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ABSTRACT

Based on Electroluminescence (EL) theory, the solar cell detection system were built by the particular wavelength
near-infrared CCD imaging device, which mainly included the camera obscura, computer imaging analysis software
and constant current source, finally completed the near-infrared image detection of solar cells in a dark room. A
number of the same batch of solar cells were divided into normal or recessive defective cells through EL detection,
then we could get the appropriate cells of the open circuit voltage, short-circuit current, power and other parameters
by standard solar power tester for power test. Finally we could get that the defects would affect the power type
parameters of the solar cell, meanwhile EL technology is proved to be an accurate measurement to detect solar cells.
It could provide a broad idea for further design of the power test equipment.
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INTRODUCTION

With the rapid development of technology and econasolar energy has been gradually got the atterdgfanany
countries, and also got a better development alihtion. Global photovoltaic industry was develugpvery rapidly;
meanwhile the domestic solar cell industry scaelieeen expanded. But a defect in a solar cell hasa influence on
the battery photoelectric conversion efficiencyteemal defects was easy to detect, but micro-cratksternal was
difficult to identify only by the human eye. Howédfectively detect the crack of the silicon salelis in the process of
industrial production, and find out the cause efdlefect of technology as soon as possible , whasha key problem
for the development of solar cell industry.

Now, there are three methods for solar cells defetgction in industrial productions, which incluaktificial visual

detection [1], the infrared detection [2] and CC&settion [3]. Infrared image technology was usedht battery
components for defect detection, which could aahfeur kind of defect detection, such as fragmentsjal welding,

broken gate and cracked through the analysis aaepsing components of electroluminescent image\[dgtection

method was proposed based on cell physical defetsapplied for a patent on crack detection eqeigrib]. This

equipment was mainly composed of laser source lamdaser controller, rotating mirror and contrgllesflector, a
CCD camera, scanner, cargo and computer compasitioould detect the defect of battery compon#mtsugh the
analysis of the infrared image of processing secanfdr. But most of the testing equipment only nueed single
index, and need many even repeat test equipménnhat conducive to the rapid detection of sodisadefects. As the
image of defect detection and power parameterstigteequipment integration, the efficiency of cetbduction

testing would improve greatly.

Based on the electroluminescent detection princifhle Solar Panels on-line detection system wagyed and

assembled, first used the CCD camera to capturglthimage, the micro-cracks of crystalline silicewiar cells were
detected by the near-infrared CCD camera, sudheasraicks, off-grid, non-uniform resistance, flowhce. Then we
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compared the EL images with the images under @dight. Power parameters of the defective sollis eas tested,
and we got that the parameters such as open-ciitdige, short-circuit current, voltage of maximpower poinV/,

, current of maximum power poih, , efficiency , so as to get the relationship betwall kinds of defects in solar

cells EL images and power parameters. So if wedcosé the corresponding relationship for producti@mitoring
and of solar cells defect detection in the indasproduction, It could not only reduce the dameage, improve the
product grade effectively, but also could redueedbst of silicon material and the production @she same time, so
as to improve the market competitiveness of thepmmant.

EXPERIMENTAL SECTION

1 Experiment principle

1.1 Solar cells electroluminescent principle

If we put the positive electricity to PN junctiohsmlar panels, energy will be released in the fofrphotons because
of the recombination of electron and hole. Elecinihescent spectra has a certain light intensify@tnm to 1200 nm
range, the image could be captured by CCD imagavird. But for the broken part, the captured imagsent a clear
spots in defect part because of non-recombinati@mpmenon of electrons and holes For silicon stdis sending
out the near infrared wavelength of 1150 nm wheeargired, so we can get crystalline silicon soldfscef
electroluminescent image by using the near infraddera [6]. From the infrared image the batteigesbf hidden
defects can be intuitive analysis, and the hiddefaals are unable to distinguish in visible liglariers.

In view of the common silicon solar battery, thtienship between the number of the carrier aedctirresponding
diffusion length are as the formula [7]:

N = j:’ n, (0)exp(-x/ L)dx=n, (O)L, )

Among of the formulan, (0) is the number of excess carriers in silicon nialtet_, is the effective diffusion length.

Under the condition of fixed number of minority gar, electroluminescence intensity is proporticieathe effective
diffusion length of minority carrier.

The relationship between minority carrier diffusiength effectively and its longevity is as follaws
L, =+/D.T, ) (2

So when the silicon cell is switched to forwardseid of the power, the electroluminescent interdgiyends on the
silicone material internal minority carrier lifetan the CCD camera is the integration of exposure fo
electroluminescent intensity within the exposuneeti the expression is:

t
N, = | E,dx )(3

When the power is connected to offset, siliconsoslll radiate about 1150 nm wavelength of invisilight, so we can
use near-infrared camera photographs to get tlotr@leminescent image, this system adopts the régblution of
refrigeration CCD industrial camera.

1.2 The solar cell power parameters

The basic parameters of Solar cells include shiogtsit current and open-circuit voltage, maximumyeo and fill
factor and photoelectric conversion efficiency.tdess good solar cell which has obtain higher poougput of solar
cells, and the short circuit current and open dinmitage and fill factor are also bigger. Convensefficiency is used
to indicate the degree of light energy convert elxctrical energy. It is another important measodex of the solar
cell performance, which is proportional to the nmaxim power. For crystalline silicon, upper limit obnversion
efficiency in theory is 27%, research and develaprpbase is 24.2%, but in the production scalelg ©8%. For the
low cost of amorphous silicon solar cells, uppmiticonversion efficiency in theory is 25.5%, balss cell conversion
efficiency is only 12% when the type is 10 cm *cf. According to statistics, the actual conversfitiency is 50%
~ 70% of its theoretical efficiency for the actpabduction of solar cells. The conversion efficigitcommon silicon
solar cell is only about 18% [8]. The section hegdiare in boldface capital and lowercase let®esond level
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2 the solar cells defect detecting system

2.1The design of EL detecting system

This system mainly consists of three parts: sodarefs Camera obscura, computer, and constant-twaarce. The
measured solar panels were placed in an opaqueasastswitched on constant direct current thaiesaon adjustment
size according to the size of the panels. And dier panels can emit infrared light, using the gipke of photoelectric
conversion. Place an infrared industrial camerthénblack case and the panels can be used fotimealmonitoring

and single frame collection. Industrial camera @mts with computer by USB. The stand or fall of gdarcan be
directly observed from the screen and it's convdrfier users to operate [9]. The framework of tHe detecting

system is shown in Figure 1.

CCD
camera

EL image Ienis

[T H +

solar ceII/ .| Direct
computer - Power

Fig.1 The EL detecting system

Camera obscura

The CCD image sensor is made of silicon materas)g high sensitive to the near infrared. Specéspponse can be
extended to about 1.0 um. When you observed insed darkroom, you cannot see the infrared waviiermt the
image can be present in the monitor clearly. Segusear infrared imaging method by CCD sensor hadtirface of
the CCD imaging chip, you can make with electrolusicent image of crystalline silicon solar cellsefie are many
indicators to test quality of CCD, such as theafi® number of pixels, the size, sensitivity, aighal-to-noise ratio,
etc. The two important indicators are effective bemof pixels and the CCD size .The camera is desigvith
SONY413 chip with the function of refrigeration apiskels of 6.1 million. And the size of pixels is87um * 7.8 um,
which is twice as large as ordinary common 1.44ignilpixels. In order to make the choice of corsging lens, the
size of the testing equipment should be count gutaticulating the distance of the light path in ltteck box, and the
size of detecting cells. Besides, a filter is iisth at the lens which can filter out the visiblght to prevent
interference.

Due to the wavelength of visible light range is 380to 645 nm, and silicon solar cell could sendeowavelength of
1150 nm near-infrared at the time of electricitg, designed camera obscura for testing [10, 11]t€Taee three parts
in the camera obscura, CCD camera fixed framemiiher support, Adjustable voltage power supplyhwébnstant
current and solar energy battery components. Wédoget the near-infrared images by using CCD camdran
loading positive bias voltage to battery componémsugh the adjustable voltage constant currenntcso Test panels
are loaded by the opening and closing Windows oflatt of the cylinder, at the same time blocking tisible light.
The dark room installed in solar cell productiongess middle pressure of each link, with the neétlse production
process for detecting defects and power test. Quhie test electroluminescent drive mode using Baxmanected to
the constant dc sourcethe size of the current can be adjusted accordirie measured of the specifications of the
panel accordingly. The adjustment range of geneaigdge was adjusted from 0 to 60 V in the prodarctine, current
range from O to 10 A. The smaller production sis,ithe smaller size of the obscura should haverder to achieve
greater size detection, plane optical reflectoldte use to achieve infrared way, so as to adagifferent sizes of
panels.

2.2 construction of the power testing platform
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We choose solar module tester as power test equipmech manufactured by Taiwan instrument elegt®rto.,
LTD., the model is PROVA200. It consists of thededost, computer, display parts. Solar moduletés a kind of
solar battery and component test special equipmigimthigh reliability, high precision. Some paraemstsuch as I-V

curve, P -V curves, short-circuit currdnt , open-circuit voltag¥,, , voltage of maximum power poi\r<l“ , current

of maximum power poinltm, efficiency .At the same time it can also dispilag corresponding current, voltage and
power parameters of arbitrary point on the curvsing this instrument, it not only guarantee theusacy of the
measurement resultisut also guarantee the measuring range of therlerear within %. The structure of power testing
platform are shown in figure 2.

Pulse xenon

data process solar cells

Fig.2 Power testing platform

3 Experimental procedures

Some cells were selected as the experimental safigpldoing EL defect testing. All of them were anfrom the same
experimental batches of the same production line.sélected seventeen pieces cells with hidden tilefefcom the

sample, which have some defects such as the cr@tigjd, non-uniform resistance, flower slice. d\different cells

have different effects on power. In order to analifze influence of these defects, we filter out s@tar cells with

flower slice as later power test comparison samijotes the seventeen defective cells. Then two digfecells and

two normal cells randomly are selected to do Elstesspectively.

In order to ensure the consistency of the testatg,dirstly we re-weld the same length and cressienal area for the
testing lines; unify the positive and negative limkes for test sample. This ensures that the hase the same
conditions. The test time of EL common line is 8sEgonds; power-on test cells will bring curreatfuations if the
test time is too long, so we adopt a method ofikedly large current (3A), and accurate short-tiest (3S). In order to
reflect the invisible defects affect power of satalls, a normal cell is selected to do an earthiegtment, simulating
the condition of outdoor installation and long rintn The experimentaksults of the EL testing image are shown in
Figure 3.
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C Normal solar cell D Earthing solar cell
Fig.3 EL test image

RESULTSAND DISCUSSION
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Power test are carried on the solar cell with dsfegspectively, In order to ensure data consigteme chose the test
with the same time, the same place, the same ¢ockdr the cells, as well as the installation argfléhe sun. We also
chose the cloudy weather so as to reflect the gretigree of influence on power. The Power testective cells as
shown in Figure 4.
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Fig.4 Power test curve
The results of test performance are shown in Table

Table 1 thetest performance of solar cell

type Defect area Test temperaturé() open-circuit voltage(V)  short-circuit current (mA)  max power (mW)
A Defectl 12.5% 11 6.359 14.0 55.86
B  Defect2 18.7% 11 5.462 13.3 46.35
C  Normal 0% 11 6.441 144 56.85
D Eagh'” Simulation the outdoor 11 6.345 105 43.05

The correspondence between the EL image and therpcam be obtained from these test results. THewfivlg
conclusions can be obtained from the table 1:

(DThe defects such as the cracks, off-grid, and méfoum resistance, flower slice have different asagr of impact on
the solar cell when compared the defect cells é&odbmmon cells. The short-circuit current, efficgrare both

decreased, and it has less impact on the operitaiaitage.

@ In order to eliminate the outdoor environmentapatts for the cells (such as overburden), we cadtpt erase,
automatic cleaning and other methods. Before Igafactory the hidden defects must be detected,notbe the

impact will be long.

(® Because of the correspondence between the powlethanEL image, possible defects can be analyzethéy
photoluminescence experiments of the cells. Thighatkis faster than conventional direct measurepamt it has

broad prospect.

CONCLUSION

Near-infrared imaging experiments are carried auypolycrystalline silicon solar cell using the d@tetuminescent
principle, and compared the visible light imagehwiiL images of the polycrystalline silicon solall ¢e the same
position, EL images accurately detect the defefctiseosolar cell, such as the cracks, off-grid,-noiform resistance,
flower slice. and these defects are the micro-@acid could not observed in visible light, themgsitandard solar
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battery tester, measured some parameters sucti esrire of the cells, short-circuit current and oymércuit voltage,
maximum power, and got the preliminary correspogdilationship between cell EL image and power ipatars.
Test results confirm the existence of defects npaktgcrystalline silicon solar cell efficiency deeased significantly.
Because of the corresponding relationship, we wandlysis the battery slice of possible defectsugh the
electroluminescent experiment. If gray level analystatistical analysis of infrared photosensifpgnts on image
processing could be used in later experiment, ritakeintegrate the EL tester and power tester@hér production
equipment. We can judge the types of defect thrabhghpower characteristic curve, finally to reduttee silicon
material consuming, cost savings, and imprtwe market competitiveness.
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