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BackgroundBackground
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National Geography, June 2004

No More Cheap OilNo More Cheap Oil
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地球暖化地球暖化
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地球的污染日愈嚴重，溫室效應不退地球的污染日愈嚴重，溫室效應不退

Photo: NASA 

• 1997年京都議定書於2005年2月16日生效，要求工業國

家降低CO2排放量，發展與使用再生能源，降低碳的排

放是必然的趨勢

• 平均傳統能源發電之CO2排放量530噸/GWh，太陽光電

發電製造之CO2排放量僅5噸/GWh

GWh = Giga Watt × Hour

= 106 kWh = 百萬度電

1 G = 1 Giga = 109

1 k = 1 kilo = 103

1 kWh = 1度電
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依材料劃分的太陽電池種類依材料劃分的太陽電池種類

(a) Schottky junction type (organic/metal)
(b) Organic heterojunction (two-layer) type
(c) Donor/acceptor composite film (one-layer) type
(d) Molecular device type

}
Single crystalline

(sc-Si)

Polycrystalline
(poly-Si)

c-Si

a-Si/c-Si

Wet type

Solid type

Crystalline
(Bulk)

HIT

Amorphous
(a-Si)

Microcrystalline
( c-Si)

Bulk

(Heterojunction with intrinsic thin-layer)

(Si, Si Alloy, Sige, SiC, etc.)

Thin Film

Single 
Crystalline

Polycrystalline

(GaAs type, etc.)

(CuInSe2, CuInGaSe2,
CdS, CdTe, etc.)

Thin Film

Silicon(Si) type

Compound type

Organic type

Dye-
sensitized

Thin film
(Solid type)

Solar cells

Already commercialized
Partially commercialized
Under development

Source :KRI Report No. 8: Solar Cells, February 2005
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PV Generation, Cost, & EfficiencyPV Generation, Cost, & Efficiency

After Martin Green

Wind, oil,Wind, oil,
Nuclear Nuclear 
5~8c/kWh5~8c/kWh

Coal/Gas 1~4c/kWhCoal/Gas 1~4c/kWh

4040c/kWhc/kWh

(I)   c-Si solar cell
(Industry driven)

　

(II)  Thin-film solar cell
a-Si, CdTe, 
CIGS, etc..
(Innovation driven)

(III) Organic PV, DSC, 
QD, CPV, etc..
(Research driven) 
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Future Generation PV TechnologiesFuture Generation PV Technologies
““Speed + Timing + DirectionSpeed + Timing + Direction”” for winning the holy grail.for winning the holy grail.

Source： Thomas Surek, Solar Electricity: Progress and Challenges, 2006
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CIGS (CIGS (CuInGaSeCuInGaSe))
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II--IIIIII--VIVI 薄膜太陽電池薄膜太陽電池
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I-III-VI族：CuInSe2、Cu(In,Ga)Se2
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Optical superiority of CIGSOptical superiority of CIGS
More electricity can be expected given the same environmental conditions due 

to its superior spectral sensitivity.
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CdS

銅銦鎵硒銅銦鎵硒((CIGSCIGS))薄膜太陽電池薄膜太陽電池

Buried pn junction

Source: January 2005 MRS Bulletin
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WWüürthrth SolarSolar’’ss CIGS CoCIGS Co--EvaporationEvaporation
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CIGSCIGS薄膜太陽電池薄膜太陽電池

資料來源：Global Solar Energy

資料來源：Professor Vivian Alberts and a 
team at the University of Johannesburg 
developed and patented a manufacturing 
technique to construct CIGS of 5 micron 
thick.
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奈米結構太陽電池奈米結構太陽電池

January 2005 Materials Research Society Bulletin
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NanosolarNanosolar CIGS InkCIGS Ink
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CIGS: HighCIGS: High--Vacuum vs. NonVacuum vs. Non--VacuumVacuum

Souce: Nanosolar White Paper 2009
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CIGS absorber layer CIGS absorber layer 
from from nanoparticlenanoparticle printingprinting

Souce: Nanosolar White Paper 2009
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NanosolarNanosolar Ships First PanelsShips First Panels - Dec. 18,2007

Martin Roscheisen, 
CEO 

首批的三片量產太陽能板一片將掛在公司裡做「精神堡
壘」，一片捐贈給聖荷西的科技博物館，一片拿到 eBay 
上拍賣，起價 0.99 美元，3天後叫價到13,000美元。
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Ink PrintingInk Printing製備製備CIGSCIGS 吸收層吸收層

優點：

(1) Cu、In、Ga、Se四成份控制較容易可直接做 pattern(模組)

(2) 採用非真空製程以降低設備投資

(3) 提昇材料利用率 >95% (Multi-source vacuum deposition只有
30%~60%)

(4) Throughput可達10-100X

缺點：

(1) 奈米粒子製程複雜(需合成nanoparticle、加入wetting agent、

dispersion agent分散於溶劑中，printing、烘乾去除溶劑、通H2/N2還
原)

(2) 尚無供應廠商
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Dye Sensitized Solar CellDye Sensitized Solar Cell
(DSSC)(DSSC)

Organic PV (OPV)Organic PV (OPV)
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The Cheapest OptionThe Cheapest Option

Efficiency:  0.3 %

We don’t have the 
land and water to 
provide the world 
with energy this 
way.

Can we artificially 
improve the 
efficiency?
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KonarkaKonarka ── Power PlasticPower Plastic
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Organic PV (OPV)Organic PV (OPV)
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ITO/PEDOT:PSS/P3HT:PCBM/Al 
 ~5% (Adv. Funct. Mater. 2005,15,1617)

ITO/PEDOT:PSS/P3HT:PCBM/TiO2/Al 
 ~5.8% (MRS 2006)

ITO/PEDOT:PSS/P3HT:PCBM/LiF/Al: 
 ~6.1% (APL 2007,90,163511)

P3HT:CdSe nanorod:  ~1.7% 
(Phys. Chem. Chem. Phys. 2006,8,3557.)

Active layer

Polymer Solution Processed Solar CellsPolymer Solution Processed Solar Cells

P3HT:F8TBT:  ~1.8% 
(Appl. Phys. Lett. 2007,90,193506.)

ITO

PEDOT:PSS

P3HT:PCBM
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Donor and AcceptorDonor and Acceptor

Acceptor

(n)

Donor

(p)
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1. Efficient light harvesting
2. Ultrafast photoinduced charge separation
3. Suppression of the back-charge-transfer 

so as to allow sufficient time to collect the separated charges
at electrodes prior to recombination 

4. Efficient collection of the separated charges at the electrodes

Psun = A x (W/m2)

Requirements  for High EfficiencyRequirements  for High Efficiency
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A. poly (3-hexylthiophene)高分子(P3HT)結構 (Donor層材料)
B. CdSe Nanorod與P3HT能階圖顯示：
電子在CdSe層傳輸；電洞在P3HT層傳輸。

C. CdSe Nanorod Solar Cell元件結構圖：CdSe/P3HT混合層厚度約200 nm 
(90wt%的CdSe Nanorod與P3HT混合，再以三氯甲烷加熱溶解成溶液狀、
Spin Coating成膜)，夾於鋁電極與透明導電電極(PEDOT:PSS)間。

Polythiophene/CdSePolythiophene/CdSe NanorodNanorod
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Photocurrent spectra。固定Nanorod的長度為60 nm時，不同直徑會
有不同的光電子光譜。

改變Nanorod的直徑，
使Band Gap改變至與
太陽光譜重疊，可增
加發電效率。

D = 3 nm

D = 7 nm

CdSeCdSe NanorodNanorod直徑對吸收光譜之效應直徑對吸收光譜之效應
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當Nanorod直徑為7 nm時，CdSe Nanorod / P3HT混合
層可吸收300～720 nm的光。於此結構之元件中，不
同長度的Nanorod有不同的External Quantum Efficiency。

D = 7 nm

L = 30 nm
D = 7 nm

L = 60 nm
D = 7 nm

控制Nanorod的長度，可
改變電子於薄膜元件中
的遷移距離、增加電子
遷移速率而增加發電效
率。

CdSeCdSe NanorodNanorod長度對吸收光譜之效應長度對吸收光譜之效應
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Nanorod直徑7 nm，長60 nm
的元件，以波長515 nm、功
率0.083 mW/cm2的光源照射
所得之I-V curve。所測得之
Isc = 0.019 mA/cm2、Power 
Conversion Efficiency為6.9 %。

Nanorod直徑7 nm，長60 
nm的元件，以AM 1.5
Global光源照射所得之I-
V curve。所測得之voc = 
0.7 V、Power Conversion 
Efficiency為1.7 %。

CdSe/P3HTCdSe/P3HT太陽電池之效率太陽電池之效率
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Dye Sensitized Solar CellDye Sensitized Solar Cell
(DSSC)(DSSC)
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Prof. Michael Prof. Michael GrGräätzeltzel

瑞士洛桑聯邦理工學院(EPFL, Switzerland) Grätzel教授仿效大自然中植物體能夠藉

由綠葉中的葉綠素，在吸收太陽光的情況下，將光能轉變成化學能的特性，於1991年
發表染料敏化太陽能電池 (Dye Sensitized Solar Cell, DSSC) 的原型

Ref. : Grätzel, M. et al., Nature, 335, p.737, 1991
Patent: US Patent 4,927,721, May 1990

US Patent 5,084,365, Jan 1992
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M. Grätzel, Nature 2001, 414, 338344.
B. O’Regan, M. Grätzel, Nature 1991, 353, 737740

染料太陽電池工作原理染料太陽電池工作原理
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染料太陽電池原理與關鍵技術染料太陽電池原理與關鍵技術

1. 高比表面積TiO2電極
2. 具適當HOMO-LUMO電位、低

bandgap的染料
3. 高催化能力的陰極電極
4. 快速氧化還原能力電解質
5. 寬工作電壓的溶劑



35Copyright 2008 ITRI 工業技術研究院

0.15

0.10

0.05

0.00

100

80

60

0

c-TiO2 plate / Dye nc-TiO2 layer / Dye

40

20

Photocurrent ×1000!
Surface enhancement by nc-TiO2Surface enhancement by ncSurface enhancement by nc--TiOTiO22

Source: Prof. Uchida’s lecture
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酸化チタン多孔体酸化チタン多孔体

500～1000 / 10µm500～1000 / 10µm

20 nm

TiO2

TiOTiO22 nanonano crystalline filmcrystalline film

Source: Prof. Uchida’s lecture
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Cell Cell sstructure of tructure of DSSCDSSC
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　 Nanowire DyeNanowire Dye--sensitized Solar Cellsensitized Solar Cell
 UC Berkeley/LBNL, UC Santa Barbara/U. Minnesota, 

EPFL/Imperial College (2005,2006).

 Nanowires provide better connectivity for electrons transport, 
results in slower recombination.

 Nanowire can’t provide large enough surface area for more 
photoexcited electrons, results in small fill factor and so 
small efficiency.

Comparison of nanowire and nanoporticle
Nature Materials(2005),UCB

Hybrid nanowire/nanoparticle DSC
Solar Energy Materials & Solar Cells 

(2006),UCSB/UM
Nanorod on polymer DSC

J. Phys. Chem. (2006),EPFL/Imperial



39Copyright 2008 ITRI 工業技術研究院

DSSC with NPs & DSSC with NPs & NWsNWs compositescomposites

P1W0：100% NPs

P8W2：80%NPs, 20%NWs

P2.3W7.7：23%NPs,77%NWs

J. Phys. Chem. B, 110(2006) 15932
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Titanium Titanium nanotubesnanotubes

Nano. Lett., 6 (2) (2006) 215-218.
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360nm negative electrode

Jsc = 7.87mA/cm2

Voc=0.75V

Efficiency=2.9%

FF=0.49

1. Nano. Lett., 6 (2) (2006) 215-218.
2. 2006 MRS spring meeting.

Titanium Titanium nanotubesnanotubes DSSCDSSC
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DyeDye--sensitized sensitized ZnOZnO & TiO& TiO22 ssolar olar ccellell

J. Phys. Chem. C, 111 (2007) 1035

Zn+2/dye complex formation



43Copyright 2008 ITRI 工業技術研究院

ZnOZnO ““Popcorn BallPopcorn Ball”” DSSCDSSC

Angew. Chem. Int. Ed., 47 (2008)
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Gifu UniversityGifu University

η=5.6% 
for small 
cell
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Industrialization &Industrialization &
ApplicationsApplications



46Copyright 2008 ITRI 工業技術研究院 46

CIGS Potential ApplicationCIGS Potential Application

Solar FarmsSolar Farms

BIPVBIPV

RooftopRooftop

Portable or 
Customer Design

Portable or 
Customer Design

CIGS Silicon 

High efficiency

Low Cost

Art & Reliability 

Flexible

CIGS Meets all application
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Aisin精機的大面積模板與

「Toyota 夢的住宅PAPI」

汽車天窗

染料敏化太陽電池的應用染料敏化太陽電池的應用
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http://www.toyota.co.jp/jp/news/04/Dec/nt04_1204.html

DSSC panel
by AISIN

TOYOTATOYOTA
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Features of DSSCFeatures of DSSC
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手機充電器手機充電器
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CEATEC JAPAN CEATEC JAPAN ── TDKTDK 2008.10

TDK展出柔性色素增感型太陽能電池，在ZnO類電池中轉換效率最高。
Source: Nikkei Business Publications
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Demonstration of a fan powered by the solar panel 

Sony-Lanterns Using DSSC-Eco-Products 2008

Source: M. Kawai, Nikkei Microdevices, Dec. 12, 2008
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MotoMoto Solar UrbanaSolar Urbana太陽能機車太陽能機車

網 址︰ http://sun-red.com/

2007巴塞隆納車展─最佳創意科技大獎
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歡迎加入我們的研發團隊
Let’s Work Together for Our PV Industry

材料/化學

物理/光電

電機/電子

化工/機械

相關專長


