ADuraMAT

Durable Module Materials Consortium

Characterization of Interconnects

Capability Leader : Peter Hacke , key contributors : Nick Bosco 2, James Hartley 2, and David Miller !

INational Renewable Energy Laboratory; 2Sandia National Laboratory

Awarded FY22
Core Modelling Call

Period of Performance: 2.5 Y
Funding: $1.277 M

ACCELERATED TESTING

C -AST: stress factors applied at | extremes and
of natural

- Heat

- Light

- Humidity
Condensing
Non-condensing

- Mechanical pressure
- System voltage

— 225um

o]

Focus on
wire interconnects
Capability developed for metallographic analysis on 2018
ion modules with | solder-

interconnects

~Cu wire @ (typically 200-300 um)

-Peripheral solder coating (Snin — SnBi)

-Polymer foil materials (recently PET & POE)

ization of | solder

Evaluati

d . =

" Canadion solar
Packing cells closer together: manufacturers are
flattening the multi-wire between cells to reduce
cracking from stress concentration

‘ Meyer Burger

olution
for low temperature lnterconnecﬂon of HIT cells

<

Foil for monolithic module assembly of |nterdlgllated

L images of selected technologles n study: shingled (eft) and

\Cen Wire / Ribbon
Cel-to-cell overlap

of Up 0 0.5mm Hﬂnwha a-cells

“zero gap” solution for close spacing of cells

Henkel ?
B il

Shingled cells

Realistic Modeling of wire-interconnected modules
Geometries and boundary conditi
movement over a module exposure to be calculated and
used as a metric for degradation by metallization wearing

Capability Goals Accomplishments Outcomes and Impact

« Evaluate strengths and weaknesses of modern cell
interconnect designs with combined-accelerated stress
testing (C-AST) to screen multiple climates along with finite
element and failure analysis to determine potential for a 50-
year life. Field validation in Alaska (cold) and Arizona (Hot)
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Surveyed 10 organizations (module makers, industrial partners, and researth Instltutes) tn gauge
the interconnect market
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ACCELERATED TESTING

Remote Source Dynamic Mechanical Acceleration Tool
By separating the speaker enclosure from the module, and
transmitting the induced pressure wave through a tube, the
module may be placed within an environmental chamber while
the speaker enclosure remains in ambient laboratory conditions.

Combined-Accelerated Stress Testing: Shingled Cells with
Electrically Conductive Adhesive
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Flash test results during
three cycles of C-AST for
shingled Si HIT cells in
glass/EVA/glass modules
with new electrically
conductive adhesive.
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« Surveyed new interconnect technologies
* Acquired five types of modules with novel interconnects and

Developing Remote-Dynamic Mechanical Acceleration tool
Characterized low-temperature solder wire interconnects,

Created FEA mesh for low-temperature soldered wire
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- Interest in low (e.g., for
- Most using multi-wire/multi-ribbon PbSn and will make changes when the industry makes a
jump away based on needs or ive solutions become available to module manufacturers

Characterization of the low-temperature solder wire
interconnects and modules

Experimental

« samples: (4) module types examined

* Method: cores obtained for direct or cross-
sectional examination (epoxy pot & pollsh)

. & were i as
extracted and after separation.

« Cl ization by optical SEM, EDS,
FTIR, DSC, TGA

Results

* SnBi (most recent) or Snin (early) solder

+ 250 um @ Cu wire (typical)

* 50 pm x 25 pm (w x h) gridlines (typical).

+ EVA and PO encapsulant observed (clear, white, black)
« PET backsheets observed (clear, white)
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Polymer foil y& ; Cell

Encapsulant
Observations
« Cu wire diameter much greater than gridline thickness
+ Conformality of polymer foil is better on sun side

+ >1 encapsulant material may be present, sun & air sides
« Multi-layer backsheet
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Wire Interconnect Degradati
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Full-module finite element modeling capabilities are used to derive expected glass and cell
movements during thermal and mechanical cycling. Applying these movements to a detailed
wire-scale model allows the propensity for wire separation vs. sustained contact to be i

-

Disruptive Acceleration Science

« Development of accelerated testing capabilities to de-risk cell
interconnects, identify weaknesses not captured by existing
standardized tests, and validate interconnects for a 50-year life

« Develop methods of characterization to assess the degradation
of interconnects

* Enable predictive rate models with material forensics and FEA

* Show C-AST’s ability to find interconnect failures and
benchmark it relative to other test methods.
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Focus: low-temperature soldered wire interconnects

Hypothesis

Considering the lower temperature melting alloys used with low-temperature wire
interconnects (as used with Si HIT cells), the degradation of such interconnects is NOT
accelerated by thermal cycling in the same way as traditional Pb-based solder interconnects.
Rather, the mechanical nature of their connection to the cell metallization may be degraded by
mechanical wear [1,2].

Approach

A parallel experimental and modeling effort will elucidate if and how multi-wire
interconnects are degraded by mechanical wear.

The modeling effort will quantify ribbon to gridline movement under mechanical and
thermal loading.

The experimental effort will seek to induce wear of multi:

with targeted mechanical cyclic load testing as with Remote Source Dynamic Mechanical
Acceleration and extended IEC 61215 temperature cycling

[1]L. Spinella and N. Bosco, *
muliwire interconnects in photovoltaic modules,” Sol. Energy Mater. Sol. Cell, vol. 225, no. January p.
111054, 2021, doi:10.1016/].s0lmat.2021.111054

[2] L. Spinella, K. Terwiliger, P. Walker, G. Perrn, C. . S. Jiang and N. Bosco, "Relabilty Implications of
Solder in Multiwire Modules under Dynamic Mechanical Loading," 2021 IEEE 48th Photovoltaic
‘Specialists Conference (PVSC), 2021, pp. 0108-0111, doi: 10.1109/PVSC43889.2021.9518566

Capability Development: Remote Source Dynamic
Mechanical Acceleration (DMX)

Exp ent Module mounting DMX allows precise control over
Modules will be exposed to A double valve system has both pressure loading frequency

Output metrics such as contact force, relative wire to cell displacement, and accumulated
movement will serve as the basis for reliability predictions.

Glass

Cell
Encapsulant

Cooling from 25°C to-40°C  Mechanical load

contact_force_y

—

Full scale module models are Ce models have the
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® By separating the speaker enclosure
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Front of module with mounting _ {rom the module, and transmitting the
h induced pressure wave through a

frame and negative seal

tube, the module may be placed
within an environmental chamber
while the speaker enclosure remains
in ambient laboratory. A proof-of-
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for wire movement under environmental changes and
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enable output of wire-to-cell contact metrics
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Back of module with mounting kPa peak-to-peak pressure wave
frame and positive seal through 1 m of tube.
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