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The effect on electrical properties of SnPbAg paste

for Interconnection in Photovoltaic Module
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*Korea Institute of Energy Research, KonKuk University™

Abstract

In this paper, electrical properties of photovoltaic module have been observed for 5 years and found to drop

around 5 to 25 %.

Element technologies which are critical to electrical loss were therefore examined and dark I-V
curve were observed with different soldering conditions.
From the results, series resistance decreased with the decrease of contact resistance regardless of

temperature conditions.

Key Words : Photovoltaic module, Interconnection, Solder paste, Soldering, Dark -V

1.ME

HEFEAA 2ol HAZ 59 B =&
Hol ©Asle HUANREL F£go] o 200d o]
o2, 4 JFHe2 Algo] 7HEEy, ¥ MX &
o FAEFH Lol AH ER v HAAuUA
dozH, HXZrd wtA LFAMEH g7t
X Az #EE A = = FH) Ak

a3y FuoA 9782 HdXE dF HEA
ARES % 5do Ay F AUH AFAES 24
HE A F 1A o] & 5~25% JHEFe] A7
Z BAyo] AN3HE e LAsHey, AT
ME 717t Field test®d A2d& tdoz AFH
B A HAS5EENAY daddez HAUY 4%
o] AgtEv Aoz FAHAT[L]

wetr] B dRgqME HYAXNREANAN HAANFH
EAQ A3 8002 HdAgHE 827)&S AW,
HIAARE AZXITAHANA HEHAE ddse
Interconnection®  SnPbAg pasteE® A3}

Reflow M/Cell 93l Soldering3t$ 2., Soldering3d
%9 Dark I-V EA ¢ w3slE #&39th

F 1. Field Test 53 Z#4F HYAARES] A7)

H 54 w3l
5 7 |#3n|FREA ax
Initial-Class| 270 50 27 24 &9
A-Class 13 47~48 |¢F 5% ¥ 74A
B-Class 194 | 40~43 | 15% &¥€#AA
C~Class 63 35~39 |9 25% E¥H YA

2. HHYTR 2 Eo = ¥ 247|&

2.1 HYMX|RES] F=x
QA gitxo=z Aesly HIYAAREY TFE
g 19lM BEvpst o] Low iron glass /EVA

- 171 -



sheet/Cells/EVA sheet/Back sheet?] FE|Z T4 5
o] 9}om LaminatorlolA Heating Plate& 71GAl
A WEFAEAAM A Z(Lamination) 3t BFAA]
2EE A=A 2]

Vacuum compression
Back sheset

11111111

[
KN EEEE BENS DN Colls
L 3— Solar EVA

;'1"'»-‘:-": E : ‘ B Tempered glass

Heat

a8 1. HYAR] BEY 8 x|

a7 194 EXe] HIFAAREY Ax WY
s HolXuh AAR R M F 2E, §
E, 9% gzde @444 549 wagle] B
F9E& FAGE 7] Wi HEFPARES A=
TAL W Fo3T

22 HANMXRES A27|E

YA L EY £9L BFA 7= FE &89
& HEHA AAY 54 Ast@d SFAEY ¥
o o3 B4 AstdMo] HAHIE AT 2
=, F59 97 FAH @R 47 RA@G 9
3t} ElFAA EHe] AFH A Aol 22
7} AbsE 7] ool

ol g Azl = R4 o7 AF9 IR
BYAA ] ALAZL FUAI L ok TYHAF
g ZaNA A3 Ay &48 A A Erth

AR GG HEAR o FHF 2E
i o] AFe 3ES Pl AYFLEA HEA
AREY oA IS F+ JLYAY YL A3
HZ A8 (contact resistance) B ATAAY nH{HA
%} (metal resistance)5 & €4 Uth[3]

uwglA ojul TEOjRA HIFAAE o] &3d A=
H= HLANREANAN AGAYLSE Fo)7] AL
SolderingF A ANA AT AFAe] dFsE =4
2o HEAYL 42 g, AR A7
o] HERZJAN AME 4+ 3= Hot spotsBdS
Zdogt 71 9L FAE F Uthl4]

HEANBEES ¢ 5do] A ALEEA HE YA
e HFH =AIE T =AYER =AE
HAEREANA  YRre g3l 98] Solder
paste(SnPbAg) metal®] #¢€ ¥ A& ZE#H2
o 9% FHg Aste HE2AFe] AXA HH, A
o] AGF+E Astdo] HIYANREZHNY 7|5 S

g 4= ¢lA ¥4h5]

Z& Solder Paste &A4Ad EeFHo g g2
9 Ze =24 942E0 SnPbAY FIF& F44
717) W&ol g9 F sl¥AXeg BHE AR A
HAY, 71y 3719 FF7 BUE gEHAR
"ol Bojrlx FEE  HYHANEE A=A
LaminationZ %3 -& & sfopgtc,

a3 3. Solder paste2t Cu ribbon &4

Soldering F9 ol a4 ¥o]l EA8E SnPOEF
o] olEF} urg3lY PbCLE AAAANH, PbCL &
o] Al et A B KT F27 B Frld W UA
2 £ao ©FA PbChHE s RAgEd, 2
% SnPbel R HW thA] 43lEo] A7), o)A
2 PbCLZ WEY, E tiA PbClvt BAHI o
FA & SnPb §Fol EF Rl glojd 7|
el

o] HAL drgA oz Jehd ofelet ).

Pb+% 0, — PbO

FENF7)

PbO+2HCI — PbCly+H,0
#7195 CO, 37 oA PbCly=

PbCl,+ COy+H,O — PbCO3+2HCI
HCl& &4 Atg&<d PbOst ¥H&3M oAl A &
o] P rt.[6]

3. A3 ¢y

B Age HIAARE AZFAHA ddA HE
A9t EjLYHAE Interconnectiondt”] $34d
SnPbAg PasteZ AH83d9  Solderingd ¥
Soldering A% @A 5o HalE FEA3Y) Hstd
%A A ¢ Dark I-V EAAEE B3

Solderingel AH¢® A& Reflow M/C(KOKI,
Japan)& AHgEIglon, 2% st e EFIHY
2o 2M 5-zonel & FAE YL, Conveyors o]
23t A%F o2 In-out 3tA Hol Utk

Soldering2 = Cycle2 I8 40X 9 Zo] 1-zon

_72_



e~3-zone ¥ zonelZ AME38% 3, 4-zone~
5-zoned Soldering zoneo 2 AH&8H¢t},

Agel AR ¥ Reflow M/C &2 19 494 s}
Zo] 1-zone~3-zoned 300CE nAdHoH,
4-zone™ 5-zoned Soldering zone 224 500CE
DAREAL, Soldering 2% AolE Reflow M/CH
Setting =& 314 A ConveyorHT &
03, 05, 0.65, 0.75m/min2. 2 3] AR a5t

Ao AHEg HIYAANE AATR £E AxY
Holl wel Soldering=Ae] & # giotn 7143
o SdAHZ(c-Si)EHFHA(10.3x10.3cm)S ©HE

AP E(e-SHEFAA(10.3x103cmE L 2%
2794 FA A¥ st
Reflow Temp.
500 .c_.( : e
400 Tf— - ;Reﬂow Temp. § ~ X

300

Temperature

200 T~ Low ?"d......._,,, . Standard N

100 T - -

Fast Speed 1 L

1-zone 2-zone 3-zone 4-zone 5-zone cooling
Heating zone

38 4. Reflow M/C9 &% Cycle.

BlgAdx AEH HSo| Solderingsdlr]l A& Al
€% Solder Paste: IWlA Alzd Sn(628):
Pb(36.8):Ag(0.4)& A}&3}5 21, Screen Printing'#
£ o] &3td st

HYHRe EHLE FAHdE  Thermometer
(Testo 935), Dark I-V 54 A gL Solar Simulator
(81194-1000, Oriel Instruments,USA)E A&31tt.
T3 94938 ¥4e A5y fstd FgEAF
(Olympus)& AH&3o HgAz FH A9 99
A E gAsgch

4 gz ¥ nE

a8 49 Reflow M/C 4-zone¥ 5-zoneolA
Soldering H+ 2%& ¢4 $(Pb)Y &3 3275T,
&4 FM(Sn)e €4 & 232CTEM, Snol PbE #H
7hetE §Ae] Ha AsHo 3Blwt%ws Purt &
u 183C2 §Ho] 713 dolxth[6]

wekA  AYPe]  AREE 62.8wt%Sn-36.8wt%
Pb-04wt%Age] &L F 192TCEHN B Ajd A
£3% Soldering 25+ Reflow M/C &FA &A
¥ HYARA gHezrRtg ¢ 50T ¥2 220C~18
S5CAAR F&3t1n Ut

Dark I-V 54 &AL FEAY WHIE 44
T2 8 4 glon, FEAY 2 gIdAYg £
EAdY w3z 44 32 € 5 U9 =3 =338
BYAANREY EA S BFES=UE Fo] AHEH
A3 Yek[7]

¥ 5% c-Si H¥AA 9 Soldering &2 W&
Dark I-V E49] ¥3lE HAF3u ).

a2gdA BHXo] reflow &£% 03, 065 075
m/minol A ¢-Si Y AXY Dark I-V 4L 7¥
717t §43HA 271 A& FA9¥ ¢ e, 7
€719 Fle & AEAFY] #2128 RS & F 4
c},

8.00E+01
7.00E+01
8.00E+01
5.00E+01
4, 00E+01
3.00E+01
2.00E+01 7
1.00E+01

0.00E+00
0.00 0.20 0.40 0.60 0.80 1.00
Voltage (V)

TITTIT LI 111
—e—before 0.30 o/min
~a-before 0.85 s/min
~s-bafore 0.75 s/min
--~retiow 0.30 a/min
—m-ratiow 0.65 a/nin

—e—raflon 0.76 a/min {)

N,

Current (mA)

a3 5. Soldering AFS c¢-Si Cellsy
Dark I-V &4 w3}

I% 62 p-Si Hl¥FAA Y Soldering 7o wWE
Dark I-V &4 ¥3E RodF1 ot

p-Si HYAAE c-Si HEAA G oA E
reflow &= #ARle]l 71&7|7r FF8A F7ts)
seoy, Aaxgge] d2d AE ¢ F Uk

B.00E401

8006401

[~ 7008401

——before 0.30
. 8.00€ n/min
ER -=betore 0.50 /
£ somor m/nin /
3 ~before 0.65 7
4.006401 a/nin /
3.00E+01
{1
2008401 L //
AT LAt
1.00401 It aanl
Z-Z2agasannng
0.00€200 AT
0.0 .2 0.4 0.0 0.60 1.00

Vol tage (V)

8 6. Soldering A¥F 9] p-Si CellsjDark
I-V 54 ¥3}

Iy 5 2¥ 6A4 9 2] Soldering <=9 #A
ol AAAY 71&7]19 FAe HEHR GG HEA
g AdseE ZAE] HEAR FUATOE
AH8-HE Ag pasted) IHAFE TEAFOEHN,

- 73 -



AP go] A2E AoZ Godh

B A¥oA #edd Soldering2 %] w& Dark
I-V E49] Wsle A2 SolderingZzAo] ¥&d
A A A" gozZA, Conveyord:x 0.3m/m
olate X8t 08m/min ol Aol H¥AA FH A
= 57 @A Solder Bonding@dA4& 9 &
At

a9 7€ Soldering® A9 AZ3 EAE &
£ol9lE SnPbAg pasted] FA4& #EEr 3o
FtdnZ4os 9% FTA Y ANE RAgFH
e},

{a) AR Solder Paste A4t
EE R A vR B

[t

B A
(RO SN ColBR Ne)

o} B8 Mo as g
L. SN CarBa ) | g

a8 7. Soldering &% W& A3 "‘4
Heol madyA

(a)¥ Soldering<%=7F #& o "Hgd=x A A
Zxr¥e TEE SnPbAg paste’} HF %2 ¢n
gz golgle A4S EHdFm gled, e
Solder paste’} Z& Fo TAEES o] SnPbAg
3ol Soldering ¥ oj® EYoz AZIHH =
ZHEAE &Y. ()= Soldering %7
d5o] gFAX EFH Aol AFFE 7@ AAAA
Yoju}= AL HAFI 9lon, Alojale] A&
7lge] HEg JAE B # £ U dE
reflow 257} #dd el Soldering® =g
B ggdA Ed AFoziy Yoz doRs
e PH4L HAFH glon, ol EX e 4
& 71#e HHo] BojN AFo] dojus ANS
HeFa o

58 &

FAXE HIAANEEY FHo FFE F
BB 2% %9 g3y FHgAHd o
A4 delx BFAATL gFo =FHUE
ZHREAAN A7)|H EA 9IS F + A
AA 9} =AgE e Interconnection H 3
Reflow M/C& ©)43lo Soldering2%=% ¥W3HA

H

Ly

x
£is

."

g

(A

B
3
[e]
5

20 o e
o

A Hde F HFAx B 7MF g & A
gAae Wals 1y 93t Dark I-V EXL @
ZFstgo

Dark I-V 4 23 A c-Si, p-Si HEHA =
% Soldering &% @AY EF 7|77t 33
34 #715 9], Interconnections & A$ A2 H&
Agre] el o APAGe] paHE g
gdgen,  AHAF Soldering &= A
Interconnection®] °]FojX A && A5 HEHA
¥HAZe 93 9 Solder bonding® el <& H
GFHRABEO| o nFHo] BAE AL Ao
AG+E A5 AE2AYY F71 2 hot spots @A
o] Fildo] HIFAANRES YL dFANZL Ao
2 Als®Ed,

3o &8

[1] M.A.Quintana, et al., "Diagnostic Analysis of
Silicon Photovoltaic Module after 20-Year
Field Exposure”, Presented at 28th IEEE
Photovoltaic Specialists Conference, Anchorage,
Sept. 15~22, 2000

[2] #718,23FA9YHF&HEF “HIRAR
E¢9 74 % Lamination® 2=E54", dj&A7]
53] stAStENE =&3, ppl376~1378, 2002.
7.

(31 #FAA7Ied+4
Z1&AE”, 1981. 12.

[4 DLXKing, J.AKratochvil, and M.A.Quintana
“Application for infrared imaging equipment in

AFERIN, By

photovoltaic cellmodule,and system testing”,
Technical Report about PV Module and arrays,
Sandia National Laboratories, April 2000

[5] M.A.Quintana and D.L.King “Commonly
Observed Degradation in Field~-Aged
Photovoltaic Modules”, Presented at the 2Sth
IEEE Photovoltaic Specialists Conference, New
Orleans, May 2002.

6] A4 NG, AdsF, “Fd wolaz £4F”
344, 2001. 6.

[71] DLKing, et al, "Dark Current-Voltage
Measurements on Photovoltaic Module as a
Diagnostic or Manufacturing Tool”, 26th IEEE
PVSC Proceedings, 1997, pp.1125-1128.

- 74 -



