁﬂ@WﬂﬁﬂIﬂiﬁﬁiN LBSF 1UQ@ﬁ1Wﬂ55NUHN

Ya Aq Y @ ' s = o Sldya J a = Ulﬂll v ¥ ao &
Gl%')ﬁﬂi“]fwa{lﬁ'lu’q{l YU I G]f\‘lfl]gﬂ'liﬂwule%ﬁﬁlﬂ@ﬂ'ﬁ’lﬂlﬁﬂﬁ’]ﬂ A8 ANUHUITUIIYU

= Y o = 9 4 a Jaa 9 9 a9 o
%\‘]ul@’I“I/nﬂ']'iﬁﬂH"lﬂTiﬁiNL‘ﬂ)’ﬁaLLﬁQﬂWﬂﬁﬂ“ﬂﬁﬂﬂuIﬂi\iﬁiN LBSF @385 UNUAIINNT

=2 g

9 [ a < a o a g a 9 Aam 9 @
ﬁ'ﬁ"lﬂaﬂﬂﬁWﬂ‘b’ﬂﬁlﬂﬂﬂluTﬂmﬂfﬂ?ﬂV‘lﬁﬂJUWQulﬂﬂlﬁﬂVliﬂﬂ'Jﬂ'J‘ﬁﬂ"lﬁ‘]Jig‘Vl‘llﬁ"lﬂ Faunanns

v a 9 A o Y "a = d' (% v AaA
ANANINWTITEC U Vl”lsl,ﬁnlulﬂﬂﬂ’nulﬁﬂﬁ”lﬂﬂiﬂﬂ?fllwﬁ%’ﬁﬂ@u

=\

a o dy Yy 9 a + . 9 (Y a Y 9J d'
QTH?%ﬂu"lﬂﬁﬁNﬂil’Jﬂ! p -Si AURBIV YT UMM IFa15azats Tusounil

a

J 2 o [ ] ax o 1 A A
odiguaozaouod TUTBUNINY 0.15% Tagr1uasmsdseiuatsuazunsasivongungl
I 4 a A { 1

1150°C 11ura1 30 wiii e lvinausnm p-si AunzauTlastinnudiuniu Tadunu

yu/ [ Ia| o ad a a 1 [

Uszanal 46 Qsheet HoNIAUTLIAANMIMTFUAT ANV IaBIanNIAYTAAIa o Taun

ar d aa a d an
Wauwoa TWBana (Phosphosilicate glass, PSG) ttazianuTs¥aina (Borosilicate glass, BSG)
v A9 9 a d aa J :

MNNTZUIUMSUNT AR oA NS ou auFanou laoon lua (Si0,) 9INNTZUIUMT Dry
ald aa 14

oxidation wazWdusanou ulasa (Si,N,) 91NNT¢UVIUNIT Sputtering 148¢ Plasma enhanced

4 4 ~ o [ I g’; a o 4

chemical vapor deposition (PECVD) ton1deu vz avdmsuidlusumadinsuluyad
naeiadaaneuIngaasne LBSF

4 a o ~ a dy 1 a3
Tassaraaduaeornadauuuuin lanasanlumsansii uueldilu 2 Tnseada

v 9
%

A 4 a o 9 A Aa 1 a ald I g; ag a
A0 aaNAIINAd IATaa319 LBSF nnusnareulavudlay BSG Huvulad@aanin
1Y L 1 @ ]
Mund Taowad luTaseadraianudiumu Idiumudusuneaalusa 110 - 130 Q/sheet
L [ Aa a [ { { 4 { o [ g {
Tassadatlianlsz@niammsulamdnuigeiiga fe 5.30% ludonlvnlidadiuiun

] a 3}_, a o A 4 a o 9 AA A + .
Foullavesruilay BSG 1 15% uazivaaudseriad lnsaaste LBSF Adusnw p-Si lag
L A 1 a Y A I y ad a 1% g 1
msanuilaldusnageullasuilay siN, Wusulasidannindiumnas Tnseadeiilian
a A [ ~ ~ A d' A o ! g A 2 ?z‘/
Uszansammsudaandsnuigaiiga Ao 8.76% luSou lviddaauiuiveuilavo sy

G q



9

a o { v 4 o 4 { { o o
Waw SiN, 7 15% snnadlerhidou luiangauiassdieTisunsy PCID 9nnan1sdians
1 4 a <Y 9 9 ax o Y a A
WUaduaI01NadauLuuIAsIes e LBSF adeasmslsznivatsldissdnsamnmsnlas
o { 1 4 a o ' 3 ° o
WAIUNFINIIFAdUA 0198 15983190195 FIUNTT 1.43% tagiiiothumuiunugu
a a 1 1" v J 1 4 [
nulumsrndadigaa1nngsy WuNIIMAUNUABIARaAaININNI 3.71% WorlSeufeuny
¢ a o v ¥ ¢ a
IFAALAIDINAG IATITFNNIATTIU AU UTAALAIDINA01ATIEH319 LBSF 910029010904
a d a d a a o 1 1 a a
Hawuraladanninenitnsdsesivate Jelinnuduataenisainulunisnaniss

gaainssula

1131 enssy i AeioyeInAnY _ INAtU) -
Umsdnm 2562 Aeilo¥9019158NUS N1 Qﬂ/'//"/
J




KAMONCHANOK MEKMORK: STUDY OF LOCAL BACK
PASSIVATION SOLAR CELL STRUCTURE USING PATTERNS OF
BOROSILICATE GLASS FILM BY BORON SOLUTION. THESIS
ADVISOR : ASST. PROF. THIPWAN FANGSUWANNARAK, Ph.D.,

136 PP.

LOCALBACK PASSIVATION SOLAR CELL/DOPANT SOLUTION

DIELECTRIC FILM/STAMPING

The rear structure of p/n junction silicon solar cell consists of a thin dielectric
layer with its opening pattern. This will lead to perform in the surface passivation at
the rear called as local back passivation or local back surface field (LBSF). The
LBSF area also behaves as an internal electric field. This behavior results in a lower
carrier recombination at the rear cell. Nowadays, many industrial fabrication
techniques for LBSF solar cells are using high-power methods such as laser ablation.
This will cause the cell surface to become easily damaged. Therefore, this research
has been studied for the preparation of LBSF silicon solar cell structure with a low-
cost method by using pattern-stamped approach to form a small opening pattern of a
thin dielectric film. This chemical etching concept is able to avoid the silicon surface
damage.

In this research, the pattern area of heavily dopant p*-Si on the local rear areas
was demonstrated with using 0.15 at% through the stamping method and subsequent
thermal diffusion at 1150°C for 30 minutes. The appropriate p'-Si localized arear
obtains the sheet resistance at 46 Q/sheet. Furthermore, the synthesis of various types

of dielectric film, including phosphosilicate glass (PSG), borosilicate glass (BSG),



silicon dioxide film (SiO,) and silicon nitride films (Si3N4). The PSG and BSG film
are simultaneously performed after the thermal diffusion process. The SiO, film was
prepared by a dry oxidation. The SizN,4 film were differently prepared by using a RF
sputtering technique and a plasma-enhanced chemical vapor deposition (PECVD)
technique in order to investigate the optimized passivation layer in the LBSF solar
cells.

The prototype solar cell structure considered in this study can be divided into
2 structures. Firstly, the LBSF solar cell with such opening BSG areas as the
localized dielectric layer. This structure with using 110 - 130 Q/sheet of the n-emitter
layer provides the highest energy conversion efficiency of 5.30% in the condition of
the opening BSG film of 15% aperture ratio. Secondly, the LBSF solar cell based on
a localized p*-Si area and a SisN, dielectric opening layer, provides the highest
energy conversion efficiency of 8.76% in the condition of the opening SisN4 film of
15% aperture ratio. Moreover, PC1D simulation showed that the LBSF solar cell
using the stamping method provided the higher energy conversion efficiency than
that of a standard p/n silicon solar cell by 1.43%. In the cost analysis in industrial
solar cell production, the less cost per watt by 3.71% is expected to compare with a
standard p/n silicon solar cell. Therefore, the novel fabrication for LBSF solar cells
by using a stamping method is mostly possible to be worthwhile for the industrial

solar cell investment.
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