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Finished Monolithic Circuit Structure 

Key Elements of the Monolithic Structure 

Additive film process with laser 
scribed P1 & mechanically 
scribed P2 / P3 
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Monolithic CIGSS Manufacturing Process 
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 Advantages 
 Glass permeability to moisture is extremely low – protects moisture sensitive films  
 Excellent insulator to build a circuit on 
 Planar & smooth surfaces aid in production  
 Easy to work with at elevated temperatures 
 Cleaned easily at low cost 

 
 
 Challenges 

 Fragile until laminated 
 Subject to stress fractures / thermal breaks 
 Can be warped if not heat treated properly 

 
 
 
 

Advantages & Challenges 
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Stion Module Assembly 
Process Overview 

 

Module Assembly Process (frameless) 
 

 Substrate 

Tempered Top Glass 

J-Box 
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Block Diagram of edge of module 

Not to scale 



Stion Corporation © Copyright 2010 8 

Managing Stresses 

EVA shrinkage Applies 
Stress to TCO & Absorber 

Bending forces over  
bus bar during 
lamination and EVA 
cure 

Fulcrum 

Lamination Pressure 

SES 

Not to scale 
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Managing Mechanical Stresses (modeling) 

FEA 

1245 5.872 5.856 5.835 5.811

1250 5.876 5.865 5.835 5.817

1255 5.877 5.862 5.838 5.811

1260 5.874 5.861 5.835 5.812

1265 5.874 5.863 5.834 5.817

1270 5.874 5.861 5.841 5.818

1275 5.881 5.869 5.842 5.820

1280 5.880 5.866 5.842 5.822

1285 5.885 5.872 5.845 5.822

1290 5.883 5.868 5.850 5.828

1295 5.884 5.871 5.851 5.826

1300 5.884 5.866 5.846 5.824

1305 5.888 5.884 5.851 5.828

1310 5.897 5.884 5.864 5.832

1315 5.892 5.879 5.856 5.830

1320 5.892 5.874 5.851 5.832

1325 5.896 5.879 5.861 5.839

1330 5.903 5.888 5.863 5.839

1335 5.909 5.891 5.869 5.846

1340 5.908 5.890 5.870 5.849

1345 5.905 5.886 5.866 5.846

1350 5.906 5.885 5.870 5.848

1355 5.904 5.887 5.867 5.851

1360 5.905 5.893 5.870 5.850

1365 5.906 5.894 5.878 5.852

1370 5.908 5.891 5.870 5.849

1375 5.912 5.896 5.871 5.846

1380 5.908 5.893 5.869 5.850

1385 5.907 5.890 5.868 5.844

1390 5.911 5.892 5.870 5.847

1395 5.908 5.894 5.872 5.843

1400 5.908 5.889 5.868 5.845

1405 5.902 5.885 5.868 5.842

1410 5.902 5.883 5.865 5.840

1415 5.903 5.883 5.862 5.837

1420 5.902 5.881 5.865 5.839

1425 5.900 5.881 5.862 5.835

1430 5.896 5.877 5.860 5.837

1435 5.901 5.879 5.862 5.837

1440 5.903 5.879 5.862 5.836

1445 5.902 5.881 5.861 5.833

1450 5.903 5.877 5.851 5.830

1455 5.896 5.872 5.853 5.828

1460 5.901 5.878 5.849 5.828

1465 5.901 5.877 5.856 5.830

1470 5.900 5.876 5.854 5.833

1475 5.892 5.872 5.852 5.828

1480 5.904 5.874 5.850 5.825

1485 5.894 5.874 5.853 5.829

1490 5.887 5.870 5.846 5.823

1495 5.884 5.868 5.839 5.815

1500 5.879 5.859 5.837 5.812

1505 5.875 5.856 5.834 5.811

1510 5.870 5.852 5.827 5.805

1515 5.866 5.851 5.829 5.800

1520 5.869 5.848 5.826 5.802

1525 5.861 5.838 5.819 5.797

1530 5.854 5.829 5.817 5.790

1535 5.853 5.830 5.807 5.787

1540 5.851 5.825 5.812 5.786

1545 5.850 5.828 5.812 5.783

1550 5.851 5.826 5.808 5.784

1555 5.852 5.833 5.804 5.783

1560 5.854 5.831 5.809 5.782

1565 5.850 5.825 5.809 5.786

1570 5.847 5.820 5.807 5.785

1575 5.846 5.816 5.803 5.780

1580 5.839 5.812 5.796 5.776

1585 5.843 5.815 5.795 5.771

1590 5.848 5.812 5.795 5.768

1595 5.841 5.813 5.799 5.770

1600 5.839 5.815 5.796 5.773

1605 5.841 5.813 5.798 5.777

1610 5.843 5.814 5.797 5.772

1615 5.835 5.809 5.797 5.776

1620 5.837 5.810 5.798 5.773

1625 5.839 5.813 5.800 5.778

1630 5.837 5.813 5.798 5.776

1635 5.838 5.817 5.802 5.777 5.773 5.763 5.751 5.745 5.736 5.731 5.720 5.709 5.702 5.695 5.691 5.683 5.680 5.685 5.679 5.675 5.668 5.671 5.667 5.660 5.658 5.654 5.656 5.651 5.650 5.647 5.651 5.652 5.642 5.645 5.644 5.641 5.639 5.634 5.634 5.627 5.622 5.630 5.630 5.631 5.626 5.628 5.629 5.632 5.628 5.623 5.622 5.619 5.618 5.616 5.613 5.618 5.615 5.616 5.615 5.623 5.619 5.614 5.615 5.612 5.616 5.614 5.612 5.609 5.604 5.603 5.601 5.597 5.600 5.601 5.600 5.596 5.612 5.598 5.608 5.605 5.604 5.601 5.600 5.598 5.595 5.593 5.591 5.590 5.586 5.594 5.591 5.598 5.598 5.597 5.603 5.604 5.609 5.609 5.613 5.620 5.618

1640 5.836 5.811 5.806 5.786 5.801 5.790 5.779 5.770 5.757 5.748 5.737 5.736 5.727 5.720 5.710 5.705 5.697 5.692 5.693 5.695 5.691 5.687 5.683 5.685 5.682 5.680 5.674 5.675 5.677 5.673 5.671 5.669 5.667 5.664 5.664 5.660 5.654 5.656 5.654 5.653 5.651 5.651 5.650 5.651 5.649 5.648 5.642 5.643 5.640 5.638 5.640 5.640 5.638 5.640 5.642 5.641 5.639 5.639 5.639 5.639 5.637 5.639 5.633 5.637 5.635 5.637 5.633 5.629 5.629 5.629 5.620 5.620 5.617 5.619 5.620 5.621 5.618 5.617 5.611 5.614 5.612 5.611 5.616 5.611 5.610 5.607 5.614 5.613 5.608 5.610 5.610 5.611 5.609 5.613 5.616 5.615 5.617 5.623 5.626 5.621 5.621

1645 5.832 5.815 5.812 5.789 5.796 5.787 5.778 5.773 5.761 5.755 5.749 5.740 5.735 5.730 5.723 5.723 5.722 5.713 5.709 5.708 5.712 5.706 5.702 5.698 5.697 5.693 5.694 5.691 5.684 5.691 5.685 5.681 5.684 5.684 5.681 5.678 5.672 5.671 5.671 5.668 5.669 5.668 5.666 5.662 5.660 5.660 5.654 5.654 5.654 5.652 5.650 5.654 5.654 5.657 5.659 5.652 5.656 5.658 5.658 5.654 5.656 5.650 5.649 5.652 5.650 5.648 5.649 5.648 5.642 5.646 5.642 5.638 5.635 5.632 5.629 5.630 5.634 5.633 5.636 5.635 5.635 5.634 5.636 5.632 5.633 5.625 5.626 5.627 5.621 5.618 5.619 5.623 5.624 5.625 5.627 5.626 5.631 5.638 5.637 5.640 5.639

1650 5.830 5.823 5.813 5.796 5.809 5.801 5.799 5.789 5.778 5.767 5.768 5.758 5.745 5.740 5.729 5.725 5.724 5.712 5.715 5.716 5.712 5.708 5.705 5.700 5.697 5.695 5.693 5.688 5.689 5.683 5.686 5.685 5.677 5.674 5.673 5.671 5.671 5.669 5.670 5.664 5.663 5.663 5.660 5.657 5.655 5.661 5.654 5.656 5.656 5.656 5.656 5.653 5.654 5.655 5.652 5.650 5.651 5.656 5.657 5.654 5.655 5.651 5.652 5.651 5.652 5.654 5.651 5.648 5.645 5.649 5.643 5.637 5.643 5.640 5.640 5.639 5.645 5.646 5.643 5.641 5.641 5.636 5.645 5.639 5.639 5.640 5.635 5.632 5.628 5.619 5.625 5.626 5.634 5.629 5.626 5.632 5.632 5.637 5.645 5.643 5.642

Edge Thickness Measurement Map 

Red is thinner / Green is thicker 
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FEA Modeling-complex to achieve high resolution 
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FEA Models to explore internal stress 



Reliability Process Flow Chart 

7/5/13 J. Dees 



IEC 61646, 10.10 

UV Pre-conditioning 
Test  

(15 kWh/m2) 

IEC 61646, 10.11 

Thermal Cycling Test 
50 Cycles  

(-40°C to 85°C) 

IEC 61646, 10.12 

Humidity Freeze Test  
10 Cycles 

(-40°C to 85°C/85% RH) 

IEC 61646, 10.11 

Thermal Cycling Test 
200 Cycles  

(-40°C to 85°C) 

IEC 61646, 10.12 

Damp Heat Test 
1000 hrs 

(85°C/85% RH) 

Pre- Test 
 Visual Inspection (Photos) 
Spire test  after 2hr sun soak 
Dry and wet hipot test 

Post- Test 
 Visual Inspection (Photos) 
Spire test  before and after 2hr sun soak 
Dry and wet hipot test 

IEC 61646, 10.16 

Mechanical Load 
Test 

Mid-Cycle Test 
 Visual Inspection 
(Photos) 
Spire test  before and 
after 2hr sun soak 
Dry  hipot test 

Mid-Cycle Test 
 Visual Inspection 
(Photos) 
Spire test  before and 
after 2hr sun soak 
Dry  hipot test 

Mid-Cycle Test 
 (50 or 100 Cycles) 

 Visual Inspection 
(Photos) 
Spire test  after 2hr 
sun soak 
Dry  and wet hipot test 

Mid-Cycle Test  
(500 hrs) 

 Visual Inspection 
(Photos) 
Spire test  before and 
after 2hr sun soak 
Dry  and wet hipot test 

Mid-Cycle Test  
(168 hrs) 

 Visual Inspection 
(Photos) 

Post- Test 
 Visual Inspection 
(Photos) 
Spire test  before and 
after 2hr sun soak 
Dry and wet hipot test 

Dry Heat Test 
1000 hrs 

(85°C) 

Mid-Cycle Test 
 (168 hrs and/or 500 hrs) 
 Visual Inspection 
(Photos) 
Spire test  after 2hr 
sun soak 
Dry  and wet hipot test 

UV/TC50/HF10  Thermal Cycle: TC200  Dry Heat (1000 hrs) Damp Heat (1000 hrs) 

See Page 2 for 
Pre-Test 
details 

13 

See Page 3 for 
Mid-Cycle Test 

details 

See Page 3 for 
Mid-Cycle Test 

details 

See Page 4 for 
Post-Test 

details 
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Reliability: Ongoing Monitoring & Qualification Testing 

Weekly Product Monitors 
Test Description Specifications Test Conditions  
Damp Heat (DH)  200, 500, 1000 Hours 85 °C / 85% RH 2 samples from 

End-of-line or FGI 
per week 

Thermal Cycle 
(TC) 

3, 50, 200 Cycles -40 °C to 85 °C   2 samples from 
End-of-line or FGI 
per week 

 Monthly Product Monitors 
Test Description Specifications Test Conditions  
Damp Heat (DH)  200, 500, 1000, 2000, 

3000 Hours 
85 °C / 85% RH 1 sample from End-

of-line or FGI per 
month 

Thermal Cycle 
(TC) 

3, 50, 200, 400, 600 
Cycles 

-40 °C to 85 °C   1 sample from End-
of-line or FGI per 
month 
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Reliability: Ongoing Monitoring & Qualification Testing 

Quarterly Product Monitors 
Test Description Specifications Test Conditions  
Damp Heat (DH)  4000, 5000, 6000 

Hours 
85 °C / 85% RH 1 sample from the 3 

previous months of 
Monthly Monitors 

Thermal Cycle 
(TC) 

800, 1000, 1200 
Cycles 

-40 °C to 85 °C   1 sample from the 3 
previous months of 
Monthly Monitors 

 
Monthly Direct to Long-Term Product Monitors 
Test Description Specifications Test Conditions  
Damp Heat (DH)  500, 1000, 2000, 

3000, 4000, 5000, 
6000 Hours 

85 °C / 85% RH 1 sample from End-
of-line or FGI per 
month 

Thermal Cycle 
(TC) 

200, 400, 600, 800, 
1000, 1200 Cycles 

-40 °C to 85 °C   1 sample from End-
of-line or FGI per 
month 

 



Stion Corporation © Copyright 2010 16 

Determining Warranty Reserve 

FIT (Failures In Time Testing (failures in parts per billion)  

• Standard methodology in the Semiconductor Industry 
• Based on material characteristics and impurities migration 
• Follows recommendations from NREL   
• Na+ Effects on semiconductor performance (CIGSS film or Si) 
• Failure of seals and H2O ingress 
• General circuit breakdown from thermal stresses 
• Recovery after stress by sun soak 
• Uses IEC standard ALT techniques (Accelerated Lifetime Test) 
• DH 85/85-1000hrs. / TC +85/-40C-200Cycles 
• Must be samples from standard production ( we test 2 per week) 
• Samples must pass all warranty requirements or be logged as failures 
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Referenced Documents for FIT Testing 

1. "Accelerated Testing and Failure of Thin-film PV Modules," T. J. McMahon [NREL], Progress in 
Photovoltaics:  Research and Applications, 2004, vol. 12, p. 235-248. 

2. "Long Term Reliability of Photovoltaic Modules," J. Wohlgemuth et al [BP Solar], WCPEC-4 (2006). 

3. "Semiconductor Device Reliability Failure Models," R. Blish [AMD] and N. Durrant [Intel], 
International SEMATECH, Technology Transfer #00053955A-XFR, May 2000. 
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FIT Calculation Sheet 

Damp heat acceleration Temperature cycling acceleration

From Reference 1, Ea ranges from 0.5eV to 1.2eV From Reference 3 (modified Coffin-Manson equation)
From Reference 2, 1% change in RH corresponds to 1-deg C rise in temperature # of cycles to failure = Co*(deltaT-deltaT0) (̂-q)

Co = material-dependent constant
Tacc ('C) 85 deltaT = entire temperature cycle-range for device
Tacc (K) 358 Temperature in Kelvin deltaT0 = portion of the temperature cycle range in the elastic region
Top ('C) 50 q = Coffin-Manson exponent, empirically derived constant
Top (K) 323 Temperature in Kelvin
Ea (eV) 0.8 activation energy of soda lime glass Assume deltaT >> deltaT0
Ea (J) 1.28E-19 Ea conversion to J Assume q = 3 (based on solder / ribbon failures)
kB (J/K) 1.38E-23 Boltzmann's constant
AF-thermal 16.57 E-model

Then AF (acceleration factor) = (# of cycles to failure @ op)/(# of cycles to failure @ accel)
RH,acc (%) 85 358 RH,acc (K) deltaT-acc 125 (-40 to 85C) accelerated
RH,op (%) 50 323 RH,op (K) deltaT-op 35  (20 to 55C) real world
AF-RH 16.57 E-model

q 3
AF-total, DH 274.49 AF Total AF-thermal*AF-RH (E-model)

AF 273.3236 Multiply by 6 because 6 cycles per day in TC

DH FIT rate 13943 FITs Failures-in-time expressed as failure per billion device hours TC FIT rate 28275 FITs

OP FIT rate 50.79589 FITs OP FIT rate 103.4488

2 yrs = > 57077.63 2 yrs = > 57077.63

After 2 yrs 0.1% population failure after 2 yrs operation (50C / 50% RH) After 2 yrs 0.2% population failure after 2 yrs operation (24-hr TC)

5 yrs = > 22831.05 5 yrs = > 22831.05

After 5 yrs 0.2% population failure after 5 yrs operation (50C / 50% RH) After 5 yrs 0.5% population failure after 5 yrs operation (24-hr TC)

25 yrs = > 4566.21 25 yrs => 4566.21

After 25 yrs 1.1% population failure after 25 yrs operation (50C / 50% RH) After 25 yrs 2.3% population failure after 25 yrs operation (24-hr TC)

COMBINED FAILURE RATE 3.4%

References:
1. "Accelerated Testing and Failure of Thin-film PV Modules," T. J. McMahon [NREL], Progress in Photovoltaics:  Research and Applications, 2004, vol. 12, p. 235-248.
2. "Long Term Reliability of Photovoltaic Modules," J. Wohlgemuth et al [BP Solar], WCPEC-4 (2006).
3. "Semiconductor Device Reliability Failure Models," R. Blish [AMD] and N. Durrant [Intel], International SEMATECH, Technology Transfer #00053955A-XFR, May 2000.
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TC3 Recovery 
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Thermal Cycles

TC3

% of Initial Pmax after TC3 % of Initial Pmax after TC3 and Sun Soak

Module 
Type

SN
Initial 
Pmax

Actual # 
of cycles 
for TC3

Pmax 
after TC3 
Chamber

% of 
Initial 
Pmax 

after TC3

Pmax 
after TC3 
Sun Soak

% of 
Initial 
Pmax 

after TC3 
and Sun 

Soak

STL 100108521 133.73 3 138.23 103.37 140.15 104.80
STL 100109551 132.20 3 126.99 96.06 140.23 106.07
STO 100125805 131.54 3 134.78 102.47 135.31 102.87
STL 100125967 132.40 3 125.32 94.65 130.11 98.27
STL 100126378 133.97 3 135.99 101.50 - -
STL 100126849 134.19 3 130.53 97.27 - -
STO 100137292 143.60 3 135.85 94.60 139.44 97.10
STO 100137464 145.47 3 145.00 99.68 151.40 104.08
STO 100142411 141.36 3 141.59 100.16 145.61 103.01
STO 100142414 140.88 3 136.12 96.62 144.26 102.40
STO 100149666 143.66 3 142.11 98.92 149.45 104.03
STO 100149707 143.72 3 146.43 101.89 146.81 102.15
STO 100150941 138.17 3 137.59 99.58 142.69 103.27
STO 100150945 138.56 3 135.46 97.76 145.80 105.23
STO 100152008 135.43 3 136.80 101.01 140.64 103.84
STO 100152022 134.06 3 134.88 100.62 138.48 103.30
STL 100154585 149.84 4 150.49 100.44 151.66 101.21
STO 100154974 126.93 3 128.58 101.30 133.97 105.55
STO 100155009 134.96 3 141.09 104.54 144.62 107.16
STO 100159103 140.56 4 142.18 101.15 147.50 104.93
STO 100159572 124.14 4 114.51 92.25 140.70 113.34
STL 100160644 144.86 4 148.55 102.55 150.29 103.75
STL 100163602 142.60 5 135.36 94.92 145.25 101.86
STO 100164193 143.54 5 137.95 96.11 144.11 100.40
STO 100164202 143.30 3 141.90 99.02 147.83 103.16
STO 100164209 145.20 3 142.28 97.99 149.52 102.97
STO 100167811 138.42 3 136.14 98.36 144.21 104.18
STO 100167831 132.84 3 128.32 96.60 142.49 107.26
STO 100169362 144.64 3 133.47 92.28 144.65 100.01
STO 100169561 144.53 3 138.66 95.94 148.25 102.58
STO 100175563 143.87 3 134.84 93.72 149.85 104.16
STO 100176233 136.28 3 125.41 92.02 140.80 103.32
STO 100176306 138.38 3 131.85 95.27 142.57 103.03
STO 100180897 139.85 5 133.08 95.16 141.29 101.03
STL 100181862 124.51 5 124.50 99.99 132.48 106.40
STL 100182153 131.04 5 129.70 98.97 140.75 107.40
STO 100183735 139.02 5 134.66 96.87 140.05 100.74
STL 100189811 125.67 3 118.82 94.54 135.79 108.05
STL 100189831 124.58 3 116.55 93.55 132.97 106.74
STL 100191373 123.46 3 113.43 91.88 128.30 103.92
STL 100191510 127.28 3 124.30 97.66 136.27 107.06
STL 100195501 134.83 3 127.53 94.58 137.82 102.22
STL 100196142 134.17 3 124.44 92.75 137.15 102.22

Averages: 133.54 97.59 141.99 103.78
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TC50 Recovery 

Module 
Type

SN
Initial 
Pmax

Actual # 
of cycles 
for TC50

Pmax 
after 
TC50 

Chamber

% of Initial 
Pmax after 

TC50

Pmax 
after 

TC50 Sun 
Soak

% of 
Initial 
Pmax 
after 

TC50 and 
Sun Soak

STL 100108521 133.73 58 133.65 99.94 140.07 104.74
STL 100109551 132.20 58 123.07 93.09 139.56 105.57
STO 100125805 131.54 58 125.28 95.24 135.06 102.68
STL 100125967 132.40 58 122.02 92.16 131.61 99.41
STO 100137292 143.60 58 122.63 85.40 138.58 96.50
STO 100137464 145.47 58 138.76 95.39 152.06 104.54
STO 100142411 141.36 58 130.80 92.53 146.14 103.38
STO 100142414 140.88 58 130.01 92.28 145.16 103.04
STO 100149666 143.66 58 135.43 94.28 149.92 104.36
STO 100149707 143.72 58 140.44 97.72 149.79 104.22
STO 100150941 138.17 58 125.00 90.47 142.30 102.99
STO 100150945 138.56 58 127.96 92.35 145.33 104.89
STO 100152008 135.43 58 126.73 93.57 141.50 104.48
STO 100152022 134.06 58 127.09 94.81 139.62 104.15
STO 100154974 126.93 58 120.04 94.57 135.59 106.82
STO 100155009 134.96 58 128.72 95.38 144.44 107.03
STO 100159103 140.56 59 134.85 95.94 148.24 105.46
STO 100159572 124.14 59 105.99 85.38 138.42 111.51
STL 100163602 142.60 64 126.04 88.39 146.41 102.67
STO 100164193 143.54 64 133.82 93.23 145.69 101.50
STO 100164202 143.30 59 134.70 94.00 148.33 103.51
STO 100164209 145.20 59 147.21 101.39 150.33 103.53
STO 100167811 138.42 49 125.03 90.33 142.93 103.26
STO 100167831 132.84 49 126.68 95.36 142.31 107.13
STO 100169362 144.64 52 139.66 96.56 146.29 101.14
STO 100169561 144.53 52 143.91 99.57 148.13 102.49
STO 100175563 143.87 52 141.58 98.41 147.30 102.39
STO 100176233 136.28 52 129.20 94.81 137.78 101.10
STO 100176306 138.38 52 134.54 97.22 140.71 101.68
STO 100180897 139.85 64 123.94 88.62 140.35 100.36
STL 100181862 124.51 64 112.61 90.44 131.30 105.45
STL 100182153 131.04 64 128.05 97.71 137.43 104.87
STO 100183735 139.02 64 130.47 93.85 140.72 101.23

Averages: 129.57 93.95 142.71 103.58
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TC200 Recovery 
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Thermal Cycles

TC200

% of Initial Pmax after TC200 % of Initial Pmax after TC200 and Sun Soak

Module 
Type

SN
Initial 
Pmax

Actual # 
of cycles 
for TC200

Pmax 
after 
TC200 

Chamber

% of 
Initial 
Pmax 
after 
TC200

Pmax 
after 
TC200 

Sun Soak

% of 
Initial 
Pmax 
after 
TC200 

and Sun 
Soak

STL 100108521 133.73 205 133.17 99.58 138.08 103.26
STL 100109551 132.20 205 109.07 82.51 136.71 103.41
STO 100125805 131.54 205 116.51 88.58 132.90 101.04
STL 100125967 132.40 205 111.70 84.37 130.97 98.93
STO 100137292 143.60 205 97.66 68.01 136.48 95.04
STO 100142411 141.36 205 117.29 82.97 144.50 102.22
STO 100142414 140.88 205 115.54 82.01 143.01 101.51
STO 100149666 143.66 205 120.67 83.99 147.20 102.47
STO 100149707 143.72 205 125.78 87.52 145.81 101.46
STO 100150941 138.17 205 108.59 78.59 138.17 100.00
STO 100150945 138.56 205 112.47 81.17 142.52 102.86
STO 100152008 135.43 205 112.48 83.05 139.34 102.88
STO 100152022 134.06 205 115.25 85.97 137.44 102.53
STO 100154974 126.93 205 108.83 85.74 135.30 106.59
STO 100155009 134.96 205 116.60 86.39 142.78 105.80
STO 100159103 140.56 206 125.59 89.35 146.72 104.38
STO 100159572 124.14 206 96.04 77.36 137.17 110.50
STO 100164202 143.30 206 122.88 85.75 146.13 101.98
STO 100164209 145.20 206 126.17 86.89 148.52 102.29
STO 100167811 138.42 197 117.84 85.13 140.74 101.68
STO 100167831 132.84 197 109.60 82.50 139.34 104.89

Averages: 115.22 84.16 140.47 102.65
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Long Term Stability-Damp Heat  500hrs. 

Module 
Type

SN
Initial 
Pmax

Actual # 
of hours 

for 
DH500

Pmax 
after 

DH500 
Chamber

% of 
Initial 
Pmax 
after 

DH500

Pmax 
after 

DH500 
Sun Soak

% of 
Initial 
Pmax 
after 

DH500 
and Sun 

Soak
STO 100091995 134.17 500 132.70 98.91 - -
STO 100092000 136.70 500 134.00 98.02 - -
STO 100095396 144.98 500 135.00 93.12 - -
STO 100095402 139.91 500 123.00 87.91 - -
STO 100095427 137.23 500 126.00 91.82 - -
STO 100106140 145.15 500 126.86 87.40 - -
STO 100106146 143.15 500 127.32 88.94 - -
STO 100106154 147.85 500 127.85 86.47 - -
STO 100106192 130.07 500 124.46 95.69 - -
STO 100106194 127.57 500 120.76 94.66 - -
STO 100108802 140.18 592 111.53 79.57 141.38 100.86
STO 100125945 122.24 859 107.74 88.14 124.79 102.08
STO 100137343 146.00 592 110.90 75.96 145.71 99.80
STO 100142421 137.69 592 100.12 72.72 139.46 101.29
STO 100149642 143.07 588 112.73 78.79 147.75 103.27
STO 100150953 134.49 544 107.94 80.26 140.02 104.11
STO 100151979 136.74 544 113.00 82.64 142.83 104.45
STL 100154580 151.54 625 145.52 96.03 146.42 96.62
STO 100154969 135.02 544 112.68 83.45 145.97 108.11
STO 100159464 139.44 625 139.15 99.79 148.76 106.69
STO 100163593 141.72 500 110.69 78.10 144.64 102.06
STO 100163933 144.54 616 121.12 83.79 148.50 102.74
STO 100163937 144.99 616 121.97 84.13 147.39 101.65
STO 100167805 140.51 761 98.39 70.02 137.44 97.82
STO 100169482 144.68 583 112.71 77.90 144.61 99.95
STO 100171817 134.30 583 100.32 74.70 131.69 98.06
STO 100175553 140.43 583 113.89 81.10 141.72 100.92
STO 100175555 138.41 583 112.45 81.24 130.07 93.98
STO 100176206 133.02 583 109.16 82.07 134.92 101.43
STO 100176225 136.18 583 135.44 99.46 138.29 101.55
STL 100182205 148.00 616 120.03 81.10 147.75 99.83
STL 100182414 138.86 616 108.50 78.14 138.10 99.46
STO 100183729 139.33 616 116.12 83.35 140.09 100.55
STO 100183736 139.72 616 114.33 81.83 142.90 102.28

Averages: 118.66 85.21 141.30 101.23
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Long Term Stability-Damp Heat  1000hrs. 

Module 
Type

SN
Initial 
Pmax

Actual # 
of hours 

for 
DH1000

Pmax after 
DH1000 

Chamber

% of Initial 
Pmax after 

DH1000

Pmax 
after 

DH1000 
Sun Soak

% of 
Initial 
Pmax 
after 

DH1000 
and Sun 

Soak
STO 100091995 134.172 1000 131.64 98.11 - -
STO 100092000 136.7 1000 132.00 96.56 - -
STO 100095396 144.98 1000 135.00 93.12 - -
STO 100095402 139.909 1000 122.00 87.20 - -
STO 100095427 137.228 1000 121.00 88.17 - -
STO 100106140 145.145 1154 121.22 83.51 144.79 99.75
STO 100106146 143.15 1154 121.73 85.04 145.19 101.42
STO 100106154 147.852 1154 121.36 82.08 145.34 98.30
STO 100106192 130.066 1154 118.93 91.44 144.37 111.00
STO 100106194 127.57 1154 115.42 90.48 141.21 110.69
STO 100108802 140.177 1053 110.98 79.17 140.06 99.92
STL 100126768 136.807 1220 105.04 76.78 - -
STO 100137343 145.999 1053 111.82 76.59 143.77 98.47
STO 100142421 137.685 1053 102.58 74.51 138.10 100.30
STO 100149642 143.07 1049 108.99 76.18 143.71 100.45
STO 100150953 134.49 1005 104.65 77.81 136.31 101.36
STO 100151979 136.742 1005 114.47 83.71 140.82 102.98
STL 100154580 151.539 1086 120.78 79.70 - -
STO 100154969 135.022 1005 109.32 80.97 139.47 103.30
STO 100159464 139.436 1086 110.17 79.01 140.31 100.62
STO 100163593 141.723 1185 91.99 64.90 139.30 98.29

Averages: 115.77 83.10 141.62 101.92
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Long Term Stability-Damp Heat  2000hrs. 

Module 
Type

SN Initial Pmax

Actual # 
of hours 

for 
DH2000

Pmax 
after 

DH2000 
Chamber

% of 
Initial 
Pmax 
after 

DH2000

Pmax 
after 

DH2000 
Sun Soak

% of 
Initial 
Pmax 
after 

DH2000 
and Sun 

Soak
STO 100091995 134.17 2245 106.82 79.61 143.71 107.11
STO 100092000 136.70 2245 129.34 94.61 139.74 102.22
STO 100095396 144.98 2245 134.29 92.63 143.66 99.09
STO 100095402 139.91 2245 127.04 90.80 139.53 99.73
STO 100095427 137.23 2245 119.70 87.23 131.86 96.09
STO 100106140 145.15 2174 121.35 83.61 135.55 93.39
STO 100106146 143.15 2174 122.23 85.38 136.55 95.39
STO 100106154 147.85 2174 121.91 82.46 136.75 92.49
STO 100106192 130.07 2174 119.65 91.99 134.54 103.44
STO 100106194 127.57 2174 116.85 91.60 132.21 103.64

Averages: 121.92 87.99 137.41 99.26
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Long Term Stability-Damp Heat  3000hrs. 

Module 
Type

SN
Initial 
Pmax

Actual # 
of hours 

for 
DH3000

Pmax 
after 

DH3000 
Chamber

% of 
Initial 
Pmax 
after 

DH3000

Pmax 
after 

DH3000 
Sun Soak

% of 
Initial 
Pmax 
after 

DH3000 
and Sun 

Soak
STO 100091995 134.17 3264 126.57 94.34 138.98 103.58
STO 100092000 136.70 3264 124.50 91.08 135.44 99.07
STO 100095396 144.98 3264 129.69 89.46 140.15 96.67
STO 100095402 139.91 3264 124.19 88.77 137.20 98.06
STO 100095427 137.23 3264 113.58 82.76 125.36 91.35

Averages: 123.71 89.28 135.42 97.75
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Recent HF 10 Testing 

15.9
15.7 15.7

16

15.4

14.6

14.9
15.1

15.2
15.1

188385 191113 195185 192265 192261

Recent STO / STL HF10 Package Performance

WHP Current (uA) HF10 WHP Current (uA)

Before After
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P-max Before & After HF10 

117.66 109.93 117.39

118.19
96.715 120.19

134.59
117.23 135.62

142.32
131.53 144.87

145.53
135.78

149.16

Rated Pmax HF 10 Pmax HF10 SSS Pmax

Recent STO / STL HF10 Pmax Performance

188385 191113 195185 192265 192261

Before After

All modules recovered to > Production Line Measurements 
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PID (+) (850C /85% rH) (Class “A” Rating) 

Initial PID 5 hr SS 10 hr SS 15 hr SS 20 hr SS 25 hr SS
94898 100.0% 96.7% 97.5% 97.7% 98.0% 98.6% 98.8%
95073 100.0% 97.4% 96.7% 97.1% 97.6% 97.9% 98.3%
95071 100.0% 99.0% 96.6% 97.2% 97.5% 97.9% 98.1%
95072 100.0% 98.1% 93.6% 94.8% 95.8% 95.8% 96.8%
95409 100.0% 98.2% 96.3% 97.2% 97.5% 97.9% 98.3%
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96hr. PID(+)
Recovery After Stress

Sun Soaking 

SN Before PID+ Pmax Post-PID+ Pmax Post SS Pmax kWh/m2 for SS % of Initial Pmax
100166005 141 110 141 30.97 100.00
100166007 143 114 143 30.97 100.00
100166008 144 112 145 30.97 100.69

1001660010 142 116 143 30.97 100.70

Recent Testing -Sun Soak to 100% Recovery = 31kWh / m2 Power drop & 
recovery are 
equivalent to dark 
heat recovery 
transient 
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PID (-) (850C /85% rH) (Class “A” Rating) 

Initial PID 5 hr SS 10 hr SS 15 hr SS 20 hr SS
95413 100.0% 94.7% 94.7% 95.6% 97.0% 98.4%
94983 100.0% 95.0% 95.0% 95.5% 96.9% 98.3%
95069 100.0% 95.4% 95.4% 96.1% 96.8% 98.2%
94894 100.0% 96.0% 96.0% 97.1% 97.1% 98.5%
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PID Testing (-1000V / 192hrs, 85/85) SS recovery 

Condition Avg Median Min Max
SS 97.2% 97.2% 96.5% 97.9%
5 hr SS 100.8% 100.0% 100.0% 104.2%
PID 192 w/o SS 75.4% 74.6% 72.3% 78.8%
PID 192 w 5 hr SS 93.5% 92.9% 92.3% 97.2%
10 hr SS 94.8% 94.4% 94.3% 95.8%
15 hr SS 96.5% 97.2% 94.3% 97.2%
20 hr SS 96.6% 96.5% 96.5% 97.2%
25 hr SS 97.2% 97.2% 97.2% 97.2%
30 hr SS 97.6% 97.6% 97.2% 98.0%
35 hr SS 97.2% 97.2% 96.5% 97.9%
40 hr SS 97.8% 97.9% 97.2% 97.9%
45 hr SS 97.9% 97.9% 97.9% 97.9%

Full Recovery @ 30 hrs. 
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 PI Berlin PID Test Procedure 
 85%RH, 85oC, -1000 V, 48 hours 
 2 modules 

 Stion Test 
 85%RH, 85oC, -1000 V, 196 hours 
 5 modules 

 

Stion – Class A PID Rating Equivalent 

 Class A  ΔP <5% 
 Class B  5% < ΔP < 30% 
 Class C  ΔP > 30% 

PI- Berlin Ratings 
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http://www.pi-berlin.com/images/pdf/investorsday/2011/6-PID-Tests.pdf
http://www.pi-berlin.com/images/pdf/investorsday/2011/6-PID-Tests.pdf
http://www.pi-berlin.com/images/pdf/investorsday/2011/6-PID-Tests.pdf
http://www.pi-berlin.com/images/pdf/investorsday/2011/6-PID-Tests.pdf
http://www.pi-berlin.com/images/pdf/investorsday/2011/6-PID-Tests.pdf
http://www.pi-berlin.com/images/pdf/investorsday/2011/6-PID-Tests.pdf
http://www.pi-berlin.com/images/pdf/investorsday/2011/6-PID-Tests.pdf
http://www.pi-berlin.com/images/pdf/investorsday/2011/6-PID-Tests.pdf
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 Industry Participation 
 National Renewable Energy Laboratory – Boulder, Colorado (NREL) 
 Photovoltaic Manufacturing Consortium- SUNY, Albany, New York (PVMC) 
 Colorado State University – Photovoltaic Testing Laboratory, Denver, Colorado (CSU) 
  US Department of Energy  

 Outdoor Arrays with Performance Monitoring 
 NREL – Boulder, Co – Long Term, installed 2006 
 PVMC- Albany, New York Long Term installed 2010 
 HMS 50KW Carport Array –Hattiesburg, Mississippi 
 US Continental 228KW Array- Corona, California 
 Mississippi Power 4.86KW Array- Gulfport Mississippi 

 All arrays have stable performance since installation 
 Data Available 

World Class Quality, Reliability & System Performance 
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Q & A 
rwickham@stion.com 
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