Industry & Suppliers

The trend towards high efhciency and maore advanaced cell echachugios reguites sdvanced automated cell
testing. Pictured here: lzra Vision's in-line water inspection tomeasure the geometry and detect surface defects.
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Bright spots in cell testing

Solar cell inspection: The move away from manual solar cell testing by China's PV
manufacturers and the trend in high efficiency cell techinologies is generating demand
for automated and advanced cell-testing tools.

5B

ber companies that make solar PV test
ing equipment and systems, the fore-
seeable fature is locking more posi-
tive as global demand for BV modules
rises again. 'Irends in PV cell produc-
Lieat, such as high efficiency technola-
wies, dermand more advanced PV cell Lest-
ing approaches, with Lesling equipmenl
companies - both western and Chinese
~loaking to meet demand for more auto-
mated and in-line cell testing systems.
According to ENF's most recent rank
ing, which is from 2012, the Chinesze com-
pany Casolar Power topped the board of

‘the 1} leading manufacturers of cell test

ing and sorting equipment, followed by
Applied Materials and Berger Lichttech-
nile, with the three together accounting
fore over 50% of the marker;

China opportunities

Cisolar Power is somewhal unique among
{Chinesse PV equipmenl manelaciurers,
in being one of very few with a TUVACE

certification and with a track record ol

exporting solarcell testing machines and
related equipment to Furape, including
Germany and France, the Us, aswell as

Asia, including Japan and Taiwan: 'Lhe

company is behind the fiest Chinese
developed cell-testing ool based on elec
troluminescence (EL) imaging,

Like other Chinese suppliers of cell
testing equipment the company hes
largely benefited from demand for man
ualcell testing tools from predominantls
domestic PV cell and module producers
A Lhc: 1'r'u,1|.|5[r;.' K!‘IHL’.L‘UI,.H c_:i:-nLiﬂ.u{:.u. leaw
ingonly companies Lhat are ehle to invest
in technology for delivering higher «f
clercy cells, demand for manual cell test
ing is waning. Unlike many ol ils Chi
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nese competitors, Gsolar has invested
in autornated equipment for cell Lesting,
which will compete with the advanced
svstems that European and U5, compa-
nies provide. The company has recently
developed an automated cell sorting
systen, deploying both EL as well as
more advanced photolyminescence (PL)
technology,

FL and Pl techniques work by both
generating images of solar cells that
reveal localized shunts, series resistance,
and areas of charge carrier recombina-
tion, as well as other defects. ET. works
by applying a forward voltage and cur-
rent to cause localized irradiance due
tar carrier recombination, while P1. uses
light irradiation for the same purpose.
Bul whereas FL imaging relies on the
detection of relatively bright signals and
can only be employed st the final stage
af solar cell manufacturing, PL imaging
can be applicd even before cell strings, to
wafers and ingots, providing better visi
bility of defects earlier on in the manu
Facturing pricess,

However, Gaolar Power faces tough
competition from other suppliers of
advanced automated cell testing systems,
many of which are in Europe. These com-
panies arve also relying on new business
15 a result of the increasing emphasis on
cell technology and RéD among China's
remaining PV cell and module makers,

Tsra Vision, in CGermany, is one such
competitor, According to Guide Eber-
hardt, General Manager al the comparny,
“More than half of all solar cells are pro-
duced in China, while the use of inspec-
tinn systems has limited penetration.
Where previously cell inspection had

« Chingse PV cell manufacturers ang
ditching manual cell testing in favor of
automated cell testing technologiss,
creating anew waye of damand for
companies such as Greateyes, Gsolar
and |sra Visian.

. The trend tewards high efficisncy and

mare advanced cell technalogies, such

a5 n-typeand multijunction, regulres
acvanced automated cell testing,

As well a5 new markets such as China,

companies are also seeing demand for

upgrades from cell manufacturers look-
ing to replace older El-bazud fystems
with newer FL based cafl testlng tech-

nologles, o
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oecurred manually, in most cases new
technologies demand the use of auto
mmatic optical systems.”

In contrast, cell manufacturers in
countries such as Taiwan, South Korea
and Germany typically use automated
optical inspection systems In many pro-
cess steps. “The aim is Lo exploit (he
putential of production as much as possi-
bl and to ensure the profilability of pro-
duetion, Here, the potential for new sys-
terns is largely limited to new processes
and layouts. and to new inspection tech-
nitogies, bul 1n China the potential for
cell testing and inspection machines is
much greater,” he adds.

Broad portfolio
l[sra Vision's PV indusiry portiolio
inchides a contactless PL inspection sys-
temn, Launched in 2012, Yieldmaster PL
includes cevstal defect classification and
series-resistance measurements, for rapid
in-line inspection of wafers and cells.
Comlactless measurement avoids polen-
tiad eracks or breaks caused by electrical
contacting required tor EL or previous
PL in combination with series resis-
tance measurements. lsra Vision, which
supplies inspection systems for several
industries, inchuling plass, films, and
plastics, is one of a few equipment suppli-
ers that — during the PV industry down-
turn — chose to further invest in its PV
business, taking over GP Sotar 2and GI
Inspect in 2005

With the acquisition Tsra Vision lays
claim to inspection systems for each pro-
cessing step in PV manufacturing, from
wafer through to module production,
supplying in-line as well as standalone
and lab-based equipment.

standalone systems [or wafer and cell
quality classification include the Test
Wnit, which stacks separate wafers and
cells, tor testing and sorting by quality,
based on the measured results, The sys-
tein is suitable for manufacturers with
existing production lines or with lim
ited production space. "This syslem is
une example of a product designed for
PV cell lines that is making the transi-
[fon from mianual process steps to auto-
mated ones, explains Bherhardt, With
the acquisition of GP Solar, lsra Vision
has not only grown market share bul has
a broader portfolio of lesting systems to
offer custommers, ranging from crystalline
wafers to modules as well as thin film PY
technologies.

- Adverlisemant
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Step into the PV future:

« Super-Highspeed flasher
for high efficiency solar cells

« cetisPV-cell-EL
for electroluminescence image
capturing and image analysis

» cetisPV-cell-IR
far infrared imaging detection
of hot spots
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Berger Lichttechnil: sees a recowvery especially for production equiprment far higher efficiency celic

High efficiency cells

Key trends in wafer and cell production
- namely the thinning of electrical con-
tact layers and the implementation of
high efficiency cell technologies - will
increase the demand for advanced cell
testing aystems, To produce increasingly
high efficiency cells - o make higher out-
pul modules - requires more camples
and additional processing steps. There-
fore, the new cell designs, or architec:
tures, and steps that enable production
of high elliciency cells need in-line qual-
ity comlral svstems able 1o support these
additional processes. “lnspection svs-
tema support production v detection af
Faulty materials dnd process devialions,
In addition, materials can be identified in
which an adjustment of process param-
ciers leads to an increase inefficiency of
the final cell,” explains Eberhardt,

For the production of high efficiency
cells, Tsra Vision's approach inchides
highly accurate efficiency estimates on
the waler enfrance, inspection of new
process steps for a variely of coating
lechnologies and new contact layoul, “Tn
achicving progressively aarrower lay-

outs, the résalution 1'(::;1|1'rcmc:n1'~ ol tine
inspectinn syslems are g-:l%ing |1'.-1!¢|::'.
However, as precise megsurements oves
the entire cell are becoming increas-
gy important, the use of low-cost line
scan cameras is inapproprizie here,” savs
Eherhardl, Isra Yision nelics on special
cameras thal can detect both small local
structures a5 well asthe dimensions of
the while cell exactly, He adds; “The aim
is to manufacture a solar ¢ell having a
high efficicney af Jow production costs
T this end, various technologies have
been lested in the past, Which technol-
oy will prevail isstill unelear, Certainly
the demands on inspection systems ane
sleadily increasing,”

Tsra Visions Print-0Q FS.Cam svsiem
can be psed todetect defects on the solar
cell’s metal grids and their contacts on
the front side, down to ranges of less
than 30 pm, & technical feature of high
cificiency solar cells with thinner front
COMtacts,

Berger Lichttechnik also suffered in
termns ol low sales during the past two
vedars, as custemers suspended orders or
fonked for lower cost alternatives, "Now

== 50w 4 recovery of the market, especially
Sor pre—sotion equipment forhighet offi-
cemcy oelle so our full spectrum simm-
logy and high efficiency
Snology 15 seeing increasing

imceavs Kai Kopplin, from
e commmany £ 2ales tearm;

meed cell leﬁhnn]ﬂg ©5, MJLI'!'I a5

:uullu_-u_w_r and rnu|hl:|1.|nn:.-
the company has developed
w ,;"ﬁ‘x._h..r:-r. A |L1Tig PLL]‘H_' lasher
Wit 8 Besh time of 2325 ms covers most
£8 s=cency requirements by longer
e For high capacity cells like
or H11 cells, we have devel
cial high efficiency [HE]) sys
special suli-IV-curves Lo ana-
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itw for each Fl-::a:lr'll al the Ilna]

V-carve in 2 reliable and traceable way,”

n=xplains.
in-based Greateves™ PV cell and
module testing equipment 15 based on

fabime mesciurements of PA cells usIng

her Bl or PL-based in mgmg or balhe

CIOITEDETTY l'lﬂﬁ- !J.L\'{,.EUF‘LIJ I(_Il,]r T!'IH..II
1% for the PY i|1:Juer\- Tummisobar-
wed 10 carry oul EL and LED-
imaging uf solar cells, walers;
flm substrates and is suitable
b e well as inspection in produc-
tien Fnes. Lumisolarmobile carries oul
g1'1= of solar cells and modules a3
a stsndsione or integrated system, Appli-

nsincivde measurerments withinlab-
oratories a5 well as moebile stations, The
stform, Lumisolarprofessional,
is designed 1o carry out TL imdging of
soler modules, providing high-resolution
sndd excellentimape quality, ﬂp;}li;;ﬁti{.‘na
incinde inspectionand quality controlin
production, as well as R&D. The fourth
P rmm, Lumiselaroutdoor, provides EL
imeging of solar modoles on-site, with-
gt dismantling modales in situ.

Pl

The market is picking up again
After the solar market downtirn in
recent years, the market is picking up
again with Greateyes expecting betts
business in 2014, from existing markess
as well as new markets. Like other play-
ers in the sectar, Europe - the initial mais
market for the company’s PV testing sys
tems - has given way to Asia, including
China, as the company’s most importas
market.

“We expect more positive develop-
ments within the vell testing myarket”
savs Katharina Mangold, from Gres
gyes’ marketing department, adding
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“Solar gompanies which survived up
to now have recovered trom the mar-
ket downiurn in the lasl lew vears and
have the budget to iovest in PY inspec-
tion syslems.”

In particular the company is seeing
increased demand for contactless PL.
based testing systems, in order lo mini-
mize damape or breakages of cells, which
are thinger and, [herefors, more tfragile.

tn terms of developing systems for
hiph efficiency solar cells, Grealeves
has ongotng R&D programs to modify
its inspection Lechnology to meel these
requirements. “in terms of technologies
lilee munltijunction cells there is more 10
detect, as the maierials used, as well as
the composition ol those materials, are
becorning more aml more complex. Cell
festing equipment manulacturers have
ta respond to the pace ol fast-developing
technalogies and keep up by being fexi-
ble and innovative,” says Mangeld,

The company collaborates with cus-
tomers, developing svstems based on
their requirements. “This is something
that distinguishes us from other TV
cell inspection system manufacturers,”
savs Mangold, The company is able to
customize the four main platforms to a
large extent, based on & cuslomer's spe
cific reguirements,

For example; Lumisolarprofessional,
tor EL imaging of !V modules, is really
comprised of three burther system con
figurations, One is designed for the
inspection of completed moduales in the
laboratary, or bottom load. The second
syslem s suitable tor what is lknown as
top load inspection, or in-line inspection
during PV cell production; such as pre
laminates - inspection of modules before
lamination, The thivd system is for R L.
“These subgroups can be divided [urther.
For example, for RED, there s the Lami
solarprofessinnal R&DEG and R&D240.
Baoth ol these systemy can be custom
ized, as in produced in every size.” says
Mangald,

Guolar Power is also improving and
enhancing its cell testing tools as the
industry acdopts high efficiency cell pro-
cesses, by d{,::—.igni ng new cell contacling
probe mechanics, for example, as con-
tacts get thinner, as well as further inle-
grating EL and PL technologies. High
efficiency cells also demand longer flash
times, compared with more conventional
cells, sothisisan area the company s also
focusing omn.
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T Herlin-basad company Greateyes has developed four maln platforms far the By incusiny:

The future

The use of [nspection syslems in PV
cell production is becoming increas:
ingly important in order (o achieve the
maximum efficiency and proftability.
Whether for simple tasks, such as posi:
tioming or break monitoring, wp 10 mon
itoring of process parameters, whichare
partly invisible to the human eye, aulo-
matic inspection systems are already an
essential step in the production ol high-
end PV cells:

In fulure, Gsolar, Isra Vision and
Grealeyves see lots of opportunily as PV
cell manufacturers, especially those in
Ching, adopt more advanced, astomated
cell testing procedures and procusses.

“Wilh a PV testing svstem, PV cell
manulzctitrers guarantee a high qual-
ity product which s increasingly impor-
tant in a highly competitive market,”
says Grealeyes' Mangold, who describes
two types of demand that are driving
demand, These lhclude new markels,
such #s Ching, butalse important for the
company is the demand for upgrades,
where cell and module manolactur-
ers have aleeady been using sutomaled

inspection loals butare now looking to
spend money on converting their elder
toals ~ tvpically ElL-based — with new sys-
temy - typically PL-hased

Aceording to Berger Lichitechnils
Kopplin: “Due to the very high capacity
we have already delivered in the past we
are only cxpecting small growth and an
upprading of older systems,

Geolar, which mainly supplics Ching,
expects it market share, in  lerins
of demand for manual cell testing
machines, Lo sheink, bat is ready for the
next wave of demand with its automated
Y cell sorter systems, based on RL and
PL rechnologies.

For a segment of the PV equipment
indusiry thal has had to ride out some
tough market conditions, the PV indus-
prys transition (o ene that is leaner, more
streamlined angd more focused on PV cell
technology, the leng-lerm outlook tor FY
cell testing sysiem suppliers is looking
pretey positive, According w Kopplin:
"Without advance testing tools, devel-
oprnenit of advanced and high efficiency
cell congepls wnd production cannot be

achieved.” ® Sare ver-Aruggen
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