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SYSTEM

PV-Dienstleistungen der
SGS-Gruppe Deutschland

Assembly of
the module

System set-up

® Impurities, @ Failure analysis @ Characterisation @® Accredited ® PV testing
elemental (XRD, XPS,FTIR) @® Spectral response laboratory test of (PV modules,
analysis @® Doping errors @® Carrier lifetime PV modules controllers,
(N,C,O, metals) (SIMS) @® |V curves @® Product inverters,

® Dopants (BandP) @ Bulkconcentration @ Electro- development batteries)

@® Contaminations, and defects luminescence (R&D) @® Technical due
resistivity, carrier (O,C,N) (micro cracks) ® Coertification diligence
lifetime ® Thickness, anti- @ Solder, stringer, ® Retests @® Project certification

® Worldwide reflective surface control @® Prequalifications @ PV installation
pre-shipment coatings (SEM) ® Failure & spot check
inspection ® Physical and damage @® PV field

@® Particle sizes chemical clarification

characterisation of
(multi-) layer thin
films (CIGS, CdTe,
a-Si, L-Si)

15.07.2010 SGS — Workshop

Reinig, Dallmann 4
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Photovoltaik-Hersteller in D

.
s3_ @293

- 52 = Bain 39
@8 BOI4 ks 60 54
59
G2 ot 1
61 55 .— 4§
351__%} 11 a7 - 13 @ Leinzic 2. @
o aallod 40 41 | 4597 56 42 _i)(\f_g:, 11
UG5S B9 36 g5
09 BBCIg, sy I8
10 62 4, W
. Py
Frankfurt
* o8
-
12 @
64 < 50
. SGS GERMANY GMBH
Stuttgart snmrpfs.::?:i
J 2'5:' o= = 38
'3§: ; ﬁ?@@hﬂmld‘l
1D 44
®

[
Source: Germany Trade & Invest,

Information provided by the respective company,

February 2010
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(( DAKKS

Deutsche
Akkreditierungsstelle

Deutsche Akkreditierungsstelle GmbH
Beliehene gemiR § 8 Absatz 1 AkkStelleG i.V.m. § 1 Absatz 1 AkkStelleGBV

Unterzeichnerin der Multilateralen Abkommen
von EA, ILAC und IAF zur gegenseitigen Anerkennung

Akkreditierung %

Die Deutsche Akkreditierungsstelle GmbH bestétigt hiermit, dass das Priflaboratorium

SGS Germany GmbH
Zeisigweg 13
01737 Kurort Hartha

die Kompetenz nach DIN EN ISO/IEC 17025:2005 besitzt, Priifungen in folgenden Bereichen
durchzufiihren:

Mechanische und elektrische Untersuchungen von Photovoltaik-Modulen

15.07.2010 SGS — Workshop

@

IEC 61215
IEC 61730

Periodical Inspection

@

IEC 61646
IEC 61730

Periodical Inspection

Reinig, Dallmann 6
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Testing scope (DIN ISO 17025 accreditation) —

= |EC 61215:2005 - Crystalline silicon PV modules — Design qualif. and type approval
= |EC 61646:2008 -Thin-film PV modules — Design qualification and type approval

= |EC 61730-1:2004 - PV module safety qualification — Construction

= |EC 61730-2:2004 - PV module safety qualification — Testing

= |EC 61701 salt mist test for PV modules

= Performance test ammonia

= Customized test programmes (heavy load, double cycles)
= Prequalification tests (materials, parts of IEC cycle)

= Performance certification (,power controlled)

= R&D programmes (CTS Microelectronics)

= Qutdoor testing programme in 4 extreme climate zones

15.07.2010 SGS — Workshop Reinig, Dallmann 7
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Kristallines Si-Modul Dunnschicht-Modul
DIN EN 61215 DIN EN 61646

15.07.2010 SGS — Workshop Reinig, Dallmann 9



50

48

44

40

BB

[he]
(=53]

Efficiency (%)

5]

i
h

12

Materialien fur
Photovoltaik-Zellen/Module

Best Research-Cell Efficiencies
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:iNREL

Multijunction Concentrators Thin-Film Technologies
| w Three-unclion (2-lerminal, monolithic) & Cu(ln,Ga)Ses Fraurihaler ISE

& Two-unction (24erminal, monolithic) o CdTe (metamorphic,| (metamorphic,

i y y 11 454x conc.)

Single-Junction GaAs ohmn:-rphnys SiH I:EtahﬂLZEd,l Bosi 5 (lamce manched
~  ASingle ! + Nano-, micro-, paly-Si B b [qmlummrpm:, o conc.}

AC ! e o Mum.jmw poiycrystalling i " Smmd‘h-“am D M0xoenc) P
| 7 Thinfim Emerging PV 179 cone.) T

0 Dye-sensitized cells
Crystalline 5i Cells
i @ Organic cells Boei

- ;E;ert':ﬂmrmﬁia (various technologies) (inverled,  325.7xconc)

© Thick Si film * |norganic celis MREL' metamorphic) <

Univ, { )

-“ Stutigar Unésed Sotar
(45 pm thin- h
© imbunslen (ol (eSineSines)

1980

| | |
1990 1995
15.07.2010 SGS — Workshop

Reinig, Dallmann 10
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Dunnschicht-Photovoltaik-Module

R.A. Street, Technology and applications of amorphous silicon, S -
Springer, 2000
Log Time (Hrs)

Fig. 8.10. Light-induced degradation in single-junction cells dep
steel. Power is measured in mW /em?

15.07.2010 SGS — Workshop Reinig, Dallmann 11
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Dunnschicht-Photovoltaik-Module

CGS

(2.43 eV)
. CI(G)S, CI(G)Se

-

- 20

CGSe
(1.68 eV)
- 1.8

M. Bir, W. Bohne, J. RShrich, E. Strub, S. Lindner, M.C. Lux-Steiner, Ch.-H.
Fischer, Determination of the band gap depth profile of the penternary
Cu(lng o Gag X 5,5e(,_4)z chalcopyrite from its compositional gradient
J. Appl. Phys. 96 (2004) 3857-3860.

(1.00 eV)

15.07.2010 SGS — Workshop

Reinig, Dallmann 12
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I | |
Sonnen-Spektrum
| | |

Solarzellen-Material
(Absaorber):
— Farbstoff-Injektionszelle
—— CuGaSe»2,a-Si
—— CulnS2

CdTe, GaAs
Si
CulnSe2

—
o
o
%

Leistungsdichte [W m=2 pm-=1]

500
5 . | | |
0,5 0,75 1,0 1,25
http://www.helmholtz-berlin.de/aktuell/pr/bildarchiv/ Licht-Wellenlange [um]

15.07.2010 SGS — Workshop Reinig, Dallmann 13
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Langzeitbetrieb in verschiedensten Klimaten

- Materialkorrosion (v.a. Metalle)

e Delamination von Verkapslungsmaterialien
e Eindringen von Wasserdampf

e Schadigung durch Wind, Hagel, Montage,...
e Schadigung durch thermische Ausdehnung
e Schadigung durch UV-Strahlung

15.07.2010 SGS — Workshop Reinig, Dallmann 15
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3- 4 Monate

10.17

Hail test
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- Visuelle Inspektion

- Klimatests
(damp heat, humidity-freeze, temperature cycling)

- Elektrische Isolationstests
(dry, wet, high-voltage surge)

- Leistungsmessung
(flasher, steady-state sun simulator)

15.07.2010 SGS — Workshop Reinig, Dallmann 17
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Flasher (Pasan lllb) UV chamber
Class A/A/A, 3.00m x 3.00m 2.40m x 2.80m
- Leistungsbestimmung - UV-Schadigung

15.07.2010 SGS — Workshop Reinig, Dallmann 18
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Dauerlicht-Sonnensimulator
Class B/B/A, 3.00m x 3.00m

- Hot-Spot, T-Koeff.,
Schwachlicht,...

15.07.2010 SGS — Workshop

Light soaking Class
C/C/A, 3.00m x 3.00m

- Voralterung von
Dinnschichtmodulen

Reinig, Dallmann 19
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Priifprotokoll fiir Solarmodule — Test Protocol for Solar Modules

SAP-Hr.:
Harfralpurnkte — 2omzs of | cuon
'\_-'erpackmg O nFerlguy O n.Ferligug O rn.Ferlgurs rFerigury O nFeriguy O n.Ferlguy O nFerlgusg
P acking
Optk alkeme

General Opizs

Dokam ene vorkank
Docymen s atached

Ve packnigs dak
Da & Packing Label

Mool —Worderse ts

Mocule Frort

GRtE Satherke Ralbeme b
Gereral ONCs £ Cleaniness

| T Kanten-
ausbruch

Reinig, Dallmann 20
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« Si Wafer versus Glass Size (Generation 1 to 9 Flat Panel Industry)

. 2400 x 200
2200x2600 G8.5 AMAT Solar
. 2200 x 2600

1950 x 2200

| c-Si or mc-Si Wafer I

| 100x100 150x150 200x200 mm |

1100 x 1300

730 x 920

a00

400
‘81 | "84 ‘86 | ‘o8 ‘00 | 02 o3 ‘04 ‘05 06 | o7

Source: Basler AG 07 /2007
araph: signet solar S <o oo [

15.07.2010 SGS — Workshop Reinig, Dallmann 21
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.~ SGS GERMANY GMBH
. SOLAR TEST HOUSE

PV-MODULE TESTING

15.07.2010 SGS — Workshop Reinig, Dallmann 22
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PASAN SA - Rue Jaquet-Droz 8 - CH-2000 Neuchatel - Switzerland
current phone +41 (0)32 391 1600 - fax +41 (0)32 391 1699 - info@pasan.ch . PA AN

A PIVIPP= lIVIPP * VIVIPP www.pasan.ch
lSC .............. T P . / - - .
. Sun Simulator lll specifications
Flash generator
Max. capacitors voltage 800 V
Cycle time 30s
e  Width: 880 mm
: Dimensions: e Depth (incl. connection): 1106 mm
e Height: 1980 mm

Ve Voo Weight 300 kg
Flasher
Light source type Xenon
llluminated area 3x3m
Applicable standard IEC 60904-9
Qverall class Twice better thanclass A- A - A
Spectral match at 1 kW/m? <+12.5%
Light uniformity <10%at8mandanareaof3 x3m
Light pulse stability <1,0%
Pulse duration 10 ms
Min. light intensity 0.7 kW/m’ at 8 m and AM 1.5
Max. light intensity 1.2 kW/m?at 8 m and AM 1.5
Max. light incidence angle <x15°onthe 3 x3 marea

15.07.2010 SGS — Workshop

Reinig, Dallmann 23
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Um[V] Im 4] lrad [kK'w)
060+ I - =1.000
1 I
0504 |
b 00 |
0.404 '
0304 | 0,500
) ; Effective measurement period
020 |% e p
0104 |
0.00 . —Z r . . . : . T . T . " v . — 1 - 0.000
0.0 . 20 30 4.0 50 6.0 7.0 8.0 9 10.0t [ms)

15.07.2010 SGS — Workshop Reinig, Dallmann 24
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——AM 1.5 slandard [EC 60904 3 ad 2]
— Ordinary clase A spoctum

| @ 750~ B0

20 — High accuracy Fasan spachrum 7 D 2700-12,73

» 2 EI0-2700

Doesoi-eed

D2 30-2 500

B CS00-250

oo e 50

Rel Intensity [a.u.]

[relafva rommRisation” aqualintal imadinnnes
a5 mrasLrnd by & mono-Sirsf ced)

ao - - - . - -
4 ¥m = w 0 = 1y "C a4 2B B BC CCD D DE E EF F FG & GH H

Wavelength [nm] x-Koord.

15.07.2010 SGS — Workshop Reinig, Dallmann 25
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=y
— :
R?=0,9989 /' >~ ~ R? = 0,9816
_//‘ R®=0,9989 —— ~ . = S~ :
/ 'M - — “‘"“h
g E ~ . - ~ .
o = =< ‘H“x ~w _{ R*=0,9837
o - -~ .
= R =0,9989 / R?=0,9976 E R? = 0.9931 T~ h "*-:f%"‘m.
o - o, a .t ‘b';
- T~ -~ o - ) T L
1000 YWirm? e -
28°C AN S - =~
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Abschattung

Hot-Spot

15.07.2010 SGS — Workshop Reinig, Dallmann 31



s INSTITUT
SG ) FRESENIUS

Hot-Spot Detektion mit IR-Thermographie
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= Background: Verification of material properties related to thermal
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Background: Verification of material properties under

extreme temperature and humidity conditions
Cycles: 10 85 + & %r.H.

Freezing

Cycle time: = 24 hrs

||
85
|

100%Cr R maximum

200°C /h. Moximmum

e
& 25
ﬁ ““‘“Sturl of Cycle
a 0
5 Test Chomber
- -====-=--- Module Response
0 (Representative Temperature Log)

|-— 20h. Minimum

P

"'f Conlinue for
10 Cycles

—-I I—-{J.E-h. Miririurm

4h, Huximum—-l

15.07.2010 SGS — Workshop

Time (Hours)

Reinig, Dallmann 37




INSTITUT
FRESENIUS

= Background: Verification of material properties under extreme
temperature, humidity conditions and exposure time

= Condition:85+5°C/85+5%r.H.
= Testtime: 1000 hrs
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