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Abstract: Two kind of Ag-pastes were prepared for integrating the bulk Si solar cell. One is the
Ag-paste with Pb-based glass frit and the other is that with Bi-based glass frit. The pastes were the
mixture of 84 wt% Ag, 2 wt% glass frit, 11 wt% solvent of buthyl cabitol acetate, and 2 wt%

additives. After fabricating the Ag-pastes, they was coated on a

SiNy/n+/p- stacks of a commercial

mono-Si solar cell. The solar cell efficiency was 17.6% in the case of the Pb-based Ag-paste. However
that was 16.2% in the solar cell integrated with the Bi-based Ag-paste. The lower performance in
Bi-based Ag-paste was caused by the higher series resistance and the lower shunt resistance in

comparison with the Pb-based Ag-paste.
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e 83 A7 dFHEAM ¥3 422
(bulk Si), 22 A& (thin film Si), Cu(ln,Ga)Se;

(CIGS), CdTe 59 9%3 FT79 HIHA 7€
AT MeEEHz 3, Y 7ed AP E FEER
A= ok, add A AHsiyr AgHL e
HYAA 7€ F2 ¥3a (buk) A2 Sloly
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g4 A8 H3 Qe FF e 23d =Zdd
(screen printing) Holtt. o] & 7]&& vjuy @
AR o7t Artely dFe AEFEL o WHLR

WE AlZho] A F e T B FHE %3
Aot [34]. weby H3 HE HgIFAAYd AW A
S 2 (Ag) #Ho|2E (paste)E 23¢H ZHUERY O
2 AYFoZ T¥F Fo F&5 d FHE AN
Pk & HolAEE 80 wt% oo & B ]
~5 wt% A% 8 BZ (glass frit), 2% &nj
(solvent) 2 71e H7MA 5w FARHG [56] o

71 & #Ho]EM SE‘%‘% 2 2 e é.‘-
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Fol wta, A& fo FFE v} A gL oA
3= §Aol A, F7HAY vlAA (mask) $19]
ATE %”‘35?';13'“ e F88 988 34 [56]
F, & Hol2E E¥ Fd dxg FAHEL AAWA

A -n‘il 2L dolH e yrlx| g ong F&
A, 1 o2 Ag/Si AW HF AYE *F
o ¥33% AF2RE FAIY Y FE B2
o|ste] Mo wjMd A& (serial resistance)o] F7}
He gAdE 21 9o, AgHez "gHAx AA
2l E&E 7HAaATE 899 HIE Fg [78]

ol oA & F AKo], = HF FAAA Fa &
4 AR FiF 2 G F5 HolAE /g A
& %9 shioith. Al FAsiE de & #Ho
Ed F7tHE &8 28 24L& F2 ¢ (PH)E
r e ALt 9la, olefd fd Hol2E

2 7% (DuPont)®} #H=Z (Ferro)it7} A A
o A dBEg AFstn sk olF IAIAME=
S FfHdle fE 2¢E AEdle HojxES &
24 HAgE T A5 HIEHAA £& FUHE
dto] =93t Qo (9] Z29d E2 34 A o
% (European directive RoHS, 2002)2 #Foj:= o]
%-?i‘ T o 2 dA 7|E9 gl wtEA] Hg
3ok [10,11]. weEbr HZo o8 AFAEL F4

)iﬁﬂitﬁ-ﬂfﬁﬁ-"b

(Pb-free) 2 #Ho|X~EQ] 7fde] A3 ATE Bid
g [12].
ol#dl o] AE9 A= E3F zAo we} glokHA

5A4o| vl¢ 91zstA WA g -3 (know-how)ell
B S CES 9o Ade] Erbsd ofE ol
CERA 2 A E e & Hol2ES A
< 9sld FE ¢S 93 ?J‘-f’rff}-“f A FA
AL va Hrpstgda. = A2 gy & solA
g % FHe 4 FH A& FYdo, °|l’-ﬁiL
d A4S A& A BFdAe] £&E

gt A4YE doj2ERS HE MeAS 337}61-3'-?4
=

2. A

39 12 & Ho2EE AXde T4 £HE B
QqF 9tk & B39 £E& 99.9% °lAolx, A
715 A7 (01~04 ym A% AL A &39c &
g %<2 PbAl  (PbO-Si0:-Bi0:-Al0s)9F  BiAl
(Biz03-ZnO-Si0:-B:05-AlL:0:)Q) ¥ 7H4 /& B7}

84 wt% of silver powder (purity: 99.9%)
2 wt% of glass frit (split: Pb-base and Pb-free)
3 wt% of additive (ethyl cellulose)

11 wt% of solvent (buthyl cabitol acetate)

¢
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Fig. 1. Process flow for manufacturing the silver paste.

Fig. 2. Schematic diagram of the integrated Si solar cell
structure.

st o71dA AHgE frE B2 A8 AFES
TYE ALEEAT. = HIAR oY AEZA
(ethyl cellulose)& AM&3tR 1, A 2= 2 AnE
ol Al Hlo] E (buthyl cabitol acetate)ES A}-&gt}.

e B (84 wt%), -rrE] B (2 wt%), H7HA (3
wt%) 2 &4 (11 wt%)E Foj7 b &z Ao
EF7IE2 FUIEY f7) AFAE YA EFF
5, 3¢ &% (3 roll-mil)e AHE3sle] YS9 A
EAE FUgsle & Ho|2EE AR

gHozE= a9 20 MFHoz Jehd uie) e
HEHA] 4 AR 3RS s p-8 GEA 4
2|2 dold (A7 6 UAA, F7 200 ym)o] =HAHFY
(texturing) = 1 B3 F48E& AH 57 1 ym Y
n AvE F& FAHT F ARG (anti-reflection
coating, ARC)2.2 F7] 70 nm2] SiNxE 338714 =
2 (chemical vapor deposition, CVD)2 2 Z32t3}9]c).
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Fig. 3. Schematic drawing for explaining the screen
printing process.

I 4gg o HY Agn Zo] AFE & Ho2E
& 23YU ZUEY (29 322 Z=EIHT o] o
A5 A4S 8 AHE3 239 vpx3AqA, 7te
vl d ¢l A vl (finger bar)e] AZ& 100 pymel L,
F& vl ¥ A vl (bus bar)e HEZEL 2 mmE 3
£3t9 .

238 ZAYYeE E¥XF & Hol2EE 200TC
Z FAHE A7) LA 108 1 dx=AA &AE
AAGAL 2 Gide & Hol2ES HAF IH
g] 258 U3 AdAM 55 €XE FA (rapid
thermal process, RTP)E ¢| 839 & =7AL 15
T/sec2 1A}, &2 (sintering) £E& 500C~
900C AtelellA ohFatAl WA 7|HA 2% 7+ €A
2] 3t o}

o 222 2Z FAHL AP Fo| AFy 7}
£ FEQ 9A ue ¥4 BFEuF  (optical
microscope, OM)2.2 #3193, 424 &5 Wl
e & AZe uA Fx WHIe FAEAAYTE
(SEM, FEI-Quanta 400)22 #zstdo. A9 F
g AgS Hrshr] st W "WHe] A5 w2
v} (bus bar)olA 4-F ©3¥ (4-point probe)2 2
d AL A A 6dAYg vZEA
(Czochralski method, CZ)ell #|ztg EjFH=| (A =
Z: 150 cm?) E& ZAHE AF 34 (solar simulator,
Xe arc lamp)& Al435ch 28 54 A9 3 =
AL AML5 (100 mW/em?)ol1, 34 2EE 4L
(25C)e =7AdqA +33A
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Fig. 4. The particle size distribution of the mixed
powders evaluated by using a particle size analyzer.

A7) BA7] (particle size analyzer, PSA)E o] &3}
o Hr71eHY. 19 45 PSAE °l 8359 E4F ¢
T A7) B¥solg. AN & F Uxo] HF
YE 01~04 ymgl & 22 HTEYE 1~3 pm A
o fg £oo] EFHY USS HAF F Utk
F3 BiAle 32 #2o] PbAIY F2 ETol vd
o7t 2+ Ao 2 YeA g A9 zol7t Qe RS
gAd F UG,

a9 5 & £29 f2 £%S E£34¢ o #F
3 FALAAE Y7 (scanning electron microscope,
SEM) Atzlelt}, 19 5(a)= PbAl 8 EZE A&
3 ZAgolxn, I 5(b)F BiAl fE EEE AMES
BAEolt. F AFoA EF FHEYE ~015 ymsl
e & 223 FEYE ~2 um FEY HuFH &
fre] £2o] #datA E3EH AaS 9 + 4
At

< Y 72 B, HohA 2 SAE dse v e
2 AP EIVE FUIEHY f7) A¥AE TY
A ET F, & FHo|2EE AZX3 1, o] 23
d zagyoz HYHAY A AFo2 AR
o. 2% 62 Bidl g %2 AFg & do2E
€ S¥3 Fo] 500C~900C HHAS T &==2
24 FAEL AP Fo AT e FEU BA
o A #|&AS JFPv|ZE (OM) Abxleld, A= v}
23 AZ A9 BA uke] AF2 100 pmo] =,
A4 F FA uvle] FAE 15~25 ym o|ed, AF
< oF 130 ume|Ath. o|FA vtz vty =X
F9 AEo] F7ste AL Hol2ES HA FF
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Fig. 5. SEM images of the mixed powders showing the
particle size distribution: (a) Si powder with Pb-based
glass frit, (b) Si powder with Bi-based glass frit.

Shirinkage (%)

800 "o 700

wa 300

Temperature (T)

Fig. 6. OM images inspected on the finger bar electrode
of the integrated solar cell after sintering at various
temperatures with a RTP system: (a) 500C, (b) 6007,
(c) 700°C, (d) 800C, (e) 900°TC.

g% =¥ o HA dY
0C9 AL 4 ¥4 Fde
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-% 93 RTP 942 %71 Z715tol wabr
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Fig. 7. SEM inspected on the finger bar

images
electrode of the integrated solar cell after sintering at

(a) before
(d) 700, (e) 8007, (f) 900T.

various temperatures with a RTP system:
RTP, (b) 500T, (c) 6007,

A7lE o 9L vF F 7] died uEFsEA
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g% 4 Qg
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Slof] o
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ol wel] 2 YA A7|E Bo
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FHAAM HH 9= =277 TS
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Aog AFRG AF EHS AAAv A #F A9 ¢
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AR 9] A7l doj A A= #4142
23 AHEo] EHoz wrEso WA=
oz AU
=9 AHE YL HYdAd £&E A2 E
9] 3dlyelr}, wely HFe] AE AFL 7}
= Aol nEE HFAA AxE AT st
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Fig. 8. The variation of the sheet resistance measured
on the bus bar electrode as a function of the sintering
temperature.

Ag-g Hrtsl7] Yt §e wAHe] A vjA ul
oAx &A% | Aol Pb7ﬂ e £42 ALgs
o AT B BiAl frE] €25 AHE3HY AlFE
< Ho|2EQ ZHfoA EF i@ L X7} F7te
et FA AE Aol #2FE £ 5 AUk A
95 AS EFAA 90T € 349 XA H©
Ago]l 47k F7EAY. A8 AFNA & F IR
o] & HAFLE #HiZol AYPHYH 237 W Ao
F7tE & 5 d =3 PbA frel EEES ASS
357} BiAl fre] £2E& A8 A9Ed 2E 44
g LEA A @& d A 5AS Holx .
et BiAl e &% i‘—‘Jr-.‘f PbAI7t HlEHA £ &
o it {8 AR HFHr

dxe &% 9 Az7te] F7hete] Ag 97 #HE
A Si Hel® WE JAFEY nt/p- Holo= HEY
ARE A=A F4 HF (shunt resistance, Rqp)
grol F7hete] HFAR e B&S FaATIE ddL
2 2834 99 [13]. gy A5 228 9% 4
g A 270& HH3ste] SiNx ¥HAF WA gk
A A3t Ag/m+ FFE A3, AgZt p- F7HAE
gAts] Eol7HA] GEF = Ao FLd 19 9
oy A3 24ex 24994 Si oy e 2
ol W& Ag WUxe FF FL BAG Aot
n+ 9 FA= dEF 1 ymo]2E SiNy/n+ AHLSE
58 1 um Zo|7tA EA&AY. B4 FAEAE
u]7 (FEI-Quanta 400)9] ##t=o] 3li= EDS (energy
dispersive x-ray spectrometer, Bruker AXS Co.,

wt %

y ¥ 88888
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Fig. 9. The variation of the silver content measured by
using a EDX analysis as a function of the depth from
the SiN,/Si(n+) interface.

Table 1. Solar cell performance measured by using a
solar simulator with the light intensity of AM15 at 25TC.

Model name Pb-based Bi-based
Vo (V) 0.622 0.625
L. (A) 865 8.63
Rs (mQ/CD) 2.92 8.95
Ran (Q) 1324 9341
FF (%) 78.11 71.94
Eff. (%) 17.6 16.2
QUANTX 200) ¥4 FX& ol &3ttt &2 27}

S7H3tel wEta Si e Ag 949 IFFS FU1
S ¢+ Ao 800CTY A& SiNynt+ A ¥
29 Ag F5FZFE F7HAATE, n+p- AW ¥
ol 1 ymAlA = A9 ¥t gok. 2384 90T &
2 Z7AdAME nt/p- AW F29U Zol 1 imolA=
Ag A5EZo] 14 wt% F=E 433 F7Hd oY
& n+/p- AY EI2AX9 AgF F71E p-n Ho
e HEgE EFEA 39 ¥AH ARE T
ol HYHA E&S HAAINA HEZ AF)A
2=

o9 B4 AAES
Hog =3¢ & A3

2 4

T 2 23 =Y
F9 &2Z X+ 800T7H 7+
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A Aos dwo=A. mekA 800Te 424 =
Aoz 621 G24A HAZ dlolH e HFAAE
At duHo|2Ed AL3E f2 22 Pb
A<t BiAlel 7+ F/FE A&sAt. F FF9 Hol
2EZ AFS HIFHAY EA4S E 19 294319
el dgdA 58 54 A9 3 2de
AMI15e]3, £ 2= A2 (25T)9 ZA4dA
P =49 G AA E&2 PoA e £EE
o] &3t A|z-3 Ho|2EV} BiA frg %L o
sto] A|Ze Ho|2Eo| Hgto A EE e Ho
3 9tk PbA HO|2AEE o] &3l A& BFHA
o] Ao 176%2E A AA Hx FF9 54
gug 4 9o BiAl #Ho]2ES] Z 9% PbA -l
M e dddez e ghe HolA gk 16.2%°] uf
$+ E2 g%-% i}ii}ai’ﬂ PbA| #e]~E] oA
7bsAol FET ALE #dd + Ao ® 194
BiAl 7} PbA ¢ Hl 3t £33 EAS HolE= B ¥
22 AEAT RIY HEAF Rawolth 94 A
Age f2 2T HtF 2 =24 wzE FAA
FE3 AT F Y& ALz 7UdEY. E3 HE
A 24 N9 EAY 2585 F o HAYdA F
Aslstd F o AAE + dE A= Jdste ¢
. g2 FF F o ZEd A¥E W84, BiA
Ho|~E7} PbAl HO2EE tAE 7teAdL vlf
w03 sod

4. @ E

2 Aqoae desd da degE gIFdAY
AE AT BA 9y AgEHE & Ho XEdA,
e £2e 48 242 PbE #FH3e =43 Big
giote =4S bla Hristd, {2 BE 240l
BEAx e F&o vAE 93FS HrsAL Az
g & HolAEY A7 2%E 80T/ 7MY A3
Ao HrtHoy, o] AL HEdte] GAA 4
2|2 dlols 9o eFdx A& A2

xﬂé}% BYAx o] E&L PbA frE £EE ALE
g 2 Ho|2EME 176%2d HEd BiAdl #3
B AFR3 AAE 162%E tha A 245U

.41

AAE 5 849

BiAl Hlo]2EdAM @R T&E Hol: UUdL F

7*]‘%‘01 ¥, B8 A¥Po] E Ziol 7}7“ 24

‘?l 2 BotEdYg. v E Pb:ﬂ]Q} Hue o 22

&S AUy HEA 2 FHoiEXE /‘*Ei% =d

B 7IMez AFHe dFAA g Yol A& e
ol FE3 &S AUF + U

#Ate] 2
TE AYBAN A HAAME A (RIC) 9]
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