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Electrically conductive adhesives for solar cell interconnection

B Electrically conductive adhesive (ECA)
interconnection with ribbon is used with

Temperature-sensitive cell technologies ) Prpp = 340 Wp
Busbarless cells SHJ cells
M2+ format

Back contact cells
(157.35 mm)

B Shingle technology

B Advantages of ECAs:
Lead-free
Processing temperatures of 110-190°C

Increased joint flexibility in comparison with
soldering interconnection
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Electrically conductive adhesives for solar cell interconnection

®  Matrix 1\ 1< Cu ribbon core
Epoxy é Ag ribbon coating
Acrylate
Silicone conductive particles

B Conductive particles
Ag or/and Cu flakes

Ag coated glass spheres

B Many different products of various designs are

available on the market & Si wafer

B Characteristics and processing is different for
each product
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ECA requirements for industrial interconnection

B ECA application with screen printing
Rheology of the adhesive must be compatible
Pot life > 10 hours

M Curing of the ECA on hot plates

Curing temperature < 190 °C 2001

g _
Curing time <30 s 2
® Electrical ductivity af : 8 160 ‘—\_
ectrical conductivity after curing : ol
String handling after production ® 120,
© ]
Mechanical stability é‘ 100
(Peel force = 0.5 N/mm) 80
0 I é I1|0I1|5I2|0I2|5
Curing time [s]
4 =
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Proposed testing scheme

ECA characterization One-cell modules testing
Differential Scanning Calorimetry One-cell modules production
DSC
( ) * Initial performance of ECAs
« Reaction duration at given ]

temperature ECA processing
parameters DH500 and aTC50

Peel testing - Early essential identification of

+ Peel force after 30 sec curing severe material or design
time flaws

DH1000 and TC50
* Extended testing

W Efficient scheme to pre-select ECAs for later large-scale production tests
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Candidates

B silicone matrix

ECA-II

B epoxy matrix
B Agand Cu filled
® Density = 4.1 g/cm3

B epoxy matrix
B Agfilled
® Density = 1.8 g/cm3

B epoxy matrix
B Agand Cu filled
® Density = 4.0 g/cm3

4 different commercially available
adhesives were tested and compared
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ECA characterization
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Differential scanning calorimetry
Isothermal

B Reaction duration at given temperature is
determined

B Tested ECAs are mostly cured within
30 sec at given temperatures 2>
requirement met

® ECA-Il and ECA-IIl show advantage by
curing at much lower temperatures

Degree of Curing [%]

100 -

75 1

50 -

25

——— ECA-IIl (140°C)
—— ECA-Il (140°C)
ECA-l (180°C)

—— ECA-IV (180°C)

Time [min]

Deutsches Institut fir Normung e.V., DIN EN 53765 (1994).
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Mechanical stability
90° peel test

B [dentical materials
— 15 N ——
Solar cell substrate E L
ECA application stencil Z J_
a *
Interconnector # 1.0
é; o2 ‘?_e
(] . * o
] o s a =
B 90° peel testing standard procedure 8 o5 - R
P RS
[
B ECAs Il, Il and IV demonstrate peel forces i{ 2o 1%
sufficient for string handling g 0.0 - Median Line
Mean
B Cohesive breakage behaviour
30 sec
190°C 160°C 190°C
B ECA-I 2 Peel force < 0.5 N/mm ECA-I ECA-II ECA-III ECA-IV
9 ==
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One-cell module testing
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One-cell module production
Materials

Glass: 200 x 200 x 3.2 mm?3
without AR coating

Industrial n-type SHJ cell

in M2+ format (157.35 mm)
with "glue fingers"
PET/AI/PET backsheet

Encapsulation —
polyolefin (PO)

Ribbons — Ag coated copper _
1.0 x 0.2 mm One-cell modules produced in

with light reflective structure e E o glass-glass (GG) and .
glass-backsheet (GBS) designs
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One-cell module testing
Power output after laminaton

5.4
® All modules show comparable power
output - after lamination all ECA's
perform similarly 5o 1
=3
Q 504 L - B —— P —
o v +
£ o [ =R = = =
g
1
Parallel testing tracks: 48 1 [ J25%-~75% |
I Min~Max
- Median Line
Damp TC atc ©  Mean
. lerated
Heat (thermocycling) trfgfr(;\%gili?\g) 46 TGes | oG | eBS | oG | oBS | GG | GBS | GG
ECA-I ECA-II ECA-III ECA-IV

12

\

~ Fraunhofer

ISE



One-cell module testing
Damp heat

B DH500 = I-V and EL Measurement =
DH1000 - |-V and EL Measurement

B Uniform degradation well below -5%

AP, Criterium

A Pmpp [%]

1
- fresh
O laminate
: = == gg
_ - - B = 1 =
|
2 .
3-
-4 4 [ pHs00
1 [ DH1000
-5 IEC 61215
6 |
GG GBS | GG GBS | GG GBS | GG GBS
ECA-I ECA-II ECA-IlI ECA-IV
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One-cell module testing

Thermocycling

one-cell module batch 1

one-cell module batch 2

&)
production, I-V and EL measurements = /
2 s + 480 °C/h 1
g - / S
Q
v v g |
5 \_/ +100 °C/h _/
- - g N Y 1
c5 DAYS aTtcs0(|TC5 5 Unas SAp e W e -
1 2 3 4
-V and EL measurements Time ¢ /h
14 —

Deutsches Institut fur Normung e.V., DIN EN 61215 (2006).
C.H. Schiller et al., in: Proceedings of the 36th EUPVSEC, Marseille, France, pp. 995-999 (2019).

~ Fraunhofer

ISE



One-cell module testing
Thermocycling

aTC with current load introduced

B aTC degradation is comparable or greater
than the degradation after TC

B Possible explanation — less time for material
relaxation after temperature change in aTC

4

B aTC can be used for quick tests as an
overestimanting indicator of expected TC
degradation

M Efficiency loss is too high for 50 cycles. Why?

A Pmpp [%]

[0 ] P e WU - S— B fresh
= = . - laminate
Dl IEC 61215
-10 4

B TCs50
. aTcs0

GG GBS GG GBS GG GBS

ECA-| ECA-I ECA-III *

* ECA-IV has not been tested in this run due to too short pot life
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One-cell module testing
Thermocycling

M High losses after aTC/TC are connected with abundant cell breakage in glass-glass design

. 4

B Can be an effect of unsuitable encapsulation polymer
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One-cell module testing - 2
Accelerated thermocycling

5
GG | GBS ECA-II GG
4 fresh
0 @ laminate
. =t -
o\'? S4 T e +—| | IEC61215
o —
3
104 0
J
15 | |25%~75%
-t T Min~Max |
— Median Line
o  Mean
-20
] GBS GG GBS GG GBS GG GBS GG
Encapsulation and backsheet from another manufacturer ECA-I ECA-1I ECA-1II ECA-IV
EL images show less damage than previous materials
m Difference in ECA performance detected, further material investigation required
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Result matrix

Screen APmpp after APmpp after
Curing T | Stringer |Peel force DH500 [%] aTC50 [%]

ECA printing . .
compatibility °C] curing | [N/mm] GG GBS GG

|| high viscosity | 180 ; P o 0.6

160

GBS

® All criteria can be compared

® ECA-Ilwould be the best candidate for further production tests in this case
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Testing time frame

B Tests for the essential ECA comparison can be performed in less than 1 month

DSC one-cell-module || DH500
production and

Peel testing characterization ATC5S0

1 day 1 day | 21 day

In case no DH testing is required 2 1 week
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Summary and outlook

B Essential characteristics and tests of ECA's for ribbon interconnection prior to further production tests
identified

Curing speed determined with DSC
Mechanical stability is compared with peel testing
Reliability (DH500 and DH1000, aTC50, TC50) tested on one-cell modules

aTC with current load introduced

4 ECA's tested and compared according to the proposed scheme
aTC identified as overestimating the degradation in comparison to TC

Full range of necessary tests can be completed within 1 month

If no DH testing needed = in 1 week

B Outlook: Further comparison of aTC and TC on ECA interconnected modules.
20
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