¢y nanosolar KEEPING THE WATER OUT FOR 25 YEARS

NANOSOLAR UTILITY PANEL BACKGROUND

Damp heat exposure is particularly harmful to CIGS devices with Glass/glass packages which restrict potential moisture ingress to the edge of
humidity being the primary cause of degradation. The challenge for the panel and through the junction-box was an obvious choice but this design
Nanosolar was to design and manufacture a robust package that still has significant moisture ingress through its edges [2]. The preferred way
could keep moisture out during 25 years. to prevent moisture ingress over the lifetime of the panel is by adding a

low-diffusivity edge-seal embedded with an active moisture absorber.

Water peneftration in the edge-seal in HALT Damp Heat

No water breakthrough observed yet in panels after 6000 Nanosolar panel withstands more than 3000 hours of damp heat with
hours of damp-heat. less than 5% change in power and no wet-leakage failures.

DESIGN FOR DAMP HEAT
RELIABILITY

« Glass/glass package

« Water resistant
junction-box

« Edge-seal embedded with

desiccant
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To define the appropriate width of

edge-seal that would prOteCt the CIGS 1000 2000 3000 4000 5000 6000 7000 8000
from moisture degradation over the Time (hours)

panel lifetime, a 1-D diffusion process — 85C/85% Exp. data 23C/50% Exp. data

has been used. Nanosolar edge_seal «ssses 85C/85% Exp. data extrapolated e 23C/50% Model results

has been modeled as a finite volume of 85C/85% Model results

a Fickian material filled with a
desiccant to immobilize water until it
saturates. The results of this model

have  been  validated —against  W/ater penetration in the edge-seal in Hawaii Damp Heat and High Voltage

experimental g Simulation of the water penetration depth for different Nanosolar panel withstands 1000 hours of damp heat and 1500V test

Using real environmental data, edge-seal thicknesses in Honolulu, Hawaii. with less than 5% change in power and without structural damage.
simulations of water penetration over

25 years can be run for various edge
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- - — Seal
Based on the Nanosola_r model, 7. width (mm) 100 . . o . . - ®
mm is the absolute minimum-edge seal o5
width allowable for 25 year lifetime o
(Figure 2) but based on damp-heat ©12.5

@Xperimental data, 9 mm is a more
realistic width.

Penetration
depth (mm)

Therefore, after taking into account
- process variations and addlng a 1 mm

..l_
~ ""E--'

safety mai l...ghmm. seal

-
e —— = F - ""_" = * '.'
_‘*._—" il -'-'.d r,f.. - &

L_ i I-_
s wﬁm. scification JTJ‘E) dﬂnf DK s
| i : BBEE

- =

Normalized Pmpp (%)

- mmz J_mm _ __--:'If:-'

e -
L]
b

al

e - 2
|

-
e .

50 100 250

- ' | 500
i S , 20 — | Damp Heat + High Voltage hours
EONTEX T S p gh Voltag

From 2005 to 2007
70% of the thin f|Im
~panels and 28% of
 the crystalline S|I|con
~ panels tested for

| quallflcatlon failed
1000 hours damp
heat test. [1] |
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C Me appJ] cations, It was ]moortam to test J"Ea ability to \/\/Jms'ﬂamd | Jamoﬁ eat with, high-voltage, Nanosolar panels - the —H_/ry Dower
tive to ground. [heretore, In collaboration with ZSW
Photovoltaic Department, Nanosolar performed a damp-heat test with

n voltage. During the exposure time In the climate chamber,
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