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Outline

Everlight Group in Brief
Innovated DSSC Dye Development 
• Organic dye series A
• Organic dye series B
• Organic dye series C
• Novel Ru-Complex 

Future Concern on DSSC 
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Everlight Group in Brief
• Founded in 1972
• 1,200 Employees in world-wide
• Revenue: US $190 M (2008)
Invests 4% of Revenue on R&D
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From Bionics to DSSCFrom Bionics to DSSC

NanolettersNanoletters 2004, 2004, volvol 4, pp 1079 4, pp 1079 -- 10831083
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Photosynthesis and Biomimicry

Source : web.ncue.edu.tw/~ccource/data/Solar%20Cell.pdf
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Classification of Dye SensitizersClassification of Dye Sensitizers
• MetalMetal--free Organic Dye : free Organic Dye : 

High High εε, Bright(colors), Flexibility of molecular design, Bright(colors), Flexibility of molecular design
Low Voc, Less durabilityLow Voc, Less durability

•• Metal Complex Dye :Metal Complex Dye :
Stability, Wide range absorptionStability, Wide range absorption
Noble rare metal, Less flexibility of molecular designNoble rare metal, Less flexibility of molecular design



EVERLIGHT GROUP  R&D Division                            Center for Passion and Innovation 8

DonorDonor Spacer           AcceptorSpacer           Acceptor

CN
COOH

N
R1

R2

 Conjugation moiety

TiOTiO22

AnodeAnode

DD－－ππ－－A  SystemA  System

ee--

Organic Dye Designed ModelOrganic Dye Designed Model

ee--

ElectrolyteElectrolyte



EVERLIGHT GROUP  R&D Division                            Center for Passion and Innovation 9

N
N

COOH
NC

1

SN
N

NC
COOH

2

SN

NC
COOH

N

3

SN
NC

COOH
N

4

Model A series  :Model A series  : 
PyrrolePyrrole--based Spacersbased Spacers

PyrrolePyrrole

FluoreneFluorene

λλmax max : 437nm: 437nm λλmax max : 472nm: 472nm

λλmax max : 475nm: 475nm λλmax max : 475nm: 475nm

＊＊

 
PyrrolePyrrole’’ss electronelectron--rich property, inducing good charge transfer transition.rich property, inducing good charge transfer transition.

＊＊

 
FluoreneFluorene has good electron conductivity and stability.has good electron conductivity and stability.
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PyrrolePyrrole--based Spacersbased Spacers (cont.)(cont.)

CarbazoleCarbazole

λλmax max : 449nm: 449nm λλmax max : 462nm: 462nm

＊＊CarbazoleCarbazole enable poor electron transition because itenable poor electron transition because it’’ss
nonnon--linear structure.linear structure.
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DyeDye Voc (V)Voc (V) JscJsc (mA/cm(mA/cm22)) FFFF ηη(%)(%)

11 0.600.60 13.4713.47 0.590.59 4.774.77

22 0.570.57 14.2014.20 0.600.60 4.794.79

33 0.610.61 18.1418.14 0.560.56 6.166.16

44 0.640.64 16.7916.79 0.580.58 6.186.18

55 0.580.58 12.9312.93 0.640.64 4.804.80

66 0.600.60 13.5413.54 0.640.64 5.255.25

N719N719 0.720.72 16.0816.08 0.630.63 7.197.19

Performance of Model A series DyesPerformance of Model A series Dyes

Test conditions:Test conditions:

1.  Active area :  0.25 cm1.  Active area :  0.25 cm22

2.2. Light sourceLight source：：100 mW/cm100 mW/cm22

3.  TiO3.  TiO22 thicknessthickness︰︰15 15 μμm m 
4.  3X104.  3X10--4 4 M in THFM in THF
5.  I 5.  I --/ I/ I33 

-- Liquid electrolyteLiquid electrolyte
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Absorption spectra of the dyesAbsorption spectra of the dyes

recorded in THFrecorded in THF

UVUV--vis vis curves of the dyes oncurves of the dyes on

TiOTiO22 electrodeelectrode

Optical PropertiesOptical Properties

CT BandCT Band

＊＊Compound 3 , 4 has strong absorption at CT band , Compound 3 , 4 has strong absorption at CT band , 
so they have more better efficiency than other dyes.so they have more better efficiency than other dyes.
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Selected Frontier Selected Frontier OrbitalsOrbitals

＊＊Excellent chargeExcellent charge--shift effect for compound 4 .shift effect for compound 4 .
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IPCE plots for IPCE plots for DSSCs DSSCs 

Photovoltaic MeasurementPhotovoltaic Measurement

JJ--V curves of V curves of DSSCs DSSCs based onbased on

the dyesthe dyes

＊＊Compound 3 , 4 has excellent quantum efficiency (IPCE)Compound 3 , 4 has excellent quantum efficiency (IPCE)
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DyeDye Voc (V)Voc (V) JscJsc (mA/cm(mA/cm22)) FFFF ηη(%)(%)

11 0.600.60 13.4713.47 0.590.59 4.774.77
22 0.570.57 14.2014.20 0.600.60 4.794.79
33 0.610.61 18.1418.14 0.560.56 6.166.16
44 0.640.64 16.7916.79 0.580.58 6.186.18

55 0.580.58 12.9312.93 0.640.64 4.804.80

66 0.600.60 13.5413.54 0.640.64 5.255.25

N719N719 0.720.72 16.0816.08 0.630.63 7.197.19

Conclusion of Model A series DyesConclusion of Model A series Dyes

Test conditions:Test conditions:

1.  Active area :  0.25 cm1.  Active area :  0.25 cm22

2.2. Light sourceLight source：：100 mW/cm100 mW/cm22

3.  TiO3.  TiO22 thicknessthickness︰︰15 15 μμm m 
4.  3X104.  3X10--4 4 M in THFM in THF
5.  I 5.  I --/ I/ I33 

-- Liquid electrolyteLiquid electrolyte

＊＊Pyrrole Pyrrole moiety have larger dihedral anglemoiety have larger dihedral angle
＊＊More efficient lightMore efficient light--harvesting capabilities for 3, 4harvesting capabilities for 3, 4
＊＊Large oscillator strength Large oscillator strength ff for 3,4 ( HOMO for 3,4 ( HOMO →→

 
LUMO transition )LUMO transition )

＊＊The efficiencies are 66The efficiencies are 66---- 86% of the standard cell from N71986% of the standard cell from N719
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Model B series :Model B series : 
CyanovinylCyanovinyl Entity SpacersEntity Spacers
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CyanovinylCyanovinyl

FluoreneFluorene

λλmax max : 524nm: 524nm λλmax max : 478nm: 478nm λλmax max : 498nm: 498nm

λλmax max : 482nm: 482nm λλmax max : 505nm: 505nm

＊＊CyanovinylCyanovinyl︰︰good electrongood electron--pull and chargepull and charge--trapping effecttrapping effect
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CyanovinylCyanovinyl Entity SpacersEntity Spacers (cont.) (cont.) 
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DyeDye Voc (V)Voc (V) JscJsc (mA/cm(mA/cm22)) FFFF ηη(%)(%)

11 0.570.57 13.4313.43 0.640.64 4.924.92
22 0.590.59 11.4011.40 0.640.64 4.284.28
33 0.560.56 11.4311.43 0.650.65 4.154.15
44 0.580.58 11.0011.00 0.690.69 4.344.34

55 0.550.55 9.569.56 0.660.66 3.483.48

66 0.580.58 11.9611.96 0.650.65 4.514.51

77 0.610.61 12.4812.48 0.640.64 4.814.81

88 0.560.56 11.5611.56 0.620.62 4.044.04

99 0.550.55 9.249.24 0.680.68 3.483.48

N719N719 0.700.70 16.2116.21 0.630.63 7.167.16

Performance  of Model B series DyesPerformance  of Model B series Dyes

Test conditions:Test conditions:

1.  Active area :  0.25 cm1.  Active area :  0.25 cm22

2.2. Light sourceLight source：：100 mW/cm100 mW/cm22

3.  TiO2 thickness3.  TiO2 thickness︰︰15 15 μμm m 
4.  3X104.  3X10--4 4 M in THFM in THF
5.  I 5.  I --/ I/ I33 

-- Liquid electrolyteLiquid electrolyte

＊＊The efficiencies are 45The efficiencies are 45---- 70% of the standard cell from N71970% of the standard cell from N719
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Model Series C :Model Series C : 
FluoreneFluorene--based Spacersbased Spacers
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DyeDye JJSCSC 
(mA(mA/cm/cm22)) VVOCOC (V)(V) FFFF ηη

 
(%)(%)

11 6.286.28 0.61 0.61 0.660.66 2.542.54
22 8.408.40 0.60 0.60 0.630.63 3.153.15
33 13.1613.16 0.69 0.69 0.640.64 5.825.82
44 11.0011.00 0.68 0.68 0.580.58 4.684.68
55 10.2810.28 0.69 0.69 0.650.65 4.904.90
66 10.3010.30 0.70 0.70 0.630.63 4.584.58

N719N719 14.1214.12 0.740.74 0.650.65 6.816.81

Test conditions:Test conditions:
1.  Active area :  0.25 cm1.  Active area :  0.25 cm22

2.2. Light sourceLight source：：100 mW/cm100 mW/cm22

3.  TiO2 thickness3.  TiO2 thickness︰︰15 15 μμm m 
4.  3X104.  3X10--4 4 M in THFM in THF
5.  I 5.  I --/ I/ I33 

-- Liquid electrolyteLiquid electrolyte

Performance of Model series C DyesPerformance of Model series C Dyes

＊＊The efficiencies are 37The efficiencies are 37---- 85% of the standard cell from N71985% of the standard cell from N719
(Patent filing on 2008 )(Patent filing on 2008 )
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Novel  Ruthenium dyeNovel  Ruthenium dye

＊＊Extend conjugated Extend conjugated 

chainchain

＊＊LUMO energyLUMO energy
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Performance of New Ruthenium DyesPerformance of New Ruthenium Dyes

DyeDye Voc (V)Voc (V) JscJsc 
(mA/cm(mA/cm22)) FFFF ηη(%)(%)

ECIC1ECIC1 0.740.74 7.447.44 0.630.63 3.423.42

ECIC2ECIC2 0.750.75 8.008.00 0.620.62 3.743.74

ECIC3ECIC3 00.78.78 88.22.22 0.640.64 4.094.09

N719N719 0.760.76 7.367.36 0.610.61 3.383.38

Test conditions:Test conditions:

1.  Active area :  0.25 cm1.  Active area :  0.25 cm22

2.2. Light sourceLight source：：100 mW/cm100 mW/cm22

3.  3.  TiO2 thicknessTiO2 thickness︰︰6 6 μμm m 
4.  3X104.  3X10--4 4 M in CHM in CH33 CN/ tCN/ t--BuOHBuOH
5.  I 5.  I --/ I/ I33 

-- Liquid electrolyteLiquid electrolyte

＊＊The efficiencies are 101The efficiencies are 101–– 121% of the standard cell from N719121% of the standard cell from N719
( 2 patents filing on 2008)
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The Global R&D strength in DSSC 

Data analysis : 2009/04 by ECIC

Patent Analysis
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ECIC has 5 patents are filing.
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Future concern on DSC 
--world -wide cooperation and connection
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Thank you!!

Source : www.signallake.com/innovation/DNoceraMITClubOfNY111208.pdf
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