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Artificial defects of solar cells
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Abstract:

Artificial defects of solar cells are observablahMiaser beam induced current techniques. Revdrisadsolar
cell light emission can also reveal structure inbgenity and local mechanical damage of the sarfiple.paper
shows simple method for basic classification intacture group and artificial defects group. Obedrartificial
defects are shown and process of its creation $&ribed. Defects classification method is basedthmn
measurement of light emission at fixed reverseagatwhile the temperature of sample is changirtgerrange
of 20 K. There is different light emission temperat dependence in the case of bulk defects and anaxct
damage defects. Experimental light emission datacansequently correlated with laser beam inducerckct
map.

INTRODUCTION METHOD

During fabrication process of solar cell some Laser beam induced current
structure  imperfection can arise. Electrical . .
measurement of solar cells is being widely used forLaser beam induced current .(LB.’IC). is a method
the quality control and solar cell inspection pupo generally used_ for Qefect localization n structofe

Although electrical measurements can reveal defectgmosed pn junction. The method is based on

and certain sample properties, for the Olefect!nteractlon of laser beam with matter [1]. Focused

localization and its classification, other techmgqu incident photons generate carriers in opticallyitext

. n junction area. This local current response é&nth
have to been used. The most widespread methods afe : ;
. . “measured. By scanning of laser beam the LBIC image
based on photoelectrical measurements allowin .
an be acquired.

determine local cell performance and localize The current can be measured as a voltage drops at
defective areas. Nevertheless, for determination of " ° . ag P
ufficiently low resistance, but preferable is meaad

particular defect nature advanced microscopic and™! . "
structural techniques are necessary using transimpedance amplifier TIA due to zero inpu

Defects or imperfections are substructures in Solal]_mpedance. TIA has a high gain and together with

cell structure that can lead to the destructiosaér ?Spuu;”C ai%acﬁ%;ht% ?R:iigﬂgg&'séeceﬁ:ﬁmg;é? T
cell under certain operation conditions. They ciao a y - =SP Y

be responsible for the deterioration of the soklt c cell, which has relatively high capacity compared t

parameters. Information about serious defects issmall photodiode, proper feedback capacitor hawto

important for modification of fabrication process t used to restore phase margin [2].
avoid or suppress them. _ _ Light emission from biased sample
The testing has to be clearly defined, repeataltie w The light emission can occur in both direct and

well known uncertainty, and should not affect . direct iconduct hen th lectricall
investigated sample parameters. In this case the. Irect: semiconductors when they are electrically

testing is called nondestructive testing. Of course. lased. Moreover emission of photons can also occur

from the production point of view, the testing shibu n imperfgction regi_o_ns while the sample is under
be also fast enough ' reverse biased conditions [3, 4].

Except optical study, photoluminescence technique%:Or ar(; (ljnjectt_lon prgctﬁss th_e _samplekls biased (|jn
and electromagnetic testing, the absolute majarfty orward direction and theé emission peak corresponds

testing methods require samples wired into 1O the energy gap of junction. Although indirect

measurement circuit or excitation circuit. Espdgial semlcondu_ctors are considered as bad
in laboratory conditions the connecting differs hwit electroluminescence sources, electroluml_nescence
each sample and experiment. Now a thickness of2n also_ be measured there. In this _case,
ordinary monocrystalline solar cell is only of seale electrolumlnes_cence can be gsed for detection of
hundreds of micrometers, hence the clutch conrgctin cracks, mapping of series resistances as well as of

can generate local cracks. Therefore a speciatteffo glnc:rr]lty c?hrrler (.j(;ﬁust'ﬁ n Iengthlglstrlbfutl[o?].t .
claimed for proper and nondestructive electricalf h the o erb§| e'd el appa|L|r|_ |on| ot g .enr;:ssmn
connecting of samples. rom reverse biased solar cell is also very intirgs

effect. Generally a photon emission can only occur
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during photon exchange process. Shockley-Read-Hal
and Auger recombination are considered as non
radiative processes. In reverse bias condition, the
recombination of electron-hole pair can happen via

induced current / arb.
1

avalanche multiplication, carrier tunneling and o8
incandescence in the case of resistive defects. .

Sensitive measurement system with photon counting & 06
PC cooled photomultiplier tube (PMT) has been L;n

employed for the detection of weak light emission ¢ 0.4
(Fig.1). A sample of solar cell was placed in

thermally stabilized electrode system and the bias 0.2

was controlled by computer. The scanning probe
collects light emission over the sample. PMT was = kil i
used as detector in PC mode [5]. The PMT has bee 0 5 10 15 20

mainly working in visible range where the peak x-axis / mm
sensitivity was located (wavelength range from Fig. 2: Laser beam induced current map of selected sdlar ce
350 to 800 nm). samplex (T = 298 K)
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Fig. 1: Computer controlled measurement system for lowaratdi
flux detection using photon counting mode
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As it was shown in [6], there are several types of
solar cell defects caused by cracks and holes,
inclusions, precipitates, etc.

y-axis / mm
)
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Thermal properties of light emission
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Nevertheless, some defects are observed in current
voltage characteristics like a partial breakdown.
Thermal dependence of this breakdown was
correlated with thermal dependence of light emissio
as was reported in [7]. Moreover thermal dependence

of light emission from bulk and edge imperfections % 5 10 15

shows different characteristics, respectively. Henc x-axis / mm

not all of the light emitting spots have the same Fig. 3: Laser beam induced current map of selected sadlar ce
nature. In some cases, they could be connected with zﬁgﬁtlefug;tsoo K), color map correspond to short
avalanche multiplication or microplasmas, but the

further study of this problem is foreseen in our This cross is not visible with ordinary optical
laboratory. microscope. Nevertheless this cross is a microdrack
the crystal turned in crystal lattice directionshist
crack was created by connecting the sample for
electrical measurement. Too heavy connecting probe
EXPERIMENTAL force leads to creation of this crack. Although pm
sticks together small stress will break the sampie
several pieces.
Selected part of solar cell sampléFig. 2) and whole LBIC map of the second selected samplis shown
samplep (Fig. 3) were tested with LBIC method. in Fig. 3. Some local damage close to the thin top
In Fig. 2 the border of solar cell samplean be seen contacts can be seen. These small scratches were
on the top of the image. Black horizontal linestaq@  created during multiple electrical connection oé th
sample contacts. These parts of solar cell do nosample with testing devices. For connection ofttige
contribute to integral solar cell current. Intemegt side of the sample, an improper probe and too high
cross can be seen in the lower right part of thegin adherence force were used. This led to sliding of
probe outside the contact and damage of solar cell
surface structure.
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Laser beam induced current (LBIC)



Light emission from biased sample

The same area of samplgFig. 2) was consequently
tested for light emission under reverse bias. The
reverse bias of solar cell was increased while the
reverse current has been set bellow 13.0 mA. Ehis i
the safe current density value for given samplé tha
does not cause the sample degradation. While using
this criterion the reverse voltage Ok = 24.0 V was
reached. After that, the light emission was meakure
over the sample surface. Resulting light emissiap m

is in Fig. 4. Here, the color map matches the
logarithm of detected counts per second.

Spot 1\ log counts per sec.

£ Fig. 5: Light emission from reverse biased sanfp@g= 22.0 V,
E Spot 2 T=300K)
°
$ 25
Thermal properties of light emission
Spot 3 5 prop g

Light emission vs. sample temperature has been
measured for three selected spots of samplgolar
cell sample was biased from voltage source
0 5 10 15 20 Ur= 24V during the measurement. Light emission
x-axis / mm from spots 1 and 2 reflects a positive thermal
Fig. 4: Light emission from reverse biased samplglr=24.0 V, dependence, while a negative thermal dependence
T=298K) from bulk spot 3 has been observed (Fig. 6).

The phenomena of visible light emission from border 42 ;
—><— Spot 1

can be seen. In this lighting border one of the atl —— spot 2 ]
luminous spots “spot 1” has been selected for éurth ) Spot 3

testing. In the bulk area, there are several lpedli & *%] 1
light emitting spots. Note, that in area of LBI®ss g 36} .
(Fig.2), the light emission in visible range occarsl £ ..l |
has the same shape as in LBIC case. This meansth 3

this light emission is a consequence of crystal 8 32 ]
microcrack made by sample testing. Main spot of thi 3l i
part was then selected for further testing ast‘@jo

The last light emitting spot is marked “spot 3”.€fa 280 205 310 315 320 325
is no correlation with LBIC map in the case of the Temperature / K

spot 3. Fig. 6: Thermal properties of light emission of selectedtsn

The sample was also tested under reverse bias. As samplex (Uz= 24 V)

result, a light emission at reverse voltagie= 22.0 V
can be seen in Fig. 5. In the left side there ghtli
emission before local damage by repetitive eleatric
connection on the top side contacts. Sample wa
repeatedly connected in green circles area (1g)oin
In the right part of Fig. 5, there is the same damp
after described connection procedure. The new nin
lighting spots arise in areas of probe connecti¢tm.
this case, there is also a proof that mechanicécel
damage can lead to light emission from sample unde
reverse bias. Four spots A, B, C, D were selectzd h
for the further testing. Two spots were presented o
the sample before probe connection and two wer
made mechanically after that.

Light emission vs. sample temperature has also been
measured for four selected spots of sanfpld~or
gvalanche type breakdown, the negative light
emission temperature relation is expected. With
growing temperature the crystal lattice vibration
é'ncreases and hence the carrier movement is
inhibited. Consequently a breakdown voltage
increases with temperature, and light emission is
pecreasing. This result means that only a “spos3”
caused by avalanche multiplication. Although alkbu
spots have negative thermal dependence, they &re no
éall due to the avalanche breakdown. Each



contamination can also lead to the light emissijn [
Exact explication of all defects is not fully clegat.

Solar cell sample was biased from voltage source
Ur=22V during the measurement. Light emission
from spots A and D reflects a negative thermal
dependence, while spots B and C have positive
thermal dependence (Fig. 7) [9]. Since the light
emissions from selected spots have considerabl
different value, measurement curves were normalizec
to fit one plot. Note that spots A and D were i
presented on the sample before local mechanica * 1©
damage whilst spots B and C are artificial defects.
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0.8 Fig. 8: Microscopic image of the sample surface (spot 3)
. 0.8r .
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8 o7l CONCLUSIONS
£ . o
£ sl It has been demonstrated that light emission from
= reverse biased solar cell can reveal structure
= o5y i spotA| | inhomogenities. Together with control of sample
0al 2ng§ | temperature this method provides a basic defect
1 —— spotD classification. We have discovered, that only 20 K
03 s o - 2‘25 o~ 5 temperature range is enough for this classification
Temperature /K During a connection of sample, two types of defect
Fig. 7: Thermal properties of light emission of selectedtsjin can arise. The first one is a crystal crack caused
samplep (Uz=22 V) too heavy force of connecting probe. The second one

. . o is snapping of microstructure caused by scratch of
However for positive light emission temperature sharp probe over the sample surface.

dependence, Zener and thermal breakdowns comgk structure defects show negative light emission
into question. Zener breakdown is highly improbably (o mperature dependence while the border emission,
due to breakdown voltage and sample carriefmicrostructure cracks and snapping defects show

concentration. _ _ positive light emission temperature dependence.
Defects which are caused by microstructure snappingcrack  defects  were  revealed using LBIC

surface scratching and border defects have the sam@easyrement. There is evident correlation there
(positive) thermal dependence. All other testedkbul panveen LBIC image and light emission image taken
defects (more than hundred tested defects) have, ihe same sample arealit= 24 V. The bulk spot 3

negative light emission thermal dependence. which has different thermal dependence than other
If the light emission of one defect versus revéiss g investigated spots, was measured by scanning
voltage is plotted, one can find out that this fies  ,ohe microscopy. Unique structures in the surface
nonlinear character. Therefore the slope of cuines \qre observed, that are probably the inclusiongyTh

Fig. 6 and Fig. 7 are incomparable and stronglypqyige local changes of electric field distributiand
depend on reverse bias. From the measurement, only,, lead, under some bias conditions, to the local

a slope sign is valuable. breakdown.

Microscale study of bulk defect
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