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ABSTRACT

The crystalline silicon Photovoltaic (PV) module industrial assembly line using soldering
iron station in tabbing and string processes is basic method for connecting each solar cell. Its capital
cost of production line is considerably lower than an automation process. Many assembly factories
have popularly used this method to produce PV modules. However, the main problem is the
bonding of each cell between the ribbon and cell busbar that is non-uniform and it is also
discontinuous form. Accordingly, it can cause to reduce maximum power and the cracking cell
problem. Because of these, the capital cost of production line can be surely increased.

This thesis purposes the study on soldering solar cell to improve maximum power in
crystalline silicon PV module assembly industry using the parameter controlling techniques in terms
of temperature, soldering time for connecting each cell per busbar and suitable ribbon sizing. These
techniques are actually used in the production line to improve maximum power of PV module and
checking the quality of bonding including cracking of each solar cell compared to the old process.

The results of study shown that the suitable parameters for production line in terms of
the temperature, the soldering time and the ribbon sizing of PV module are 390 °C, 5 seconds per
busbar and 0.20%2.00 mm respectively. The maximum power can be increased to 2.33 percent and
the bonding between the ribbon and cell busbar is uniform. The cracking cells cannot be found.

As aresult, capital cost of production can be reduced to 4.93 percent compared to the old process.

Keywords: soldering solar cell, maximum power, crystalline silicon
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IN
Poly-crystalline I-Cells

Dimension | 156mm x 156mm + 0.5mm
Thickness(Si) | 240um + 40um, 200um +30um, 180um + 30um

Blue silicon nitride anti-reflection coatings

Front

2.0mm silver busbar

Full-surface aluminum back-surface field
4.3mm (silver / aluminum) continuous soldering pads

Back

It

Features

—— s )
|%| - High Cell-To-Module (CTM) ratio

« Optimized energy output even in low light or

!%l high temperature
|%l + Long-term stability and reliability
I | & ==5

* Low overall breakage rate

|%| « Color uniformity among cells and within cells

I + Environmental protection

i

Production and Quality Control
« Classified efficiency grades by both minimum power
and power current

(9

= E En » Screened for reverse current and shunt resistance

+ Constant reliability monitoring
+ Sorted into four defined color classes 4;1‘-‘““5:,\0

+ Minimal button marks

®
TvRheinland

A g

\\\\\llll'l.r,r

* No beading
: 2. o

+ Low warpage and bowing “O0gop2t®

« REACH-SVHC and RoHS compliant SVHC teated

+1S0O 9001, ISO 14001 and OHSAS 18001 certified

See the reverse side for more detail,

IM156 | Poly-crystalline I-Cells
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IM156 roly-crystatine 1-cetis M.‘r ; O}J

Modern Technology for a Sustainable World

Electrical Performance

174 172 170 168 166 164
Efficiency Eff (%) 17.40-17.59 17.20-17.39 17.00-17.19 16.80-16.99 16.60-16.79 16.40-16.59
Power Ppm(W) 4.23-4.28 4.19-4.23 4.14-4.19 4.00-4.14 4.04-4.09 3.99-4.04
Max. Power Current  lpm(A) 8.05 8.08 7.95 7.89 7.84 7.80
Min. Power Current  Ipm(A) 7.81 7.76 M 7.65 7.61 7.56
Short Circuit Current  [sc(A) 8.57 8.52 8.47 8.41 8.37 8.32
Max. Power Voltage  Vpm(V) 0.529 0.526 0.523 0.521 0518 0514
Open Circuit Voltage Voc(V) 0.830 0.628 0.625 0.623 0.621 0619

162 160 158 156 154 152
Efficiency Eff (%) 16.20-16.39 16.00-16.19 15.80-15.99 15.60-15.79 15.40-15.59 15.20-15.39
Power Ppm(W) 3.94-3.99 3.89-3.94 3.85-3.89 3.80-3.85 3.75-3.80 3.70-3.75
Max. Power Current  Ipm(A) 7.75 7.69 784 7.59 7.52 7.48
Min. Power Current  Ipm(A) 7.51 7.46 7.41 7.36 7.30 7.26
Short Circuit Current Isc(A) 8.26 8.21 815 8.10 8.05 8.00
Max. Power Voltage  Vpm(V) 0.512 0.5009 0.507 0.504 0.502 0.499
Open Circuit Voltage  Voc(V) 0.616 0.614 0611 0.609 0.607 0.604

Standard test conditions: AM1.5, 1000W/m?, 25°C. Average accuracy of all tested figures is +1.5% rel.

Temperature Coefficients 2 Svecir Resporse SR

Current Temperature Coefficient a (Isc) 0.05%/C 10
08
Voltage Temperature Coefficient B (Voc) -0.31%/C 08
o7
Power Temperature Coefficient 7 (Pmax) -0.40%/°C o 08
7]
- 05
Standard test conditions: AM1.5, 1000W/m?, 25°C. E 04
03
02
Solder Ability 5
oo
400 500 600 700 800 200 1000 1100
Peel Strength Minimum > 1.2N/mm

Wavelength(nm)

These results can be obtained by soldering at 300-400°C with Motech regular flux and

ribbon, Results may vary when different flux, ribbons, soldering methods and
parameters are used,
a

1000W

Light Intensity Dependence

1000 1.000 1,000 é B

800 0.993 0.800 E 2

600 0.984 0.597 S :

200 0.922 0.193 1
Specifications subject to change without prior notice. 5 o: AR 02 o3 G4 os B i

Voltage (V)

MOTECH INDUSTRIES, INC. soLAR DVISION July 2010
ZERIAERAE] I FEEEHBAE] No. 2, Da-Shun 9th Road, Hsin-Shi, Tainan 74145, Taiwan

Bk AENEEE FHEARLE Tel: +886-6-5050789 Fax: +886-6-5051789
www.motech.com.tw E-mail: sales_marketing@motech.com.tw
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Icosolar® 2442

Composition
PVF - Film
PET - Film
PVF — Film

One side surface treatment

Technical Data

Propertles Standard Unit Value Value
Thickness mm 0.17 £ 0.02 0.35+0.03
PVF - Film pm 37 37
PET - Film pm 75 250
PVF - Film pm 37 37
Total Weight g/m2 A 02-?338 -354-'?‘163
Peel Strength of Layers R -
(PVF-PET) IPV No. 70 N/Bcm =20 220
EVA — Peel Strength . { &

(EVA Etimex Vista Solar 486) " g R =0
Permeability of Water Vapour 1SO 15108-3 g/mad approx. 1.8 approx. 0.7
Breakdown Voltage IEC 60243-1 kV approx. 18 approx. 28
Max. System Voltage IEC 61730 VDG =750 =1000

Climatic Stability according to IEC 81215 (2000 h at 85°C, 85% r.h.) no Delamination

Shelf Life
12 Months at 40°C

Colours

W/W White/W hite
S/s Black/Black
SwW Black/W hite

The verification and assurance of the compatibility of lcosolar® with the EVA film and’or other materials used in the solar module shall be incumbent upon
the user, and also the verification of the suitability of lcosolan® for the envisaged processing and application. Any warranty or liability of ISOVOLTA AG in
this connection is excluded.

Page 1 of1 ISOVOLTA AG « Photovoltaics - 2355 Wiener Neudorf = Austria
lcosolar® 2442 phone +43/5/9595-0417 « fax +43/5/95085-9430 - photovoltaics@isovolta.com « www.isovolta.com
V.01/09 Company Mo. 80592 v « Commercial register: Wr. Neustadt - VAT: ATU 142 43 102 « DPR 2028
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Samples of ST308

(600 microns) (450 microns)

One side embossment Two side embossment
[pyramid] [orange skinned (dotted) / m



POLENE SOLAR® FILM -

- Specifications of Polene Solar® Film -
Physical Properties - Grade ST308
TYPICAL VALUE

PROPERTIES UNIT | (CURED at 150°C 20min) | TEST METHOD
DENSITY ofam? 0.96 ASTM D 1505
TENSILE STRENGTH Njmm? <20 ASTM D 412
ELONGATION AT BREAK % 500 - 700 ASTM D 412
SECANT MODULUS AT 10% STRAIN MPa 214 ASTM D 412
HARDNESS SHORE A : <65 ASTM D 2240
OPTICAL TRANSMISSION % =9 TPI
UV - CUT - OFF nm 360 TPI
GEL CONTENT % GEL > 80 TPI
ADHESIVE STRENGTH TO GLASS N/cm =70 TPI
ADHESIVE STRENGTH TO BACK SHEET(TPT) N/cm > 50 TPI

Dimension and Appearances

DIMENSIONS & APPEARANCES | UNIT |
e - ADJUSTABLE (MAX. 1100)
THICKNESS micron |
LENGTH PER ROLL m 100
CORE SIZE inch 3

ONE SIDE EMBOSSMENT [pyramid)]
SURFACE FINISH = TWO SIDE EMBOSSMENT

[orange skinned (dotted) / matt]

COLOR - CLEAR

Storage and Shelf Life

Shelf Life
9 months

Buene Solar® Film should be stored indoor at Room Temperature (approximately 25°C), Dry
facs, Keep out of direct sun light, Arranged in vertical and Re-sealed after opening packaging.
{5 unopened packaging products keep under room temperature control dry and not contact to
fn light could be stored up to 12 months.
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POLENE SOLAR® FILM e
- Recommended lamination Conditions -

Lay Up

Crystalline Modules : Grade ST 308 - Pyramid Emboss side facing to PV wafer
- Orange skinned (dotted) Emboss side facing to PV wafer

\I \d \ \N \.:I 1 Front Glass :
SR 2 EVA Encapsulant Film
s i e Lok el 3 PV Wafer & String

e m— o Ea—— 4 EVA Encapsulant Film

5 Back cover (back sheet, glass, etc.)

Thin-Film Modules : Grade ST 308 - Pyramid Emboss side facing to PV coated glass
- Orange skinned (dotted) Emboss side facing to PV coated

glass

1 PV coated front Glass
2 EVA Encapsulant Film
3 Back cover (back sheet, glass, etc.)

ROV

Lamination Tempera and e Time

Hot Plate 2 J B

Vacuum time Press time Total time

Grade Te"“;?g““e (minutes) | (minutes) | (minutes)
4 11-16 15-20
140- 145 5 10-15 15-20
6 9-14 15-20

Manufacturer should always test the recommended conditions on his specific
equipments by gel content test. The recommended conditions are by no means the
only effective processing conditions. It is recommended that each manufacturer uses
the recommended conditions as a helpful guide and a starting point to develop the
most suitable processing conditions for his specific equipments. Ultimately, the most
suitable processing conditions for each manufacturer will depend on the module
specification, the ultimate laminator’s platen temperature, the rate and the uniformity
of encapsulant heating, and the laminator's vacuum efficiency.



MARUIN

J

NATUANUNWINELLNT



93

£)
. s
"M31a309®

f775U5$“§f1/’37f7ﬁ75£ﬁ§87f78/’3ﬁ’2f7551/27/\/7/77
Unaneaewelulags1vaens A5 5

UNAIIIVE
o IWin1as
- BlannsaundnIa
- IWithasaisuaslnsaunnu
« SYUUAIUANLALNTTINAL
« paUNARaSUaLAIUIagFITaUNA
- WA IULAZN 150U NEWAITY
- UINTTNUALFI TSRS
« SAsEAg TRy AN sl
UNAIIUAYINIT

27-29 1141AN 2556 159USURIRUBATUR LaUA W19 J9UIAUTZAIUASYYS

AL IAINTTUAITNS UN1INE1aNNALUIATI1VUIAANTEUAT




94

NEYoRNsINAAINNTANUNA NN

= 4 1A ¥ = W = U A
ﬂ"liﬂﬁ;‘ﬁ"gN?T1ﬂ1ilﬂﬁﬂ’u’lﬂ?'ﬂ3ﬂﬁiﬂ“lﬂ‘N"I N?‘i"l')ﬂﬁl'lﬂﬂlﬂﬂiﬂiﬂﬂi'ﬂfﬂﬂﬂﬁ 54N 5

Ansananal
MaAnNgG A3 a0
FOINAATINGG A3 UFUNT
FOIFAATINGG Q5. T30
sarhanT19138 as.ay Jani

. ¢
30IMNAAI1138 A5.9ADA
FOIANANTINTE 73,3303
ﬁmﬁm@mmiﬂ'mﬁqw’é
FOIFAATINGG A5 AUNT
seaAnT19138 AT quUAUA
599NAATINIH A3.3Yyad
JeFNAAT10138 As.1Tadn
JOIAAATI95E A3.F1IATY
FOIFMAATINGG A3.IAY
AaaMmans sl Az L
RII0ManI19150 03,5 T

@

faemans1nsd as.ganad

X

W‘]i’!ﬁlﬁ”iﬁﬂﬂ‘ﬂ’]iﬁf fA7. t’ﬁuﬂ%

¢
WATATITY AT.YNTU

' I o o

R¥0f1aas195aInTad
919138 AT NYUTIA
819138 A7.1108
919130 AT.09YNT

919138 A3.51 70

¢
019138 AT.AUNINT

ATeMNAES

NOUWan
= a d
¥agIng
Aoue
aal A
PERIERN
GEGATRLITHE

@ a d 4
WA
4
FULUN
~ IS
MouuM

= o

AT NUFNIH

o o
fla5anl
WU TY

o o
RGO
gI3IUN I

3

mrlee
o 4
CRGREEDT
w o
AN
1181998
¥ A
AMBIE 04
o
TAERLYE
= L4
YYATUY

LAY

Y
aamiuma TuTatnszounarigunmsmanszala
= o 4
UNINGROTTTUPNTAT
= a L4
U INETOTTTUFNEAT
aaniumaluTainszeamnduhgunmsaransziia
aaniumaluTatnszremnduhgunmsaansziia
aaniumaluTatnszremndudhnunmsaanszai
dganiumaluTagnszvemndudigummsaiansi
yunuaoma TuTadnsz9aunamszuasIHile
yrNgaema TuTadnsz9aunamszuasIHile
ymImadoma TuTaonszveund mszuasmile
prnadema Tu Tagnszoeund mizuasmile
unInaoma lu ladgauis
PHINABETUAS UNTI 1581
o a as
PAINTUUNIING 1Y
o a ar
PAINTUUNING Y
4 = @
PNAINTUUNIINGIAY
aanfumaluTatnszreundudhnunmsaansziia
- o A L}
P Inea ol
YHINYIDOFLU
'S a a
PAAINTAUNING Y
a ar d a
PMINIAUAEATANTAT INSUVAATIIH
PHTIND AN
=) ar =
unMIneaveTln

yrnadoma Ty laduniuns

o

= o & o o 1 o o o
27-29 HuAu 2556 15903NHIRULNTUA toud na1a Saniadssounsdus



95

1
1

¥

mslszguismsiadednadmns sy i uminendema Tuladsisuena a59R 5

Proceedings of The 5" Conference of Electrical Engineering Network of Raj la University of Technology (EENET 2013)

A4 v a e
FTYYIHNTINUIANTIUNANN

= L= U =) ll k4 = L = O a
ﬂ'l"a"]h’::‘!!N’J‘Iﬂﬂ'lﬁm";’ﬂ“lﬂﬂ')ﬁ')ﬂﬁﬂl Wih wiminendamalulagsvaana a3an 5

Ansaganai HIBNH
A5.805A1 STRSTIG ! goniumsdunaidou
o d o a @ aw a 4 =1 1
A3.g NG 29302100 aoniuITeInnmansuazma lulaguvalszmealne
4 @ [ ESJ 1 =
A3 1A Jaudnaguia M3 lWihdauging
Y

A5.9550 R m3 ihuasnads

=Y a d a
a3 NaNY AFUINAAATUTINT

S o

= & o I'd 1 o s o
27-29 HU1AY 2556 159NN ULNTUR LOUA WAt Jandalszaunsdus



Proceedings of The 5 Conference of Electrical Engi

a 4 A B = o o 24
m'a‘ﬂi:“yn'&‘}nnﬁmiammﬁ’mi‘m‘lvlm HHTjﬂﬂ?ﬁﬂLﬂﬂiuTﬁﬂi1ﬁiuﬂﬂﬁ ATIN 5

ing Network of Raj

gala University of Technology (EENET 2013)

4w aa
U N U IAUNITAIUNANN

¥ 1
w o

= b= T a V| a [ =
ﬂ'li‘lliz"gﬂ?%'lﬂ'lﬁlﬂﬁﬂ"ﬂ'lﬂ’]ﬂ?ﬂiﬁiﬂﬂﬂ"l Nﬁ'l']‘ﬂf.l'lﬂﬁlﬂlﬂiuiﬂﬂﬁ'lsﬂﬂﬂﬂ afaNn

E =
AN3INDNAI
L4 aw d
819158 A3.)AAY
o
0191380 AT. 10D
o o L4
TOIAMTANTINTOVIUTIA
91 Ly o
H¥WAITAT1013 EJ’JI’:"i]‘L.I
1 o
ﬁm’!ﬂﬁ?ﬁﬂi?ﬂ’]i yanm

9 LY o
A ePNaAT 19T oINS

o a
219150152M0A

o w o
D19170ANTNIA

o
91N5eaUNa

L4
D19TAAUA

o w o
210150V
Y L4 o r'd
A 0AEAT 19150 A3.ANHAIBL

1 L4 @

Aemans 19138 a3. Tud

demeans1ngd as.ans
919136 A7.9ATTY

919150 A3.ARA Taal
9138 A3y

219138 A3.g3und
ABManIT 1930 AT aUTY
919130 73,6170

919136 AT.AUTNT
Aemans s iasso
e anT 193 eIyl
GALRETATID)

¢
D13 TUBY

AvSauilsziasy
A A
A0
r's
Aetudnadare
o o A
INFTHUGAS
= Ed
nagaH
NNNDY
NGy
DYTUNA
Tads
FUANIAY
FITTUNA
an aa a
nuRAANYT
a oo Ed
NINUFIN
= o ar
ASUUNAAT
= oo 4
Aannnyan
Hunana
1ld3anans
IO REVEREY
Asqnlsaw
- =)
1599713
w o
WUFA
LALLDY
= 4
Tawznues uns
N34

a -
LIUUFIUY

HHBIU
wnMinedoma Tulatsuenang anmn
wnmnerdoma TuTadsuenang anmw
unMnedoma Tulatsuenang anmn
wnmnerdoma Tuladsuenang anmw
unmineauma Tuladsyuenang anmn
wnmnerdoma Tulagsauenang anmn
yrInoauma Tuladsruenanz fuoan
wnmnedomaTulatsausnaas Tuean
yiMInnauma TuTadsusnans Tuoan
wnmngdomaTulatsausnaas uesn
wInnauma TuTadsvusnans Tuoan

= o ~ o A
wnnendoma TuTaassusna s

anl

wnmnedoma lulagsausnasy

2|

anl

wnminedoma TuTadswusnasey

anl

wnmngdoma lulagsamuinasy

2|

P}

unmineduma TuTadswusnasey

|

anl

wvnnedoma TuTagsauinasey

anl

wnminedna Tuladssusnatey

=l

anl

wnmAnedomaTuTadsausnasey

2|

anl

wnmneaomaluladssusnasey

|

anl

wnmnedoma TuTadsausnasey

2|

<l

wnminedoma TuTadssusnasey

anl

wnmnedoma TuTadsausnasey

2|

anl

unInendema luTagwusnasoy

a

wnminedoma TuTatswusnasayls

27-29 fiu1AY 2556 T5ausuFIRUIATUA LOUA Wadn TavdadsznuRidus

96



a a4 s ) = o = 24
ﬂ'l'ill’a'z'i‘ﬂ.n'ﬁ']ﬂ'!’ﬂﬂ'ﬁi’)ﬂ”ﬁl'!ﬁ?ﬂ’iﬁu‘lﬂﬂ'i “WTJEVI?J]ﬁULTIﬂTHTﬁFJTI'ﬂNQﬂﬁ AN 5

.| Proceedings of The 5’Jl Conference of Electrical Engineering Network of Raj la Uniy ity of Technology (EENET 2013) ,'5,5

N
el S
sw¥ednsinanal :iniumsiasanunany
nsdszadnmansenigdmanssdiih smInandamalulagsvuana a¥sn s
F = i
Ansananai PN

¢y o £ a A = > = o A

21915603 0UANA pATANa unTInedoma lu Tagsrusnat i)
daa < = o A o A

19150UANIA ihunan wrmIneaoma Ty Tagsrusnat s
=y A = o =) o A

219150537 milouan) wrMInedoma Ty Tagsrusnat s

91 o o a a a = as -

YN an31913 81 195 A1 unImeasma Ty ladnsuinasylys
o o [ A = g = o =)

919136 A3 Ny 39 Fnmdoe unTImeaema lu lagsrusnatylfs
o o = = g = o =

81915673 1391 WUty wuanedema lulagaausnatyi)
4 o 4 @ =y @

819156 A3.2IgNIA WU unInmndnma TuTad yunanssuas
4 w = @ a A = Y =t

819150 A3.177 19A Fnlnasadn  wnInndomaluTadsenanszuns
o = LY,

IMITONUAS 13IUNT unMInnauna TuTadsvnanszuns
o = Y

21915609 amus1Ne  wnnnedema luTadnsuinanszuns
o o A e = LY

21915699397 WwIFadana  vuInedema luTosssenanszuas
o = L4 @ = a = @ =

D191TOINTUNT sgdalszasy  wrInedoma lulagsyusnanszuns
o a o v d = @

2191500173 Fdianiug  wanedema luTadssusnanszuns
o el a Y a a =

NNTOAUNGITA NBANI unMIneauma Ty ladnNsunanIzuas
o o < a o

21915007 FAgNT wiIMedoma Ty Tags wuenanszuas
LA = @

191581 e yyeaned  wnnmedema lulagnwusnanszuns

9 o e = @ A

H¥RNaA3 19138 Infa Us lam unIIMEIema Ty lagwnnanIzuas

1 d a -4 = = @

AT IANAAI 1915095 UNS qanils wndInndoma TuTadyuananszuas

LR o a o o A o = a =

AR TR 1915 nUanne N5 unMInaaoma Ty lagsunans suns

1 o= @ o = @

A I0ANAAS 191500997 anadiwan  wnnnedomalulatnsusnanszuns
o = o A o b=y ar

NNTIEULNI IUNMIBS unInedma Tulagsyinanszuas
g A = = a

2195iiaiia Hanet unInedma Tuladsynanszuas
4 L4 g1 oA a = w d

819138 A3.¥AN1YIU wAneMesa  wrInedoma I lagssuinanszuas
4 a = =y o

819156 AT.UNNT fuanlsziasy  wanedoma luTadsusnanszuns

27-29 fiuAY 2556 T5asuiIiULATUS LoUA Nat sanTadszafTaus



= 4 1 oa 9 a o = 24
ﬂ]il‘iz?ﬂ:]W’lﬂ]ilﬂiaﬂ]hlﬂ'\]ﬁjﬂiiu‘lﬂﬂ"l ﬂﬁ}jﬂﬂ1aﬂlﬂﬂ1u1aﬂi}mﬂ\1ﬂa 3399 5

'z| Proceedings of The 5”! Conference of Electrical Engineering Network of Rajamangala University of Technology (EENET 2013) %

sevelNs ANl SmIumsinsanunA NN

= A T A lll Y = [ = & A
ﬂ1§‘ﬂ§35§ﬂ'3%1ﬂ1imiﬂ‘mﬂ’3ﬂ3ﬂiiu Wi Nﬁ13ﬂﬂ1ﬁﬂlﬂﬂiujﬁﬂi1‘}fuﬂﬂﬁ AN 5

=

1 o w
A¥I0MAATI9156 AT.LIUANG
L4
219158 a5z anlaa
L4 A
019170 AT.UUAT

d aa £
91917800 NA

DX s o o
ﬂ%?ﬂﬂ?ﬁﬁli?‘miﬂ AT DUANIY

L4 4
219130 A7. In3gny

4 an
819150 A.NFA

o @
919150MQYT YN

da
219150RaNa

o
219150 1o,

da £ o
819150aAND R

o w d
TR9ANAATINTITURUT
g dy il
HYI0ANAAT11T0IGNG
o ar

T99PNEATINGY AT.5IY

L4 aa
219150 A5. AU

4 A o
819150 A5.95550

o & o
AWWAMTATIVTITUNUFNIA

9
o
31 d aw
HYWATATID1TUIANBY

LAl
DIVNTUTUNYT
o N
i ’]ﬂﬁ1ﬁ'@l'§1‘i]"liﬂq1’lﬁuu1’l
Y o a J
H¥WATATITINHAINY
9 v o a
] ’Jﬂﬁm’ﬂ’ﬂ‘ﬂﬁﬂﬂ’izm’ig

da a a
11TUNAA A

o
9197178 AT.13A0

o
219150 A5.1l52971

HN3INAI

I'd

o o
GONTERTERTENY
v 3
Trimoad
augauALN
< aa
HNATINY
A a d
fisadad
4
18U
nARgIIT
WIHIHATY
: 3
AR
L
EIEN
= o
LT GAY
GRITREI
o
WIANGNYFI)
AN
1A
=
359
o o
24 a3 fond
aRANa
A4

neguen

g 3
iouniivle
~

Iuzyas
Y

a o
DUTENA

RTRTIREY]
= o s = 14
yrmaauma 1y ladsvuenaiau Inauns
= o s a 14
yrmenauma 1u ladsvuenaiau lnauns
= o a = 4
yrmaaomalu ladsvuenaiauInauns
= ar a a o
yrMndomaluladssusnasau Induns
- o ar =Y 4
yrnaauma 1y ladsvuenaiau lnauns
=) o ar a 4
yrnaauma 1y lagsvuenaiau lnauns
= o ar a 4
urmaguma 1y ladvuenaiau Inauns
= o a = o
yrnaauma Ty Tatsvunasaulnduns
= o o = o
yrmeauma Ty Tatsvuanasaulnduns
a o ar a o
yMneduma Ty latnyuanasauTnduns
= o o = 4
yrmendoma Ty ladvuenasaulnduns

yrINeduma 1y lats1vuanarI v

yrImaduma 1y laos1vuanasI v
yneauma 1y lagsvuanaday (WATTIFIL)
P MINNAuMA Tu 1ot 1suanad ey (UATTIFTUT)
PN oMA 1U Tal 1 ¥uInad a1y (UWATTIFALI)
yrmoauma Ty Tatsvuanaday (UAsTIEL)
yrImmauma Ty Tats1suIaada (UATTIHFU)
yrIMeauma 1y lats¥uInaday (UATTIFELN)
yIMeduma 1y ladsvuanaday (UATTIFAL)
yInduma 1y ladsyunaoay (WATTFIN)
yrIneauma 1y ladsyunadany (WATTIFA)
yrIneduma Ty Tatswuanada (UATTIEL)
yrIneauma 1y ladsvuanadany (WATTIFEN)

PMNNAuma Ty Tat Nyuanad ey (AT

ey

= P g < 'ow 3
27-29 TiU1AY 2556 T5AUsUHIRULNTUA uaUd Waan andadizaudddus

98



mstszuimmsiniadiedemns s i miinoduma Tulalswuara afsh 5

Froceedings of The 5 Conference of Electrical Engineering Network of Rajamangala Universin of Technology (EENET2013) ESN

o Y
TIWIUNANHNATHUAS NI TD Y INHWA-INY

99

ADTINAUI N TNEUTZALUT 181 Il s i luTnuanszuadolsswas lureilo
e
QINTIn W uazeydng daa

yrinuaoma Tulainse aemnd T UAs IHLD

> 4 A& v
sHaUnAY ¥oi304 Wit
= v a & gy T Vcﬂ @ | =
ES09 mi'ﬁﬂmmjﬁnu:Lm:muﬂmmmimauwﬂmawhmnummuﬂmﬁ 353
4 o a o - — o & d o - =
UNAIMTUTE | FANIYIU JIAAONTND wnws Iuelsudiy Syadna quied uazaule esdseAn
ininndumna IuladsmKnansauns.
a a [ da = ' =
ES10 msanynsHas M nszuuadd i lduemes vilaudimino s ane3tmsg 357
Ty
& av o Py 2 o
AnTU fAung29d uaryyde ddanats
i Inendome TuTagaansaaiyy3
T N
ES11 myoanuuu lanauuueadamen slssniandsay 361
' ] aw o o
JANYT Ne4UaN ATy a1 WIRE WiRIUNN uazeAtuN Wrnasaa
wiTInenaoma 11 Tagsaaenasmy :
- - = = e Y d =i et v ' &
£S12 mMrAnEFls vufvuravoans 19 laxat lanandudiaieg Alnamanuninme 365
o w " e o o
msdsenfaudsnn Ivh - nsdifinuismssssumna Tailagnifums
yANUT gera ey
= o ad =
WM AUDAT S ULITY
o Y o = ' - ¢ '
ESI3 midszenalyadannnisveane luladlaloadawasiemsdesging 369
Ufain ifeatn wazaudnd 1215
a w oA ad =
UHIINUAusans ey
ES14d mjLﬂ?amﬁwmﬁ]szwf‘}wﬁmu‘lﬂﬂwawﬁﬂﬂgmﬁ'ﬁ?ﬁ54@«51}%@@11&@@%mqiuﬁ 373
o d
36 I8
Ufmae ifinain uasrudng 22154
UMIIN BB EN DL
ES15 msdfulssi i lwthgagacazdse@nSanve suns I la Taaman Tas lmadia 397
& i
N3 TaURAD
Fuf uns uazaudo Asaalsan
=Y o =1 ar =
uHINIauna lu lasnyuaat yys
=1 =1 a1 a ' o W Y o ar =Y L4
ES16 mafnunlFeuieucanlnlpeanehidaliihgegeve usadwdasnuasefinduas 381

- o o o o 1 ar ar e ar o
27-29 HUINY 2556 Tsmsnm‘ﬂmmmﬁ {LOUA WETm ﬂi}f'}ﬂﬂ?gi}?ﬁﬂﬁﬁjuﬁ



ImaANNIde

msdszauirmaaionaimngay i sminndemaluladswuana afei s

=

Proceedings of The 5" Conference of Electrical Engineering Network of Rajamangala University of Technology (EENET 2013)

nsdlSudyamdaliihgaganavilszans mwveaunslialramdnlaelfinatiamswoude

Improvement of The Maximum Power and Efficiency of PV Module using Soldering Techniques
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Abstract

This paper presents the improvement of the maximum power
and efficiency of a Photovoltaic (PV) module using soldering
techniques. The PV module price for selling is increased and the capital
cost for PV module assembly in industry is also reduced by using this
method. In fact, some parameters such as temperature, time for
soldering and the wire size are controlled to evaluate the value of
maximum power and efficiency of a PV module. The practical results
show that the maximum power and efficiency of a PV module are
increased to 2.33 percent and 0.32 percent respectively. Accordingly,
the capital cost of a PV module is remarkably reduced to 4.93 percent

compared to existing PV module assembly method.

Keywords: maximum power, efficiency, soldering techniques
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Abstract

This paper presents the study on polycrystalline silicon solar cell interconnection using
soldering iron that is an essential to assemble PV module in industries. The experimental practice for
solar cell interconnection, some parameters must be controlled as follows: temperature, time that to
be used for solar cell interconnection on a busbar and conductive wire size or ribbon to calculate
maximum power of PV module. The solar cells are cracked and the suitable parameters from the
experimental practice are analyzed for improvement the process of the tabbing and string. The
experimental results show that the suitable parameters for interconnection process are at 390 °C,
time for the process of ribbon and busbar connection is 5 second and the suitable conductive wire
size is 0.20 X 2.0 mm. By this process, the maximum power of PV module can be increased to 3.1
watts and the solar cells are not cracking from the interconnection and laminate module processes.

Keyword: Solar cell Interconnection, Soldering Iron, Maximum Power of PV Module
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