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CONTEXT

26% efficiency

o Low temperature coefficient
Heterojunction

solar cell High bifaciality

>25mg/W

Silver

consumption Scarced & widely used material

Catania Cell & Increased of PV production
Module GW

factory On the way to TW level

Target: <5mg/W (Ag)
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HJT INTERCONNECTION CHALLENGE

Low
Temperature
silver paste

Wettability

Process window
for soldering?

Increased
resistivity

More silver!

More ECA!

FREE DISTRIBUTION

November 16 /
NI\ 20201



ECA MONDRAGON TABBER STRINGER

** Multi-ribbon handling up to 12 ribbons

** Thin cell handling down to 110 um

“* Independent stencil printing of the 2 cell sides
** Provide developed curing profiles

** Gapless and Paving compatible
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ECA START LINE: EGP 200 MW PILOT LINE IN 2019

Silvered
ribbons

72 cells
HIT
module

2019 solution is not economically compatible and not a
sustainable solution for the GW factory

Reduction of silver consumption is MANDATORY
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REDUCTION ECA STRATEGY

Narrower line

e Alignment precision of the stringer
e Less adhesion surface

%A Thinner line

el « Adhesion
) » Impact of pyramids/metallization morphology

e Resistance losses
e Adhesion
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REDUCTION STRATEGY — MANUAL INTERCONNECTION

Full line width 2 Full line thickness 1 Pads 1

Design Full line REF Full line width 1
ECA reduction 30% reduction
Adhesion

45% reduction 30% reduction 33% reduction

55% reduction
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ECA reduction from 30% to 55%

No impact of pads design on module FF
-1
Adhesion:
S —=— REF . :
@ ~e  Width 1 %* High (0,8-1N/mm): up to 30% reduction
g —A— Width 2 .
L -3 —v— Thickness 1 %* Medium (0,5-0,8N/mm): for more aggressive design
T8 —¢—Pads 1
Pads 2 % too low (< 0,5N/mm): for reduced thickness design
-4
TC reliability
K *** No major degradation after PTC400 (losses <1%)
INeS FREE DISTRIBUTION Novernber 16 /

NI\ 20201




REDUCTION STRATEGY — ECA STRINGER

Combination of narrower line with pads

Design Full line width1 Fulllinewidth2 Pads Awidthl PadsBwidthl Pads Awidth2 Pads B width 2
ECA reduction Ref 40 % reduction 40 % reduction 45 % reduction 55 % reduction 65% reduction

All ECA pattern compliant with extensive TC test

e All ECA pattern with width 1 remain under 0,5% FF
-2 losses after 400TC
L_LCE 3 —=— Full line width 1| With width 2 pattern, slightly more losses (1-2%):

—o— Full line width 2 o . _
o0
o Ppads A width 1 +* ECA reduction too aggressive

4 ~ v PadsBwidth 1| *%* More complex alignment
—4  Pads A width 2
Pads B width 2
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ECA CONCEPTION

Conductive particle: mainly silver in current products

\J/ . .
*%* Reducing silver content

+* Replacing silver by another conductor such as Cu, Al, nanoC

Polymeric matrix: acrylate, epoxy, silicone

Polymeric
Matrix

/ . .
%* Different curing process

+* Different thermomechanical behaviour

Compatibility with all kind of ribbons/wires?

Benchmark of suppliers/products
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ECA RELIABILITY (1/2)

First screening with manual interconnection (with ECA pads pattern)

ECA A B C D E F G
Conductive particle Ag Ag Ag Ag Ag Ag/Cu Ag/Cu
Matrix filler acrylate acrylate acrylate acrylate acrylate epoxy epoxy

° S— Different ECA nature
e B ** Polymer
N :g ** Conductive particle
_ E Adhesion critical with one ECA (D) but reliable after
e;? 4 e TC200
g ) = Reliability is insufficient for almost all ECA
L ** /I\ Manual interconnection = limited alignment
precision
8 . ECA B was not tested at this stage (compatibilty
with ribbons without silver coating)
104
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ECA RELIABILITY (2/2)

ECA A ] C D
. ] ] . Conductive A A A A
First screening with Mondragon ECA stringer particle 8 8 8 8
Matrix filler acrylate acrylate acrylate acrylate
Thermal Cycling
0 200 400
0,0 g T . T - Thermal Cycle
05 \ / § . 0 | 2?0 | 4?0
1,5 - 1
—_ 1 e ®
2 20 A SAC _ v/*
i —&—B|==> D GL LT S - = A
O o5 A C ribbons o | @ TTTTTTTeemmeeee L 8
S ] Full line ECA pattern —v—D 0 —a-C
T -3,
-3,5 _ E 3
4.0 ECA pads pattern
451 -4
5,0
-5

Different reliable ECA emerging on the market
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CONCLUSION

> Silver will be a critical material for TW scale manufacturing

> ECA reduction

> Different pattern compatible
» Combination of pattern possible to enhance reduction
» Reduction > 50% already qualified

> ECA nature

» More and more ECA reliable on the market
> Still silver particles at this time
> Many opportunities to reduce silver

> ECA: one of the promising low temperature interconnection with possible compatibility with
tandem cells

B The work described in this publication has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement N2 792059
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MANAGEMENT OF CONFIDENTIALITY

Based on the privacy statement shown at the bottom of the page, this document must be managed according to the guidelines described below, in accordance with contractual requirements.

FREE DISTRIBUTION:

This document may be distributed to other third parties than those defined in the distribution list.

It must be distributed unchanged and in its entirety and include the issuer’s attribution and credit. This corresponds to the type of licence ? 3 defined by http://creativecommons.org/licenses/.
However, recipients are requested to exercise sound judgement when redistributing the document.

CONFIDENTIAL:
This document may not be reproduced or transmitted to third parties without the express authorization of the issuing contractor.
The decision to remove the CONFIDENTIAL nature of the document rests with the issuer or comes into effect after the period specified in the contract.

CONFIDENTIAL “PROJECT NAME”:

This document may only be distributed, within staff of recipient contractor, to individuals in the project team and to individuals who require access in the course of their duties (need to know basis).
Contractors are required to implement the necessary measures for complying with these distribution rules, which may be based on restricted distribution measures.

This document may not be reproduced or transmitted to third parties without the express authorization of issuing contractor.

The decision to remove the CONFIDENTIAL “PROJECT NAME” nature of the document rests with the issuer or comes into effect after the period specified in the contract.

RESTRICTED DISTRIBUTION:

This document may only be distributed to individuals in the project team and individuals who require access in the course of their duties (need to know basis).

This document may not be reproduced or transmitted to third parties without the express authorization of the issuing contractor (i.e, the appendix of security, necessarily signed for a project with restricted

distribution).

The management of information must comply with the requirements in Appendix 3 of Interdepartmental General Instruction IGI 1300 (http://www.ssi.gouv.fr), including:

° Individuals must be informed about the rules of confidentiality.

° The information and drafts used in drawing up the document must be labelled with the words “RESTRICTED DISTRIBUTION” and managed as such (in particular, with arecording specifying the
character RD of the document).

° The document and information used in drawing up the document must be kept under lock and key. In particular, the documents, when not in use, must be filed in a locked cabinet.

° The document may be sent externally by letter in a double envelope (it is advisable to use a cloth lined or confidential envelope). The inner envelope must bear the words RESTRICTED DISTRIBUTION,
the name of the recipient and the document reference. The outer envelope must include only the information required for the letter to be sent (the department sending the letter and the address of the
recipient). It must be sent with acknowledgment of receipt. This sending should be accompanied with a dispatch note identifying the addressees.

° The IT systems for processing, storing or transmitting the information are subject to security accreditation. When the networks or systems used are not able to guarantee confidentiality, the information
is encrypted by methods approved by ANSSI (French Network and Information Security Agency). This results in the encryption of emails, computer directories, USB keys, servers, etc. using encryption
approved by ANSSI. The list of equipment approved by ANSSI may be consulted on their web-site at hitp://www.ssi.gouv.fr

° It is the responsibility of the holder to destroy the document by shredding or incineration.

° The decision to remove the words RESTRICTED DISTRIBUTION rests with the issuer or comes into effect after the period specified in the contract.
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