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Abstract: A New Ag-pastes were developed for integrating the high efficiency mono-Si solar cell. The
pastes were the mixture of 84 wt% Ag, 2 wt% glass frit, 11 wt% solvent of buthyl cabitol acetate, and
3 wt% additives. After fabricating the Ag-pastes by using a 3-roll mill, they were coated on a
SiNy/n+/p- stacks of a commercial mono-Si solar cell. And the post-thermal process was also optimized
by varying the process conditions of peak temperature. The optimized solar cell efficiency on ‘a 6-inch
mono-Si wafer was 18.28%, which was the one of the world best performances. It meaned that the
newly developed Ag-paste could be adopted to fabricate a commercial bulk Si solar cell.
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1. M 8

Hole 874 EAZ dFEH"EA da 492
(bulk Si), gtat A E (thin film Si), Cu(ln,Ga)Se;
(CIGS), CdTe 59 t%g F79 "FAA 7€
AT AgsEn Y, AL 7y AdEE FEER
AP k. 2dd A Ad3rr JAHL =
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HYAZ] 7€ FE ¥3a (buk) AHUE dolH
(wafer)E o] &3t 7€t [1,2].

Agstg W3 AgE HFAA AFHAN
g Agg3 JE ¥4 JEe 23¥W T
(screen printing) Heolth ¢ =X 7|&2 ¥|aHy @&
AFA Au7t A7toln TP AFL Ul BAHLE
e A QA £ e T BS FHE A2
ottt [34]. wetd ¥a A& A AW A
22 2 (Ag) HOAE (paste)E 23d EZUHFL
2 Agxoz =¥ Fo F45 € FHE AAA
PP & Hol2EE 80 wt% o4 & ¥, 1
~5 wt% AE9] fa Y (glass frit), 2% &4
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(solvent) 2 71et #H7lA S22 FALY [56]. 4
714 & HolAEd EFE f2 Y HEL =
ol vtx, A& fo FEAE WAL HAGE o3
3t 540l dojA, F74A<Ql ml2A (mask) §19]
& FAsted v$ F83 gL o [56]
< Ho]2E EX Fo dAH FTAHAELE AANEA
el B2 dojne WA A%z oug F&
Aok, 1 olHfl2 Ag/Si AlHe HEF AL FFof
F3¢ AFFEE FA4IY 28y Fe Bg 9
st A9 wjAd A (serial resistance)o] 7}
= 93& 21 %o, 2F4Hor gFHR HAAH
A EEE FAaATE 29 HE ¥} [78]
ol A & F UKol & AF FAA Fe B
T AR FTF 2L FE 35 Fol2E g ¥4y

AN

71€ 9 shdeltt dA Adstse] dE & #Hol
2Ed| HZIEE f8 Bde 2AH4L F2 4 (Ph)E

st AL AMEET Ql3, o)EE {4 Hol2E
£ T2 FZ (DuPont)i#} #HZ (Ferro) AH7F AlA Al
el A9 diEe ARsn Joh olF FAlME
g3E FHsle fE £9L2 Al4sld Hojx2E9 &
g =4 WslE T A% HIAx 28 FHE
At =3t U} [9,10]. =§ IFFeo] /A FAl
of &3tz flstd HgAdd U AFE JPH@
JATE, o} L Pb Al f2 £LE H L F 5o v
st Tha SAo] ¥& AHo] Aol [11,12].

olgjgt Ho|2E9] At EF A ulg} ejgHA
574o] ¢ AAsHA WA, -8 (know-how)dll
B2 FEE JESFL o] Aol EASE ool
Atk wEtA B AFAME 498 2 Ho2EE A
23, M2 g & Ho2EE 9% HAHe &
3 Z23¢& gYdnA A =3 oy 9 F
A€ A &3 Azd L HFEARA 7 LL =
33t 498 Hol2ERS AHE 154 E Hrsln
2} &t

2. ol Wy

1S 2 d7oA HAHsted AW AF L & 3o
£ES A& BAFD o & 2 £5E 99%
o] 4o 11, A2 271 A7 01~04 pm FE A& A}
833t} 28 £22 Pb Al (PbO-SiOs-Bix0s-AlLOs) =
AE AL d7)dM AR f2] 2R g A
FE TS ARSI T. & HOMAE od AERS

Table 1. Chemical composition for manufacturing the

silver paste.
Ingredient Composition Remarks
Ag powder 84 wt% Purity >99.9%
Glass frit 2 wt% Pb-based
Solvent 11 wt% Buthyl cabitol acetate
Additive 3 wt% Ethyl cellulose etc.

Fig. 1. Schematic diagram of the integrated Si solar cell
structure.

Fig. 2. Schematic drawing for explaining the screen
printing process.

2 (ethyl cellulose)E& Al&3l9a, £A42= 2g
H| & o} A H ¢]E (buthyl cabitol acetate)S A}-&3lch.

= T (84 wt%), 28 2% (2 wt%), H7H4 3
wt%) R &A (11 wt%)E Fol3 ¥ &2 A3y
ER712 FIIEY §7) ARAE YA £
H, 32 29 (3 roll-mil)S A2 JAS BA
54 Sdgsted & Hol2EE AzxFHT

G 2l B A7 A2 & HoAEE
7bat7] Aol 94 AgAdolA olz Heo|2EQ &
A2 Fo] 5EHES Fre. o= ¥kl F
vl o} gebA o AFHA o3 HAFE F YA
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G ZRIeA ¥EEAQ HFrbt oyE ddE 1
g A7 Wlelth af 19 £ AFA & FHelx
Eo 54L& Brst7] st AR SAtolAl Al &g
VAE A E dolH e MFxolgd. F2 THE 7
£3E, p- ¥ 9Z2A A E doln (A7 6AA, F
7 200 ym)ell El2H3 (texturing)# <1 F4F FA
€ AA F7 1 pm AXe n dvg F& A
F, uWrAlEbA] 9 (anti-reflection coating, ARC)2Z
57 70 nme SiNxE 3}37]4 52 (chemical
vapor deposition, CVD)e. 2 Z#3ldct. 1 og ¢
Aol Az Zo] AFE & HoAEE 23W =Y
2y (0¥ 2)22 =X od AF FEE 9
3 AL8F HZER 233 vp2Idq A, 7t wjdd
HA vl (finger bar)e] AEL2 100 pymelNi, F2
B A1¢1 WA ¥} (bus bar)d AZEL 2 mmE HE3|
At 239 ZdYgPor EXFE & Ho2EE
200CE AAHE A7) BN 108 2+ ARAH
L£AE AA}AY. 2 gdSde & Hol2E9 HAE
3 Xy 25 gFgFHez Qs AN 4
Ao Mdxd F% EAH8 FA (ULVAC, Japan)E
o] &3l Abd H7ME AASA oldY & =3
£ 15 C/sec®2 A3, A7 (sintering) &2
500C~900C Apololl A thkatA WSHAIZ|HEA 2%
7+ @A AT Ar)oA A2 &xE FA A
AR LEE 7|FLE g dIF 22 44
FIAL AP Fo| AF9 7t FEYU FA 6
gAre B33 D) 7 (optical microscope, OM)S 2
A5, 22 25 ¥ w2 & AFe v T
Z W3le FALAAER 7 (SEM, FEI-Quanta 400)
o2 #FAY. A3 A AFES Frhsr] s
o W& WHe M9 w2 v (bus bar)olA 4-FH
23¥ (4-point probe) 22 W AL ZFAHFATH
HZHoz HFAA Y 5L Hretn & AF9
4 FAHE FAH3F37] A SAHY FAE SUddA
G AL AL & AFE =X} A 4
ol¥E p- & ©AA AE sy (FF 6 UA, F
7 200 ym)oll #lAH# (texturing) ¥ 91 i I/ L
AR FA 1 ym A=Y n” duH T 4 F, 0
ApAE (ARC)2.2 57 70 nme SiNxE 3}87]%
ZFAYoz FAG Aot 1 fo £ AFA AL
3 2 Ho|l2EE ZAE7| (Micro-Tec, Japan)olA
= ¥3lx =&to]7] (Heller, USA)IA HET v, 2
E 2 (Despatch, USA)el A o] &&= ZZdA HF
axeE AYPsqct OGS FHELS SAY FA T

< adi2 HLsarh. A7 690X dAAGd AlFd
YA (A HwH: 156 cm)e) 5 AL AFTHY
(solar simulator, Xe arc lamp)g& AF&3l8T. &8 &
A A9 #g 24L& AMLS5 (100 mW/em?)olz, &
2EE 42 (25T)9 AN =354

3. @3 % 1@

2 Holxa AxE Hsd & FEy FE Eus
&3 Fo A A7) BEXE 357 Yo d=
7] B47) (particle size analyzer, PSA)E ©] &3}
o 7}t
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Fig. 3. The particle size distribution of the mixed
powders: (a) evaluated by using a particle size analyzer,
(b) SEM image.

€))

Fig. 4. Optical microscopic images inspected on the
finger bar electrode of the integrated solar cell after
sintering at various temperatures with a RTP system: (a)
500C, (b) 700T, (c) 8007, (d) 900T.
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Fig. 5. SEM images inspected on the finger bar of the
integrated solar cell after sintering at various temperatures
with a RTP system: (a) 500, (b) 700TC, (c) 8007TC, (d)
900TC.

a4 3(a)e PSAE o|&3ld £4% 9= =27 #
Esolty, aPZM & F gUxo] FHFYE 0.1~
04 ymQl & (silver) 23 HFYE 1~3 1m A=
o fre] %ol EFH ASE AT 5 AUtk

a9 3b)e & 24 fo £ EUE Fo #
Zgt FALAAEU]7 (scanning electron microscope,
SEM) Atdolt}. & A7|7t &L & 93 7Y
=7} Had & fg E%e] EFHY JULL g
F sl

< 2%, #E 29, #H7A 2 842 g v e
2 AFsle ERrIE F1EH R 2¥AE 7Y
A EFT F, & Ho|2EE AFs I, 0|8 23
Y ZAYY o HYAA HE AFo2 A
o o] 4F2 G4 FAHC HLE 7)o LA AP
o FHE de FHEH FAE ol &} 2
Y 4E & FHo|AEE SiNx ¥ALYA| T} 9o =¥ &
Fol 500T~900TC WY GId 2x2 & d 7
AL AYPF Fo] AT 7t REA FA upoA
w4 FdEnE (OM) Abzlolt. A¥A Hrtg
A5 vt=3 AF Al PA 8l MZL 100 pmo]

=, A4 F FA vl FAE 9 25 ym oYL
B, A2 o 120 ymoldch olFA wpAIo] H]s}
o =¥ Fo AZFo] FIlste AL Hol2ES HA
FE % EX Fof HY Yoz osE 5+ ¢
. 500Ce A& & ¥4 Fole AZFo] A W
7F fien, o2t BA uie] HEZL r2ZFAL 9%

L= T B B

—_—

RTP €& =7} F7Hgel watM A
FEEL 49 F AAJH. FHFES Al :
700C9 %9 <F 15%, 800C2 4% < 30%, 900T
o A% % 40% FE=PE AAT F UAT So|#
A& 90T e € 3R Folle A Ao #ES
EE2<Q & (neck)o] FAETE Hold <3 29
FAL Ade AGAY S FIHAAA HIEHDAY &
€& AN o %S 9E F Q7] d&Ee vt
#A3A g g2 |UE 22 2x9 12 TH
2 & HO|ZEEF o|&F AHEAF AFoE £HT
& Ao AGHAY F AE S AF AL A%
HH 4 FH EAFE & F U

31y b 2 Hol2EE EXF Fo 423 25 d
gt & & AF9 A F= WHFE FAEAAD
2 (SEM)e.z #Z3 Zdoltt, 48 =7t 71
ol metyq 2 gdA Z71E RHoleE #E BEUEe
AbgbA 3L, 2HE R F7|E Ze & BEUEC] M=
FRAA HA A& 2717 F71EE BUE &+
o 284 Fold H F9 e 90T dHg =
Aoz AZAF A5 EHS AAA0 A #F Ao o
7te] ¥ #A (surface charging) d4to] Alstd
AZle] AP =7 "ojH ol & AT HirA=
et FEld AHEo] EHoE WEEo WA=
o2 G5 F AAT FFE HHL YA
F7H4Q £40] U Aot AF9 P gL
HEAA L 58S AN 94U F9 ot
et dFe FE AL 75 EFE o] 1F
& HEHAA AZE T sy YaexHo|r} [13].

3¥ 62 ol8d HF9 A AFL Py 9
3o WL A HIQ W2 nioy ZHE A A
goltt. 272 &7t F7Hgel wely HHE FE A
ol Z2FE B F Uk AT 900TC € A9
ZRdAs W Hgo] <zt FrlstAh AF Ao
A g F e & AFL HaZdo APHWA 23
B A AFo| TS ¢ & Ao dFE ¢x @
AlZkol F7tsted Ag A7 F=sA Sioslelw U
2 AT n+/p- gole= HE AWEL 3w
+4 ZAF (shunt resistance, Ra) @t°] Z713t9 Hj
A BES FAATE Qo ZgEA "o
[13]. We}A HF 224LE A% I3 Aoles =4S
HAHstste] SiNx A} WA gtel o] Fsle] Ag/n+ &
& ¥43% 1, Ag7t p- F7HAE ks 5071
R 3= Aol Fas)

" 72 A8 AF 2FEx ZAA Si slely

9 o
R

“
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Fig. 6. The variation of the sheet resistance measured
on the bus bar electrode as a function of the sintering
temperature.
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Fig. 7. The variation of the silver content measured by
using a EDX analysis as a function of the depth from
the SiN,/Si(n+) interface.

o] Zolol WE Ag Hx9 FAF FE £ 2%
oty n+ 9 FAE W 1 ymo] 22 SiNy/n+ AWM
°28RE 1 um Zo7HA BAsFAY. 4L FAA
A#v]7 (FEI-Quanta 400)°] ##=o] gl EDS
(energy dispersive X-ray spectrometer, Bruker AXS
Co., QUANTX 2000 ¥4 A& ol&&3ct. 42
ezt Z718o] wakA Si e Ag 949 HF F
e Z718e ¢ F Uk 800TY Afole SiNy/n+
AR 229 Ag AF F& F7HEAT, n+/p- AW

Fig. 8. Si solar cell fabricated on 6-inch mono-Si wafer
(@: measured point).

2ol Zol 1 uymolAdE Ae Wz gid. 2dd
900C 422 ZANAE n+/p- Al H£32A ol 1 ¢
molME Ag A5 Fo| 14 wt% AEZ 433 F7
k. o2 n+/p- AW F2olA9 Ag ZF F7t
£ p-n HoleE HFE BFEA o ¥4 AFE
S7HA 71 ol HIEHAAY A&E FAAIA HE
2 Ak &t

olate] B4 ZAAESL FHS HE 23Y =ZYUH
Hog EXd & HFE FAFAH HEF AT,
F4£ d FAH &5E 800C~900T H2oA AAH #
S Ugd Aoz oAsdh wetx 603 SZAA
AZE dlols Yol T SAFY d TAHL H &3
o HgEAANE AFszm, FatEile] HLHE dE
2 (belt furnace)ollr HF Aoz F& 4 T4 3
2 3} stnA st

2 82 FuUl SAY YAt #elA 61 GAA
gols] o] AZF Si BlFAA AIRE BAFT 9l
th & AL =¥37] A9 dolHE, 4F WA
A 715@ uis}t o), p- & B4R AHE HolHl
daxgda o Fa FALE AH 57 1 ym A=
n' ouE g AT F, WALz FA 70
nm¢ SiNxE 3714 FHYez FIAF Aot
2 $lo B Ao i & Hol2EE EZUHT|
oA 8 04 MPa, % 50 mm/secE2 E=EE3FHA
O g =gol7dA 275TAAN AR o, HE
2Zo|4 oy 2% FAqA FF dAHHE AAsA



A7) d 2 A 582 =F A, #26¥ A2E pp. 144-150, 20133 24: #j=A|3 & 149

71,361
60.000
50000 S
40.000
30000 |

Height (um)

20,000

10216

Width (um)

Fig. 9. The measured width and height of the finger bar
fabricated on 6-inch mono-Si wafer as shown in Fig. 8.

& FAHEL SAe %A FAL gz H L3
Ak FitElol A HEE PA upe] HEL 80 um
& A &3

a9 9% 43 Q6N AR dFA HYE o
FHR9 FA vt HEZ3 FolE FHI AF A
F U4E HoFa gt a9 8d JEd A F,
ste] fAAA FAHF (MZF, Fo)e Z7 (94 pum,
20 pm), (87 pm, 19 pm), (89 pm, 17 ym)2 e}
o 54 Z23%E 29, 80 uymz AAE MZFo] ozt
HY @ o3 F71 AE B 5 Aok AR o
AL =X 79 §5 @ TAL HE 244 Ags}
Ak & AFoN HEE HE ZE olF /9 dFdA
AdHoR 258 HAY 4 Ue FAotk 1 4A
X7} 96T BF-& ¢& B9, & 999 44 2%
= 360-360-360-500-550-600-650-845-905Co|t}. WE
9] olF £E& 58 m/min 2HoE AP} o7
A ME 2o A FAL FAHAY] Ysto] e
SE Y BEF 2L 2P Y 1Y L
2x 99 845~905TC F9<L o2 zPdeoz W
AAA BlFAXE A=A

2 o8 2% ZdAA A3 4F@2A Az
HEAx g H7H E4E& BodFa ot =9FAR
538 £ ANY 39 =AL AMI502, 23 2%
£ 42 (B50)Y =N S 4 947 =
oA FY zdoz 304 HIHAE A o
&, BE dojH9 #7H EHL 2Hdn HFE
ARbstd Baug grolth 39 ggHx gge o
E 2o 44 257t 3710l wels ago] A

(@) I

OA 4

Current

Voltage

Fig. 10. Equivalent circuit of the fabricated Si solar cell
(a) and the Rs effects on I-V curve of the solar cell (b).

Table 2. Solar cell performance measured by using a
solar simulator with the light intensity of AM1.5 at 25C.

Temp. split 815-  830-  845-  860-
condition 85C 830TC 905T 920C
(at :ﬁ (c‘irr)cuit) 0630 0632 0632 0632
(at Shs(?rt(éilcuil) 8925 8980 8953 8929
(o) 1927 402 3m 151
(@) 342 2051 24 1901
(5l factor) 588 766 772 6801
GfL OO 138 1822 1828 1605

7 905TC ol delME 2318 #Hidte 4L Hol
i Qg olEEd NS HEAze HAHAF (R,
series resistance)®] ¥3l2 Z Mg ¥ 5 glth

I¥ 102 Ay deE sdAA e Sr329 B
HEFAA A AD AHgo] AF-AG FHo mAE
FFE MFH oz Yeld ot [13]. 2o ¢
T UXRol, A8 AFo] oW HIHA J2ZeA 1
d 109 o] FAHHE AFE FEAA HIEAA Y
A& (fill factor)S #AAA7|3, olE HlYHAA &S
o] ZAa2 ARG (Eff = Vil FF/Pin, Po= 1
kW/m’ at AML5). & 2014 A& AL 845-905C
27944 718 93 (R=352 mQ), 24§ 2 5ge
7 e AL $E 5 U =8 Y Hge A
9 @A A W & PA b AZ9 A3y
7 BT Aol A7) Wi o] AnE 1Y 69
A ZAdet: F dAF}S ¢ F Utk ex 4y =
Zo] 845-906TQ! ZA$olA, 2 AFojA juwst uo]
2EE o] 83t AZE HFAA 9 A= 18.28%
E AY AHA A1 F£F9 E4S F5E 5 QU
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4. @ &=

£ d7oAE d43d E3a deE gAY
A AT A4 1 de] AR EHE & #Heol|xEd
A, & Y #8 Y 1EA HokA 59 HE =
A F5 @A TS HAHd e 48 2 Holx
EE gsigct AzE & Ho|2EE %4t 24l
HE3 ASdA, WE 2o F&£ d FH LEE
845-905C7} 7} A HAoZ HrEHUoH, o
Z31E& A4t S24A A& deolH el A
YA B&L 1828%2 A9 MA Hu F£F9
E4& Bt ety £ dFeNA g & #Ho
2EE 23¥ =AY 7oz AFHE HIHAY
Fielel AL 7beAel FE% Yes HAE F
AAT

#2A 2

o] &L 2012¢% M uFdusgn ndesdT
H]o] XS ol FPg A7Y. B & dF<= A
2 AR ANGYANAHAG(RIC)Y APz F3
g 47 23gYy
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