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Abstract Nano-structured TiOj electrodes, suitable for dye sensitized solid-state solar cells were prepared 
by a new simple spraying technique (SPT). Physical properties of these electrodes were compared with the 
electrodes prepared by the 'doctor blade' technique (typical sliding method, DB). Dye sensitized solid-state 
solar cells, comprising of Cul as the hole conductor, were fabricated with these electrodes and enhanced photo 
responses were obtained with SPT electrodes. The effects of additives, either to the spray solution or to the 
hole conductor on the photoresponses of the above devices were also studied. The cells fabricated with SPT 
electrodes containing AI(Bu'0) 3 showed - 2-4% efficiency and addition of l-ethyl-3-methyl imidazolium thio-
cyanate into Cul layer further enhanced the efficiency up to 2-75% under the irradiance of 100 mW cm"1 (AM 
1-5). 
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1. Introduction 

In the past decade there has been a considerable progress 
achieved in the dye sensitized nanoporous T i 0 2 photo-
electrochemical solar cells (DSCs) employing liquid elec­
trolyte (LEDSC) as one of the potential low cost alter­
natives to conventional inorganic semiconductor solar 
cells (Regan and Gratzel 1991; Gratzel 2001). However, 
due to some limitations, such as problems in encapsula­
tion, practical applications of these cells have not yet 
been fully realized. This has instigated the search for al­
ternative systems for these liquid phase electrolytes. In 
this context, solidification of the electrolyte or the re­
placement of the electrolyte with suitable materials such 
as Cul, CuSCN, PPy, pentacene, OMeTAD (Tennakone 
et al 1995, 2000; Bach et al 1998; Murakoshi et al 1998; 
Kumara et al 2001, 2002; Regan et al 2002; Senadeera 
et al 2002; Perera et al 2003; Smestad et al 2003) are the 
most attractive systems and they are called solid-state 
dye sensitized solar cells (SSDSCs). One of the major 
differences between these LEDSCs and SSDSCs is the 
nature of the charge transport. While the ionic transport 
controlled by diffusion prevails in the LEDSCs, the elec­
tronic transport influenced by conductivity and charge 
transport mobility plays the deciding role in SSDSCs. In 
this context, spray pyrolysis (Kavan and Gratzel 1995), 
"doctor blading" i.e. sliding a paste of semiconductor 
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with a glass rod on the substrate (Barbe et al 1997) and 
screen printing techniques (Zhang et al 2001) have been 
used widely in the preparation of nano-structured elec­
trodes suitable for LEDSCs. However, the nano-
structured electrodes used in the LEDSCs will meet some 
difficulty on using in SSDSCs specially due to the pene­
tration of hole conducting materials through nano-size 
voids to the bottom of the porous photo-electrode which 
creates unnecessary new electrical contacts between the 
hole conductor and the substrates, which eventually re­
sults in short circuiting the cell with zero efficiency. 
Therefore, it is important to fabricate photoelectrodes to 
be used in SSDSCs, having desired properties such as 
high porosity with good necking of the crystallite and 
also avoiding the direct contacts between the hole con­
ductor and the substrate. Due to these difficulties very 
few techniques are currently available to prepare suitable 
T i 0 2 electrodes for these SSDSCs having the aforemen­
tioned hole conductors. Since some of the reported meth­
ods are not suitable for mass production (Tennakone et al 
1995, 2000; Kumara et al 2001 a,b; Senadeera et al 2002), 
recently researchers have introduced a "double layer" tech­
nique having a spin-coated dense and less porous layer 
(compact) of T i0 2 (CL) between FTO glass substrate and 
the porous layer of T i0 2 (Murakoshi et al 1998; Grant 
et al 2002). In the fabrication of these cells, typical DB 
technique is used to fabricate the porous films on the CL 
coated FTO. However, due to the low viscosity of the 
semiconductor paste used in DB method, it is difficult to 
get thick enough crack free films, specially, suitable for 
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