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Solar Cell Process Sequence
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Stack | |ncomin wafeJ camer | saw damage | camier stack_| Separation | stack |Stack splittin
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"———~~ '———~~‘
Etch Etch Vg \smﬂc single # MY
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Application

Paste material

Front surface contact metallization

Silver

Back surface contact metallization

Silver/Aluminum

Back surface field metallization
(BSF)

Aluminum
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1. 30umiB s Ll
( 30um narrow grid' )

2. 80~100Q/sq EEFH

( 80~100 Q/sq surface resistance )
3. &=EMSINXT 51 /E

( Suitable for SINx ARCs )
4, BEREHE

( Low contact resistance )
5. #EnSitE

( Lead free)
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1. SME
High efficiency
2. {EHIHH

Low bowing for 150pm thin wafer
3. EnHE
Lead free

HIT solar cell

— Al (grid)

NAASAVEETIE

— S

AN AAA A/ n-o

I-Si
. HIT solar cel IBERFSEEREELISAES M s
Z#1E - IPECVD S p-SIKEEE@ES -

BRI R



B HRIR T

YN

Ae B A B EERIE

RibbongY)F#&7758 (B : N)

o,

K
1. SH4EEE(> 3N/mm)
High adhesion capacity (> 3N/mm)
2. oiRHEE
High soldering capacity
3. HiSi-wafer@@at(E
High compatibility with Si-wafer
4. BIEENRI zBEME
High quality printing capability
5. HiERMHETHEEESNRNAZHHE)
High compatibility with Aluminum
paste
6. EInHIE
Lead free

ERRIE : K
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#HE &t Fineness of Grind Gauges (FOG)

FEET Brookfield Viscometer

HINAIE Tensile strength tester

& 717 1& Thermogravimetry Analysis (TGA)

&t AlEt Photoluminescence (PL)

1848 AIE Electroluminescence (EL)

&ith 2ZAE Solar Simulator IV Test (Burger)

WV E FEEMER Scanning Electron Microscope (SEM)
1540 /2 B2 #% Solar Module Laminator

IRIZHIES Environmental test chamber (Thermal Cycle)
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1. %;BTM Solamet® PV19x IEHI B/ KIZREEMIEERIE KIGFEEMAIERERE

1. 4HM4REDRIME CERE4ERRED 1. IBFAEEEZE91% 1. 30 u m&H4R LR AT
Jil]) 2. [ REEGDRE 2. 80~100 Q/sq HEIZEFH
PR 7oy e oy (W 3, EHENRI&RM: 3. HESINKPU &
3. 1EHiFER e BIPRERE 4. HHERIRAE: 38um 4, (REEEEE
fig B H 5. ESR:40-120Q/] 5. fiEsliEIfE
4. {RE&EMH (HEEM) 6. fEEEHAER
5. FIRIEEEEFRIILEREE 7. [FHEEFEMDRIEA
6. RIFHVEEEMEETIT] 8. FIFERIINEE& K2 i
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o RIRAFRFMENRIIHGEZEKZE IR HE
¥ERE: PV-Tech (2014.4.3)
http://www.semi.org/ch/node/54076

- FHXEMIBEFSE BRESNKIFEEEMEEERIM ( 2015-4-17)
IR http://pv.energytrend.com.tw/news/20150417-11027.html

« 2016FEWREEIR(C-Si Paste)iZ o] EZ34E3=7T
FhE2RIR: http://www.semi.org/ch/node/14916

s B XBENEFILAEBREBHE ! !
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Product overview of Materials metallization
offerings for crystalllne silicon (c-Si) and thin film

Fired-on compositions for ¢-Si applications

Application Metal Product Code Comments
- solar—cells

Front side contact Ag PVI1T7A High efficiency, excellent solderability, low Iavduvﬁ]

Front side contact Ag PV17D MNew — High efficiency, excellent solderability, very low
contact resistance

Front side contact Ag PV17F Mew — High efficiency, excellent sclderability, highest
aspect ratio

Front side contact Ag PVD2A Second Layer Double print paste. Highest conductivity,
excellent solderability

Front side contact Ag PV173 Pb-free*, high adhesion, high efficiency

Back side contact Ag PVBI1G MNew —Tabbing silver, Po-free*, low laydown, lowest Ag
content, compatible with rear side Al metalllizations

Back side contact Ag PVB1M Mew —Tabbing silver, Pb-free*, low laydown, low Ag
content

Back Side Contact Ag PW701 Via fill paste and pcontact for MWT cell designs

and Via Fill

Air-dried compositions for thin film PV applications

Application Metal Product Code Comments
oL ront side contact Ag Pv412 Second generation front side. Excellent adhesion to TCO, fine
*i;EBL/(EIEIEyj(F’w_ EE.I ,\/;ﬁﬂg line resclution, good conductivity and lower contact resis-
i([%%}ﬂlfﬁ*ﬁﬂu;s—ennxﬁm _ L — _ _
EE Front side contact Ag P\vV410 First generation front side grid and bus bar. Good adheasion to
I_J1 fE TCO, fine line resolution, high conductivity and low contact
resistance
(Front side contact Ag Pv414 Front side grid and bus bar suitable for rotary screen printing
1EE fE oK B?{EE EZ tl:_-r HE9'!‘-rr:}r"|t side contact Ag Pva15 Mew — Improved front side Ag, fine line capability <100pm,
r.!,] J ~3t*,ﬁiTC02,£u:nté4‘.l‘"¢ highest as printed conductivity
F tt} o Rear side contact C P\v480 For CdTe cells
< Solderable contact Ag/Cu Pva3n Solderable, compatible with PY410

ER5EE . DuPont

18
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Materials for Thin Film Solar Cells

* The main purpose of the low temperature curing Ag paste 1s for use as a front side
current collector grid and bus bar to reduce the resistive losses due to the relatively low
conductivity of the transparent conductive oxide (TCO) layer used 1n thin
film PV devices.

* To be effective in this role, the Ag paste must have excellent adhesion to the TCO,
combined with low contact resistance and high sheet conductivity.

Applications
® a-Si/uc-Si — Ag grid and bus bar
* CIGS — Ag grid and bus bar

e Heterojunction — Ag grid and bus bar
e CdTe — Carbon ink (back contact)

19
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Key Front Side Ag Paste Properties

* High conductivity and low contact resistance to minimize series
losses

® Good line resolution to reduce shadowing loss

* Good flex properties for durable flexible thin film cells

e Excellent adhesion to a variety of TCOs

e Dry at low temperature, typically 130 °C to 200 °C

* Designed for screen printing on reel-to-reel/mass production

e Customizable technology platform for other thin film cell structures.

HIT solar cell
M — Al (grid)
ITO
AAAANA AN Bl
I-Si
— p*-Si
= A

20
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Technical Data Sheet

Product Description

DuPFont™ Solamet® PVY414 photovoltaic metallization
paste is a silver based polymer compaosition. It is de-
signed for Rotary Printing for use as a FS conductor in
CIGE, a-5i and other thin film solar cells.

Product Benefits

* Low grid line resistance (Rgl)

. Euw contact resistance (Re) to ITO and other TCO's |
*  Excellent printability and fine line capability

. |E:-:ce||ent adhesion to TCO |

Processing Summary

* Printing Equipment
Rotary Printing (reekto-reel)

*  Substrates

Flexible with sputter coated TCO
* Screen Type
Fotahesh SP 190 or similar
ypical Elr'ring Conditions
Substrate/cell dependent,

F

* Typical Circuit Line Thickness
g8um for 180pm track width
* (Clean-up Solvent
Ethylene Glycol diacetate or Methyl propasol acetate

Table 1
Typical Composition and Physical Properties
Solids (%) at 750°C 73-78
Viscosity (Pa.s.) 18=20
{Brookfield 1/2 AVT, spindle #14, 10rpm)
Thinner B260
Razistivity (MIyagf25umi) g=12
Coverage (crmyfg) ~ 220
(150um track width, Epmn thickness]
Abrasion Resistance 2H
1A5TM Pencil Hardness)

Paste Preparation

The composition should be thoroughly mixed before use.

This is best achieved by slow, gentle hand stirring with a
clean burr-free spatula iflexible plastic) for 1-2 minutes.
Jar ralling is MOT recommended, as this could change
the rheology of the matenal. Care should be taken to

avoid air entrapment.

Drying

Depending on the temperature tolerance of the cell and
substrate, Solamet® PV414 can be dried at tempera-
tures between 150°C and 180°C. Drying times can vary
depending on the efficiency of the drier. Longer drying
times and higher drying temperatures will improve the
adhesion, resistivity and abrasion resistance.

22



MFAERIRBARE (2)

Product Description

DuPont™ Solamet® PV416 photovoltaic metallization

paste is a silver based polymer composition. It is
designed for Screen Printing for use as a front-side

conductor in CIGS, a-5i and other thin film solar cell

applications.

Product Benefits

|Low contact resistance (Re) to ITO and 4720 |

Low gnd [ine resistance (Rgl)

Processing Summary

Screen Printing Equipment
Reelto-reel, semi-automatic, manual

aubstrates

Bigid/Elayible wyith sputter coated TCO) |
Screen Type

PET or stainless stesl (S0 §7/25 (280 mesh))
Typical Drying Conditions

Substrate/cell dependent,

130-180°C/5-60 min

Typical Circuit Line Thickness
18um for 100um track width
Clean-up Solvent

Ethylene Glycol diacetate

with minimal flow-out

Table 1

Typical Composition and Physical Properties
Solids (%) at 750°C g21-84
Viscosity (Fa.s.) 50-130
{Brookfield RVT, spindke #14, 10rpmi)

Thinner 8260
Resistivity (my/sq/25um) 8-12
Coverage (cmifg) ~1158
1100um track width, 18um thickness,

with 50 G67/25 meash)

Abrasion Resistance 2H
{ASTM Pancil Hardness)

Paste Preparation

The compaosition should be thoroughly mixed before use.

This is best achieved by slow, gentle hand stirring with a
clean burr-free spatula (flexible plastic) for 1-2 minutes.
Jar rolling is NOT recommended, as this could change
the rheology of the material. Care should be taken to
avoid air entrapment.

Drying

Depending on the temperature tolerance of the cell and
substrate, Solamet® PV416 can be dried at tempera-
tures between 130°C and 180°C. Drying times can vary
depending on the efficiency of the drier. Longer drying
times and higher drying temperatures will improve the
adhesion, resistivity and abrasion resistance.

23
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Conductive Silver Paste * §

SYP-4570

Products
Silver Solids

Viscosity ( 25+17)

SYP-4570
TOE2%

20 £ 5 K cps / By Brookfield Dv-l1+No.SC4-14/10R

Substrates

ITO/PET, ITO/glass, glass, PET, Polyimide, Polyester ,
Polycarbonate |, etc.

Application

Printing Screen

EMI & Electric circuitry /Flexible printed circuits
Thermoplastic type

Mormal 225-325 mesh stainless steel net
Tension 305 (N/CM) *
Emulsion Thickness 12-25pum

Curing Temperature

30 minutes at 130 ~ 130°C

Resistivity (L2-cm)
Hardness
Thinner
Storability

Packing

< 10.0%10° Q-cm  Temperature: 25¢1°C
=2H : 2H: 0K

DBC or Terpinol

Guaranteed for 6 months at room temperature under 257C .

2 KG/Sealed plastic can, or depend on customers
s Packing Specification based on actual quality

24
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- BEREN(EL KGR AT

o BEHEC(EDREBEEERTARMKEGEEDINRTRIEH . B ZREBELR -
ER - h - ERDM AL - EEEHES LUK MHE (micro-crack) FikPE - 3
Mol UERENBEEEIEGY & @ 82 EL oA BB AGENPHNRIER
T -

A @ % (Broken finger) B © B4 (Crack) C : :%4%(Over welding) D @ & & ~ B 24 3
F&=(Grain boundary & Dislocation) E : 2.~ 5 (Black core)
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35um
screen
opening

MAIM i.iEN
Vv -

m ! ‘ ‘
H}.‘J»‘;u

L. & -l s

" Excellent printability down to 30um screen opening: 3
*Reduced line spreading

*Better line definition

*Smoother morphology I

. °Noprinting EL defect ERPE - DuPont P
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c-S1 Solar Cell Processing

Etch/ Texture
Diffusion

Edge isolation

Antireflective Coating

Screen Printing

Drying
Firing/Sintering

w
—-— e . e . -

metallization

(Included C-SUN Fumace)

o

Testing/sorting
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1.EEEERE FELERIEE ;

2. ZZEIR B AR R EE
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4. B 5 E BN o ZERLEE = (Pattern) ;

5.0 EESRENEELR ;

6. EHEFMAA IS S AE FEREE
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