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State of the art module technologyState of the art module technology

H-pattern cell
Connected in series by soldering with copper tabs
As cells become thinner residual stresses at 
interconnections become more critical
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Anatomy of a standard moduleAnatomy of a standard module

Module consists of:
- Glass superstrate
- Encapsulant (EVA)
- Interconnected solar cells
- Encapsulant (EVA)
- Rear-side foil

Challenges:
- Low stress interconnection

for thin cells
- Back-contact modules
- Alternative module 

materials
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ContentsContents

Classic cell design with low stress interconnection 
– Conductive adhesives (Superslice 1)
– Laser soldering (Multistar)
– Low temperature soldering (Superslice 2)

Back contacting cells with novel interconnection te chnologies
– Conductive foil with conductive adhesives (Multista R)
– Smart tabs with laser soldering and low temperature  solder

Demonstrator with EpiWE cells

New materials and technologies
– Frame materials
– Encapsultants
– Glass



5

Classic cell design with low Classic cell design with low 
stress interconnectionstress interconnection

Conductive adhesives
– Direct comparison with soldering
– Demonstration module Superslice 1

Laser soldering
– Research
– Demonstration module Multistar

Low temperature soldering
– Demonstration module Superslice 2
– Pre-production

Comparison of residual stress
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Conductive AdhesivesConductive Adhesives

Snap-curable adhesive with silver filler
Manufacture of tabber-stringer for CA
Direct comparison CA vs. solder using partners cell s
Outdoor testing
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Direct comparison CA vs. solderingDirect comparison CA vs. soldering

String with conductive 
adhesive and thin cells

String with conductive 
adhesive and thick cells

Soldered string 
with thin cells

Soldered string 
with thick cells

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

100 200 300 400 500

Cycles

%
 c

ha
ng

e 
fil

l-f
ac

to
r

Cond. ad. thick cells 1 Cond. ad. thick cells 2
Cond. ad. thin cells 1 Cond. ad. thin cells 2
Hot-bar solder thick cells 1 Hot-bar solder thick cells 2
Hot-bar solder thin cells 1 Hot-bar solder thin cells 2

-7

-6

-5

-4

-3

-2

-1

0

1

200 400 600 800 1000 1200

Hours

%
 c

ha
ng

e 
in

 fi
ll-

fa
ct

or

Cond. ad. thick cells 1

Cond. ad. thick cells 2

Cond. ad. thin cells 1

Cond. ad. thin cells 2

Hot-bar solder thick cells 1

Hot-bar solder thick cells 2

Hot-bar solder thin cells 1

Hot-bar solder thin cells 2



8

Outdoor testing CA moduleOutdoor testing CA module

36-cell module
– Standard H-pattern cells
– Interconnection with CA

16apr07 23feb09
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Demonstrator module Demonstrator module SupersliceSuperslice 11

Technology
– LFC cells from SP4 (ISE)
– ~120 µm, mono-crystalline
– FF = ~74%, � = ~16.6% 
– Silver coated copper tabs
– Acrylic based snap-curable

conductive adhesive
– ECN tabber-stringer
– Lamination with standard cure EVA

Results
– Module manufactured with low yield loss
– FF = ~71%, � = ~15.2% (encapsulated cell) 
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Laser solderingLaser soldering

Objective
– Construction of a closed 

loop laser control
– Controlled heating of contact

Temperature 
feed back
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Comparison of laser contact qualityComparison of laser contact quality

Micrographs of laser soldered contacts
– Open loop

– Closed loop
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Testing modules made with laser solderingTesting modules made with laser soldering

Laser Soldered conventional modules
– Manufacturing of 8-cell test modules
– Thermal cycle testing
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Demonstrator module Demonstrator module MultistarMultistar

Technology
– iPERC cells from SP4 (IMEC)
– 120 µm
– multi-crystalline 156 x 156 mm 2

– � = ~15.1% 

– Open loop control in industrial tabber stringer (Team 
Technik TT900)

Result
– Successfully manufactured
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Low temperature solderingLow temperature soldering

Two SnBi alloys used for 
fabrication of test strings

– 42/58 vs. 60/40

No major differences 
despite different melting 
points

Accelerated Ageing Test Results:
– 1000hrs damp/heat without power loss
– 200 temperature cycles <2% loss
– 1 year outdoor exposure with no noticeable degradation 

42/58

60/40
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Demonstrator module Demonstrator module SupersliceSuperslice 22

Technology
– LFC cells from SP4 (ISE)
– ~120 µm
– � = 12.4%-17.2%
– Soldering in automated tabber

stringer
– Ribbons with low-temp Bi-coating

Results
– Module successfully manufactured
– FF = ~71.6% , � = ~12.0%
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Comparison of low stress technologiesComparison of low stress technologies

Maximum torsion force before and after tabbing

– Conventional soldering shows biggest drop in force
– No decrease in force for glued interconnects
– Other techniques intermediate

cell adhesive laser 42/58 60/40 SnPb
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Advanced module manufactureAdvanced module manufacture

Back-contact modules
– Conductive foil with conductive adhesive and MWT ce lls 

(MultistaR)

– Smart-tabs with laser soldering and back-contact cell s
– Smart-tabs with conductive adhesive and back-contact  cells
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Conductive foil with MWT cells Conductive foil with MWT cells 

Glass 
sheet

Interconnection 
foil

MWT 
solar 
cell

Contact 
pad

Encapsulant
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Design and manufacture MWT moduleDesign and manufacture MWT module

Section of conductive foil

Rear of cell
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Demonstrator module Demonstrator module MultistaRMultistaR
Technology

- MWT cells from SP4 (ECN)
- 120 µm (DS) and 160 µm (REC)
- � = 17.2% (160 µm), 16.5% (120 µm)
- Conductive adhesive
- Patterned foil
- Eurotron module line

Results
- Four modules built 
- No cell breakage
- All modules � >16 % 
- Highest aperture area efficiency 16.7 % 

(TÜV 16.4 %) with 160 µm cells
- 16.4 % with 120 µm
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BackBack --contact cell with smart tabscontact cell with smart tabs

Glass + EVABC-cells

Contacts 
on rear 
of cell

Smart tabs
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Laser soldering MWT cellsLaser soldering MWT cells

60 cell modules were manufactured for qualification  
testing with the consortium

Technology
– Laser soldering with Team Technik TT900
– 10 cell strings, 156x156 MWT cells
– 30 strings

Results
– 5 laminates (6x10 cells manufactured)
– Initial performance (200-210W p)



23

Accelerated testing
– Some failures related to cells
– Cells cracked in the laminate
– Cells crack under mechanical load

Single ribbon design sensitivity 
to cracks

Results laser soldering MWT cellsResults laser soldering MWT cells
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Accelerated testing
– Some failures related to cells
– Cells cracked in the laminate
– Cells crack under mechanical load

Single ribbon design sensitivity 
to cracks

Results laser soldering MWT cellsResults laser soldering MWT cells
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Results laser soldering MWT cellsResults laser soldering MWT cells

Accelerated testing
– Some failures related to cells
– Cells cracked in the laminate
– Cells crack under mechanical load

Single ribbon design sensitivity 
to cracks
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BackBack --contact cells with conductive adhesivecontact cells with conductive adhesive

Construction of samples with 
commercial BC cells

Four strings with two adhesives
– Adhesives from prior screening
– Half of the strings manufactured 

with stress relief features

Extended Ageing
– Adhesive 2 works well –

product validated
– Adhesive 1 on the limit of 

acceptable degradation
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Demonstrator module Demonstrator module EpiWEEpiWE (SP3)(SP3)

First module finished with Cz EpiWE cells from SP3 
(ISE)

Cell performance:
Voc = 640 mV
JSC = 26 mA/cm²

� (apert.) = 13.1%
FF = 78.5%

32 cell EpiWE module
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New materials and technologiesNew materials and technologies

Frame materials
Encapsulants
Glass as replacement for back-sheet
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Polyurethane FramesPolyurethane Frames

Advantages over Al frame
– Lighter weight
– Flexibility of design
– Potentially lower processing 

cost
– Good mechanical properties

Disadvantages
– Discolouration of tabs
– Alternative formulation or 

processing needed
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Alternative Alternative encapsulantsencapsulants

Thermoplastic as alternative 
for EVA

– Reversible lamination
– Reduced lamination time
– Passed IEC61215
– Cost

Sheet silicon
– Passed 1000 hours damp heat 

(85ºC/85%RH)
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Alternative backAlternative back --sheetsheet

Glass at front and back 
of module

– Replace back-sheet with 
thin sheet of glass

– Strong bowing of module with 
glass of two thicknesses

– High potential with two sheets 
of very thin hardened glass
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ConclusionsConclusions

Low-stress interconnection technologies
– Qualification of conductive adhesives
– Alternative solders and techniques

Empirical material database
– Module materials: encapsulants, back-sheets, others

Enabling use of future cell generations
– Thin (< 120 µm), large (> 156 x 156 mm) cells
– Back-contacting: MWT, EWT, IBC…
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