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Abstract 
The purpose of this paper is to outline the effects of 

dye-sensitised solar cell (DSSC) configuration on 

useable output power provided through low-power, 

step-up DC-DC converters. It is shown that by 

connecting DSSCs in series rather than in parallel, 

higher power conversion efficiency is achieved due to 

increased cell voltage, and this in turn results in higher 

power delivery. Limitations to varying cell 

configuration are discussed and low input voltage DC-

DC topologies are examined to demonstrate the range 

of solutions available for DSSC sources. It is shown 

that up to 6% improvement in system efficiency is 

achieved for a series vs. parallel cell connection. 

 

1. Introduction 
Since their development by Gratzel in 1991 [1], dye- 

sensitised solar cells (DSSCs) has evolved to the point 

that they can compete comfortably with more 

established photovoltaic technologies, particularly under 

indoor lighting conditions [2]. Due to this superior 

performance, DSSC products are largely focused on 

indoor applications such as wireless sensors, where they 

aim to enable autonomous sensing in a greater range of 

locations. 

As with all photovoltaic cells, DSSC generated 

voltage levels are limited to relatively low values of 

approximately 0.5 V open circuit per cell. Therefore, 

there is a need to increase the generated voltage to 

standard values used in analog and digital sensor 

interface circuitry; i.e. 3 V, 5 V, etc.  

 

2. DSSCs (Indoor PV Cells) 
DSSC’s were invented by Michael Grätzel and Brian 

O'Regan at the École Polytechnique Fédérale de 

Lausanne (EPFL) in 1991 and are therefore also known 

as “Grätzel cells”. DSSC’s are electrochemical devices 

comprising a light-absorbing molecule anchored onto 

semiconducting titanium dioxide (TiO2) nanoparticles, 

which make use of sunlight to generate electricity. 

Benefits of using DSSC include simpler manufacturing 

process, non-toxic and abundance of materials, and 

superior performance in low and diffuse light.  

 

3. Power Conversion 
Power conversion is required to boost the DSSC 

output voltage, roughly 0.45 V, to a usable level that 

can power load devices, typically at 3.3 V. Figure 1 

compares the performance of three different DC-DC 

converter topology performances’ for a DSSC input 

across a range of lux. 

 

Figure 1: DC-DC converter performance for DSSC input across 

a range of lux. 

4. Effects of DSSC Configuration 
By varying the number of DSSCs in a given module 

area, the performance of an inductor based DC-DC 

converter [3] can be altered. Figure 2 shows boost 

converter efficiency and output power for different 

numbers of series connected cells within an overall area 

of 22 cm
2
. 

 

Figure 2: Converter efficiency and DC-DC converter output 

versus number of cells. 

5. Conclusions 
This work outlines how DSSC system efficiency can 

be increased by subdividing DSSC modules and 

connecting multiple cell elements in series. 

Future work will involve optimising the DC-DC 

converter to achieve the efficiency increase without the 

losses in active area. 
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