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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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AA9INUDY Bolzmann HAUNAY 1.38 x 10~ J/K
vy

ANEITINVBIFUIIY

1 ad
FTYLNNNITUNTVDIDIANATOU
FTYLNNMTUNTVDI 10
AMUYITINYDIVIIY p-Si Az VI p -Si
AMUNUILILYDIDZABUAITORS U (Acceptor)

1 A Y
ﬂamwmuuummamaummelfflw (Donor)
ANUHUILUUVDIAITRBNA MU x 1A 9 uaznart a9
ANUHU U UYDIATIABTAD
v A @

FUR VLA
ANUHU MU UVDINIHE
W luuas
maa lWihouna 1000 W/m’ Audanasgiu AMI.5
Ansnvesszq Il Tauninu 1.602x 10 C
anumunu I nsesduia (Contact resistance)
mmsﬁ'mmumgﬂiu (Series resistance)
ANUMUIMUUUI (Shunt resistance)
anud 1w IA i (Sheet Resistance)

1 [ v
TEYTUNITEHINNNUVUY 4 point probe
1128 standard cubi¢ centimeter per minute

<3 Y = dy Aa
AN lumssna InunnuRg
(Effective surface recombination velocity)

~q Y '

DA 19 lunsuns

a

gungil

ugadu Wi (Voltage)

usadu T ihgage

5384 1W111)A1995 (Open-circuit voltage)

ANUANvDIUTNAUYasaNIHE (Depletion region)
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FLELNNANNANVBIMITUNT AT

4
Totiu (Ohm)
Uszansmumsudainasanu (Efficiency)
ANUBINAU
Tulasmas
anndumu I (Resistivity)
ANVAIUMNUT UG (Effective resistivity)
ANUAUNMUTUNIZUTIY p-Si LagL31Io p -Si
1 aa 9 9 A a . .
FNTINVDINIHE VNN 08N NDUNA Auger recombination
1 aa 9J 9 d‘ dy [
FNBFINVOINIM VWU 08N I

¥9BINVINIHE (Effective lifetime)

A a

1 a 9 9 .. . .
“HN%’JG]*UENW1W3“UNHE]EJ NOULNA Radiative recombination

v
a

F9FINVBINN ML V198N NOUINA Recombination through traps

v Y
a

] aa 9 Y S A
FNYINVOIN ML VNUDENNUH?
Tang[u (Silver)

IR
Tavizozaiiioy (Aluminium)
N1egiiiley
Atomic layer deposition
Aluminium Induced Layer Exchange

Aa A J .. .
pzgilitionoon T (Aluminium oxide)

4] 14

N1ED1INDU (Argon gas)
9
Futloaumsasiouad (Anti-reflection coating)
Tusou (Boron)

A -y 4 .
M50 TUso U0 (Boron laser doping)
Anhydrous boric oxide

Back surface field

Borosilicate glass
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EtOH
EUR

FT-IR

GaAs
HBO
HCl
HF
HNO,

H,0

2
H,0,
H,BO,
H,PO,
IPA
IR lamp
KOH
LBSF
LID
LIP
me-Si
MIS
NECTEC
N

2

NH,

NH,OH

n-Si
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Cetyltrimethyl ammonium bromide (C,,H,,BrN)
Czochralski

Ethanol (C,H,OH)

NU8IIUg 3 (Euro)

Fourier Transform Infrared Spectrometer

UNAIAY (Gallium)

unadene13is 1ug (Gallium arsenide)

Metaboric acid

nia'lalasAaesn (Hydrochloric acid)
nsalalasgoasn (Hydrofluoric acid)

n5a luA3 N (Nitric acid)

dhitrhumsfialoseusi 9 (Deionized water)
laTasinumesoon lasd (Hydrogen peroxide)
N3AVDIN (Boric acid)

niavleane3n (Phosphoric acid)

ToTwInswvea (Isopropanol)

naondUNI1UTA

Twunaiden'lansonloa (Potassium Hydroxide)
Local back surface field

msg?'fammwﬁgﬁﬂmﬂum (Light-induced degradation)
ﬁmiﬂymmu Light-induced plating
FANOUNAYNAN (Multi-crystalline silicon)

Tavig - U - ﬁﬁﬁﬂﬁ 2111 (Metal-Insulation-Semiconductor)
audmaluladdidnnsetinduazaouiumesiiana
a1 Ta191 (Nitrogen gas)

Maen Tuiile (Ammonia gas)
wonTuilen'laasonlod (Ammonium hydroxide)

aa a <
FANDUFHALDU



PESC
PERC
PERL
PERT
PERF
POCI,
PSG
P,O;
pn-Si
p-Si
p+-Si
QE
QSSPC
RCA
RTP
SE

SEM

Si

SiH,
Si,N,, SiN,
Si0,

SiON,
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FanousnauNNUsIn 15901 (Lightly doped)

Qo oOa

FanouUvHAL uﬁﬁﬂ?mmmiﬁaqq (Heavily doped)
M¥ODATIY (Oxygen gas)
nszurumsndo lomil Ingeordonarain
(Plasma Enhanced Chemical Vapor Deposition)
Passivated emitter solar cell

Passivated emitter and rear cell

Passivated emitter and rear locally diffused cell
Passivated emitter and rear totally diffused cell
Passivated emitter and rear floating junction cell
Phosphorus oxychloride

Phosphosilicate glass

Phosphorus pentoxide

seEADfildUYDITANIY

FanouUa

Qaﬂauﬁyﬁﬂﬁﬁﬁﬂ?mmmsﬁ@ga (Heavily doped)
UseANTNNBINIDUAN (Quantum efficiency)
Quasi-steady-state photoconductance

Radio corporation of America
AT2UIUMIMNMI A3 01981959015 (Rapid thermal process)
FusunANLTNe (Selective emitter)
NADIIANIIAMIBIANATOULLLTDINTIA

(Scanning electron microscope)

Fanou (Silicon)

ey Tesran (Silane gas)

Fanoululasd (Silicon nitride)

an O' - . .
Fanou'laoonlwa (Silicon dioxide)

Aa a J . L.
Fanouoand 1 lasa (Silicon oxynitride)
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TEOS = Tetraethyl orthosilicate (Si(OC,H,),)
UNSW = University of New South Wales
UV-Vis = UV-Visible spectrophotometer
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M13199 1.1 UMW dUaI01998 1n53e519 LBSF L1614 9| (Green, 2015)

v UHUNINNTODNLUY V.. J. FF n
[GERLERE S ,
NUFIAUND (mV) | (mA/ecm’) (%) (%)
p-Silicon
PERC 696 403 81.4 22.8
p-Silicon
PERL R /o7 706 422 82.8 24.7
p-Silicon
PERT 706 41.2 81.4 23.6
p-Silicon
PERF 714 33.8 82.4 19.2
100%
90% —
80%
g 70%
(=]
E 60% m - u Si-based tandem
z -] back contact
£ 50% E > m Si-heterojunciton (SHJ)
E 40% , o = PERC/PERL/PERT
3 - mBSF
S 30%
z
20%
10%
0%
IHSM 2018 2018 2019 2021 2023 2026 2029

A Y =S a < a " 9 1 Y =3
qﬁ;‘ﬂﬂ 1.2 !.L‘L!'JI'L!?JW]?]T‘L!IﬁElﬂ'liwaﬁlc]famlﬁ\‘]ﬂ'l‘ﬂﬁﬂIﬂiQﬁiNﬂN 9 mﬂﬂw‘umumamﬂﬁ

(ITRPV, 2018)
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UTHNAN 9 (https://www.enfsolar.com/pv/panel)

UIHN maTulad maalwdh ad) | 5100 @msad)
Mono - Standard 270 - 290 6.39
Poly - Standard 255-280 6.08
TPL Solar (China)
Mono - PERC 300 - 320 6.39
Poly - PERC 265 - 290 7.32
Mono. - Standard 250 -290 7.32
Poly - Standard 250 - 280 7.02
Sunpro Power (China)
Mono - PERC 290 - 310 8.22
Poly - PERC 270 - 290 7.32
Mono - Standard 295 -315 9.13
Poly - Standard 270 - 285 9.13
Exiom Solution (Spain)
Mono - PERC 280 - 300 9.13
Poly - PERC 265 - 285 9.13
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UTEN malulad maalidh Gad) | 311 @mad)
Poly - Standard 265 -285 6.79
Luxen Solar Energy (China)
Poly - PERC 305 - 325 7.35
Mysolar USA (United Poly - Standard 270 -290 7.02
States) Poly - PERC 305 - 325 8.36
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[ = 9 7 a < . L Aa
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Ag front contact

Anti-reflection coating

n-Si emitter

p-Si substrate

p*-Si back surface field

Al back contact
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Tagf n, Ao ANWUUMLUUVBININZLDY Intrinsic 1A8TNYUNNNROL n, YOITAADY
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/
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225 nanmspaanylihncunasveusaduaie1fing (Back Surface Field)
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Condition Dielectric film Aperture ratio (%) V.. V) I, (mA/cmz) FF (%) n (%) 1M gain (%)
PSG/n/p - 0.444 21.685 49.157 4.900 -
PSG/n/p/p /BSG aperture ratio 20% 20 0.438 20.520 54.228 4915 0.015
PSG/BSG
PSG/n/p/p /BSG aperture ratio 15% 15 0.442 21.779 52.473 4.930 0.030
PSG/n/p/p /BSG aperture ratio 10% 10 0.449 20.100 52.363 4.587 -0.313
SiO,/n/p - 0.428 23.100 52.012 5.142 -
SiOZ/n/p/p+/SiO2 aperture ratio 20% 20 0.455 22.800 52.227 5.418 0.276
SiO, Dry oxidation
SiOZ/n/p/p+/SiO2 aperture ratio 15% 15 0.455 24.800 52.630 5.939 0.796
SiOz/n/p/p+/SiO2 aperture ratio 10% 10 0.456 24.600 54.107 6.070 0.927
Si,N, sputt/n/p - 0.419 19.100 50.622 4.066 -
Si,N, sputt/n/p/p /Si,N, sputt aperture ratio 20% 20 0.430 19.000 54.655 4.462 0.396
Si,N, Sputtering
Si,N, sputt/n/p/p /Si,N, sputt aperture ratio 15% 15 0.422 17.800 51.733 3.886 -0.180
Si,N, sputt/n/p/p /Si,N, sputt aperture ratio 10% 10 0.420 17.500 36.245 2.664 -1.402
Si,N, PECVD/n/p 5 0.510 29.745 52.885 8.011 -
Si;N, PECVD/n/p/p+/Si3N4 PECVD aperture ratio 20% 20 0.518 29.775 53.185 8.187 0.176
Si,N, PECVD
Si,N, PECVD/n/p/p+/Si3N4 PECVD aperture ratio 15% 15 0.521 30.910 54.421 8.761 0.750
Si,N, PECVD/n/p/p+/Si3N4 PECVD aperture ratio 10% 10 0.511 29.730 52.753 7.996 -0.015
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Si,N,/n/p

Si,N,/n/p/p /Si,N,

aperture ratio 20%

Si,N,/n/p/p /Si,N,

aperture ratio 15%

Si,N,/n/p/p /Si,N,

aperture ratio 10%

Device area (cm’) 243.36
Thickness (um) 180
Front and rear surface texture: Depth (um) 3
Background doping type p-type
Background doping concentration (cm”) 8.065x 10"
Background doping resitivity (Q-cm) 1.8
Emitter contact: Internal series resistance (Q) 1x10°
Base contact: Internal series resistance (€2) 5x10°
Internal shunt elements: Conductor (S) 25x10°
Front side film reflectance (%) 1.5
Front side film thickness (nm) 85
Front side film index 2.08
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Si,N,/n/p/p /Si,N, Si,N,/n/p/p /Si,N, Si,N,/n/p/p /SL,N,
Si,N,/n/p
aperture ratio 20% aperture ratio 15% aperture ratio 10%
Rear side film reflectance (%) - 80 85 90
Rear side film thickness (nm) - 100
Rear side film index - 2.1
Front side diffusion n-type
Front side doping concentration (cm ) 4.833x 10"
Front side sheet resistance ({)/sheet) 120
Rear side diffusion - p-type
Rear side doping concentration (em”) - 6.902x 10"
Rear side sheet resistance (Q/sheet) - 46.79
Recombination (ps) 12.51 21.46 26.69 22.42
Front surface recombination velocity (cm/s) 1x10°
Rear surface recombination velocity (cm/s) 1600 931.97 749.34 892.06
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GﬂﬁN’ﬁ f.3 mmuimaqaazmu mmwmuuu@zmmmszmwummamaumimﬁ}ummmsazmﬂmﬁ‘W@iﬁ
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Y o 1 4 J g}J
uu%mﬁmmmuimaqa@zmu mmﬁmuuuamammm‘ﬂaiwumm@zmumimﬁ}u

ﬁ'Tié:\Wg])u / 9RO Si C H O P WaTIU
TEOS, Si(OC,H,), 1 8 20 4 0 33
EtOH, C,H.OH 0 2 6 1 0 9
Deionized water, H,0 0 0 2 1 0 3
Phosphoric acid, H,PO, 0 0 3 4 1 8
NUIUDLADY 1 10 31 10 1 53
touTuanaszaou (atoms) 1.35x10% 1.39x10” 1.06x10% 4.32x10” 6.30x10” 1.65x10™
ANMUMUUUBZABY (atoms/em’) 7.83x10” 8.06x10°" 6.14x10” 2.51x10” 3.66x10” 9.57x10”
o iFudvoezasu (%) 0.82 8.42 64.14 26.24 0.38 100
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a§ﬂ1‘§ﬁ1u’Jﬂ!?ﬂﬂ31Naﬂﬂlﬂﬂﬂ$ﬂﬁﬂﬁ1‘§!$63§ﬂlﬂﬁ Fick’s first law



"3§m§ﬂ°1mmmmmﬁnmaaamamm%ﬁ%mm Fick’s first law

1NNV UYBIRzaan Tusautazeaesan Idainmssiuiaazdanana

=< g}/ + . . o o Aa o dy 9 1 =< g}J + . .
ANNANVDIFY p -Si 1A n-Si MUAIAY IAUITeH IAMIAINNNANVOIFU p -Si 1Az n-Si
FeFsmamudn Taeldisuea Fick’s first law wamvualddSuaesvonlslunsunsi

1o o a o A A = Y o Jyar o A A
LL‘U‘UUhJﬂ']ﬂﬂﬁ]']ﬂ‘l/‘lallﬁ'ﬁlﬂ’ﬂﬂlﬂﬁﬂllulﬂ ﬂ'lﬁﬂ'I‘Ll'JﬂH]31‘57‘]aﬂﬂ]@@ﬁ15a3a1&1ﬂ5@u1’]ﬂ

a

sl o o ' A A < A
Lﬂ@il%u@ﬂ%ﬁ@hﬂl@ﬂi‘ﬂiﬂu 0.15% !,La$ﬂ1ﬂ1§LLW§ﬁWiLﬁ]®ﬂQﬂ!ﬁﬂM 1150°C L‘]J“Ll!,’m"l 30 4N

QU

33| o ! o =2 g‘/ + .
Wuamedelumsmuisanuanveayu p -Si

AANNITN (9.1) VD4 Fick’s first law

—— =erfc - z \.D

'
A A

Tag N, A9 ANUHUILHBYEIEsReNd M x 1a 9 uazan t 1 9 (atoms/em’)

A ' A Aa 3
N A9 ANUHUIMUUYDITITADNHI (atoms/cm’)

0

erfc -z A0 Complementary error function U84 z

16 3 g 1 A o 1A A ~ o
10 N, = 1 x 10" atoms/em” 1WuaNUMUIUYIas e ludumisnaniiga daumu
ANUHUWUUVOIUHUTIUTAADU

20 3 g ' A A W Y
N, =N, =1.47 x 10" atoms/cm Lﬂummwmuuummmmammwﬂﬂ

0 boron

v 1x10'®atom/cm® 5
ala erfc-z = m T = 6.82%10
1.47x10-"atom/cm

NAUNITN (3.2) erffc-z = 1 — erf - z (1.2)

a'ld erf-z = 1—erfc-z = 1—(6.82x10") = 0.9999318

91091519 Error function 3218 z=2.817
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NANMSIN (1.3) VoIduYseaNTMsuns (Diffusivity)

E
D = Doexp(—k—,? (3.3)

a 1

P v
o duilseAnsmMIunINgUHNNITUNITUNIZ (cm/s)

U

Taeh

[
1 a2

J A d‘tﬂy I 1 ' v 2
ATANINNITUNTUDINTTIID Mwmﬂumeﬂmeuummmu 0.76 cm'/s

o o
(a0]

1% ~Aq 1 Agd a Y
o wasnun g umsuns luntiluvea TusounAUNINY 3.46 eV

>
D) D D D D)

1 3

9 AINIAIVDY Boltzmann UAUNINDY 8.62 x 10° ev/K

AAq Y 1 d.g‘z I
a1 lunsuws Tunindh 273 + 1150°C = 1423 K

[«0)
2O

346 eV _
ald D =(0.76 cmz/s) exp(- ) = 4.27x10 Bem?fs

(8.62 x10" eV/K) (1423K)

A = A
NTUNIIN (3.4) VBIANNANUDIAN1TLAD

x = 2zVDt (1.4

Tagh x A9 SLELNNANVANVBINSIUNTEITIDD (um)

t o namldlunmsuns Tunidlu 30 x 60 = 1800 s

Y -13 -4
wld  x = 2(2.817),[(4.27x10 " cm?/s)(1800s) = 1.56 x 10" cm = 1.56 um
o & ° Y ax C 1 = g + . Ay y
ANUUIINNITATUIUNAIYITUDN Fick’s first law AIANUANVDIFU p -Si V]llﬂﬂ'lﬂﬂ'li
= A sl o o ' A A
llWiV\IﬁiJ"U’E)\‘]ﬁ']iﬁ%ﬁ'lﬂIUi'ﬁ)uﬂNlﬂﬂilcﬂuﬁﬂgﬁﬂﬂﬂlﬂﬂiﬂiﬂu 0.15% LAZNMINITUNTTITLAON
a I A A 1w
uUNYY 1150°C L‘]JL!L'JZ‘H 30 UIN UAUNTINY 1.56 pm
' = H Ay y ' A , = g LAy v
AINNNANVDIYU p -Si ‘1/]llﬂﬂ1ﬂﬂ1il,w‘liﬁ1§!%’f]1ﬂi’E]u!,l,ﬁgﬂ']ﬂ'ﬂuﬂﬂ"ll’f)\‘i‘]fu n-Si V]hlﬂ
1 A [ A v o Y axy .
%'lﬂﬂ'lilLWiﬁ'lil%@ﬂ@ﬁﬂﬂiﬁiulﬁ@uqm@'l\? S ANNITATUIUAIYITUDN Fick’s first law TR

A9915199 4.1 1AL 4.2 AuaIaY
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A 1 = Z’, + . A vy 1 A A 1
137197 9.1 AANUANVYDIFU p -Si m‘l@mﬂmmmmmaTmauclumau"lmmq 9

gaungilunsuns e lumsuns ANNANVOITU p -Si
%Atomic of boron -
(°0) (W) (pm)
1000 0.42
1050 60 0.76
1100 1.32
0.150
15 1.10
30 1.56
60 221
1150
0.100 1.52
0.125 30 1.54
0.300 1.63

d' U =3 g’/ . d‘ 9 ' A [ d‘ 1
AT NN 3.2 AMANUANUVDIBU n-Si “l/]hlﬂiﬂﬂﬂﬁllfwiﬁﬁl%’i)ﬂ@ﬁﬂfliﬁiulﬁE]‘LlllellG]N 9

%Atomic of gangilunsuns . | anw@nvesa n-si
DA IUNTUNT (W)
phousphorus (°O) (um)
0.382 0.5766
0.377 0.5759
0.372 0.5752
1000 60
0.367 0.5749
0.363 0.5745
0.358 0.5741
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VUADUNIIAILN Flash foam



4
U

=
YUNDUMIIA8H Flash foam
Y ]
TUADUNTIATBY Flash foam 1529010 (34910M1300NULVAINABHININA VLA
v Y
Posrnuuaaunasvuia 3 em x 3 em JuiillasiimsesauuyalaaisuuuaIBdUILIA 250 pm

Aa = v o J Yy o 1 ti’ A A . ]
nanvuzmeINUNUalIaagveLases laslvidagiununsouila (Aperture ratio) [317)

[ [ d' & [ 1 dy d' 1 a o Y o d‘
FEHIN 5 - 30% LAAIAIANTIT NN .1 cmaﬂmuwuw%mmﬂmmmmmm"lﬂmaumiw @.1)

. Wunyeudla
Yadununsouila (%) = —————— @.1)
aaaIUuNUNYoIUa (%) = 2 o x 100

Nunrosila

d‘ ?x‘/ dal d' 1 a 1 a) Q} 1 »dy d' 1 a
A15199 9.1 ANNENINIMNALaNUNVeIreullauazsosla LazdadIununsouda

#0110 %9310
AN i, AW i, faduituiideada (%)
y NUN (cm) y NUN (cm)
MHUA (cm) MHUA (cm)
0.150 0.450 2.850 8.550 5
0.275 0.825 2.725 8.175 10
0.400 1.200 2.600 7.800 15
0.500 1.500 2.500 7.500 20
0.600 1.800 2.400 7.200 25
0.700 2.100 2.300 6.900 30

91111101 Flash foam naaesaqildi 1.1 naznihmnivuaadessunaaumariiaion
Buaaadagii 1.2 1fuaTed Flassh Stamp ju JL-V fiveslfiRmswadudeering
wiranedomaTuTadgsuis Taoldszduanuduveaauidy 3.5 nansdaglii 03 nas
unlasoz¥§A3e17 Flash foam 1¥araaefudnvazudnusouiauazyodaniud

ponuuy 13 uanedsgli 1.4



114

H 1 1 9
gﬂﬁ 9.1 LIWU Flash foam NouMsuasasdsNaIngiy

(M (v) ()

1cm 1cm 1cm
(9 Q (P

1cm 1cm 1cm

~ 9 =3 @ [ a A o [l z ~
31]1/] 9.2 W‘Ll"lﬂ"lﬂ‘l/l'ﬂllﬁﬂﬂﬂﬂﬂ‘L!LLfNLl‘V\Iﬁ“Ha'Jﬂﬁ"lfl“lf@\ﬂﬂﬂﬂlﬂ"lﬂ 250 um TaeldaaIunun

FOUTA (1) 5% (V) 10% (A) 15% (1) 20% (D) 25% LAz (R) 30%
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31U 9.4 wHY Flash foam Mevaamsuvlasuasalnargreutlaving 250 um Tnsldadiu

A A4 o
wunvewuila (M) 5% (V) 10% (A1) 15% (3) 20% () 25% Loz (R) 30%
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Photoconductance lifetime tester



NaN3IAAIYINTINUDINIHG  (Lifetime) 381A309 Photoconductance lifetime

tester

5182108ANaNT IAMFIFIAVBINIMEN 1A91nA15 TARI81AT B9 Photoconductance
lifetime tester 8¥® Sinton instrument §' W WCT-120 Tagldinaiia Quasi-steady-state
~ o aa d a 4 a 4 1 a
photoconductance (QSSPC) wg{uﬂmﬂuiaﬂamﬂmauﬂmmzﬂaummamwwm (NECTEC)
[ A = [ A ana A dy a s a o 9
ﬂﬂl!ﬁﬂﬁiu‘ﬂ‘ﬂ“ﬂ 4 GINwami”mmmwmmmwmwwummaqwaaummmﬂmmsn
Ax a + . = i a Y o . Y [ = v J
LBSF Ny p -Si uazmnm%uﬂﬂwwau SI3N4 PECVD muﬂmzﬂ%umﬂmm«vaa
A " 9 [ A
LLﬁQﬂTﬂﬁﬂIﬂi\iﬁﬁNM?ﬂﬁjﬁu Llﬁﬂﬂﬂ\‘lgﬂﬂ R.l1-n4
Wafer Lifetime Measurement Software

Zero Instrument ‘ Measure Wafer | Log To Summary| S3veSraphDatato | Generate SEMPV13 "5‘! nton

TextFile R Version 450 © Sinton Instruments 2013
Sample Parameters Analysis Parameters Measurement Details
Thickness Resistivity  Sample | Optical Specified BiasLight  Analysis Kog S0 [SPuce tor User Comments
Sample Name cm) (Q-cm) Type Constant MCD (cm®)  (suns) Mode Date Time Summary
Si3N4-n-p 0.02 15 p-type 0.70 1.0E+15 0 Generalized (111)|  7/6/2018 10:28:33 Logged
Results of Measurement Error Messages
Lifetime at Sheet  Measured Fit ) Ii-ip ) ) 1sun
Spec. MCD Resistance Resistivity Intercept Min MCD Max MCD Bias pointCD Density (cm”  Doping Implied
(ps) (0/sq) (Q-cm)  JO (Alem?) (ps) (em?) (em?) (em?) ) (em?) Voc (V) Remove Sample From Stage
12.51 38.3 0.77 -5.83E-13 9.4 6.8E+13 5.7E+15 0.0E+00 0.0E+00 9.8E+15 0.608 and Re-Zero Instrument
Lifetime = 12.51 ps @ 1.0E+15 cm-3
andF Inverse Lifetime (Corrected) vs. Carrier Density Rescale
2 0.0 Graph
——Light Intensty (suns) < 300000 | = Winonty Carrier Density
» ——Photoconductance (Siemens) o ‘E' % Apprent Carrier Density
3 + Firstp 5 —Ft
by irst Point Analyzed E 5 250000 | e St
Eu i
w2 5| §
24 & 200000
§ $| &
g 10 o015 § 3 weite
£ 3
£
E . L I | 100000
4 a3 LT
0005 2 | = |
: £ ésoooo B
o | ) ! t - o ° } !
00E+00 20E-03 40E-03 60E-03 80E03 10E-02 12602 14E-02 0.00€+00 2006415 400415 6.00E 415
Time (seconds) Minority Carrier Density (cm?)
Implied Vo, Minority Carrier Lifetime (noAuger Correction) vs Minority Rescale
100.00 Carrier Density Graph

5.00€ 05

4.00E 05

g

3.00€ 05

2.00€ 05

4
s

Nlumination (suns)
g

1.00€ 05

Minority Carrler Lifetime (seconds)

.01 0.00€ +00 + +
0.4000 0.4500 0.5000 0.5500 0.6000 0.6500 0.7000 0.7500 1.00E+13 1.00E+14 1.00E+15 1.00E+16

Implied Open Circuit Voltage (V) Minority Carrier Density (cm=)

0.

511 2.1 Hamsian13 T Inve sz veuraauaIind InTea 3 19as U

G
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‘an Datato | Generate SEMPV13 'VS'I l‘lton Wafer Lifetime Measurement Software
Report

Version 450 © Sinton Instruments 2013
truments
Sample Parameters Analysis Parameters Measurement Details
~ ~ ~ ~ B T e
Thickness Resistivity  Sample | Optical Specified BjasLight  Analysis Logto, [Spece forUser Comments
Sample Name cm] Q-cm Constant MCD (cm suns Mode Date Time Summa
3N4-n-p-p+ 2 0.02 15 p-type 0.70 1.0E+15 0 Generalized (11)| 7/6/2018 __ 10:30:17 __ Logged
Results of Measurement Error Messages
Lifetime at Sheet  Measured Fit Trap g 1sun
Spec. MCD Resistance Resistivity Intercept Min MCD Max MCD Bias pointCD Density (cm" Doping  Implied
(ps) (0/sq) (Q-cm)  JO (Alem’) cm?) (em?) (em?) b (em?) Voc (V) Remove Sample From Stage
21.48 37.1 0.74 6.16E-13 53.8 1.5E414  8.5E+15 0.0E+00 0.0E400 __ 9.8E+15 0.625 STty N
Lifetime = 21.46 ps @ 1.0E+15 cm-3
andF Inverse Lifetime (Corrected) vs. Carrier Density Rescale
20 0.045 Graph
——Uight Intensiy (suns) £ 180000 = Winonty Camier Density
» T \ ——Photoconductance (Siemens) 0.04 = siosee x Apprent Carier Density
- —Ft
16 + First Point Analyzed 003 ¢ E
7 = 140000 +_Specifed MCD
g i 0.0 £ 5
2, ol 120000
0.025
g ” g gwmo
E ¥ ooz 7 80000
5 i 0,015 § s £0000
=, 0.01 g = 40000 —
F ol LT T &
2 0.005 mm] ——=RRax
0 0 0
00E+00 2003 40E03 60E03 8OE03 10E02 12602 14E02 0.00E +00 5.00€+15 1,00 416
Time (seconds) Minority Carrier Density (cm)
Implied V. Minority Carrier Lifetime (noAuger Correction) vs Minority Rescale
100.00 - - Carrier Density Graph
3 8.00€ 05 ] ® Minority Carrier Density
| s X Apparent Carrier Dersity
10.00 1 E 7.00€.05 @ Speciied Carrier Densky
g | s 600E05
) | E
) I 2 500605
§ 100 t =
= | 3 400e05 — 2
E ‘ ’g 3.00€ 05
s
3 o010 T © 200608
| g 1.00€ 05
£
001 S 0.00€+00
04000 04500 05000 05500 06000 06500 07000 07500 1.00E+13 1.00E 414 1.00E+15 1.00E+16
Implied Open Circuit Voltage (V) Minority Carrier Density (cm?)

s n2 HANTIAAITINTINVOIN NS VD IFABUEI91TAS 1ATIe519 LBSF M)

a ] a g’; a
uazUsnuveutlatuiay Si,N, PECVD aun

" a

WU p-Si

A A
AUNUNY

(2

N

[

Ndaa ¥0a1la 20%
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'“m Datato Generate SEMIPV13 & n(On Wafer Lifetime Measurement Software
Report

Zero Instrument ’ Measure Wafer | Log To Summary

TextFile . 1 t Version 450 © Sinton Instruments 2013
nstruments
Sample Parameters Analysis Parameters Measurement Details
{Sample Paramater ~ ~ Analysis Parameters ~ weaEmE R
Thickness Resistivity  Sample | Optical Specified BiasLight  Analysis Logto [Spece forUser Comments
Sample Name cm) Q-cm Constant MCD |em"| ‘Sunl! Mode Date Time Sl"llﬂl!!
3N4-n-p-p+ 1 0.02 15 p-type 0.70 1.0E+15 [ Generalized (11)| 7/6/2018 __ 10:31:17 __Logged
Results of Measurement Error M.‘Mn.‘
Lifetime at Sheet  Measured Fit Trap ; 1sun
Spec. MCD Resistance Resistivity Intercept Min MCD Max MCD Bias pointCD Density (cm” Doping  mplied
(us) (0/sq) (Q-cm) _ Jo(Alem’)  (us) (em?) (em?) (em?) %) (em®) _ Voc(v) | Remove SampleFrom Stage
26.69 49.2 0.98 9.68E-13  -152.1 1.5E+14  9.0E+15 0.0E+00 0.0E+00 9.8E+15 0.628 S0l Re-Tato etniment
Lifetime = 26.69 ps @ 1.0E+15 cm-3
and Inverse Lifetime (Corrected) vs. Carrier Density Rescale
20 008 i)
——Light Intensay (suns) =: 140000 = Minority Carrier Density
bt ——Photoconductance (Siemens) o = x Apprent Carrier Density
16 « FirstPoint Analyzed 004 7 E 120000 i
’g“ aais E L * Specified MCD
H N | T T 1 1 1 3 gvomo
~12 0.03 =
.
§ 10 0.025 g 5.
=
Es 0.02 o 60000
5 -
2 6 0015 é 40000 x !
4 001 ¥ -} "I......
2 0005 E el ] T Rl
o } } ! i - — o ° )
0.0E+00 20E-03 40E03 60E03 BSO0E03 10E02 12E02 14E.02 0.00€ +00 5.00€+15 1.00E+16
Time (seconds) Minority Carrier Density (cm?) |
Implied Voc Minority Carrier Lifetime (noAuger Correction) vs Minority | Rescate
100.00 Carrier Density Graph
3 1.006.04 W Minority Carrier Density
s x Apparent Carrier Density
_ 1000 S, p— | \ @ Spactied Carir Dunsty
5 g
e 3
= © 6.00E05
s 1.00 =
g z
£ 2 400e05
5 0.40 — S
= E 200€05 |-
=3
c
0.01 - i 0.00€ +00 - +
0.4000 0.4500 0.5000 0.5500 0.6000 0.6500 0.7000 0.7500 1.00E+13 1.00E+14 1.00€E+15 1.00€ +16
Implied Open Circuit Voltage (V) | Minority Carrier Density (cm=)
1] = v 11 Aa 7 A o’T Y A a +o.
o
JUN .3 AANITIANTIBNBIAVDININEUDIULFAALUTIDINAY LATIFT1 LBSF NUUINIU p -Si

U

¥
[ [

= ' S ¥ < . Y { ! { 1 |
wazusnaveullasulay Si,N, PECVD munainidadiuiuiseuila 15%
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Wafer Lifetime Measurement Software

save Datato | Generate SEMPV13| ~5{
Zero Instrument | Measure Wafer | Log To Summary m Report > : n‘ton . Version 450 © Sinton Instruments 2013
instruments
samgln Parameters Aﬂl!xﬂl Parameters Measurement Details
Thickness Resistivity  Sample | Optical Specified BjasLight  Analysis Logto: [Spece for User Comments
pl [Q-cm P Constant MCD (cm” suns) Mode Date Time SUMI!!
i3N4-n-p-p+ 10|  0.02 1.5 p-type 0.70 1.0E+15 0 Generalized (111)|  7/6/2018  10:29:28  Logged
Results of Measurement Error M.!!Iﬂ.!
Lifetime at Sheet  Measured T Fit N N Y Trap - " 1sun
Spec. MCD Resistance Resistivity Intercept Min MCD Max MCD Bias pointCD Density (cm Doping Implied
(6s) (0/sq) (Qcm)  Jo(Alem’)  (ps) (em®) (em?) (em?) o) (em?) Voc (V) | Remove Sample From Stage
22.42 333 0.67 1.08E-12  -228.3  1.JE#14 _ 8.5E#15 0.0E+00 0.0E+00 _ 9.8E+15 0.627 #nd Re-Zero Instrument
Lifetime = 22.42 ps @ 1.0E+15 cm-3
and Inverse Lifetime (Corrected) vs. Carrier Density Rescale
2 0045 .
——Light Intensiy (Suns) =3 = Minonty Cammer Density
1 R 1 Photoconductance (Siemens) 0.04 £ 160000 x Apprent Carrier Density
16 + FirstPoint Analyzed 8% 5 140000 | T;:«AM o

S

: \\\ I ——

Ilumination (suns)

Photoconductance (Slemens)
Corr
:

” S——
-....'.',! LE

\‘?\ \ 0.005 E 20000

| 1 1 T t 0 I
0.0E+00 20E-03 4.0E-03 6OE-03 BOE-03 10E02 12602 14E-02 0.00€ 400 5.00E+15 1.00E+16
Time (seconds) Minority Carrier Density (cm?)
Implied Vo. Carrier Lifetime (noAug ) vs Minority Rescale
100.00 Carrier Density Graph
S ‘ ® Minority Carrier Density
§ 8.00E 05  Apparent Carrier Density
10.00 S 700605 ! # Specitied Carrier Density
2 6.00E05
i £ 5.00€.05
g 100 £
= < 40005
£ £
= L oseeees W —1————
S o010 o
= 2.00€.05 =
= z
S 100605
&
0.01 S 0006400 } !
04000 04500 05000 05500 06000 06500 07000 07500 1.00E+13 1.00E +14 1.00E+15 1006416
Implied Open Circuit Voltage (V) | Minority Carrier Density (cm?)

A [ AR Aa J a " Y A A + .
3‘]J‘VI N4 Nﬁﬂ1i?ﬂﬂ1°]f’N“lf’J@]"’ll’fNW"lﬂ$"’11’ENL“]£@E1LLE‘N’E)”IVIG]ﬂiﬂiﬂﬁiN LBSF nyysa p -Si
4 U 1 &' d'

a ] a g’; a { 1 a
nazUsnuveutlasuildy Si,N, PECVD munasniidadiuiiuiveuila 10%
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o d A d
Nﬂﬂ]ﬁ%]ﬁf’]x‘i!"lfﬁﬁ!!ﬁ\?ﬂfﬂﬂﬂﬁ?ﬂiﬂﬁ!!ﬂiﬂ PC1D

A

o J a J o a 4 a L
N13T1a0INaveIasLaI0INaddleou luRenuniskaaaduase g lu
T5991UgAA NS TN FAMTHIHANTIAAINITAZROULEIRIEIATEY UV-Vis A1519919704
@ < @ ] d‘g a 9 A . . Y
WIMzuaz a3 1A UM INA IHUVDINIHE NN URIAI8IATO9 Lifetime tester 111411

A luTsunsu PCID s9udae naaswanagli v.1 - ¥.8

i thesis NP ref.prm - PC1I Energy Bands

File Device Excitation Compute Graph View Options Help

Dis|@ | pla| =1 A[TEE ) &%) [ 2

DEVICE
Device area: 243.36 cm?
Front surface texture depth: 3 um E
Rear surface texture depth: 3 ym
No surface charge
Front surface optically coated
No Exterior Rear Reflectance Distance from Front (um)
No internal optical reflectance

Device Schematic

Emitter contact: 1x10- ) letxg———— T ——————
Base contact: 5x10+ Q)
Internal conductor: 2.5x10 § le+18-

REGION 1

le+16|-
Thickness: 130 um et

Material modified from si.mat
Carrier mobilities from internal model
Dielectric constant: 11.9 1e+12 -
Band gap: 1.124 eV
Intrinsic conc. at 300 K: 1x10%* cm~?
Refractive index from si.inr
Absorption coeff. from si300.abs
Free carrier absorption enabled

P-type background doping: 8.065x10* cm-*
1st front diff.: N-type, 4.833x10%° em-® peak
No 2nd front diffusion
No rear diffusion

Bulk recombination: 1, = 1, = 12.51 us
Front-surface recom.: S model, S,
Rear-surface recom.: S model, S, =
EXCITATION

Excitation from one-sun.exc

Excitation mode: Transient, 16 timesteps

Temperature: 25°C

Base circuit: Sweep from -0.8 to 0.8 V

Collector circuit: Zero

Primary light source enabled
Constant intensity: 0.1 W cm?
Spectrum from am15g.spe

Secondary light source disabled
RESULTS

Short-circuit Ib: -7.916 amps

Max base power out: 3.845 watts

Open-circuit Vb: 0.6007 volts

B . . 1e+14

1e+10
0

= 1000 cm/s
1598.72 cm/s

{ o J a o '
517 ¥.1 mamstaeuraauase1iad Inssadnuasgiuaiellsunsy PCID TaolHou Ly
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Device area: 243.36 cm?
Front surface texture depth: 3 ym
Rear surface texture depth: 3 um
No surface charge
Front surface optically coated ) 100
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No internal optical reflectance
Emitter contact: 110~ ©
Base contact: 5x10+ O
Internal conductor; 2.5x10% S
REGION 1
Thickness: 180 um
Material modified from si.mat
Carrier mobilities from internal model B
Dielectric constant: 11.9
Band gap: 1.124 eV
Intrinsic conc. at 300 K: 1x10%¢ cm+
Refractive index from si.inr
Absorption coeff. from si300.abs
Free carrier absorption enabled
P-type background doping: 8.065x10% cm™
1st front diff.: N-type, 4.833x10%* em® peak
No 2nd front diffusion
Istrear diff.: P-type, 6.902x10% cm peak
No 2nd rear diffusion
Bulk recombination: 1, = 1, = 21.46 us
Front-surface recom.: S model, S,
Rear-surface recom.: S model, S,
EXCITATION
Excitation from one-sun.exc
Excitation mode: Transient, 16 timesteps
Temperature: 25°C
Base circuit: Sweep from -0.8t0 0.8 V
Collector circuit: Zero
Primary light source enabled
Constant intensity: 0.1 W cm?
Spectrum from am15g.spc
Secondary light source disabled
RESULTS
Short-circuit Ib: -8.209 amps
Max base power out: 4.134 watts
Open-circuit Vb: 0.6213 volts
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Device area: 243.36 cm? b
Front surface texture depth: 3 ym E =
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Rear surface texture depth: 3 pym
No surface charge

Front surface optically coated
Rear surface optically coated
No internal optical reflectance
Emitter contact: 1x10~ Q

Base contact: 5x10+ Q

Internal conductor: 2.5x10° § Te+15
REGION 1 -
Thickness: 180 um = Te+10[
Material modified from si.mat
Carrier mobilities from internal model B 18+05
Dielectric constant: 11.9

Band gap: 1.124 eV 1e+00
Intrinsic conc. at 300 K: 1x10% ¢cm-?
Refractive index from si.inr
Absorption coeff. from si300.abs
Free carrier absorption enabled
P-type background doping: 8.065x10* cm?
Ist front diff.: N-type, 4.833x10' em™* peak
No 2nd front diffusion
st rear diff.:  P-type. 6.902:x10' cm- peak
No 2nd rear diffusion
Bulk recombination: t, = 1, = 21.46 us
Front-surface recom.: S model. S, = S, = 1000 cm/s
Rear-surface recom.: S model, S, =S, = 931.97 cm/s
EXCITATION
Excitation from scan-qe.exc
Excitation mode: Transient, 90 timesteps
Temperature: 300 K
Base circuit: Zero
Collector circuirt: Zero
Primary light source enabled
Constant intensity: 1x10-* W cm?
Monochrome, wavelength from 300 to 1200 nm
Secondary light source disabled
RESULTS
Short-circuit Ib: -0.0220 amps
Max base power out: 1.64e-25 watts
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Dielectric constant: 11.9

Device Schematic

Band gap: 1.124 eV
Intrinsic conc. at 300 K: 1x10%¢ cm*
Refractive index from si.inr
Absorption coeff. from si300.abs
Free carrier absorption enabled
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Excitation mode: Transient, 16 timesteps

Temperature: 25°C

Base circuit: Sweep from -0.8 to 0.8 V

Collector circuit: Zero

Primary light source enabled
Constant intensity: 0.1 W cm
Spectrum from am15g.spe

Secondary light source disabled
RESULTS

Short-circuit Ib: -8.247 amps

Max base power out: 4.191 watts

Open-circuit Vb: 0.6262 volts
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DEVICE Device Schematic o
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Front surface texture depth: 3 pm E fra
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Rear surface texture depth: 3 um
No surface charge
Front surface optically coated g0
Rear surface optically coated
No internal optical reflectance
Emitter contact: 110 ©
Base contact: 5x104 Q
Internal conductor; 2.5x10% S
REGION 1
Thickness: 180 pm
Material modified from si.mat
Carrier mobilities from internal model B
Dielectric constant: 11.9
Band gap: 1.124 eV
Intrinsic conc. at 300 K: 1x10* em™
Refractive index from si.inr
Absorption coeff. from si300.abs
Free carrier absorption enabled
P-type background doping: 8.065x10* em
1st front diff.: N-type, 4.833x10%° cm® peak
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EXCITATION
Excitation from scan-ge.exc
Excitation mode: Transient, 90 timesteps
Temperature: 300 K
Base circuit: Zero
Collector cireuir: Zero
Primary light source enabled
Constant intensity: 110~ W cm?
Monochrome, wavelength from 300 to 1200 nm
Secondary light source disabled
RESULTS
Short-circuit Ib: -0.0220 amps
Max base power out: 8.417e-25 watts
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Excitation from one-sun.exc
Excitation mode: Transient, 16 timesteps
Temperature: 25°C
Base circuit: Sweep from -0.8 to 0.8 V
Collector circuir: Zero
Primary light source enabled
Constant intensity: 0.1 W cm2
Spectrum from am15g.spc
Secondary light source disabled
RESULTS
Short-circuit Ib: -8.217 amps
Max base power out: 4.146 watts
Open-circuit Vb: 0.6223 volts
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RESULTS
Short-circuit Ib: -0,0220 amps
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Local back surface field (LBSF) for solar cell by using flash foam stamp method

Kamonchanok Mekmork, Thipwan Fangsuwannarak”

School of Electrical Engineering, Suranaree University of Technology, Nakhon Ratchasima, 30000, Thailand

Abstract:

The development of high efficiency solar cells can be achieved by reducing the rate of carrier recombination at the
Junction interface by building an internal electric field. In this research, we have initially fabricated local back surface
field (LBSF) layer for solar cell prototype development by using a simple flash foam stamp method. Flash foam stamp
was produced patterns in order to imprint dopant film directly on Si substrate. In diffusion process, the dopant
patterned area obtains low sheet resi: e values, adjustably below 56.93 Ohm/sheet that are lower than that of p-Si
substrate (80.84 Ohm/sheet). This is noted that localized boron diffusion procedure to form LBSF layer can be achieved
via a flash foam stamp method. The aperture ratio of the LBSF pattern below 20% effectively influences to the carrier-
lifetime improvement. It was found that the aperture ratio of 15% obtained the longer carrier-lifetime of 26.69 us with
gain by 90% comparing to sample without LBSF layer. The proficient carrier-lifetime can result in the higher efficiency
solar cell. This non-complex process using flash foam stamp is an alternative production procedure to be co-operated
effectively with solar cell industrial production for power efficiency improvement.

Keywords: Photovoltaic; Boron sol-gel; Local back surface field; Flash foam and stamping technique

*Corresponding author: Tel.: +66-4422-4582, Fax: +66-4422-4601
E-mail address: thipwan@g.sut.ac.th

1. Introduction

Solar cells have been continuously developed to provide high energy conversion efficiency. The
solar cell with a local back surface field (LBSF) will be efficiency up to 24% (Green, 2001).
Because of different concentration of p*/p junction at the rear side of p-Si substrate, electric fields
are formed to reduce the surface carrier recombination. There is also a dielectric layer as a
passivation layer to reduce the defects on the surface.

The LBSF layer can be produced in several ways. such as using laser doping, diffusion of doping
gas and ion implantation on the silicon (Eisenberg et al., 2016: Gall et al., 2013: Wang et al.. 2012),
which are high power consumption, complexity and rising cost. Thus, other low cost technique for
LBSF accomplishment is continuously invented.

Flash foam is a photosensitive polymer material with micro-porous structure, typically made from
polyethylene. When flash foam is exposed to an intense burst of light. its micro-porous surface will
be sealed. A designed mask on top of the flash foam is exposed, transferring the pattern to the flash
foam to create a flash foam stamp. Solution can be adsorbed and stored in the porous foam and then
transferred by stamping onto sample surface. In case of nano-imprint investigation, it has been used
as a micro casting or soft lithography (He et al., 2015).

Ag contact
SiN,
n-Si
p-Si
— p~ Si (LBSF)
SiN
Al contact

Fig. 1 The LBSF solar cell structure in this research
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This research investigates the formation of an LBSF layer on the silicon solar cells by patterning
H3BO3 solution through flash foam stamp. instead of using a laser doping. The LBSF solar cell
shows the structure in Fig. 1. The groove pattern of H3BO3 solution stamping on wafer was imaged
by ZEISS Light microscope. The sheet resistances of LBSF and n-Si layer were directly measured
by four-point probe method. Thickness and refractive index of dielectric layer was evaluated by
ellipsometry. Carrier life-time of LBSF cell was analyzed by a WCT-120 Sinton photoconductance
lifetime tester. Formation of LBSF layer via stamping procedure is an alternative method based on
uncomplicated procedure. low cost technique and high potential for commercial solar cells
production.

2. Material and methods

The H3;BO3 solution and H3POy solution as boron and phosphorus dopant precursor, respectively
were prepared by the sol-gel method for forming LBSF layer and n-Si emitter front layers,
respectively. The H3BOs3 solution composes of TEOS, H20, EtOH. H3:BO3 and HCI with a mole
fraction of 0.022 : 0.851 : 0.026 : 0.006 : 0.0001, respectively. The H3POs solution consists of
TEOS, H20. EtOH and H3PO4 with a mole fraction of 0.022 : 0.556 : 0.026 : 0.012, respectively.
Both solutions were prepared at 70°C for 60 minutes.

BSG
A/
p-Si — p-Si w— p-Si ‘
—p°Si(LBSF) L HE = BN = W< pSi(LBSF)
1. Textured by HF5% ” - BSG 3. BSG were formed and
> S 2. H;BO, solution were stamped 8 -
mml':g ;'(‘,d;"":lf;med on the rear side of wafer with flash removed by HF10%
Y foam pattern and diffused at
SN 1150°C for 30 minutes PSG
i |
n-Si n-Si E n-Si
p-Si — p-Si — p-Si
_h._.'i— PSI(LBSF) | mW  EE W« pSi(LBSF) %\— P~ Si (LBSF)
SiN, ) BSG
6. formed PECVD SiN, 5. PSG were formed and 4. H,PO; solution were spunon the
dielectric layer on both removed by HF10% front side of wafer and was diffused
sides of wafer at 1000°C for 60 minutes

Fig. 2 LBSF preparation steps by using the stamp method

The preparation steps were shown in Fig. 2. P-type poly-crystalline silicon wafers, 200 um thick.
area of 9 em? as Si substrate were textured by HF5% etching and wafer cleaning were operated by
standard ratio corporation of American (RCA) method. Fig. 3 shows the line-pattern width of 250
pum and aperture ratio between 5-20% on the flash foam surface. H3BO3 solution adsorbed within
the patterned flash foam were stamped to form the dopant area patterns on the rear side of p-Si
wafer by using an semi-automatic stamp machine that was designed in-house as shown in Fig. 4.
After that the wafers were sintered at 1150°C for 30 minutes in a thermal diffusion process. The
high-temperature treatment acts as a thermal diffusion procedure to drive the boron dopant into the
shallow p-Si wafer in order to form the p™ areas. The borosilicate glass (BSG) were removed by
HF10%. Subsequently. the H3PO4 solution were spun on the front side of wafer at two speed steps
at 1000 rpm/min for 10 seconds and 3500 rpm/min for 30 seconds. The prepared wafers were
diffused at 1000°C for 60 minutes. The high-treatment acts as a thermal diffusion temperature to
drive the phosphorus dopants into the silicon wafer in order to form the shallow n/p junction. The
phosphosilicate glass (PSG) was removed by HF10% and then silicon nitride (SiNx) dielectric layer
was coated on both sides of wafers by plasma-enhanced chemical vapor deposition (PECVD)
method for surface passivate improvement.
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(b)

Porous arca

L

Porous arca

Sealed area Sealed area

Fig. 3 (a) Line pattern of flash foam surface (b) magnified image Fig. 4 Semi-automatic stamp machine

3. Results and discussion

H3BO3 solution was stamped on p-Si wafer to illustrate the small line pattern width of 250 um as
shown in Fig. 5. Katsu (2002) revealed that aperture ratio between 5% and 20% influences on the
rate of surface carrier combination velocity and carrier lifetime of LBSF solar cell (Katsu, 2002).
The H3BOs3 dopant pattern provided the width error below 5% comparing to the designed pattern as
shown in Fig. 6. LBSF area forming after thermal diffusion obtains the higher conductivity with the
sheet resistance (psneet) of 56.93 ohm/sheet defined as p™ Si areas than that of p-Si substrate (80.84
ohm/sheet) It is noted that the boron in H3BOs3 solution stamp can locally diffused into the p-Si
substrate that become LBSF layer, finally. After second thermal diffusion, the pspeet of n-Si emitter
layer is 69.75 ohm/sheet.

@) I qb)" Non LBSF area
‘ Psheet = 80.84 Ohm/sheet

T~ | EF
4 g

S e - LBSF area R RIS |
"@T’ (d, a Parect = 5693 Ohm s —) ,.~'i--u»=.w»}mn.7....‘lu§
i PR P T A IR
] : e .-_u.:-!’&xm
- ) e
Fig. 5 Pattern of H3BO3 solutions for Fig. 6 psheet of LBSF areas and non LBSF
LBSF areas, Aperture ratio (a) 5%, (b) areas at rear side wafer

10%, (c) 15% and (d) 20%

In this study. dielectric SiNy layer as an antireflection layer of solar cell has film thickness of 95.22
nm and refractive index n = 2.10 that is between the refractive index of the glass (1.5) and the
refractive index of the silicon wafer (3.4). When the light incidents to SiNx film, the ray will be
refracted into the deeper layer with low refractive angle referring with the normal line. This result
leads to reduction of the light reflection at solar cell surface according to the Snell’s Law.

The minority carrier lifetime was determined at consideration of the minority carrier density at
2x10" em®. The carrier lifetime of the silicon with aperture ratio 0, 5, 10, 15 and 20% was 13.98,
14.7, 22.42, 26.69 and 21.46, respectively as shown in Fig. 7. The results show that the samples
with LBSF existence obtain the longer lifetime than the sample without LBSF. It was approximately
12.7 us or gain by 90.9% due to effect of the back surface electric field. The various aperture ratio
values of p™ Si area affect the carrier lifetime because extremely small amount p™ Si area effects on
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the contact resistance increase finally resulting to lower Voc and Isc parameters in solar cell. The
optimization of aperture ratio is 15% to obtain the longest carrier lifetime in this research condition.

w
-3

26.69

"
a

21.46

2242
] l“ ..‘0 I I

Non LBSF LBSF 5% LBSF 10% LBSF 15% LBSF 20%

Lifetime at 1LOE+15¢m-3 (us)
3 > 8

w

o

Fig. 7 Carnier lifetimes of the samples at various aperture ratio conditions

4. Conclusion

LBSF layer fabrication using H3BO3 solution with flash foam stamp technique achieves in this
work. Under thermal diffusion boron dopant was locally diffused into shallow p-Si wafer at the line
pattern. Comparing to a sample with no LSBF layer, the carrier lifetime of LBSF sample with 15%
aperture ratio increases by 90%. The longer lifetime directly relates to solar cell efficiency
improvement such as higher Vo and I. The flash foam stamp is a simple method to initially
produce the opening area of LBSF solar cell cooperating with typically thermal diffusion process.
The resistivity of p~ Si is tunable from varying H3BO3 concentration. Therefore, the flash foam
stamp is an alternative technique to be effectively improvable the high efficiency LBSF solar cells
which is consistent with the industrial production process.
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