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ABSTRACT: Large, 6x10 cells back contact moduleseh&een manufactured at ECN using multi-crystalline
Sunweb® metallization wrap through (MWT) cells miauiured at Solland Solar, a conductive back sfeéeand
conductive adhesive as interconnection materiad. fiodules have been exposed to thermal cyclingdanth heat
tests according to IEC61215 ed. 2 requirements.oferset of materials, modules passed 300 therntdéynd
2000 hours of damp heat exposure. Wet leakagepesisrmed after 1000 hrs and 2000 of damp heabsexe and
with an applied voltage of 1000 V yield an inswatiresistance of 670 ®M?® and 180-320 MMM’ respectively.
This is well beyond the specification of 40N, proving the insulation of this type of modulerigre than
sufficient. This shows that the MWT module conceping conductive adhesive as interconnection isigobThe
reliability depends on the combination of materisded, as modules using other materials show é&adtter 1000 hrs
of damp heat exposure. By further understandingdibgradation mechanisms involved, stability of thedule
concept can be improved. IEC qualification testifthese MWT modules has started.

Keywords: reliability, back contact module, MWT leelEC61215

1 INTRODUCTION

Back contact module technology developed by ECN
[1,2] offers the advantage of faster manufacturlogier
yield loss and higher power conversion efficiency
compared to conventional modules based on H-pattern
cells. The modules are manufactured by placing a
conductive back sheet foil, printing the conducipaste,
punching the back side encapsulant, cell pick dadep
and front side encapsulant and glass placement at a
module line developed by TTA/Eurotron [3]. The last
step is a combined interconnection and curing s&ipg
a laminator. The interconnection method and thek ba
sheet foil used in back contact modules are differe
compared to H-pattern type modules, and hence the
reliability of this kind of modules needs to be yen
before they can be manufactured on a large scale.

In standard H-pattern modules, neighboring ceks ar
interconnected by soldering tabs. This intercoriaect
method is unsuitable for thin cells because of high
temperatures involved and requires at least 3 mm
distance between the cells to minimize stress. ECN’s
back contact module technology comprises an
interconnection method which is very different. Feur
technology, a conductive pattern is applied ontoaak
sheet foil by an etching of a metal layer. A cortthec
adhesive is printed onto the foil opposite to thsifions
where contacts are located at the back of the @&fi.
alternative method makes use of solder materidlttis
is not covered by this paper.) Cells are then pldped
pick and place system, see Figure 1. This is adivess
interconnection method which is a lead-free, highey
process, suitable for thin cells and also alloveistance
between neigbouring cells of ~ 1.25 mm, increasatgl
area efficiency [4]. ECN recently obtained a woedard
of 17% aperture area efficiency for multi-crystadlisolar
modules [5].

The use of conductive adhesives in conjunction with
a back sheet foil with an integrated conductive ainet
pattern is a fundamentally different technology asides
novel scientific issues in terms of reliability. &h
interconnection between the cell and the foil isei@nd
other types of corrosion, interconnect cracking or

delamination may occur compared to the solderesl itab
an H-pattern module with a TPT back sheet foil. Tdike
consists of a conductive pattern with insulatioee s
Figure 2 for a schematic cross section of the lwacikact
module and an indication of possible failure looas.
The reliability of both the interconnection and tfodl
depend on the thermal mechanical properties and
moisture stability of many different components dan
their interactions).
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Figure 1: Cell pick and place in the Ba contact module
manufacturing process.

Over the past year, ECN has put a lot of effort into
improving the stability of the conductive backshémt
itself. This paper focuses on stability of the
interconnections, as a function of different insiola
materials on the foil. This has been tested by
manufacturing 6x10 cells modules using Sunweb®scell
from Solland Solar, and by measuring performanag an
recording infrared and electroluminescence images a
function of climate chamber (thermal cycle and damp
heat) exposure. Wet leakage tests have been pedorm
after 1000 hrs and 2000 hrs of damp heat exposure.
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Figure 2: a) Schematic cross section of a back cor
module. b) hdication of positions where failure cot
start to occur. Red arrows indicate points wheresidim
of layers is relevant, the dotted circles indicateere
interconnection failure could start.

2 EXPERIMENTAL

Eight 6x10 cells modules were manufactured with
different types of insulation material, four of &
insulation material. These were distributed am
thermal cycle and damp heat chambers accordir
Table I.

Table I: Module identificaibn and distribution amon
the climate chambers.

Thermal Cycle (TC) Damp Hee (DH)

Insulation | M1 M3
M2 M4
Insulation Il M5 M7
M6 M8

Climate chamber tests were performed according @
61215 ed. 2 [6]. Thermal cycle tests were perfor
between -40 and +8%C with 7.5 A forward bias (equ
to the MPP current) above 2B8. Damp heat testing wi
performed at 88 and 85% relative humity. Wet
leakage test were performed by subjecting the neoth
a water bath and an applied system voltage forrites
(system voltage has to be at least 50(

Analysis has been performed by infrared (IR)
electroluminescent (EL) imaging [7,8], wh can
identify malfunctioning interconnections. In bothses, ¢
forward bias is applied to the module. The diffeiis
that with IR imaging heat due to current flow isetséed

by detecting IR light in the 33 um wavelength range,
whereas EL directly easures the near infrared radiat

of about 1um that results from radiati electron-hole
recombination in the silicon cells. Malfunctioni

interconnections will cause temperature variatisimest

can be detected by IR imaging because the currewt

will be higher (lower) at locations where contaet®

functioning (malfunctiomg). EL imaging will identify

malfunctioning interconnections if they lead to ise

resistance variations and thereby to reduced ek-hole

recombination (thus to darker regions) close tosdl

interconnections.

3 RESULTS

3.1 Thermal Cycle
Figure 3shows the relative power (R;) of modules
M1, M2, M5 and M6 up to 300 thermal cycl
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Figure 3: Relative power after exposure to 300 ther
cycles for modules M1, M2, M5 and

For all of the 4 modules power reduction is obse

after the first 50 cycles, after which the powertpot

stabilizes for at least up to 300 cycles. For bedts of

modules, therelative change inopen circuit voltage
(Voc) is approximately 0.5% he reative changes in fill
factor (FF) and short circuit current (Isare between 1-
1.6%, see Table II.

Table I1: Short circuit current, open circuit voltage ¢
fill factor for the modules at t=0 and after 30@tmal
cycles.

Isc (A) Voc (V) FF (%)
t=0 300 TC t=0 300TC t=0 300
M1 8.1 8.0 37.0 36. 75.7 74.8
M2 81 80 37.2 37. 75.7 747
M5 8.0 7.9 37.0 36. 75.7 745
M6 81 8.0 37.0 36. 75.1 739

The loss in FF tends to indicate a small increasseries
resistance, possibly as a resflfailing interconnections.
Infrared analysis shows a uniform tempera
distribution among the modules, both before and ¢
thermal cycle testingor all of the modules (not showr
Electroluminescencamaging is more sensitive. Figure
shows representative EL images for5 before TC
testing and after 30Ghermal cycle. The blue ellipse
indicates a cell with a crack which was alreadyspn¢ ai
t=0. The crack is not growing at all upon thermatling,
showing the limited stress that is applied on taksan
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the back contact module. The white ellipses inei
regions wherehe EL intensity has significantly dropp
upon thermal cycling. These may indicalocations
where the interconnection between foil and cell thesn
lost The largest EL intensity drop was observed betv
0 and 50 thermal cycles, in correspondence e power
drop that was also largest between these two datds)
(Figure 3).

Figure 4: EL images of module M5efore(a) and after
(b) 300 thermal cyclesThe blue ellipse indicates
cracked cell. The white ellipses indicate regiortsere
the EL intensity has dropped upon thermal cycl
Images wer¢aken with 8A forward bia

Each cell has 16 emitteontacts and 1base contacts. If
one contact intercarection fails, the current through t
other contacts will increase, but the cell remi
operational. Due to the thermal mechanical stresmd
thermal cycling, less than 20 out 01860 (60x31)
interconnections in total mayave failed for modulM5
after 300 thermal cycles. This does not signifiba
reduce the output power, but can explain the oleseRF
loss of 1-1.5%.

3.2 Damp Heat

A significant difference was observed between
two groups of modulesfter damp heat testi (85°C,
85% relative humidity) The relative power of module
with insulation | is 97.7% and 97.2% after 1000 ansl
95.1% and 96.4% after 2000 hrs of damp heat tes
The relative power of modules with insulation 196.9%
and 94.2% after 1000 hrs and 68.5% and 67.fter
1250 hrs of damp heat testing, see Figure 5. Fese
modules testing was stopped after 1250 hrs andré
analysis was carried out.
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Figure 5: Relative power after 2000 hrs of damp t
exposure for modules M3, M4, and after 1250 hr
damp hetexposure for modules M7 and }

The I/V characteristics of modules M7 and M8 st
a stronger decrease in fill factor upon damp hestirtg
than modules M3 and M4. For example, Module
dropped over 3% in fill factor after 1000 hourgnfr 75.5
to 73.00, whereas module M4 dropped less than (
after 1000 and less than 2% after 2000 hours,
Table IlI.

Table Ill: Short circuit current, open circuit voltage ¢
fill factor for the modules after up to 2000 hoofsdamp
heat exposure.

Module Hours Isc Voc FF

name of DH [A] V] [%]
M4 0 8.1 36.3 75.8
M4 1000 7.9 36.2 75.7
M4 2000 7.9 36.3 74.5
M8 0 8.0 36.3 75.5
M8 1000 7.8 36.2 73.0
M8 1250 7.8 26.9% 70.2

[ One failing string after 1250 hou

This could imply that the series resistance of M8
increased much more than that of M4 as a restittilaig
interconnections. The large drop in Voc for M7 avé
shows a whole string is failing. This was confirmeg
performing I/V measurements pering.

Indeed, infrared analysis clearly shows the abseh
hot spots in modules M3 and M4 after 2000 hour
damp heat exposure (Figure 6a), where temper
differences are less than°@ over the complete modul
For modules M7 and M8 after 1000urs of damp heat
exposure, on the other hand, hot spots are obsevih
for the six hottest hotspots temperature differsnmiet—
15°C compared to the rest of the module (Figure 6b)
hot spots are mainly located within one stri

Destructive failue analysis at the location of t
hotspots showed that interconnects around the gt
had failed, causing increased current flow throtigé
interconnections that were still functional. Thuse
presence (or absence) of hotspots indicates theefi(or
limited failure) of interconnections. After 1250urs, all
interconnections were lost in some of the c
explaining the failure of the strir

a)
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Figure 6: IR images of aM3 after 2000 hrs damp he
exposure. Temperatudifferences are less tharC, and
b) M7 after 1000hrs damp heat expos! (just before
string failure started to occurJempeatures measured
range from 24.7C (green) to 40X (bright red)

2.3 Wet leakage current tests

In the wet leakage tegterformed according to tt
IEC61215 (and IEC61730) ed. 2 requirements,
module is subjected to a water bath and the sy
voltage is applied to the module for 2 minutes.
measured resistance*area may not be less tha
MQI?. Table IV shows themeasured insulatic
resistances*area for the modules after 1000 hrs2860
hrs of damp heat exposure, using an applied sys
voltage of 1000 V. After 1000 hrs of damp heat,
insulation resistance is more than 10 times the
requirement and aft@000 hrs still more than 4 times t
test requirement. MWT back contact modules can lia
manufactured in a such a way that they comply it
IEC wet leakage current requirements, even wit
system voltage of 1000 V.

Table 1V: Insulation resistancatea for modules M:
M4 and M7 after 1000 and 2000 hrs of damp |
exposure, \/Ls: 1000 VvV

1000 hrs DH 2000 hrs [
M3 670 R’ 18C MQ
M4 640 MM’ 320 NQ@Y
M7 640 MM’ n.a.

3 DISCUSSION

In these modules, the cells and interconnec
materials are identical. The results described atstww
that the reliability of the interconnections betwethne
cells and the conductive back sheet foil not ordpehd:
on the contact area on the celle tbonductive adhesi
and the contact surface of the conductive backtshée
but also on the interactions between them and
environment. Encapsulant anidisulatior around the
contacts can also play a role. The exact effec
individual components on the stability of the
interconnection as a whole is currently the subjaft
further investigation. The fact that modules haassec
both 300 thermal cycles and 2000 hrs of damp
exposure proves that MWT back contact mot
technology using conduee adhesives is a robt
concept. IEC testing of this concept is-going. The

understanding of the influence of individual comgnts
on contact degradation will enable further stap
improvement.

4 CONCLUSIONS

The MWT back contact modules have sed climate
chamber testing of 300 thermal cycles and 20000h
damp heat exposure. This proves it is a robust et
Wet leakage test performed with an applied sy:
voltage of 1000 V after 1000 hrs damp heat expo:
show an insulation value morhan 10 times the test
requirement. IEC testing of back contact modulesn-
going. The reliability can be further improved, s
requires a deeper understanding of the behaviaallc
components during climate chamber testing and e
interaction betwee component
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