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Photovoltaics (PV) systems produce electricity when exposed to sunlight. 
Sunlight is composed of particles of energy called photons. When sunlight 

strikes a PV material, photons will either pass through, be 
reflected, or be absorbed. If the photon is absorbed, its energy 
will be transferred to an electron in an atom of the PV material. 
With its new found energy, the electron is able to escape from 
its normal position in orbit around that atom. In this way, the 
electron can become part of, and augment, the current in an 
electrical circuit. This “photovoltaic effect” is the basic physical 
process through which sunlight is converted into electricity.(Fig. 
1 & 2) 

The primary building block of a PV system is the PV cell. A 
typical PV cell is about 3” X 3” and very thin. By itself, a single 
PV cell produces only a small amount of electricity. Fortunately, 

it is easy to increase the total power in a PV system by connecting several 
cells to form larger units called modules. Modules, in turn, can be 
connected to form even larger units know as arrays, which can be 
interconnected to produce more power, and so on. In this way, a PV 
system can be built to meet almost any power need, no matter how small 
or great. 

Thin Film PV Overview 

All commercially viable PV products are made using one of two groups of 
technologies; Crystalline Silicon or Thin-film materials. Traditional 
Crystalline Silicon is by far the most common solar cell material for 
commercial applications.  

This is because: 
- It has been in use for more than 50 years, and its manufacturing 

processes are well known. Those processes are now largely in the 
public domain. 

- The raw material used, silicon, is very abundant (it’s the second most 
abundant element in the Earth’s crust – second only to oxygen) 

Although raw silicon is readily available, the silicon used in solar cells must 
be refined to an extremely high purity (99.9999 percent) – far more refined 
than most prescription medicines. Refining to this degree makes the silicon 
quite expensive.  

There are two basic forms of crystalline silicon PV:  
- Single-crystalline silicon, which is more efficient at creating electricity 

from sunlight but is more expensive to manufacture 
- Poly-crystalline silicon, which is less efficient at creating electricity 

from sunlight, but is less expensive to manufacture. 

TThhee  EEqquuiivvaalleenntt  CCiirrccuuiitt  ooff  aa  SSoollaarr  CCeellll  
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Like computer chips, PV devices are made from semiconductors. 
Accordingly, many of the lessons learned developing computer 
technologies have been applied to improving PV. One of the scientific 
discoveries of the computer semiconductor industry that has shown great 
potential for the PV industry is thin-film technology. 

Rather than growing, slicing, and treating a crystalline ingot, as with 
crystalline silicon, a PV material can be created by sequentially depositing 
thin layers of the different materials into a very thin structure. The resulting 

thin-film devices require very little semiconductor 
material and have the added advantage of being 
easy to manufacture. 

Thin film technologies using several materials 
systems and novel deposition techniques have 
been proposed, from “printed” CIGS using 
feedstock formulated as ink, to organic or dye-

sensitized absorbers.  Despite claims made for particular approaches, the 
low cost potential of thin film PV stems from only 3 factors; i) greatly 
reduced use of materials, notably semiconductors, ii) inexpensive 
deposition and processing methods, and iii) low cost substrate materials. 

CIGS PV Solar Technology Overview 

CIGS create more electricity from the same amount of sunlight than does 
other thin-film PV and therefore has a higher “conversion efficiency”. CIGS 
conversion efficiency is also very stable over time, meaning its 
performance continues unabated for many years. The performance of 
many other PV materials can rapidly decline with use. Copper Indium 
diSelenide (CuInSe2) has an extremely high absorption that allows 99 
percent of available light to be absorbed in the first micron of the material. 
This makes it an optimal, effective PV material. Adding small amounts of 
Gallium to the CuInSe2 boosts its light-absorbing band gap, which makes it 
more closely match the solar spectrum, thereby improving the voltage and 
the efficiency of the PV cell. CIGS cells have reached efficiencies of more 
than 19 percent – much higher than other thin-film PV. CIGS also has a 
demonstrated ability to pass appropriate environmental certification and 
waste-handling requirements.  

Continuous roll-to-roll coating of all thin film PV layers on flexible substrates 
for CIGS was pioneered by Global Solar Energy (GSE) in 1995 as perhaps 
the lowest cost deposition method available.  Some proponents of ink-
printed methods and organic PV have recognized the advantages of roll-to-
roll coating, and have also advocated the use of non-vacuum deposition 
methods to reduce costs.  However, at least 3 thin film layers are required 
in any of the thin film approaches (a front transparent contact, an absorber 
layer and a back contact) and vacuum-based methods are typically used 
for the front and back contacts regardless of the specific absorber or 
semiconductor.  As for the absorber layer, vacuum deposition has provided 
the highest efficiency thin film PV.  Particularly in the case of CIGS, 
vacuum deposition methods offer the greatest flexibility and control over 
semiconductor composition and morphology, and thus also conversion 
efficiency.  Significantly, vacuum deposition of CIGS is not costly in a roll-
to-roll format – the capital equipment cost for this step at GSE (amortized 
over the useful equipment life) amounts to about  $0.0002/kwh cost in the 
product, yet the advantages are substantial. 

 

CIGS Flexible Solar Cells 

CIGS Thin Film Layers 
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CIGS Products in the Market 

Global Solar Energy, Inc. uses a proprietary process for depositing (CIGS) 
on a flexible substrate. While other companies produce CIGS on glass, 
GSE is the only company to date producing CIGS on a flexible substrate 
and distributing foldable and glass products using this process. 

 

 

References: 
1. Scale-Up at GSE; (file_id –   wiedeman_GSE_”Scale-Up_at_GSE”) 

DOE Solar Energy Technologies Program (SETP) Meeting,  April 17-
19, 2007  Denver, CO 

2. Dr. Jeffrey Britt Ph.D., VP of Technology, Global Solar Energy, Inc. 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


