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Introduction pi4 G il

20 Years Experience as Supplier of:
@ Optical inspection systems

@ Automatic handling systems

@ Robotics

@ Specialist for 1D, 2D and 3D optical inspection

@ 45 employees in 2013
@ Manufacturing location Berlin
@ World wide sales activity

~
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Selection of pi4 systems for PV S S )

A

Solder inspection

Automatic inline EL-inspection

\ EL visual inspection system Inline EL-inspection for thin film PV EL integrated to ﬂasher/
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4 Why EL inspection in PV module production ? pid_robotics N

@ High consistency of module quality by EL inspection

@ Cost reduction by optimizing production process (save material, increase module power)
Yield loss of a module production line today: 1% bis 2%
share of stringer  0.25% declared, + percentage undiscovered in production ?7?7?
share of laminator 0.20% declared, + percentage undiscovered in production ?7?7?

remaining 0.55% bis 1.55% ?7??

\ Sources ITRPV 2011 and manufacturer data /
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4 Why EL-Inspection in PV module production ? pid_robotics

~

odule power)

Yield Loss of a module production line today: 1% bis 2%

share of stringer  0.25% declared,
share of laminator 0.20% declared,

remaining 0.55% bis 1.55% ?7??

-

undiscovered in production ???,
undiscovered in production ??7?

Sources ITRPV 2011 and manufacturer data /
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Typical Quality Specification Today: pid_robotics

ltem Class Class Class Failed
A B C

ActiveCracks

Inefficient Area per
Cell <=4% <=7% >7% >10%

It basically is counting cracks
with no relation to its significance on potential power degradation

o A

pi4_robotics GmbH 7




-

b

The idea:
Estimate power loss at an early stage in production

Providing a tool to

automatically judge defects by its significance for future power generation
capability of each cell

Estimate the power loss for each cell as tested
Estimate the power loss after an assumed load or aging
Estimate the power loss for the complete module *)
Perform a quality classification of the module

Send service messages to operators such as

Classifier Message: F104: Stringer solder conveyar wear or contamination. Cells sticking to conveyor when pidked up

\ *) based on publication of M Koentges “The risk of power loss in crystalline silicon based photovoltaic modules due to micro-cracks”

pi4_robotics
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4 )

Three step approach to estimate power loss e

@ PL1: power loss is calculated with the defects as detected in the EL image

@ PL2: power loss is calculated assuming all micro cracks turn into active
cracks after aging process of module

@ PL3: Power loss is calculated assuming an amount of crack growth.
The amount of crack growth in reality is not known, however the user may

set the software to a maximum value for the worst case when the crack
propagates through the entire cell.

- o
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/ Power Loss Estimation

PL1:

All defects
showing power
loss

_

Evaluation by active defects:

-
ko
*
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/ Power Loss Estimation pi4_robotics

PL2: ! Evaluation incl. activated cracks:

All defects
showing power
loss +

micro cracks
turned into
active cracks

- H
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/ Power Loss Estimation pi4_robotics

PL3: : Evaluation incl aging: 2 % loss
All defects : =
2

after aging _- %

-
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/ Power Loss Estimation pi4_robotics

PL1: Evaluation by active defects: O % loss
All defects e e

showing power - o o=

loss
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/ Power Loss Estimation

PL2:

All defects
showing power
loss +

micro cracks
turned into
active cracks

-
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Evaluation _i__nfr;i_ activated cracks: 1 % loss
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/ Power Loss Estimation

Original cell
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/ Power Loss Estimation pi4_robotics

PL1:

All defects - : ; :
showing power Evaluation by active defeets: 0 % loss

loss

-
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/ Power Loss Estimation pi4_robotics

PL2: Evaluation incl. activated cracks: 7 % loss

All defects
showing power
loss +

micro cracks
turned into
active cracks

-
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/ Power Loss Estimation pi4_robotics

PL3: Evaluation incl. aging: 11 % loss

All defects
after aging

-
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Pmpp=4.109 W

4 Investigation of single cells with defects

pi4_robotics

T User: halm - PVControl

.:.Elg

Batch |C|ﬁSB\f\Eﬁ1iDﬂ | Ionitor cell | Iv-Diagram |Thermﬁ\ Imaging | Grid resistance Flasher xF2 ldachine statistics | E\Edrnluminescence|
. = .
PVControl - Batch Administration .
Operation mode Automatic Manual Serial measurement Maintenance Offline i %
Manual measurement Start Stop Status Manual measurement ready @ Info
Login Title Test Pi4 oy Comment Ganze_Zelle M Cell ID 0000004631
User halm R Recipe halm_exhibition_140ms
Results al+EL al+IR al/a2/03L/03H 01-03 + Gridresistance Gridresistance Contactresistance P
o 8.064 I
s ai sc[A]
0.641 Uoc V]
79.452 FF [9%]
=z 16.885 Eta [%]
b=
2
3 4109 Pmpp [W]
7520 Impp [A]
0.546 Umpp V]
° |l 1001.660  Insol W/m?]
‘o0 01 0z 03 03 04 05 08 o7
Voltage [V] Q1-Measurement
Statistics / trends Grid+Stat BIN-Statistik-Graf Bin-5tat. Ansicht 4 Ansicht 5 Ansicht & i r
TestTimeDate lsc [A] Voc [V] FF [%] Eta [%] Impp [A] Vmpp [V] | Pmpp W] | Rser [Dhm]| Rehunt [Oh| Tcell [°C] Insol Wim?] IR Tmax [K] | #Microcracks =
22 10.2013-16:33:48 7.9969 0.6364 78.92 16.50 7454 0.5380 4016 -0.005841 130.010 3858 10006 019 4 |_|
22.10.2013-16:36:34 8.0707 0.6412 79.46 16.90 7.585 0.5421 4112 -0.00857 145584 38.54 1001.8 0.1% -
22.10.2013-16:38:11 8.0642 0.6413 79.45 16.89 7.520 0.5464 4.109 -0.00809 146779 36.33 1001.7 0.17 1
<« b
Isc [A] Voc [V] FF [%] Eta [%] Impp [A] Vmpp [V] Pmpp [W] | Rser [Ohm]| Rshunt [Oh| Tcell [C] Insol [Wim?] IR Tmax [K] | #Microcracks
Mean Val. 8.0438 0.6356 75.28 16.76 7.523 0.5422 4.07% -0.00548 140,751 36.48 1001.3 017
Std. Dev. 0.0409 0.0028 0.31 022 0.060 0.0042 0.055 0.00044 8355 013 07
Min. Val. 7.9969 0.6364 78.92 16.50 7454 0.5380 4.016 -0.00857 130.010 38.33 1000.6 017
Max. Val 2.0707 0.6413 79.45 16.90 7.585 0.5454 4112 -0.00809 145 779 3858 1001.8 017
< r

Status =

Operation moede changed: Manual | Operation mode changed: Maintenance | Table Results created | Database \PVCTData\Test Pi4. i i \-I} ‘ . Ix
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4 Investigation of single cells with defects

pi4_robotics

T User: halm - PVControl E@g
Batch |C|ﬁSB\f\Eﬁ1iDﬂ | Ionitor cell | Iv-Diagram |Thermﬁ\ Imaging | Grid resistance Flasher xF2 ldachine statistics | E\Edrnluminescence|
PVControl - Batch Administration .
Operation mode Automatic Manual Serial measurement Maintenance Offline i %
Manual measurement Start Stop Status Manual measurement ready ] Info
Login Title Test Pid oy Comment Zelle DGF M CellID 0000004633
User halm R Recipe halm_exhibition_140ms
Results al+EL al+IR al/a2/03L/03H 01-03 + Gridresistance Gridresistance Contactresistance P
2 - 7.806 lsc [A]
0.641 Uoc V]
77.142 FF [%6]
T 15.858 Eta [3]
E 3.859 Pmpp [W]
7.150 Impp [A]
0.540 Umpp V]
s ]l 1001.464 Insol Wim?
‘o0 01 FECE 02 04 05 08 07
Voltage [V] @1-Measurement
Statistics / trends Grid+Stat BIN-Statistik-Graf Bin-5tat. Ansicht 4 Ansicht 5 Ansicht & i r
TestTimeDate lsc [A] Voc [V] FF [%] Eta [%] Impp [A] Vmpp [V] | Pmpp W] | Rser [Dhm]| Rehunt [Oh| Tcell [°C] Insol Wim?] IR Tmax [K] | #Microcracks =
22 10.2013-16:33:48 7.9969 0.6364 78.92 16.50 7454 0.5380 4016 -0.005841 130.010 3858 10006 019 4 |_|
22.10.2013-16:36:34 8.0707 0.6412 79.46 16.90 7.585 0.5421 4112 -0.00857 145584 38.54 1001.8 0.1% -
Pmpp=3 859 W 22102013-16:38:11 | 8.0642 06413 79.45 16.89 7520 0.5464 4109 000308 [ 146778 3833 10017 017 1
22.10.2013-16:41:23 7.8078 0.6409 7713 15.86 7148 0.53599 3.859 -0.00588 132.667 38.38 1001.0 0.18 -
22.10.2013-16:43:06 7.8064 0.6408 T7.14 15.86 7.150 0.5357 3.859 -0.00601 134.809 36.25 1001.5 018 -
(o)
6.084 % of cell
power = .
Isc [A] Voc [V] FF [%] Eta [%] Impp [A] Vmpp [V] Pmpp [W] | Rser [Ohm]| Rshunt [Oh| Tcell [C] Insol [Wim?] IR Tmax [K] | #Microcracks
Mean Val. 7.5452 0.6401 T8.42 16.40 7373 0.5413 3.991 -0.00808 137.970 36.42 1001.3 0.18
Std. Dev. 0.1329 0.0021 115 0.52 0.209 0.0032 0.126 0.00154 7.698 014 0.5
Min. Val. 7.8064 0.6364 7713 15.86 7148 0.5380 3.859 -0.00857 130.010 38.25 1000.6 0.18
Max. Val 2.0707 0.6413 79.45 16.90 7.585 0.5454 4112 -0.00553 145 779 3858 1001.8 018
< v
Status = Operation mode changed: Manual | Operation mode changed: Maintenance | Table Results created | Database .\PVCTData\Test Pi4. E i "3 I](
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EL evaluation of cell with crack

Estimated power loss of cell : 7.21 %

Deviation from flasher result : 1.13 %

pi4_robotics

~
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4 Investigation of cell with busing solder error

Pmpp=4.043 W
undamaged

Pmpp=3.859 W with
solder error

Degradation =
4.106% of cell power

pi4_robotics

T User: halm - PVControl E@g
Batch ‘ Classification | Monitor cell | Iv-Diagram |Therrnﬁ| Imaging | Grid resistance Flasher xFz2 Iachine statistics | E|EE.‘|rD|LIrﬂiHE!SEEI’]EE|
- = .
PVControl - Batch Administration -h.a.l.m.
cetisPV product line
Operation mode Automatic Manual Serial measurement Maintenance Offline i %
Manual measurement Start Stop Status Manual measurement ready o] Info
Login Title Test Pi4 oy Comment Zelle_7If2 M CellID 0000004654
User halm R Recipe halm_exhibition_140ms
Results Qal+EL al+IR al/a2/03L/03H Q1-03 + Gri Gri Contactresistance Ju
Q 8234 I
s at sc[A]
0638 Uoc V]
73765 FF [9%]
z 15933 Eta [36]
b=
2
3 3877 Pmpp [W]
7.553 Impp [A]
0513 Umpp [V
= l| 1001.198  Insol (Wim?]
“oo o1 0z 03 02 04 05 08 07
Voltsge [V] @1-Messurement
Statistics / trends Grid+Stat BIN-Statistik-Graf Bin-5tat. Ansicht 4 Ansicht 5 Ansicht & i F
TestTimeDate Isc [A] Voc [V] FF [%] Eta [%] Impp [A] Vmpp [\V] | Pmpp [W] | Rser [Dhm]| Rshunt [Oh| Tcell [*C] Insol (Wim?] IR Tmax [K] | #Microcracks e
2210 2013-17:07:46 20710 0.6350 78.83 16.60 7.553 0.5349 4.040 -0.00823 117 434 37 .96 1001.8 015 -
22.10.2013-17:11:09 8.0614 0.56341 77.06 16.19 7424 0.5306 3.939 -0.00717 FAS] 37.96 1000.6 0.1% -
22.102013-17:13:24 8.0608 0.6336 T6.57 16.07 7404 0.5281 3.910 -0.00658 35.489 38.03 1000.2 0.18 -
22.10.2013-17:14:19 2.1037 0.6370 7878 16.71 7572 0.5371 4.067 -0.00861 174,162 38.06 1001.5 0.24 -
22.10.2013-17:15:51 8.0862 0.6359 77.66 16.43 7.508 0.5327 3.996 -0.00785 104.108 37.96 1001.1 0.23 -
2210213171717 2.0885 0.6353 7715 16.29 7.438 0.5330 3.965 -0.00722 133.079 38.03 1002.2 0.19 1
2202013171823 76918 0.6368 76.82 15.51 7.048 0.5354 3774 -0.00652 152.818 37.81 959.6 0.16 -
22.10.2013-17:19:27 2.0517 0.6364 78.90 16.61 7.509 0.5384 4.043 -0.00883 154381 37.90 1000.4 0.16 1
2210.20113-17:21:35 8.0573 0.6366 T7.84 16.41 7475 0.5341 3.993 -0.00757 153.864 37.97 1002.4 0.18 1 D
22.10.2013-17:24:04 22339 0.6384 7377 15.93 7.553 05133 3.877 -0.00214 152.882 37.98 1001.2 0.21 - -
Fl D 3
Isc [A] Voc [V] FF [%] Eta [%] Impp [A] Vmpp [V] Pmpp [W] | Rser [Ohm]| Rshunt [Oh| Tcell [FC] Insol Wim?] IR Tmax [K] | #Microcracks
Mean Val. 8.0359 0.6360 77.56 16.34 7407 0.5370 3.978 -0.00748 124.402 38.13 1001.4 0.21
Std. Dev. 01087 0.0025 21 0.52 0.188 0.0089 0127 0.00229 45 858 020 038
Min. Val. 76918 0.6336 7112 14.97 6.860 0.5133 3.642 -0.01004 0.783 37.81 999.8 0.21
Max. Wal 82339 0.6413 78.71 17.00 7807 0.5454 4138 -0.00214 177.306 3558 1003.0 021
< r
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4 EL evaluation of cell with busing solder error N

pi4_robotics

Estimated power loss of cell . 4,418 %

Deviation from flasher result : 0.312 %

- A
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4 Investigation of a complete module with defects

pi4_robotics

Pmpp=235 W

\ (Raw EL image and flash data supplied by courtesy of TUV Rheinland)

~
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4 Investigation of a complete module with defects

After mechanical load test 5.400 Pa Pmpp=232,5 W
Power degradation = 1.1 %

\ Estimated Power loss = 1.25 % Deviation from flash test = 0.15%

pi4_robotics

~
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Operation mode: | MAMUAL v

User: | Administrator =

4 Investigation of a complete module with defects

pi4_control 9.0 - Module EL Inspection

~

pi4_robotics

Current product: sample mono 60 2BB aeval T

Matrix view | Combined image | Dark I-V curve | IR (hotspot)

Cellimages

Combined image

™

Save...

Selection
Cell

Defect

Defect marker:

[Station 0] System | [Station 1] Conveyor system | [Station 2] Camera system /EL fI-V | Product management | System setup | Hardware status | Info

L

Cell finder
Brightness dassi
Bright regions
Microcracks
Active Cracks
Dark spots

Dark gridfinger
Finger defects

Image view

[] (255 [+] xiv: 880/80 -Ric/B: 20720420

AIE

&[0

:][50%

Failureg . S

Message:

Conergy module with rated power of 175 W
Estimated Power loss =3.8 % =6.65W

\Deviation from flash test =-2.35W or -1.3 %

Classifier Message: PL1=3.80 percent of module power, exceeds limit (3.00)!

Uata L3 SUMMEed PEr qoubie sTing := 4
[0] = 2.148; [1] = 2.996; [2] = 1.665;

PL1= 3.80 %
PL2 =11.98 %
PL3 =62.74 %

11/02 - 19:17:46  MESSAGE:
11/02 - 19:17:46  MESSAGE:
11/02 - 19:17:46  MESSAGE:

PL3=62.74 percent of module power, exceeds limit (20.00)!
PL2=11.98 percent of module power, exceeds limit (10.00)!

PL1=3.80 percent of module power, exceeds limit (3.00)!

flashed in Schletter Mobile PV Lab Mpp=170.7 W

/
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User:

-

Administrator = Operation mode: | MANUAL =

4 Investigation of a complete module with defects

pi4_control 9.0 - Module EL Inspection

Current product: sample mono 60 288

Matrix view | Combined image | Dark IV curve | IR (hotspot) | [Station 0] System | [Station 1] Conveyar system | [Station 2] Camera system / EL / I-V | Product management | System setup | Hardware status | Info

Combined image

Defectmarker: (&

Save...

Selection
Cell
Defect

AlE

$)[so% %] [0

[#] [255 |<] xiv: 207154 -R/G/B: 25725725

_
Image view

=

Cell finde
Brightnes
Bright reg
Microcrac
Active Cr
Dark spo
Dark grid
Finger de

Failure|.'_7_:c| e

=

Message:

The same module with the three most seriously damaged cells replaced

Classifier Message:
Data PLZ™:={
[0] = 7.042;

Data PL1™:={
[0] =0.073;

PL3=40.39 percent of module power, exceeds limit (20.

PLA1

PL2 =
PL3 =40.39 %

oo)!

pi4_robotics

0.07 %
7.04 %

~

/
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4 Conclusions

Estimation of power loss from high resolution EL images is possible within
an accuracy of £ 2.5%

By knowing the significance of damages to the potential power loss,
automatic decisions may be taken about pre lamination repair

Not all cells with cracks necessarily have to be removed in pre lamination
repair.

Yield loss can be reduced by doing less pre lamination repair.

Yield loss can be reduced by better knowledge of upstream machine's

service state; service messages give dedicated warnings to the operators.

With the help of automated high
resolution EL inspection the cost
per Wp may be reduced by more
than 0.15 €cent.

,Ez,aluahun incl. aging:.6 % loss
o 1

pi4_robotics
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Contact:

pi4_robotics GmbH
Gustav-Meyer-Allee 25
13551 Berlin

Germany

Phone: +49 (30) 700 96 94 0
Fax: +49 (30) 700 96 94 69
Email: sales@pi4.de

Internet:  http://www.pi4.de

pi4_robotics world wide:
Sales and service in 18
countries

pi4_robotics
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