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Abstract Dye-sensitized fully solid state cells having the structure of rough n-type 
semiconductor film comprising zinc and un(IV) oxide/Ru-bipyridyl complex/p-Cul are found 
to generate high short-circuit photocurrents and open-circuit voltages in contrast to the cells 
of same type made with a single oxide (tin(IV) or zinc). The mechanism involved is 
explained as suppression recombinations of photogenerated carriers and dye ions resulting 
from interparticle charge transfer. 

1. Introduction 

Dye-sensitized (DS) photoelectrochemical cells (PECs) 
constructed using nano-porous films (NPFs) of T I O 2 are 
gaining recognition as promising photovoltaic devices for 
conversion of solar energy [1-6]. A photoelectrochemical 
solar cell based on an NPF of T1O2 developed by Gratzel el ai 
is reported to have efficiencies approaching —10% in direct 
sunlight (1000 W m - 2 ) with short-circuit photocurrents (/«) 
and open-circuit voltages (Voc) as high as 18 mA cm"2 

and 720 mV respectively [4,5]. The mechanism of dye 
sensitization is well understood as electron transfer by an 
excited dye molecule adsorbed at the semiconductor surface 
lo a band of the semiconductor [7-9]. In the case of T1O2 
NPF sensitized with the ruthenium bipyridyl complex, die 
quantum efficiency of charge injection by this process is 
close to unity. The other important findings that led to the 
development of efficient DS PECs are the following: 

(a) Dye sensitization involves photoinduced carrier 
generation in only one band (for example anodic 
sensitization, where the electron is injected into the 
conduction band while the positive charge remains on the dye 
cation at the surface) [10]. Therefore bulk recombinations 
are absent, enabling the use of polycrystalline and less pure 
materials. 

(b) Although a concentration of only monolayers of dye 
on the surface is effective in injecting charges to a band, 
the rate of their injection per unit geometrical area can be 
enhanced by using NPF of very large effective area [ 1 ]. 

A liquid electrolyte filling the nano-pores of the 
Ti0 2 film ensure the firm electrical contact needed for 
charge transfer mediated by the redox-couple (for example 
fj/l~). Unfortunately the liquid electrolyte leads to 
several technological constraints such as dye d r ption, 
solvent evaporation and degradation, seal imperfeci. ms and 
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reaction of the sealant with the electrolyte. Problems of 
a more fundamental nature are also envisaged in ionic 
transport, for the which complete solutions are not readily 
conceivable. As diffusion-controlled ionic charge transfer is 
slow, the photocurrent becomes unsteady at higher intensities 
of illumination. Again irreversibility in ionic transport 
cannot be ruled out because reactions other than those 
of the redox cycle are not completely forbidden. The 
above problems can be circumvented if die electrolyte 
is replaced by a .transparent (therefore high-bandgap) 
p-type semiconductor. In this,n-type semiconductor/dye/p-
type semiconductor (NDP) photovoltaic cell, photoexcited 
dye molecules sandwiched between n-type and p-type 
semiconductor surfaces inject electrons to the conduction 
band (CB) of n-type material and holes to the valence band 
(VB) of the p-type material, i.e. 

D + hv -± D* 

D*-+ e~ + h + . (1) 

CB n-type material VB p-type material 

The transition (1) would occur via the intermediate steps 

D* -> D + + e~ 
i 

CB n-type material 
(2) 

D + D + h + 

I 
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and/or 
D* -> D~ + h + 

i 
VB p-type material 

(3) 
D~ ->• D + e~ 
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CB n-type material 


