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Abstract

Crystalline silicon solar cell remains the major player in the photovoltaic marketplace with 90 % of the
market, despite the development of a variety of thin film technologies. Silicon’s excellent efficiency, stability,
material abundance and low toxicity have helped to maintain its position of dominance. However, the cost of
silicon photovoltaic remains a major barrier to reducing the cost of silicon photovoltaics. Using the crystalline
silicon wafer with thinner thickness is the promising way for cost and material reduction in the solar cell
production. However, the thinner thickness of silicon wafer is, the worse bow phenomenon is induced. The
bow phenomenon is observed when two or more layers of materials of different temperature expansion
coefficiencies are in contact, in this case silicon and aluminum. In this paper, the solar cells were fabricated
with different thicknesses of Al layer in order to reduce the bow phenomenon. With lower paste applications,
we observed that the bow could be reduced by up to 40% of the largest value with 130 micron thickness of
the wafer even though the conversion efficiency decrease of 0.5 % occurred. Since the bowed wafers lead to
unacceptable yield losses during the module construction, the reduction of bow is indispensable on thin
crystalline silicon solar cell. In this work, we have studied on the counterbalance between the bow and
conversion efficiency and also suggest the formation of enough back surface field (BSF) with thinner Al paste
application.

— 108 —



Voc 77§t

Jsc G AFE =

FF 24121 &H(Fill Factor)

SEM Scanning electron microscope

PECVD plasma enha.n.ced chemical

vapor deposition

.M B

AA A AA B FBAAH ] 80% A k=
AQE HAgIZE 7oz AEHIL 9l
o 2484 AYE HEdA= A9
TS vy o FAAARA, Ee
#FREBEE T Ay A o)HE A
AT, HFAA AxE F oo ¥}
AR S v go] oF 60% g Ee )
&5 At vk, webA B H A <
A7F A3 A AAE S =07 9lEl
HEAAE Az o e dloldHE AL
Sood 244 Ao dFdA AA
g5 A FHAE F AS Aoln. A
T gFS dolHE AER Ay FHoOR
Abg = ST Ae i Abo] o] d
A Aolm Q& 71 3 Aol B
Astm olygt 3 AN HEHEA Az
A ol FEEH Ax A
g5 T N 7TE2E TAAA HEHA
g Alx a4 &S S/
o B ATl E FE HEdAY 7
(200gm) K. Tk Gk 120m Sl o]l HE A& 3t
AL FY ATFS YT W AEEE @
g Aol s g FAS shwetd]
FUATA FFVFY FAE 24
FFE F9 FALG BFAA] H W
dH A71A 536 m A= el o sl
EA At

Hf

2. Ay oY

ot

B Ao A= Czochralski, F7 200+10
m, H]AZY 05~3Q-cm, WA 156x156mr2]
p-type 24 A 71#E A8t HY
A5 AAstdnt Aol AHEE 120mme
oS delzs FYE F A7 wiel
NaOH & & Ab&sto] 2 7fsto] A 23l
ot Bl A AA AL 1ol YER AT
FHzZA3 FAL KOHe IPA(Isopropyl
alcohol), DI water &89S A& 3}
Ay Igve FxE FAFAH. 71 H
of W A3 T4 o]F =P ARAAA =
diffusion furnace®l ¢l(phosphorus)< X3t
3= POCI39F 025 F¢3ke 50Q/009 H
A &S Z2H= emitters S A5 AL HFS}
HNO; & 94& &§3te] oo $HS oF

o]% PECVD (plasma enhanced chemical
vapor deposition)E& ©]&3le] FHEo] 22
Ql 80mm 49 SiNx(ZHsld el Z)9ts 3
AT A=EAS Y84 screen printing
S Abgstglen 3 dF0=2 AMEH =
Al pasteo] W& £33} pasted] A&
vtol A Al oz QM E= dFrEe T
AE 43It o]F HH A= Ag
pasted ©]&3 o 24 ¥ belt furnaces
AFEEte] AT BA] AAS s B
Ax] FAds T A Mg s(n), MY
A (Voe), @EHAFE=(Jse), Fill-factor(FF) <}t
22 714 545 4187 918 PASANALS
Solar simulatorg ©]-83F3th. B Fd A of A 9]
A AeE SA4517] 918l Vernier callipersE ©|
43} SEM(Scanning electron microscope)
S ol &3le] HYHA dHE 54 A

o},

= O

=

— 109 —



BEER 29
PYETE KOH(5=2t 3} 73_% DI water,
IPA(O] A2 2 T 2)
= POCI3 (A4 3 50 &/[))
g Z}
X,j,fﬁ—é—ﬁ] HF(E4H), HNO3(ZAH
HEAL 2] uh PECVD SiNx (#2%2.2)
Al paste
thickness 35um
Al paste
thickness 30um
= Rear Dry
e Terran .Al paste
180°C thickness 25um
Al paste
thickness 20um
Front Ag paste
24 400-425-450-550-880 %=
SEM(scanning electron microscope)
Sy solar simulator
vernier callipers

il = 1T [e)
A F HAFHE=E dFvE T FA
WS Fgn. 2" 12 BEdA A
% ¥4 928 & vernier callipersE o] &
3 bowingd =& A3 FHoltl, HAEA
A A2AL FUF AN PP EAon
2 1olAM His npsh o] dFvgE T
o] FAZF AT S F bowing o] A

A Zrase

of FAZE 20m<l EFHAA = B FHA
2E AF ¥ EA7F HA %= 3m
] qko]l bowingS Ze= EHYHAAE A2

& 5 e Hstg

(a) &
(c) &
&

(e)

Bow (mm)
*
\

_-.‘

(d)

. gFAE Fd wE A3 AEE gdHA
bowing &%

Fulg F7 20m, b)LFrE F7 25,

Frlg 74 30, (ALFrlE F74 35um.

Frlg 74 W3l wE bowingda H gk

0 1 I 1 1

20 25 30 35
Al thickness (/m)

3(ey,—a T, — (T, + T,)d

6t E E t
a a\2 LAYRLAY] LAY
P G ()
t, 233 Z2 A t, 3 519] 5o 7
ti@%z Té@%z
e TYEE T4 8 28] th LB

0, 825 o] ABAAG Stowing

E, 47 e o g A5

N

E,3he 74 829 g A5

AA FA Foll dASE bowing S
g2 dFvugae] 9% Al Aol=
A3k o] 23k bowingdA2 A(1E Y
‘*‘—i T AT —.Q Ao R 9= F

Z7}e 2 bowing A X7 7HA3E}



fn)

= ole ¥ 194 yved 249 At AAAoT A2uR =9 Zis} Padts
g & 5 ATt 2 7K Voo), AFA%E(Jse), Fill-factor(FF)
7} A ste AES Hon o= Qs 3w
g5 w3 7tass AL dold 4 9

T . A FuEe] FAZ 30mol A 25m
" 30 Paatde el 4714 SAwshs v,
—8—20
’g °r ] .\A ‘
g \. ® (&
§ \ \l/-
o . A A A
\\.
\e .
(a) (b)
i (.) 1I0 2‘0 3‘0 4'0 5‘0
Time (hour)
a9 2. A A F AE Wste wE bowing
EL

(d)

o 2% HAERA A% F A A m
2 bowingd =9 742 HelZth Bowing SE S gy dew ddaseld s e
e BFHA A F Az B el (a) 2505 Tmlﬂzg}j <ISo>Ei\LAEO]1UIX] 771 250,
upe} Az 7k f‘a CAF SR 124271 (©) F=E T 30m, (QLF7E FA 35m.

2= bowing @ 4fe] w2 A 7FAs=
Eﬁoﬂ% 24 lL o|F o= 7o) 7FA
1]

. o a9 3% SEM< o]&3] SAS AR
S o olst 4= 9t} I dFn|F _z_g,] — - - - _
s HAE 5 3l - © o &FHF ©F o|nAE HoFEr PA
1: = E_ : S
TAE FALES bowingBmAh A FE g agein o) FAL 4949 Ao
e _ Aol AR gon, duE 9 FA% 4
I 2= ] AR =& i -
E ol &3] A HFAAY A7 H EAE =
o - FA= Z+zF 2.28um, 4.32um, 4.27/m, 5.95um=
meE 24590t o8 Fa dF0E 3o T
7} #asb4+E BSFE (back surface field)
X 2. 4FE 5 v e AA-d A& o o = o -
Bordxe A7 EA =447 7]'“5 Z:]!——/;\-—O]"\: Z_l'é‘ Q’c‘l)lg‘ T 9}\9}\1—4' o]'i.‘
2 22 % FgelH,
Rear side Jsc(m/em) | Voc(V) FF(%) Eff(%) .
thickness B - " . W o= tAl pAl( F(T) . F(To) [2]
ave” | best |ave” | best [ave” | best |ave | best BSF PS' l—F(T) 1—F(T)
1 o
thi?li?lglg(%?ﬂm) 351835320620 0621 | 780 | 85 | 170 | 17.1 ]
g —— ty EFETY T,
i ) |34:58| 3.07| 0619|0619 776 | 783 | 167 | 169 PR e e
thi?ﬁﬁgiél(%?ﬂm 3496|35.19/06190619| 7.4 | 778 | 167 | 168 PR Zd %
Aluminum F(T) %L%%Aé %E@ oﬂ }\194 0_111)\01-.%_ Siat%7
i ) |3468 3473|0613 | 0614| 763 | 766 | 162 | 163 FT,) 58 21201 A 8] Siat%




Wy ARA A2 Jo]HE o] &
AR AZTdA AN GFug A
o] 9 AAS 2o]Z 23 bowing
| dFrg 5o FAE Far

Sl A
nE &9 FA7} gkl A5 = bowing @ 4ol
= T AT HEFAA
ko] Aol whel bowing &40l

st om 2417k o] Fd = W r}t v

> oW
XY ox rH o2

o
o
z
=]

i
r_g_r‘
o
fto
ol
b
£
4
1

o
k.

GFuE T A ered = BSF ¥
4ol olE&S 7hAskal BSF3o] ghobd<s
5 HEAA S Hd7H S0l S 71
2E UAE 154

1. Vichai Meemongkolkiat, Kenta Nakayashiki,
Dong seop Kim, Radovan Kopecek, Ajeet
Rohatgi “Factors Limiting the Formation
of Unifoorm and Thick Aluminum-Back
—surface Field and Its potential”, journal of the
electrochemical society, 153 (1) G53-GBI(2006)

2. A. Schneider, C. Gerhards, P. Fath,
E.Bucher, R.J.S. Young, J.A. Raby, AF.
Carroll “BOW REDUCING FACTORS
FOR THIN SCREENPRINTED MC-SI
SOLAR CELLS WITH AL BSF” :IEEE

— 112 —

2002

. Frank Huster “ALUMINIUM - BACK

SURFACE FIELD: BOW INVESTIGATION
AND HIMINATION” 20th European Photovoltaic
Solar Energy Conference and Exhibition,
Barcelona, 6-10 June 2005 Pre—Print, 2ZAO0.2.1

. MLA. Green, solar cells: operating principles,

Technology and System Applications,
University of New South Wales, Kensington,
New south Wales, 1982.





