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KITTISAK AMONSURINTAWONG : STUDY OF STRUCTURAL AND
ELECTRICAL PROPERTIES OF LOW COST PASSIVATION LAYER AT
BACK SURFACE IN SILICON SOLAR CELL. THESIS ADVISOR : ASST.

PROF. THIPWAN FUNGSUWANNARAK, Ph.D., 128 PP.

PINHOLE CONTACT/SILICON DIOXIDE/Al SPIKING/PHASE EXCHANGE

PROCESS/SOLAR CELL

Rear surface Passivation of solar cell is a key factor for reducing minority
carrier recombination of the cell by improving Isc and Voc. It is know that passivation
with locally rare point-contact can improve the overall solar cell performance above
24%. Nevertheless, the production processes have been demonstrated to involve the
use of laser scribing or masking and photolithography which is unsuitable for
commercial process.

In this study, the simple and low coat technique utilizes Al pinning (Al
spiking) for opening pin-hole of a surface passivating SiO, layer. The process was
operated at a low temperature heat treatment (500, 520 and 550°C). Aluminum has
been reduce small SiO; regions as such pinholes ranging from 100 nm to 1 um in
localized regions. Amorphous silicon (a-Si) was subsequent deposited on the Al layer
and another heated at low temperature (500°C) to allow solid-phase epitaxial growth
of p’-Si in the pinholes. The a-Si and Al have phase exchange induced epitaxial
growth of p'-Si through the oxide opening and displaced the Al to the surface.
Crystallite quality of epitaxial p'-Si and Al phase was verified by using X-ray
diffraction technique. Crystalline grain sizes of Si and Al increase with a decrease in

the thickness ratio of a-Si/Al. Thus it results in resistivity value of the film can be



variable from 0.2x10 to 5x10™ Q.cm. by increasing the a-Si/Al thickness ratio from
0.2:1 to 3 : 1. In addition, the evaluation of al-induced crystallization of a-Si in a
a-Si/Al bilayer was studied by auger electron spectroccopy.

The passivation structure with formation of localize pinholes contacts behaves
MIS solar cell. The Al/SiO,/p-Si structural change process has been used to an
advantage for solar cell with BSF (back surface field). This leads to the lower rear
surface recombination velocity (Ses). Lifetime value of fabricated films was measured
by micro-wave detected photo-conductance decay (u-PCD) technique. The
passivating film with a-Si/Al ratio of 0.2 : 1 was obtained lifetime value of 18.36 usec.
The measured parameters were used in PC1D simulation of analyzing conversion
efficiency and solar cell. It is found that solar cell with passivating layer by ALILE

process obtains higher efficiency ( =13.97%) than standard solar cell by 1.13%
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finger "inverted” pyramids
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rear contact oxide
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I~ A A ~ a o w a a [
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FaaUaI1NAeN 1ATIA3 19N U IUUDITDIADNIDU A9 UNA INN1THI9TY
a 9y =2 1T adg
111300 5118AINOBYT08A0NIDU (Green, 1982)

1) #0122319 (Dark characteristic) 1140 MU TWAIIUUA WToWa31U TaoU

A [ 3’; (% 4 [ ]
(Photon) Ngnaanauiu nszquliomnasou (Electron) liloglugundsauiganii nez i

Y
NAMIHAANINE BlanaToU-1aa (Electron-hole pair) YU tag lilins ludavinus e Wi
=2 o q YA VoA g ! e [ & a Yo X
v ldnsesaoiouedluanzauga (Equilibrium) F3d1u15005u1e laaell
[ ad I ] 4
M) MIUNTYDIDIENATOUDINA1UDU IR azmsnanuiioannauy Wi
ad ~ < A [ 1a @ 9 3 o 9 v J

meluyveadianasauand lduliauniny uaianiaasaduiny Hunai 1y nszuadnives

ad A1 4
@Lﬁﬂﬁi@uhﬂﬂﬂuﬂuﬂ

J =3 =0 2.1

] I ] 4
W) MyunivedTeanndrui lidu nazmsianuiloannauiy ey

< ~ A [ Y T ] 4
yodTganinou lliszlinumnu nszuaanssunainTeavzlinuilugud

J =1 ] =0 (2.2)
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1] 4 3‘, ~ 9 [ I d o Y (=
AU U ﬂimﬁa‘wmmwmzmwuwmmaammummuqumnﬂw"lmJ

aszua lihrannnaauasomadigiounsilaies uazimosseau Iiinmelusosso

WidvogUszina 0.6 - 0.7 V iy
J=J +J =0 (2.3)

vnna lnmsiadnzauga aunsonihwaasldedlugdveslaozunsy

pounasnlanagii 2.6 (n) auwliihhusnusesaeszlisuingaiasinalisesae wagl
Y

@ Y A o a 3 ~ < A
ﬂ’]iﬂigﬂ’]ﬂﬁaﬂg']\uwaﬂuﬂ1il@uﬂ’NGU’E_]\TW'WTgalULu@ﬁ'ljaUa\‘lWLLagL@u llﬁ@\?cl,ugﬂ% 2.6 (V)

Tm

.
R
R

++ + +
++ 4+ +
Z

' ' 4 A { A ' ]
3191 2.6 (n) s8ARTOUNOg TuaAZaNgA () auw IWThnSnusesrefitduvesds

U

KX o o Y A
neaainelagnnziie

MmIoulvnisTudadrensaau Tl uuTdnid (Forward) luaniiziia
Y 4 T ad A A ~ ad 9
nszue Wil Inaluginssisesasiidwilosainmsindouiuesnvedianasou wag Teatu

o o d o v A 1 a a 1
NAWNIUANITUNTNTDIND (Space-chargeregion)Vlﬁ}mﬂflﬂ‘ﬁwaﬂlﬂﬁﬂﬁu‘v\ﬁ (Diffusion)

9 =]

I~ @ A Y v 9 < A ad 19 o ~ Y
Wunan LN@I@Q"UWN%TJEN@WUL@U Wﬁﬂ@iaﬂﬁi@ullWﬁﬂﬂﬂJqﬂEN?’]THW L flﬂW']ﬁgﬂQﬁ@\iﬁlu

[Y] 9 v

Y Y
AELHI M908 (Minority carriers) HEAIANNMTNMTUNT laaall
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AUdU (N-type)

J,=-ab,— (2.4)

v

= A o . &
HATNAUNIANDIUDY (Continuity equation) AU

dJ,
dx

=-(U-G) (2.5)

v

o o 1 Y < 2
E]mmﬁti’nmﬂ‘ﬂﬂumuLauuﬁﬂﬂugﬂuuumu

Ap
U=— (2.6)

Taef Ap A9 ANUNUMUUVOINIHEEINNU (Excess concentration of holes) UAUNINUAIN

9 H
NUNUUNIHE Taanriua ( pn) amﬁhﬂmwuwumuummwmziaamﬂﬂu@a

( pnO)
7, A9 H29019V0IN 191108 (Minority carrier lifetime)

HoUNUAUNIN (2.4) taz (2.6) unuluaumsn 2.5) a2 18N

d’p, P, P
n n no
D, -— = -G (2.7)
dx T
d g e o - 4 d’
welusaluanziia vz ldndasimananvugignnszqudlonas G =0 ud - P 0 &0
X
wldaunsi 2.7) aagauilu
d’Ap Ap
= (2.8)

dx’ L
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Tagh L, A05282N19MTUNS

L =./Dr 2.9)

v Jdo w

A 3 Y v
aunisn (2.8) L‘]Juﬁllﬂﬁi’)u‘wu‘ﬁ DIGRN mmsmmﬁumﬂmﬂu

Ap = Ae’" +Be " (2.10)

1 A Y A A A
Aneh A uaz B awnsowt ldoinmanitou lvvouwa 2 9eu'lude

L.Ax=0ud1 p, = p,, e
2. 11 x> 00 &2 A =0

b4
v @

ANUUTUNIT (2.10) Llﬁ'ﬂ\illﬁl‘idju
Ap = ( pnb - pn())97X/Lh = pnO (qu/kT P 1) ! eiX/Lh (21 1)

p,(X)=p, +P, [eqv/kT —1]'9%" 2.12)

=

o 1Y a ad H 1 1
Tuhueaufednu dmnsanmnzdiseno dlanasounda1uiiaoz 1an

n, (x)=n,,+n,[e" " 1] (2.13)

[ Y Y L) ~ A A ' 1T Ag
ﬂ?TNﬂHTLLUHﬂJ@QWTW%ﬂJNu@ﬂlmﬁ%ﬂ"mﬂlﬂﬁﬂu%NTHQﬂﬂiﬂ!iﬂﬂ@@WL’t’)u

ntims lusadaeussin Tdhuuy T uansdsg 2.7
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In(n). In(p)
r 9

Pr

1y

feasasbsnnsssasapannnnana

_______ Pno
1l po

 J

|

A ad o A
717 2.7 naliidenveansnszaearvestsunamme luaanzia
[ v J 4 1 < a
mmﬁnwummﬂizua"hm1611mqﬂﬂimiaﬂmaﬁmummmwmim"l@’fmﬂ
Y 3 o A A d Yy Y
AUNTNISUFAVDIAMUBDUAITUNITN (2.4) UNUTUNTN (2.11) Wuaumsveswimziauoelu

Y < 9 4T 2 Y
ﬂ']u!@ua\‘lcl,uﬁuﬂ'ﬁﬂjgllam1\1Uuu ANUU l51ﬂ$1ﬂ31

[) V /KT =X/ L
3, (x) =P Iip"o (e —1)-e" (2.14)

h
o % 1 4 A I
Tuiueadednuy sz ldaumsnszuanoinannmvzinalosmasuiiiu

Dn ~
q |_ 0 (eqv/kT _1)_e—x/Le (2.15)

e

J (x")=

9 Y
aariuaz ldnasamaeanszua T ldaai

qDenpO thp 0 qV/kT
o = + = |le”"" -1 2.16
’ L, L, ( ) 2.16)

x'=0 + Jh

total e
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ANTUNITN (2.16) AINITOUTAIANNTNNUTTenI19nseuailva D) uag

usagu lihnilou (v) Idaaaunsn (2.17)

=1, (e -1) 2.17)

~ A ' Y A o Y ] A 2 A ~d X

Tagn 1, Ao Anszud lWfhoumdound Fevzlimgauiloguugimuay

K 79 A1A9AU83 Boltzmann HAMMIAD 1.380 x 10 J/K

U { A 1w - 4
Q Ao A1neNszq Wi (Blectronic charge) iAumny 1.602 x 10" gaow]
T 7o AguUglniIY AU
A 1 4 a .

N Ao Amlanesgauna (Ideality factor)

WonsuIdunIsh Q.16 uag 217 wuanszud Il dudrdoundy (1)
=1 o o d a a g 4 1T ad Y o
tanuduiusaona lnmsiuniaweswmzaanason-Taaluginssisesaoiiou naasldas

aunIsN (2.18)

gD,n’ gD,n’
—

I, =A — (2.18)

LENA LhND

L =Dz L =yDr (2.19)

(2.20)

Tael L uaz L, Ao 5382N19N15UNT (Diffusion length) Y049tannsoU taz laa audiay

'
n, A ANUUUNUUYDINIHEFUAVTYNT (Intrinsic concentration)
A dy P~ Y o
A f19 ’Wu‘ﬂ?‘iquﬂﬂlﬂﬁllﬂIﬂﬂ

A

. . ad
7, lag 7, A DIYUDINING (Lifetime) Y93940NATDU Llaﬂaa
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1 o a £ ' ad
D, iag D, ﬁi’)ﬂTﬁﬁJﬂigﬁWﬁﬂTﬂl‘Wi (Diffusion coefficient) ¥DIDLIANNTOU uaﬂaa

A 9 9 A Y Yo
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I = ID {\'qufnkT_ 1\}

lIu 7 ._

T ~0.6-0.7 W

~ [ v 7 1 9 [ [ 4 a o A
ETJ‘VI 2.8 ﬂ'NﬂJﬁﬂJWU‘ﬁﬁgﬁ’)Nﬂigllﬁ'UlWT\h LLa%LL‘iQ@ull‘lJf]ﬁ"llf]QL%ﬁﬂLLﬁQ@TWG\UiHﬁﬂW?%N@

2) @713¢@ 319 (Iluminated characteristics) N NNAINIULAI HTONHIITY
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~ A ) v ya 2 ’ ] o ~ v 3 a )
ngnaandudiu nszqulisianasouiuldedlusundsnuiiginit nezinanmsadig

1 Aa ds! o sid' 1T ag ] [
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A
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E‘TU"IlJlIV\IV\l"I ('e)Laﬂm@umaaummww”lﬂ%umu ag lganasunanyu L?Jl!ul‘]JGIleW) m
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a 13 Y A :g 9 A o 9 @ Aa s A t%l o YA a
NAINNITHUNINISABDUNNVUATUNIY (LWﬂﬁﬂﬁ?ﬂﬂﬂﬂigllﬁﬂiwmﬂLWNﬂlu wagm Ivnusw

1 Y [ A tg Y3 1 A [ o o J .
568%@&%1@511’386’11@?1) ngﬂ"lill,Wiﬁ]&WﬂJEU‘L!“lﬂﬂ@]@l,ﬂJi’JWﬁfi\i"IUﬂHLW\iﬁﬂﬂ (energy barrier)
a1 [ g}; o Y a @ o [ vA o Y a2 Jd 1w J
un1ana ﬂ\“luui]3‘1/]11°Vilﬂﬂﬂ1iﬂﬁﬂi%ﬂ‘UWﬁ\NTL!Gl'ﬂﬂJ L‘W’E]‘VHQl‘Viﬂi3LLﬁﬂ5‘V\|“VIL‘VHﬂ‘]Jﬂ§$LL?fLLWi
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ANUUANATUNT (1)) Nanad (auuﬂﬂ‘uwawmmuwaﬁﬂﬂﬁaﬂm gﬁm‘wuﬂmmi) ZININY

v A < a o [ (% I g}.; 1 o
Lﬁ\?ﬂulﬂﬂ'Nﬂiﬂ]@ﬂl%aa!tﬁﬂ@’lﬂﬂﬂuumﬁ HAZIZTAUNAINIUINDSTH mﬂﬁﬂﬁﬁ@ﬂﬁ?uﬂgﬁ'mﬂu
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IR qV, HAZTEAVYBUILANAUINNY q(1, -V, Faaaslulaszunsuuannaaany
Ae31/9 2.9

a a o a 1 ad (% ?x}z
11!!35\1@@11?]@ E]G]51fﬂilﬂﬂﬂWTVig@LﬁﬂG]5’Ou-Iaﬂ“’l]'lﬂwaixﬂu"U’O\HLﬁﬂuu Q)

A A

o { & ¢ & v A .
nanuaiuauesonsinaeaniglnsituiy Welasannguvesaun1saeLiiod (Continuity
. Y
equations) alan

A1 (N-type)

a0 M G
e 2 D (2.21)

h h

~ A ' ' a A
Iﬂﬂﬂ Ap e ﬂ'nllWu']!Luusll@QW'lﬁgﬁ'JULﬂuclu‘ﬂuﬂ@W'lwgiaa

G A 1 A & Y 1 [
—_— Ao MAINAIHLY Nelan1zdesddg

I
[RE N EEaPRE]

4 v 1 <] 1
51N 2.9 ﬂ"I'WUlﬂﬂgllﬂiﬂllﬂ‘]_lwaﬂﬁu"ll@ﬂi@ﬂ@]@ﬁmuiuﬁﬂTJgﬁ’JN

U

'
A A [ a v Jdou o

A Ap TunsANTHAV0IBATININAUINE (G) LNAUMIITFIOYHUTOUAL

2 UANANINTNNIT (2.10) AD

Ap =Gr, +Ce’" + De™/" (2.22)
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nnaumsou lvvounay 1d

Ap =Gr, + [ P, (e“v/kT ~1)-Gr, ] et (2.23)

p,(x)=p,, +Gr, +|:pn0 (eqv/kT —1)—Gz’h:| e /b (2.24)

) [ ad 1
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U

In(n), In(p)}

i

Npg
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v o J J 1
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voanszua I iiosnnwive Taauanssaauns ldaail
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43,
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—qV /KT
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Tagi 1, Aonszuaoudliaumnuaumsn (2.18) uazaued I, uaad laasauns

| =gAG(L, +W +L,) (2.28)
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Width (um.) Length (um.) Area (pmz)
Max 20.74 26.67 553.09
Mean 9.62 12.65 146.42
Min 3.70 4.44 16.46
S.D. 4.51 5.83 126.06

a

v k4 H H
M13197 3.3 nAasTeyan1e 9 Yo IUAsEie ¥ea K-03 Ngmiigil 80°C

U

Width (um.) Length (um.) Area (pmz)
Max 19.26 23.70 456.52
Mean 8.53 10.78 111.69
Min 4.44 4.44 19.75
S.D. 3.98 5.20 110.45

{ 1 &’ { Aa { a
A15199 3.4 naastoyanie 9 vesuAlUNgIURszia Y09 K-04 Ngumngi 70°C

Width (um.) Length (pm.) Area (umz)
Max 8.89 10.37 79.01
Mean 591 7.06 44.37
Min 3.70 3.70 13.72
S.D. 1.52 1.93 21.13

a

H 2 H H
M13190 3.5 uaatoyan e q vesualiuiguiisziia v09 K-05 Ngmmigil 60°C

@

Width (um.) Length (um.) Area (umz)
Max 6.67 7.41 49.38
Mean 4.76 5.34 26.65
Min 2.96 2.96 8.78
S.D. 1.14 1.19 11.51
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Air Mass 1.5 Global Spectrum



n.1 Air Mass 1.5 Global Spectrum

Column A: (nm) wavelength

Column B: (Wm” um-l) Spectral irradiance (Centered at wavelength A and calculated

using absorption data with a resolution of 20 cm_l)

Column C: (W m_z) Integrated irradiance in the wavelength range 0 um to A pm

100

Column D: Fraction of the total irradiance (integrated over the entire spectrum) that is in

the wavelength range 0 um to A um

Column E, F, G: As defined above but for the spectrum normalized to 1000 W m”

A B C D E F G
0.3050 9.2 0.05 0.0000 9.5 0.05 0.0000
0.3100 40.8 0.25 0.0003 42.3 0.26 0.0003
0.3150 103.9 0.77 0.0008 107.8 0.80 0.0008
0.3200 1744 1.64 0.0017 181.0 1.70 0.0017
0.3250 2379 2.83 0.0029 246.9 2.94 0.0029
0.3300 381 4.74 0.0049 395.4 4.92 0.0049
0.3350 376 6.62 0.0069 390.2 6.87 0.0069
0.3400 4195 8.71 0.0090 435.4 9.04 0.0090
0.3450 423 10.83 0.0112 439.0 11.24 0.0112
0.3500 466.2 14.33 0.0149 483.8 14.87 0.0149
0.3600 501.4 19.34 0.0201 520.4 20.07 0.0201
0.3700 642.1 25.76 0.0267 666.4 26.73 0.0267
0.3800 686.7 32.63 0.3390 712.7 33.86 0.3390
0.3900 694.6 39.57 0.0411 720.9 41.07 0.0411
0.4000 976.4 49.34 0.0512 1013.3 51.20 0.0512
0.4100 1116.2 60.50 0.0628 1158.4 62.70 0.0628
0.4200 11411 71.91 0.0746 1184.3 74.63 0.0746
0.4300 1033 82.24 0.0854 1072.1 85.35 0.0854
0.4400 1254.8 94.79 0.0984 1302.3 98.37 0.0984
0.4500 1470.7 109.50 0.1136 1526.3 113.64 0.1136
0.4600 1541.6 124.91 0.1296 1599.9 129.63 0.1296
0.4700 1523.7 140.15 0.1454 1581.3 145.45 0.1454
0.4800 1569.3 155.84 0.1617 1628.6 161.73 0.1617
0.4900 1483.4 170.68 0.1771 1539.5 177.13 0.1771
0.5000 1492.6 185.60 0.1926 1549.0 192.62 0.1926
0.5100 1529 200.89 0.2085 1586.8 208.49 0.2085
0.5200 1431.1 215.20 0.2233 1485.2 223.34 0.2233
0.5300 15154 230.36 0.2391 1527.7 239.07 0.2391
0.5400 1494.5 245.30 0.2546 1551.0 254.58 0.2546
0.5500 1504.9 267.87 0.2780 1561.8 278.00 0.2780
0.5700 1447.1 296.82 0.3080 1501.8 308.04 0.3080
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0.5900 1344.9 323.71 0.3360 1395.8 335.96 0.3360
0.6100 1431.5 352.34 0.3657 1485.6 365.67 0.3657
0.6300 1382.1 379.99 0.3944 1434 .4 394.36 0.3944
0.6500 1368.4 407.35 0.4228 1420.1 422.76 0.4228
0.6700 1341.8 434.19 0.4506 1392.5 450.61 0.4506
0.6900 1089 455.97 0.4732 113.2 473.21 0.4732
0.7100 1269 473.74 0.4917 1317.0 491.65 0.4917
0.7180 973.7 480.75 0.4989 1010.5 498.93 0.4989
0.7244 1005.4 491.81 0.5104 1043.4 510.41 0.5104
0.7400 1167.3 508.21 0.5274 12114 527.43 0.5274
0.7525 1150.6 518.27 0.5379 1194.1 537.87 0.5379
0.7575 1132.9 523.94 0.5438 1175.7 543.75 0.5438
0.7625 619.8 527.04 0.5470 643.2 546.97 0.5470
0.7675 993.3 535.73 0.5560 1030.9 555.99 0.5560
0.7800 1090.1 553.44 0.5744 1131.3 574.37 0.5744
0.8000 1042.4 572.21 0.5938 1081.8 593.85 0.5938
0.8160 818.4 581.91 0.6039 89.4 603.91 0.6039
0.8237 756.5 587.77 0.6100 785.1 610.00 0.6100
0.8315 883.2 594.97 0.6176 916.6 617.47 0.6176
0.8400 925.1 608.16 0.6311 960.1 631.15 0.6311
0.8600 943.4 627.02 0.6507 979.1 650.73 0.6507
0.8800 899.4 647.25 0.6717 9334 671.73 0.6717
0.9050 7214 659.88 0.6848 748.7 684.83 0.6848
0.9150 643.3 666.31 0.6915 667.6 691.51 0.6915
0.9200 665.3 671.30 0.6967 690.5 696.69 0.6967
0.9300 389 673.63 0.6991 403.7 699.11 0.6991
0.9370 248.9 675.87 0.7014 258.3 701.43 0.7014
0.9480 302.2 680.11 0.7058 313.6 705.83 0.7058
0.9650 507.7 688.23 0.7143 526.9 714.26 0.7143
0.9800 623 697.11 0.7235 646.6 723.47 0.7235
0.9935 719.7 718.70 0.7459 746.9 745.88 0.7459
1.0400 665.5 744.15 0.7723 690.7 772.29 0.7723
1.0700 614.4 762.58 0.7914 637.6 791.42 0.7914
1.1000 397.6 772.52 0.8017 412.6 801.74 0.8017
1.1200 105 774.10 0.8034 109.0 803.37 0.8034
1.1300 182.2 775.65 0.8050 189.1 804.98 0.8050
1.1370 127.4 777.62 0.8070 132.2 807.03 0.8070
1.1610 326.7 784.65 0.8143 339.1 814.32 0.8143
1.1800 443.3 739.29 0.8233 460.1 823.29 0.8233
1.2000 408.2 804.52 0.8349 423.6 834.94 0.8349
1.2350 463.1 825.36 0.8566 480.6 856.57 0.8566
1.2900 398.1 842.28 0.8741 413.2 874.13 0.8741
1.3200 2411 849.51 0.8816 250.2 881.64 0.8816
1.3500 31.3 850.68 0.8829 32.5 882.85 0.8829
1.3950 15 850.75 0.8829 1.6 882.93 0.8829
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1.4425 58.7 852.56 0.8848 55.7 884.81 0.8848
1.4625 101.3 854.31 0.8866 105.1 886.62 0.8866
1.4770 101.7 856.07 0.8884 105.5 888.44 0.8884
1.4970 1755 859.84 0.8924 182.1 892.36 0.8924
1.5200 253.1 865.15 0.8979 262.7 897.87 0.8979
1.5390 264.3 870.18 0.9031 274.3 903.08 0.9031
1.5580 265 875.34 0.9084 275.0 908.45 0.9084
1.5780 235.7 879.35 0.9126 244.6 912.61 0.9126
1.5920 238.4 883.16 0.9166 2474 916.56 0.9166
1.6100 220.4 887.35 0.9209 228.7 920.91 0.9209
1.6300 235.6 891.59 0.9253 244.5 925.31 0.9253
1.6460 226.3 897.02 0.9309 234.9 930.95 0.9309
1.6780 212.5 907.01 0.9413 220.5 941.31 0.9413
1.7400 165.3 917.10 0.9518 171.6 951.78 0.9518
1.8000 29.6 918.87 0.9536 30.7 953.62 0.9536
1.8600 1.9 918.99 0.9537 2.0 953.74 0.9537
1.9200 1.2 919.05 0.9538 1.2 953.80 0.9538
1.9600 20.4 919.71 0.9545 21.2 954.49 0.9545
1.9850 87.8 921.68 0.9565 911 956.54 0.9565
2.0050 25.8 922.33 0.9572 26.8 957.21 0.9572
2.0350 95.9 925.21 0.9602 99.5 960.20 0.9602
2.0650 58.2 927.10 0.9622 60.4 962.16 0.9622
2.1000 85.9 930.66 0.9659 89.1 965.86 0.9659
2.1480 79.2 934.54 0.9699 82.2 969.89 0.9699
2.1980 68.9 938.75 0.9742 71.5 974.25 0.9742
2.2700 67.7 944.23 0.9799 70.3 979.94 0.9799
2.3600 59.8 949.61 0.9855 62.1 985.52 0.9855
2.4500 20.4 950.98 0.9869 21.2 986.94 0.9869
2.4940 17.8 951.75 0.9877 185 987.75 0.9877
2.5370 3.1 952.45 0.9885 3.2 988.46 0.9885
2.9410 4.2 953.36 0.9894 4.4 989.42 0.9894
2.9730 7.3 953.59 0.9897 7.6 989.66 0.9897
3.0050 6.3 953.86 0.9899 6.5 989.93 0.9899
3.0560 3.1 954.05 0.9901 3.3 990.13 0.9901
3.1320 5.2 954.31 0.9904 5.4 990.40 0.9904
3.1560 18.7 954.99 0.9911 194 991.10 0.9911
3.2040 1.3 955.04 0.9912 1.3 991.16 0.9912
3.2450 3.1 955.22 0.9913 3.2 991.34 0.9913
3.3170 12.6 955.84 0.9920 13.1 991.99 0.9920
3.3440 3.1 956.05 0.9922 3.2 992.20 0.9922
3.4500 12.8 957.51 0.9937 13.3 993.73 0.9937
3.5730 115 959.33 0.9956 11.9 995.61 0.9956
3.7650 9.4 961.54 0.9979 9.8 997.91 0.9979
4.0450 7.2 963.56 1.0000 7.5 1000.00 1.0000
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Abstract

High-efficiency silicon solar cell needs to consider a light
trapping scheme. Photovoltaic production widely uses an
agueous chemical etching technique to reduce the optical loss as
reflectivity and have additional opportunities for a light+ay striking
on the surface of silicon. In this study, pyramidal texturing of
monocrystalline silicon in {100) orientation is anisotropically done
in potassium hydroxide solution and additive isopropyl alcohol
{IPA). The results show the uniformity of the random square-
based pyramids. The optimization of the pyramid size and
uniformity leads to a minimize reflectivity on the silicon surface
and subsequently higher efficiency of solar cell. In this paper, we
investigate the influence of the etching process under the
difference of temperature and time eiching concitions. The
optimized solution condition can be led to the minimize effect of
reflectivity. Optical reflection measurements have been performed
by using an integrating sphere UV-VIS spectrophotometer. The
results show an average weighted reflectance (%R) of 8.31%.
The surface morphology of the textured silicon wafers imaged by
scanning electron microscopy (SEM) shows the influence of the
solution condition on average pyramid size. The performance of
the pyramidally textured solar cell is simulated by the PC1D
computer program based on parameters measured from
reflectivity measurements. The simulation results show that
efficiencies higher can be achieved due to an increase of short

circuit current {lgc) if the effects of reflectance on cell surface

minimize.
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Abstract

Rear surface passivation is a crucial back layer for
declination of the recombination effect of solar cell. This leads to
an increase of the open voltage circuit (Vo) and to yield high
energy conversion efficiency above 25%. Typical passivation
technique has involved complex process as photolithography and
laser groove techniques which are unsuitable for photovoltaic
industrial production. However, the simple fabrication of
passivation layer unnecessary to use photolithography base has
rarely found.

In this paper, the SiQ; passivation with locally opened
pinhole contact in the size range of a few 4#m was fabricated by
using Al spiking effect. In addition of sequent process, a-Si layer
deposited on SiO, layer spiked by Al was prepared for an
important process of Al induced layer exchange (ALILE).
Therefore, a-Si region became to oS region after ALILE
process in order to MIS structure. This aim is to create the back
surface field with localized pinhole contacts in order to reduce
velocity of rare surface passivation, S.;. Moreover, Al spiking
scheme under low temperature condition below its eutectic point
about 5770(3 was investigated. Electrical characterization with

variation of thickness ratio between Al and a-Si was studied in

the term of resistivity.

Keywords: rear surface passivation, Al spiking, Al induced layer

exchange, solar cell
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TEXTURISATION OF MONO-CRYSTALLINE SILICON WAFER BY WET CHEMICAL ETCHANT
WITHOUT SURFACTANT ADDITIVE THROUGH HYDROPHOBIC MASKS
FOR THE 25th EU PVSEC / WCPEC-5

T. Fangsuwannarak and K. Amonsurintawong
School of Electrical Engineering, Institute of Enginecring, Suranaree University of Technology
Nakhon Ratchasima, Thailand 30000

ABSTRACT: Pyramidal texturisation on mono-crystalline silicon wafer is still a state-of-the-art process for solar cell
fabrication in order to achieve good uniformity in pyramidal structires. Costly surfactant additive as isopropyl
alcohol (IPA) is inevitably mixed in conventional alkaline solution to eliminate H, bubbles striking on the wafer
surface. In industrial PV production, appropriate alkaline solutions with adding IPA lead to uniform-pyramidal
texturisation. In this work, the alternative texturisation method by placing super-hydrophobic grid mask on silicon
wafer in KOH solution without any additive surfactant was investigated. Low tension surface masks in this case are
made from Polytetrafluoroethylene (PTFE) and Polydimethylsiloxane (PDMS) as a non-attack mask on silicon
surface. In the present work, the size of the opening pattern of these hydrophobic grid masks is about 2 mm and a
separation between the mask and silicon wafer of 1 mm which is suitable to capture H, bubbles (1-3 mm?). The SEM
imaging of pyramidal structure and the reflectivity were used to evaluate this alternative process. We are reporting a
novel approach of using PTFE mask for accomplishment of pyramidal texturisation overall on silicon surface. An
average reflectance of 14.1% is obtained without any anti-reflectance coating.

Keywords: hydrophobic mask, texturisation, etching, mono-crystalline, and silicon

1 INTRODUTION

Texturisation of silicon wafer is an important and
effective scheme to reduce the reflectance of the silicon
wafer. Additionally, textural structure is will enhance the
light collection by multiple reflections. In industrial PV
production, the anisotropic etching of crystalline silicon
wafer is commonly need to form random pyramid all
over the (100) oriented silicon surface. Aqueous alkaline
solution widely used in order to improve the uniformity
of the random pyramid texture needs to be added by
isopropyl alcohol (TIPA) [1]. Adding expensive IPA is an
essential process because it increases the hydrophobia of
the wafer surface. This results in the removal of
hydrogen bubbles adhering on the wafer surface, which
prevents the continuing texturisation. However, the IPA
also effects on the etching rate and roughness of (100)
silicon wafer [2]. The condition control of IPA
concentration is an important key of texturing process,
because of its higher concentration than the alkaline
concentration and also its easy volatility.

Some researches have been focused on investigating
alternative solution, such as potassium carbonate
(K,CO3) [3,4], sodium carbonate (Na,COj5) [5], tribasic
sodium phosphate (Na;PO,, 12H,0) [6] for the aims of
low-cost silicon texturisation and reducing amount of
IPA in the solutions. Moreover, A. K. Chu [7]
successfully textured the silicon surface with typical
potassium hydroxide (KOH) solution and utilizing the
metal grids as an etching mask. They claim that this
technique has not need of IPA for texturing and an
average reflectance of 15.1% was achieved. Recently a
metal grids-based texturisation approach for (100)
ornented Si wafers with Na,CO:; solution is
accomplished with an average reflectance of 10.7%.

In this paper, the alternative texturisation method by
placing silicon wafer in a super-hydrophobic box with
opening grids pattern in the most common etchant as a
mixture of KOH and DI water without any additive
surfactant was investigated. Polydimethylsiloxane
(PDMS), a silicon-based organic polymer and

1789

Polytetrafluoro-ethylene (PTFE) both having very low
surface energies (~21 ml/cm® for PDMS and 18.5
ml/ecm® for PTFE) were brought to study as an etched-
mask. In this work, we report the study on the role of
hydrophobic grids masks in the KOH solution without
adding TPA. We are reporting a novel approach of using
low-tension swrface mask made from PTFE for
accomplishment of pyramidal texturisation overall on
silicon surface. An average reflectance of 14.1% is
obtained without any anti-reflectance coating.

2 EXPERIMENTAL

2.1 Hydrophobic grids-based texturisation

This study uses PTFE thin plate drilled as circle-
opening pattern diameter of 2 mm. In the case of PDMS
mask fabrication, the base resin and PDMS curing agent
were mixed in a ratio of 10:1 (by weight) to achieve a
good mechanical strength. The PDMS grids mask with
square-opening (2mmx2mm) was produced under the
PDMS molding process. The hole-openings pattern is
utilized for the confinement of the hydrogen bubbles
during the anisotropic etching process. The separation
between the grid masks and the wafers is 1 mm.

2.2 Pyramid Fabrication

Mmono-crystalline silicon wafers of p-type, polished
(100) oriented and size 2.5 em x 2.5 em with resistivity
of about 1.7-2.9 Q.cm and thickness of about 270 um
were used in our etching experiment. The wafers were
first cleaned by the conventional cleaning method (RCA
process) [7]. Subsequently, the polished wafers were
clean with dilute 5% hydrofluoric solution and
subsequently rinsed in deionized water in order to
remove the native oxide on the surface. The etching was
performed by placing the silicon wafers in the PTFE and
PDMS boxes created with opening grids pattern and
immersed into the 3 wt.% KOH solutions at 80°C for 50
minutes with stirring bar. The separation between the
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both masks and silicon wafers is 1 mm. The conditions of
sample preparation were shown in Table 1.

Table I: Sample preparations

Type of mask Etching condifions without TPA
PTFE
PDMS 3% wt. KOH
Nothing 80'C, 50 min with stirring bar

Surface morphology comparison between no-mask,
PTFE- and PDMS-textured structures was achieved by
using a scanning electron microscope (SEM). The optical
performance was also evaluated by the reflectance
measurement of a spectrophotometer and an integrating
sphere. The weight reflectance (WER) was calculated
normalizing the hemispherical reflectance spectrum (310-
1100 nm) by the AM1.5G spectrum in 1SUN [8].

3 RESULTS AND DISCUSSION

From the different experimental batches, it is
observed that the pyramids fabricated are strongly
dependent on the types of grids to the silicon wafers. The
first trails were done using only silicon wafer submerged
in 3% wt. KOH solution at 80°C for 50 min without any
additive surfactant. Result indicated that during texturing,
large hydrogen bubbles (1-3mm size) stuck to the silicon
surface, and created neither the pyramids formed
dizcontinuously shown in Figure 1 (a), nor no uniform
result. Some of the silicon surface is fully covered by
pyramid. Therefore, this texturing preparation with the
bare silicon in KOH solution with no IPA results in no
reproducibility. The average reflectance is 27%0WR.

These H; bubbles are generated during etching
process and eagily-stuck to the textured surface. Stuck
H; bubbles suppress the chemical reaction between the
texturing solution and the silicon atoms to create
pyramidal formation. Therefore, the control of the
density and size of stuck bubbles will be key point to
obtain uniform and low-refl ecting surface.

To avoid the adherence of hydrogen bubbles on the
texturing surface, two different etching masks from
PTFE and PDMS were purposed to accomplish uniform-
pyramidal structure. The gap spacing of 1 mm between
the both PTFE- and PDMS- efching masks needs to
perform the texturisation. The bubbles were captured
within the grids and subsequently removed from the
texturing surface. The silicon wafers coupled with PTFE-
and PDMS-grids masks were textured in the same
condition.

Figure 1 (b) shows that the pyramidal structure of
silicon wafer textured in a PTFE box with opening grids
were formed. Good surface coverage is obtained The
entire surface is covered by random pyramids and an
average reflectance of 14.1%WR is achieved.

In another trail, PDMS-grids pattern easier created by
molding process was considered as a low-tension mask.
After texturing process, the silicon surface was seem to
be polish with some stains adhere on the wafer surface.
Figure 1 (c) reveals that the silicon surface was not
pyramidal-textured but it was spotted with micro-
particles of siloxane oil. PDMS- grids mask, thus is not
compatible with KOH szolution due to the solubility of

1790

Figure 1: The SEM image of the surface morphology of
the silicon wafer textured coupled with (a) no mask, (b)
PTFE-, and (¢) PDMS-grids masks at 80°C for 50 min.

silicone oil in the etchant solution.

Figure 2 shows the reflectance of the silicon wafer
textured under different conditions. The reflectance of
untextured silicon wafer to be stained with the micro-
particles of the silicone oil is very high. The average
reflectance is 31%WR. By using PTFE-grid mask to
diminish the hydrogen bubble adherence, uniform-
pyramidal texturisation without adding TPA surfactant is
achieved with 14.190WR reflectivity due to its excellent
compatibility with KOH etching process.
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——————— WR27% No mask
—— WR14% PTFE mask
WR31% PDMS mask

Reflectance (%)

Wavelength (nm)

Figure 2: Comparison of the reflectance curves of silicon
wafer textured with no mask, PTFE-gnds mask, and
PDMS-grids mask.

4 CONCLUSION

In conclusion, we have shown that PTFE grids-based
texturisation can be a very worthwhile method fo
uniformly texture silicon wafer swrface with a low
reflectance. In addition, PTFE is also excellent to
compatible with all alkaline solutions. The size of grid
operings and the gap spacing between silicon wafer and
gnds are a key pomnt to remove stuck hydrogen bubbles
during etching process. Subsequently, this results in
uniform-pyramidal surface of (100) oriented mono-
crystalline silicon. Using the PTFE grid with 2 mm circle
opening and 1 mm gap spacing, the average reflectance
was obtained of 14.1%WR without adding any [PA.
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Aluminum-induced crystallization of p* silicon pinholes for the
formation of rear passivation contact in solar cell
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Abstract. Formation of nano-crystalline p” silicon (8i) in pinholes through a silicon dioxide layer
was achieved by pinning of aluminum through the thin silicon dioxide (810,) layer. In addition to
opening holes of 8i0; layer by aluminum (Al) pining, amorphous silicon (a-81) was subsequent
deposited on the Al layer and another heated at low temperature (500°C) to allow solid- phase
epitaxial growth of p” Si in the pinholes due to the Al induced layer exchange process. The poly-
crystalline p+ 8i obtains lower effective surface recombination than the Al back surface field (BSF).
The technique demonstrated to result in ohmic contacts with low contact resistance. The evaluation
of Al-induced crystallization of a-Si in a-S1/Al bilayer was studied by X-ray diffraction. In this
paper, the influence of a-Si/Al thickness ratio on the specific conductivity value and crystalline
grain size of the p” Si thin film is discussed. The obtained results are helpful for a further design of
the rear passivation contact in solar cell.

*Corresponding author. Tel: 166 44 224582; fax: 166 44 224601

E-mail address: thipwani@g.sut.ac.th (Fangsuwannarak T.)

Introduction

Rear surface passivation by heavily diffusing boron into the point contact areas is a crucial
region as p~ small area for declination of the recombination effect of silicon solar cell as a result of
good minority carrier collection. The passivated emitter rear localized cell (PERL) based on the
diffused point contacts leads to an increase of the open voltage circuit (Vo) and to yield high energy
conversion efficiency above 25% due to very low recombination rate at rear and front surfaces [1].
In addition, the spacing reduction of the rear contact points obtained the cell lateral series resistance
decreased, resulting in much higher fill factors.

During over twenty-year to take several advantages of small contact points, while there have
been also many cell developments with combining dielectric passivating film onto the entire rear
surface [2-5]. This primary reason is to improve the base lifetime to be sufficiently high and the
entire surface passivated. In Fig. 1, the rear locally diffused cell consists of the complele covering
with a passivating oxide layer and small area contacts for diffusing local heavy p+ Si [6].
Nonetheless, the cell processing to open the small areas is still used laser or photolithography
technique.

Top design not drawn

p-Si substrate
r P

. h Lz g

oxide ‘pinholr: A Al

Fig.1 Schematic cross section of passivating oxide layer with p* contacts onto the exposed holes
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Although point-contact solar cell has been demonstrated since 1980s [7], which is well
enable to improve carrier life time, unfortunately there are a few reports to develop about the cost
effective fabrication and to implement in photovoltaic industrial processes. In fact, the biggest
hindranee is seen to be the formation of the local point-contact pattern. The major drawbacks of this
process sequence are that photolithography is too complicated and expensive for a photovoltaic
industrial process and in the case of excellence SiNy surface passivation, wet-chemical etching is
not appropriate for opening holes.

Recently research by Granek, F. ef al. was studied to use a low-cost masking process to open
dielectric layer without using photolithography technique [8]. In additional, there is a rear pinhole
contact scheme to form localized contacts without the used photolithography technique developed
by o, A. W. Y., and Wenham, S. R [9]. Their research used the essential two steps: Al pining
effect on flat S10/8i1 substrate was exploited to form the pinhole contact pattern randomly, and the
step of aluminum-induced layer exchange (ALILE) between Al and a-Si layers was used to form
the Al doped contacts as p* diffused areas. This technique developed has a great potential for buried
contact solar cell which is well passivating at the front cell [10]. However, the localized point-
contact passivation on textured cell surfaces fell into that study. Owing to less reflection loss, it has
been noted that crystalline silicon walers are needed textured surface with random pyramids on the
top and rare surfaces for light-trapping scheme.

In this work, we fabricated locally point-contacted passivation layer on pyramidal silicon
surfaces at the rear side and investigated their structural and electrical characteristics. A low-
temperature S10; layer using RT sputlering was used as an oxide passivating layer. Opening holes
of 8i0, layer on Si wafer typically behave a Schottky diode. Its saturation current depends on the
area of the opening holes and the interface between metal and semiconductor.

Experimental Details

Point contacts formation using Al pining effect

Both surface sides of p-8i (100) wafers (10Q2-cm, 300m) were anisotropically etched for
forming randomly small pyramids on the surfaces. The surface reflectance measured is as good as
8%. The textured Si wafers were deposiled by very thin Si0; layer (100nm) using low-temperature
technique of RF sputtering machine after conventional RCA cleaning and subsequent dipping in
dilute IIF solution. Subsequent deposition process of Al (250nm) onto the rare passivating $10» was
operated and then followed by a low temperature heat-treatment below eutectic temperature of Si-
Al (577°C). Appropriate sintering condition of the Al film onto SiO layver was demonstrated in
order to form small pinholes which reduce underlving SiO; as shown in Fig.2.

S10,

as-fabricated short anneal long anneal

Fig.2 Opening holes process of localized point contacts forming through pinholes of aluminum due
to Al pinning effect
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The formation of the contact pattern is naturally random but the distance and spacing of the
localized contacts can be controlled by varying annealing duration or temperature. In this study, we
demonstrated to expose randomly the small pin-holes into the textured Si substrates under annealing
temperature conditions such as 500°C, 520°C, and 550°C for annealing duration of 12 hours. The
resulting point contacts formed were investigated using field-emission scanning electron
microscopy (FE-SEM).

Diffusing local p” into small pinhole area using Al-induced layer exchange

A subsequent deposition of amorphous Si (¢-Si) layer was operated after opening up the
small pinholes area in the oxide layer. At sintering below the Al-Si eutectic temperature, the Al can
facilitate solid phase epitaxial growth of p” type Si onto the opened regions of the Si substrate.
Schematic of this Al-induced solid-phase epitaxial growth process is shown in Fig. 3.

Formation of the Al-induced crystallization of the a-Si, each about 0.5 thick, was a result
of the Al-induced layer exchange which yields highly p-doped poly Si with the carrier concentration
2.3x10"™ em™ [11]. The Al crystalline fractions and grain size of the obtained poly-crystalline Si
have been strongly under the influence of the Al/Si bi-layers thickness ratio and annealing time
duration [12-14]. Nonetheless, in two main schemes of localized p* point contacts and back surface
field with thin Al layer about 250 nm thick, the conductivity value of the exchanged micro-
crystalline Siis an important parameter to use for solar cell passivation designs. Thus, the electrical
properties of such Al-induced layer with the existing small point-contacts under varying a-Si/Al
thickness ratio ranging from 0.2:1, 0.5:1, 1:1, 2:1, and 3:1 at 500°C for 12 hours were examined in
this work with constant Al thickness about 250nm.

y

7 pSi oz 7 PS5
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.
p

7 \P‘Si 7
{
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Si0, TS0,
O AlOy

S10,
AlO

Al doped Si

Al spiking a-5i D

a-Si deposition long anneal

Fig.3 Subsequent p " epitaxial growth into the localize regions of the exposed Si substrate.

Contact resistance (R,) to the Al-induced layer was characterized by using a multiple-contact
resistance measurement, which can be implemented with the lateral structure. R, can be estimated
by using a transfer length method (TLM) from the original Shockley concept. The test structure
consists of more than three Al strip contacts separated from each other by the spacing 4. In this
study, the spacing between the co-planar contacts is in the range of 40zm, 50zm, and 60m), and
the contact length (2) of 1 cm., the contact width (/) of 0.5 mm. as shown in Fig. 4. In the Ohmic
contact case with long contacts, thus the total resistance (Rr) between any two contacts is given in
Eq.1 [15] and Ry can be fitted to the following straight line:

R

V4

¢ (M

T

where 7 is the contact length, L. is the contact width, 4| is the contact separation, and p; is the sheet
resistance [CQ/0]
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Current-voltage measurements using a Keithley 2400 electrometer were conducted in this
work. Moreover, average gain sizes of the micro-crystalline Si varying Al/Si thickness ratios were
determined by using X-ray diffractometer (RIGAKU TTRAX III) with a Cu Ka (1.54059 A).

Fig.4 Al strip pattern for contact resistance measurement of Al-induce layer

Results and Discussion

Evaluation of opening localized point contacts

The cross-section image from FE-SEM of as deposited Al on SiO, layers does not occur the
Al spiking effect. The spiking of the Al initially penetrates SiO, layers during 12 hours at 500°C as
shown in Fig 5. It is obvious that the SiO, holes width opened are around 100 nm.

sio, —>

Si substrate

Si substrate

Sample A: as-deposited

Sample B: annealed at 500 C

i [
TMEC 10.0kV 11.2mm x50.0k SE{U) 6/26/2 16: 1.00um

(b)

] (] 1 1 [}
TMEC A 10.5mm x50,0k SE(U) 11/17/2 8 1.00um

Fig.5 Cross-section FE-SEM images of Al layer deposited on SiO, layer (a) and after 12 hours
annealing at 500°C (b).

When the sample C was sintered at 520°C, the localized point contacts opened up with
larger point diameter (500nm). It can be seen high density of the pinhole contacts for the annealing
process at 520°C. The size of the pinholes diameter seems to be suitable for localized point contact
in solar cell approach since it is not greater than 50m-100m which will degrade further solar cell
efficiency [16]. Such Si clusters at the top surface which found gently at the top surface are
obviously seen in Fig. 6 (a) because of the layer exchange through small opened pinhole contacts. It
is noted that for long time annealing at above 500°C the inter-diffusion of the Si and Al atoms lead
to the formation of crystalline Si cluster within the Al layer and finally result in the nucleation of
the Si-grains at the top surface. Meanwhile, the Al reduces the SiO, layer through opened pinholes
adjacent to the underlying Si substrate.
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Fig.6 (b) shows the crumpling effect of sample D during 12 hours sintering at 550°C. This is
due to abundant presence of sites available for Si/Al inter-diffusion. In this case, it will be the more
difficult to satisfy for surface passivation purpose with localized pinhole contacts. The undesirable
crumpling effect can be degraded when the annealing temperature decreases and/or the annealing
duration is shorter [17].

Si grain

Si grains at the surface

Si cluster
Crumpling effect
Si substrate NN Si substrate

|

0.

| P ) 9 . o 5 il s B K Maalegll 36 T
TMEC 10.0kV 11.0mm x50.0k SE{U) 6/26/2011 17:15 1.00um TMEC 10.0kV 10.4mm x50.0k SE{U) 11/17/2010 20:02 1.00um

(@)

o L]
Sample C: annealed at 520 C Sample D: annealed at 550 C -

Fig. 6 Cross-section FE-SEM images of Al layer deposited on SiO, layer after 12 hours annealing
at 520°C (a) and at 550°C.

Evaluation of Al-induced exchange process

Long time annealing for 12 hours at 500°C was applied on the samples under the same Al-
pining conditions as the sample B and C. This can result in the ALILE layer with the localized p"
point contacts. The bigger grain size for the Si phase can be controlled by alloying duration.
Furthermore, it also has been suggested that the Si grain size in the direction perpendicular to the
film surface was about twice as big as the Si grain size in lateral directions [18]. In the addition,
these interface areas of localized point contacts are most likely to a bit greater because slow ramp
alloying for Al/Si layer behaved such junction nonuniformity [19].

The XRD patterns of the sample A, B and C with a-Si/Al (ALILE process at 500°C
annealing) are shown in Fig.7. It indicates the appearance of the crystalline Si (111) and (220) after
ALILE process at same 500°C annealing, whereas the presence of amorphous Si of the as-deposited
film was evidenced by the broad scattering peak almost at 260=27°.

The average crystalline grain size (d) of the exchanged layer was calculated by using the
Scherrer’s relation [20].

_ 0.9 )
BcosOp

where 4 is the X-ray radiation wavelength (0.154 nm), 85 is the Bragg diffraction angle of XRD
peak and B is the full width at half maximum (FWHM).

After ALILE process, it is also noticeable that the sample B and C with a-Si:Al thickness
ratio (3:1) obtained the average Si grain size about 26nm and 24nm, respectively. This is possibly
due to the crystalline Si size increases (ALILE process) upon more localized point contacts (Al
pinning process) through the Si substrate. Therefore, the pinhole density in the first process plays an
important role in the initial crystallization of Si and in the final layer exchange.

In Fig. 8, after formation of the localized point contacts for the sample C, the influence of a-
Si/Al thickness ratio during layer exchange on the initial crystallization of Si was investigated. Due
to Al-Si solid phase system, the both of Al (111), (200) and Si (111), (220) peaks were found in the
XRD pattern presenting their crystallites.
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Fig.7 XRD patterns of the sample A, B and C with a-Si/Al (ALILE process)
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Fig. 8 Influence of a-Si/Al thickness ratio during layer exchange on the initial crystallization of Si

Fig.9 shows the crystallite Si sizes calculated by using Scherrer’s relation at the direction
perpendicular on the surface as a function of the thick ratio of a-Si and Al. The crystallite sizes of
Al and Si have a downward trend in the @-Si/Al thickness ratio increases. In this work, it
pronounces that the grain sizes of Si for all conditions of a-Si/Al thickness ratio were larger than
that of Al, wheras the experimental results from D.He and et.al. work were suggested that the
crystallites of Si were relatively small, as compared to the Al erystllites at 250°C sintering|[ 18].
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Crystallite Size (nm)

Fig. 9 The crystallite size of Al and Si formed by ALILE process at different thickness ratios
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Flectrical characterizations

In this study, Ohmic contact to the film 1s required to determine conductivity of the material
from Dark I-V characteristics. The film consisted of Al pinhole contact through 100 nm thick $i0;
with ALILE layer (0.2:1) behaves the formation of good Ohmic contact as shown m Fig.10. This 1s

a-Si: Al Thickness ratio

due to that Al as a good cadidate has the higher work function than Si (¢a1> ¢si) [21].
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Fig. 10 -7 characteristic of the sample B with ALILE layer (a-Si:Al, 0.2:1). Inset shows a plot of
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Contact resistance (R,), sheel resistance (p;), and specific contact resistance (p,) parameters
are extracted from the plots in the inset of Tig. 10. The resistance at the intercept point equals 2R¢
(see inset in Fig. 10 is much less the resistance of the film (about 40 Q/1). The slope ARZ/Ad; = py/Z.

Sample B with ALILE (a-Si:Al;0.2:1)
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leads to the sheet resistance, p, of 6,83 10° Q0. Hence, the £ can be vsed to caleulate the specific
contact resistance, pC(Q.cmz) = L;r-zpdr . The transfer length L7 (m) is the distance over which most of
the current transfers from the film into the metal or from the metal into the semiconductor. The
intercept Ry — 0 give dy = 2Ly = -7.5 gan resulting in the g, that is of 9.56x 10°Q.cm’.

From this experiment, it is found that the p, and p, values are very distinct. The data show
that the effect of contact resistance can be neglecied due to the relatively low resistance ohmic
contact. However, this measurement has ils own problem ansing from uncertainty of the sheet
resistance under the contacts due to contact non-uniformity.

The crystalline sizes of the Si and Al layers for sample B and C with ALILE process as a
fuction of the different a-8i/Al thickness ratio values are presented in Fig.11 (a). Meanwhile, the
measured resistivity of the samples by four-point probes measurement was ploted in Fig. 11 (b) to
find the correspondence between the Si grain size and its electrical resistivity with varying a-Si/Al
thickness ratio values. It is found that after ALILE process, the resistivity values for sample B and
C under the different pining temperation have no much distinction.
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Fig. 11 Resistivity of samples with ALILE process v.s. a-Si: Al thickness ratio and crystallite size
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This result suggest that ALILE process results in that the resistiviy values for sample B and
C from about 12Q.cm steeply down to 10Q.cm. The resistity is strlongly influence on the a-8i:Al
thickness ratio as a result of the complelte Si crystallite formation. Therefore, the resistity of Al-
induced exchange layer with point contacts able to be controlled by the different @-Si:Al thickness
is an important parameter for surface passivation layer of further low-cost solar cell.

Summary

In this paper, the results of point contact formation by optimizing Al pining effect for
reducing the SiO; passivating layer have been reports. The localized point contacts around 100-500
nm diameter through the textural Si substrate aimed for a reduction of the cell lateral series
resistance are suitable for low-cost solar cell approach. At 500°C annealing for Ai-induced layer
exchange, it yields highly p-doped crystalline Si. This work pronounces the greater grain sizes of Si
than that of Al under all conditions of a-S1/Al thickness ratio. In addition, the resistity of Al-induced
exchange layer with point contacts can be controlled by adjusting a-Si/Al thickness ratio. The
obtained results are helpful for a further design of the rear passivation contact in solar cell.
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