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Dye-sensitized solar cells (DSC) have recently emerged 
as a promising inexpensive alternative to conventional p-n 
junction solar cells.  The DSC is based on large band gap 
semiconductors sensitized to visible light with dyes.  
Optimization of DSC designs requires a solar simulator with a 
spectral irradiance that closely matches AM 1.5 in visible 
light region.  However, the calibration error can generall y 
result from a mismatch between the spectrum of a simulator 
and that of AM 1.5, and from a mismatch between the action 
spectrum of the reference cell and that of the test cell .   

In a case of evaluation of amorphous Si solar cells that 
are similar to DSC in the action spectra, photocurrents under 
the natural sun are measured using a crystal Si solar cell (c-Si) 
capped by an IR-cut filter as a reference cell .   For the 
calibration of a solar simulator the power of the solar 
simulator was adjusted with the photocurrents of the reference 
cells.  This procedure can lower the spectral mismatch, since 
the action spectra of IR-cut c-Si is similar to that of an 
amorphous Si solar cell .  Action spectra of an amorphous Si 
solar cell and DSC are similar each other, and this calibration 
method for an amorphous Si solar cell can be applied to DSC.  
In this work, we carried out the measurements of DSC by 
using a solar simulator calibrated by c-Si with/without an 
IR-cut filter (KG-5) and concluded that the calibration method 
of a solar simulator for an amorphous Si solar cell was 
suitable for the measurements of DSC.   

Short-circuit photocurrents of the natural sun were 
measured for a reference c-Si (Ic-Si) and a reference c-Si with 
IR-cut filter (IIR-cut-c-Si).  Figure 1 shows linearity in the 
relation of power of the natural sun and photocurrent ratio of 
the reference cells (Ic-Si /IIR-cut-c-Si).  This linearity comes from 
the spectral mismatch between the reference cells.  This 
method measuring the different natural sun light provides Ic-Si 
and IIR-cut-c-Si.  Energy conversion eff iciencies of DSC can be 
measured using the natural sun and a solar simulator adjusted 
by Ic-Si and IIR-cut-c-Si. 

Figure 2 shows energy conversion eff iciencies of DSC 
adjusted using Ic-Si and IIR-cut-c-Si.  The efficiencies of DSC 
using the solar simulator adjusted by Ic-Si were higher than by 
Ic-Si.  Hence, the irradiance in the visible region of the solar 
simulator adjusted by Ic-Si was higher than by IIR-cut-c-Si.     

Figure 3 shows mismatches between a solar simulator 
and the natural sun in measurements of DSC.  Measurement 
errors due to spectral mismatch between a solar simulator and 
the natural sun can be lowered by using IIR-cut-c-Si than using 
Ic-Si to modify spectral irradiance, and then the error was only 
~2%.  This information includes the relative spectral 
response of the reference cell , the relative spectral response of 
the cell under test, and the relative spectral irradiance of the 
simulator (over the spectral range of the cell response). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
– 

� � � � � � � � � � 	 � 
 � � � 	  � � � 	 � � � 
  � � 
 � � � 	 � � � �
� � � � � � � � � � � � � � � � � � � � � � � � � � �  � �  � � � � � �
! " # # $ % ! & ' ( ) * + , - . / 0 1 / . ' ( 2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3 4 5 6 7 6 8 4 9 9 : ; : < = : > ? 9 8 @ A = ? < B : ; > 4 ? <
: 9 9 4 = 4 : < = 4 : > = C D 4 E ; C F : G H > 4 < 5

Ic-Si ( I ) and IIR-cut-c-SiJ K L M N O P Q R O S O T O U O V O W X Y O Z X [ \ \ [ ] Y ^ _ ` M

a b c d e d f b g h i j k l m g n m j o m m p i g q r i s g b h t r i j q s
i p u j l m p i j t s i r g t p b p j l m h m i g t s m h m p j g q v

w x y d


