Short Visit Report at EPFL during Nov. 21 to 30, 2006 under ESF (Organisolar) Program
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Title: Flexible dye sensitised solar cells (DSCs) 

Objectives: The proposed work on flexible dye sensitised solar cells will be aimed at continuing with some earlier collaborative efforts on developing novel routes for getting efficient flexible DSCs. The objectives of the visit will be:

1. To explore newer materials (polyimide substrates, new electrolytes, etc.) and configurations in achieving flexible DSC compatible with its roll-to-roll processing.

2. To optimise the conditions to obtain efficient DSCs.

3. To obtain solid-state analogue of the achieved DSCs.

Visit Report:

Studies carried out during the visit were aimed at achieving the objectives set as (Please see the above box). Efforts made on these could be summarised in two parts as follows:

[A] Flexible DSCs on polyimide foil:


The ITO coated Upilex foils of thickness 12 micron and 25 micron were supplied by ETH Zurich with a sheet resistance ~30 ohm/sq. The experiments were carried out at EPFL (Prof. Gratzel’s lab) to obtain Dye solar cells of any significant efficiency directly on flexible substrates as shown below in figure 1. 
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Fig.1.  A schematic representation of the flexible dye solar cell structure fabricated under study.

The substrates were cut to the specific size (9.5cm x 4 cm) to fit with the screen printing mount. The plastic substrates with such small thickness had a tendency to curl themselves and that became an issue in handling them at higher temperatures and still keeping them wrinkle free due to uneven strain developed due to large expansion coefficient of the polymer as compared to glass or metal sheets. The polyamide tape was used to hold them tight on a thick glass base. The dense TiO2 layer (under layer) was cast by maintaining the polymer/ ITO substrates at 300 oC. The spray solution was taken to be the standard recipe at EPFL i.e. Titanium isopropoxide in Ethanol solution in a dilution of 1:10 by volume.

Screen printing of nano-crystalline TiO2 layer on the dense layer was carried using an ordinary A4 size copier/printing paper under vacuum to mount the polymer foils. Three transparent layers of TiO2 each thickness ~3.5 micron + two scattery layers each of thickness ~2.5 microns were carefully made and dried up after each layer at ~150 oC. The overall thickness of the films was ~ 15.5 micron. The screen printed samples were then mounted on glass plates with the help of polyimide tape and were subject to sintering procedures programmed at four stages 150 oC (15 min.), 300 oC (15 min.) 375 oC (30 min.) followed by a maximum of 400 oC (for 20 minutes.) then cooling it down to ambient temperature naturally. The hot plate bearing samples used for sintering was covered with a lid under normal air- flow. 

Several cells were made out of these samples and I-V measurements were carried through a standard AM1.5 solar simulator for their performance. 

For making a stable measurement on these flexible electrode samples, the foils were fixed on glass slide on which Platinised Counter electrode was fixed using surlyn sealing. Two electrolytes were tried (i) acetonitrile based (ii) high boiling point liquid (propionitrile) based.

The acetontrile based redox iodide/ triiodide electrolyte gives rise to maximum state of art efficiency reported for Gratzel cells but quite a few cells broke in the process of assembling them and so it was not considered a favourable electrolyte system for the flexible cells under study. Another electrolyte that generally gives an average state of art efficiency ~ 6-7 % on glass based system was tried considering its stability with the fabrication of cells. Our best cells resulted in efficiency ~ 3% at 0.5 sun and ~2.5 % at 1.0 sun, were normally sturdy and gave reproducible results with propionitrile based electrolytes. The range of efficiency obtained was similar as the earlier trials sometime ago. 

The studies conducted clearly indicated the limitation of the efficiency due to basic nature of the substrate and thickness of the nanoporous layer used. The thicker 25 micron polyimide foil were relatively easier to handle and cells based on it surprisingly gave a better performance as opposed to the 12 micron one that was difficult in handling. The thicker nanoporous TiO2 films on polyimide foils reflected a tendency of fragility/ brittleness. This tendency becomes more prominent with thinner (12 micron) polyimide substrates. Obviously the surface conditions of the polymer substrate and its thermal expansivity turns out to be weaker points (causing poor adhesion and brittleness of the nanoporous layer) as compared to glass substrates. It was opined by Prof. Graetzel to use lower thickness of TiO2 and making use of high extinction coefficient organic dyes to achieve better mechanical, thermal and electrical performance of the devices.

The attempted study may be summarised as follows:

1. Studies have demonstrated effectively again the concept to develop relatively complex DSC technology on polymer foils without loosing high temperature sintering steps.

2. There is a good possibility of reducing transmission losses through polymer window by further reducing its thickness. This could result in about 15-20% increase to the observed efficiency values. The thickness reduction could be critical considering mechanical sturdiness of the device but it remains to be assessed.

3.  The ITO on polymer substrate is known to loose its conductivity by 2-3 times by subjecting it to higher temperature sintering steps. This effect was observed and we noticed significant increase in resistivity on similar lines for our devices. A much more stable solution to this problem is to use FTO coated polymers that can with stand higher temperatures without degrading any further.

4. It was suggested by Prof.Ayodhya Tiwari (Loughborough) to do the sintering in nitrogen ambient to prevent further transmission losses from the Upilex foil, which is yellowish in tinge, but could not be done due to non-availability of inert gases.

5. It would also be significant to measure mechanical, thermal and electrical instabilities on the polymer substrates in conjunction with microstructural changes observed on the material polymer.

[B] Flexible, solid state DSC on polyimide foils:


Studies were conducted to fabricate solid state DSC using a solid state organic hole transporter, spiro-MeOTAD in place of liquid electrolyte in the device configuration similar to as shown in figure 1 except for the liquid electrolyte being replaced by a solid hole conductor and back contact as gold.


The thickness of the nanoporous TiO2 is again critical to the device performance in this system and should be maintained within 2-3 micron. A thicker film with low pore penetration with Spiro-MeOTAD may not result in a good device.


The fabrication of the device started with the sprayed dense TiO2 layer at 300 oC on the ITO coated polymide foil supplied by ETH. The nanoporous layer was formed by doctor blading method with 60 nm particle size paste available from EPFL that was sintered with the usual standard procedure as described previously. To achieve maximum absorption of light a high extinction coefficient organic dye was used for the purpose. Generally to achieve higher efficiency ~3 to 4% in such systems, a TiCl4 treatment for a few hours is given to recondition the TiO2 surface before coating organic hole conducting layer for better performance. However, this treatment had a detrimental effect on the device structure and it was found that the etching of the whole nanoporous layer from polymer surface took place. This is suggestive of the fact that TiCl4 could seep through the loosely adhered layer surface causing further damage. Thus escaping this treatment, spiro-MeOTAD was directly cast on the dyed TiO2 layer with the help of spin coating method. The final device was achieved by coating ~ 40 nm gold contact by vacuum evaporation on the top which acts a s the back contact while the ITO end acted as window for light.


The I-V characteristics of the devices fabricated invariably showed a good diode behaviour in the dark along with some device getting short as well. There was only a little photoresponse achieved in some of the devices with lower TiO2 thickness (single scotch tape blading) much below 1% while thicker (two scotch tape layers) ones failed to perform any phtoactivity.

The study and future follow ups may be summarised as below:

1. Within the limitation of the not so good TiO2 nanoporous layer adhesion on the polyamide and fragility in the handling of the device, the basic studies on the adhesion / sturdiness of the TiO2 layer has to be studied separately in getting good device.

2. A careful low temperature approach of casting TiO2 naoporous layer might be a good alternative to try.

3. The low temperature processing will also be helpful in avoiding increase in ITO sheet resistance.
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