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Common solar module construction
Glass
Low iron AR/Non-AR 

(environmental protection, 

mechanical strength)

Frame
(mechanical)

Encapsulant
EVA = Ethyl Vinyl Acetate

(adhesive for cell, glass and 

backsheet)

Backsheet
TPE = Tedlar / Polypropylene / 

EVA (dielectric insolation, 

environmental protection)

Junction Box (electrical terminals, bypass diodes)

Stringed cells
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Wires/Connectors
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Very rough typical costs for standard modules 

ÁRough costs to simply give a sense for typical module conversion costs

ï Note: there is a big range, plus and minus, from these values

ï Includes labor, materials, labor, depreciation, overhead, yield
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ÁTotal module costs continue to fall

ï Trina in-house costs of $1.08/W in Q3ô2010 (average 14%?, 180W?)

ïFirst Solar costs of $0.77/W in Q3ô2010 (average 11.3%, 81W)

Step cost

$ for 1.65 m2 

module

$/W for 14.5% effic. 

module (240W)

Cell interconnect + circuit 

formation $10 $0.04

Glass/encapsulant/backsheet/ 

frame/packaging/test $60 $0.25

Wires+connectors $5 $0.02

Junction box $8 $0.03

Diodes $1 $0.004

$84 $0.35
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Other connection approaches
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ÁDay4 energy wire mesh

ÁSunPower all-back contact



Some thin film examples

ÁMonolithic on glass

ïFirst Solar CdTe

ïApplied Materials a-Si

ïSolar Frontier CIGS

ÁSingulation then tile connect

ïNanoSolar

ÁSingulation then string like cSi cells

ïGlobal Solar

ÁMonolithic on foil then connect

ïUnisolar

ïFuji

ïAscent
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Photos from Nanosolar.com

From K Moriwaki, et. al, 

25th EUPVSEC, Sept 

2010, Valencia, Spain



ñMonolithic module assemblyò with cSi

ÁYears of effort and progress, but not yet in large scale production  
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ïApplied Materials

ïECN



ñModuleò can include mounting approach
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ÁSunPower T5 system

ï Integrated, non-penetrating 
roof mount

ï Fast installation

ï High density, low weight   
(2.4 lb/ft2;  7 Wp/ lb)

ÁSolyndra and others have 
their own unique approaches

Photo from Solyndra.com
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Bypass diodes

ÁBy-pass diode in common modules:

ï Bypass diode will be in forward bias (and thus bypass the string) if string pair 
would otherwise be in reverse bias

ï For some modules, the diodes are needed to protect against hot spots (from 
localized shunting of high reverse-bias voltage) which could cause module 
damage

ï Diodes can be a major failure point if best practices are not followed

ÁPoor quality diodes in hot conditions

Á Insufficient lightning protection
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Many cell types have integrated bypass diode 
characteristics
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Á IV curve of a SunPower cell:
ï Uniform non-damaging reverse 

breakdown at ~-5.5V
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Power electronics as fix for module problems? 

ÁAt $2/W system, 2% energy boost worth ~$0.04/W

ÁLarger problems must be fixed very cheaply to compete against other 
technologies which do not have the problem

ï For example, results of SunPower tests of two manufacturers modules 
using a high accelerated life test of damp heat with bias
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Power loss

Sample 1:  -3.2%

Sample 2:  -4.4%

Power loss

Sample 1:  -12%

Sample 2:  -23%

Electroluminescence 

images show damaged 

cells around the 

perimeter, where 

leakage current to the 

frame is highest.

Manufacturer #1

Manufacturer #2
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Cracked cell problems?

Á1,000 alternating 
cycles of           
+/-2400 Pa 
(standard wind 
load), then 4 
temp. cycles -40 
to 60C
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Dynamic Load HALT:


