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Si CIGS/CdTe a-Si
1. Band gap between 1.1 and 
1.7 eV

+ + +
2. Direct band structure - + +
3. Consisting of readily 
available, non toxic material

+ - +
4. Easy, reproducible 
deposition technique,

suitable for large area 
production with good yield

- + +

5. Good photovoltaic 
conversion efficiency

+ + -
6. Long-term stability + + (+)

-

- CIS

-

1.3   
 

-
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Cell/type eff. (init./stab. [%]) Manufacturer
a-Si/a-SiGe/a-SiGe 15.6/13.0 United Solar

a-Si/ c-Si 13.1/10.7 IMT Neuchatel

-Si

Module type Size/prod.volume Company
a-Si, a-Si, a-SiGe, flexible stainless 

steel
stainless steel foils, 5MW United Solar

Double a-Si, a-SiGe, glass 0.46m2, 10MW Solarex
a-Si, a-Si, flexible, polymer 40 80 cm2 FUJI

a-Si, glass 91 45 cm2, 20MW Kaneka
a-Si, a-Si, glass 0.6m2, 1MW ASE, PST

-

-

-

-

-

-

-
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1.3.2   -

1.3.2.1   
 

    CuInSe2 , CuGaSe2 Cu(In, Ga)(S, Se)2

1.3.2.2   
 

Cu2Se In2Se3CuInSe2

2(VCu ) + (InCu )++     [2]
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CIGS

Deposition method Company
Metal precursor + H2Se selenization Siemens Solar Industries (SSI), Showa

Metal/Se precursor, anneal Siemens Solar
Metal precursor no vacuum ISET, Unisun

Coevaporation ZSW, Global Solar

-

Cu(In, Ga)Se2
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5

Process Lab. Cell efficiency [%] Module eff. [%] /area [cm2] Laboratory/company status
Selenization of precursor > 16 12.1 / 1 4 ft* Siemens,pilot production

Metal films 14.7 / 18+

Coevaporation/sequential 18.8 NREL
Evaporation 17.2 13.9 / 90+ IPE

16.2 12.7 / 800+ ZSW, laboratory

production;

Wurth Solar, pilot

production

9.6 / 135* EPV
11.5 5.6 / 240 Global Solar

16.8 / 19+ Angstroem Solar Center
Non-vacuum processes > 11 8 / 74 ISET, Unisun

 

 

1.3.3

1.3.3.1   
 

-

-Te ( 

-

- -

-

p Cu2Te / n CdTe
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-

Status, companies Deposition technique
Production started (First Solar, Matsushita, ANTEC) Close-spaced sublimation

Pilot production abandoned by BP Solar Electrodeposition
Matsushita Screen printing

.

1.3.3.3   
 

TCO- -

-
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sensitized cells)
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- TiO2

TiO2 - TiO2

[1]

                                                           
1 P

.
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1.6   

 

(t) = L1 exp((a0 a)/c)     [3]
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7

Technology nL C a0

Xtal Si 29 30 1948
Thin-film Si 30 19 1989
CIS/CIGS 29 30 1969

a-Si 18 20 1968
Organic cells 18 25 1995
New material 42 25 2004
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PV
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-
DSSC ‘ Sol. Energy Mater. Sol. Cells, 55 ,Smestad G, 157-178 ,© 

2002 ‘ , ‘ Else – vier Science
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TCO)
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Rsheet

-

ITO

SnO2)

(

Nippon Sheet Glass Co., R = 8- m2).

2.2.2   
 

n

iO2 

iO2

iO2

TCO C

-

-

TiO2
10 7 mol cm 2
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TiO2 film m.
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Ru

TiO2. H

Ru

- T(= 1 - 10 ), cis-

’ - -2,2’- ) RuL2
(NCS)2

4,4’ 4’’-

-2, 2’:6’,2’’-

RuL’(NCS)3 -

- - -

.

(Lumo) d-

Ru NCS

I ). Ru

TiO2. A

 TiO2 TiO2 Ru

TiO2

-

TiO2 . H
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I 3 -

- 6.2 × 10 6 cm2s 1

Br /Br2
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2.
2

(2002) American Chemical Society ‘

2.2.5   
 

- I3 - I  I  
-

- cm 2
200-

2.2.6   
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1. 

, ,

TiO2 S + h S      [4] S   S+ +  e  (TiO2)  [5] 
 

 

DSSC
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TiO2
TiO2

  3 .

+ +                                              [6]

, I 3 ,

  
I 3 + 2 3                                      [7]

DSSC

Lumo

(Homo Fermi TiO2, 

I /I3
DSSC

HOMO LUMO

Eg

HOMO-LUMO,

LUMO TiO2 ,

LUMOTiO2
LUMO TiO2
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TiO2 I /I3TiO2I /I3 -

-0,

TiO2 I /I3
TiO2
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TiO2
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Li+,H+
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TiO2 ,I /I3
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DSSC ----- - - - - -

IPCE[%] = 1240[eV nm] x Jsc [ A cm 2][nm]x [ W cm 2] x100                             [8]

,

(RuL2(NCS)2) - 800 nm, (NCS)3) -IR 
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 IPCE = LHE inj nc [9]LHE = 1 T = 1 10 A [10]

injnC  
inj nc

-

film) 26).

H , ,

n = Jsc   x VOC  x ff/I0 x 100 [11]

0 cm 2
TiO2

30.

cm 2, JSC = 20,53 mA cm 2
ff = 0,704) .
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LUMO,

 

     – -

NREL (USA Hagfeld A. , Gratzel M , Acc. Chem. Res. 33 , 
269-277 (2000) . © (2002) American Chemical Socienty ‘
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31 DSSC

inj,

Fermi,

kinj = 4 2h |V|2 ( ) [12]

h

* TiO2,Ti4+.
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Zn2+ TiO2 Ti4++ ,
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TiO2 Ru
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 I

I
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- (I3 )

.

I3 + 2e (TiO2) 3I             [13]
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2 , TiO2 TiO2TiO2
-n.

inj

-

V = kT 0 + 1             [14]

I0Iinj I0
Iinj = q 0                                  [15]

0 = qn0ket [I3 ]                           [16]

0n0
, ket [I3 ][I3 ]

[14 6]

VOC = kTq ln 0n0ket [I3 ] + 1                [17]
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 0 >> n0ket [I3 ] [17]

VOC = kTq ln 0n0ket [I3 ]                    [18]

TiO2
-

TiO2 TiO2 .

- -TiO2

 

–

TBP. (- - - TBP , (---- TBP
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TiO2

TiO2 -

2.4.5   

 TiO2

TiO2

- ( Mott ) TiO2

TiO210 7 10 5cm2 s 1
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p-

1.

-
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10 7 mol cm 2

4.
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5. TiO2
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2.5 8%)

2.5.1   
 TiO2 ), TiO2.TiO2

TiO2
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(> 200 m2g 1
-7 nm).

TiO2

C. 
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Sonics & Materials Inc., 400-600W °
TiO2.

2.5.2   
 TiO2
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TiO2 TiO2

TiO2TiO2

650-
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TiO2 (film)

TiO2.
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 TiO2
TiO2 - 0,3 
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TiO2.
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hara Sangyo Kaisha Ltd 
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DSSC
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TiO2 ,
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DSSC.
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 TiO2
SnO2 , Nb2O5, In2O3 , SrTiO3 ,

TiO2 TiO2

-
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Zaban TiO2Nb2O2 TiO2
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ZnO TiO2 TiO2
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