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The goal of this contract is to identify the challenges faced by ISET in scaling up its non-vacuum process from a laboratory to large scale manufacturing and to develop workable solutions for these challenges such that they can be readily implemented in large scale processing of CIGS solar cells and modules. In phase III (3rd year) of this 3-year contract, ISET is focusing on i) further improvement in cell efficiency, ii) evaluation of alternate deposition techniques for coating ISET’s inks uniformly on large area substrates, iii) developing monolithic integration schemes for making CIGS modules on glass substrates and iv) increasing material’s usage and minimizing waste.

I.  Change of Facilities

In the last quarterly report we reported that as of January 2005, we had established a critical cell fabrication infrastructure at Chatsworth, using which we were able to fabricate  >12% CIGS cells on glass.

Further establishment of infrastructure continued this quarter.  In addition to the large furnaces, the smaller research furnaces were also brought on line and tested.  Samples for surface modification and optimization of efficiency are being processed in these furnaces.

As cost sharing, ISET is also setting up a new MOCVD reactor (figure 1).  The fully automated reactor with multiple mass flow controllers and ports will have the ability to deposit several different layers on demand.  In addition to the ZnO window layer that we use currently, we will be able to deposit alternate buffer layers such as Zinc Sulfide, Indium Sulfide etc. with the aim of fabricating cadmium free devices. The system will give us the ability to deposit several different surface modification layers on top of the CIGS layer with the aim of improving device efficiencies. The system is currently being tested for leaks etc and is expected to be operational very shortly.

II.  Monolithic Module Integration and Top Contact Development

Development of top contacts and fabrication of mini-modules continued at a rapid pace this quarter.  With the help of insight provided by Dr. Bill Shafarman of IEC on the design of top grid contacts, we were able to significantly improve our top grid designs.  A comparison of the new grid design with our earlier designs gave us insight into the shortcomings of our earlier designs and helped us identify areas that needed more attention in the patterning of the grid.

As an example, we recently fabricated a large area (32 cm2) flexible cell on 1.0 mil Molybdenum foil.  With contacts using the old design, we observed a cell efficiency of 
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Figure 1.  Setup for the new MOCVD reactor. a) PLC controller for programmed deposition, b) Several mass flow controllers metering the various gasses, and c) ports for attaching several chemical sources.

6.6%.  This was much lower than the efficiencies shown by the smaller test cells on the same sample.  Application of the newly gleaned information to our old design indicated
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that a high resistance was being encountered by the current as it traveled through the window layer prior to entering the grid.  This was causing a significant lowering of the fill factor of the cell.  With a minor change in the grid design we were able to increase the cell efficiency to 8.6%, an improvement of 30%.  The numbers observed with the new design were much closer to those observed for the test cells.  Figure 2 shows the I-V plot of this cell with the earlier design and the new grid design.  Figure 3 shows the best cell efficiency we have observed so far with the new grid design on a 32 cm2 cell.

Figure 2.  A change in the grid design of the 32 cm2 cell significantly improved the fill factor and hence the cell efficiency.  Black curve representing the original grid design which gave 6.6%.  A minor change in the grid design increased the efficiency to 8.6%.
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Figure 3.  Champion 32 cm2 CIGS cell on 1.0 mil Molybdenum foil.

Based on our recent calculations and looking at the high series resistance obvious in figure 3, we know that even this design, that gave the 10.1% cell, can be improved further.  That requires significant changes to the mask design and deposition conditions.  Work in this area is under progress.

During this quarter we also moved towards standardization of our samples with a view towards designing a standardized “product”.  Given the current size limitation of our large furnaces, we have decided to fabricate approximately 4” X 4” cells and mini-modules on glass. Using monolithic integration techniques with screen printed top contacts, we are making mini-modules with voltages between 1.0-1.4 V and current between 0.7-1.0 A, based on either a 3-cell or 4-cell series configuration (Figure 4).  This configuration is, however, only a starting point.  The versatility of the design process easily permits us to cover a much larger range of current and voltages based on a net power of approximately 1 W (10% efficiency) from the 4” X 4” sample.
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Figure 4.  3-cell and 4-cell CIGS mini-modules. 

III. Future Plans

Our ongoing efforts are focused on optimizing the performance of the modules. We are continually evaluating new silver inks and modifying the existing ones to improve the conductivity of the top contacts and to lower the resistance between the contacts and the underlying TCO layer.  Improvements in monolithic integration via the screen printed contacts is also underway to ensure good cell to cell connection with minimal losses. We have seen voltage addition for multiple cells but further work remains to improve the connectivity.  These efforts should allow us to fabricate finished mini-modules very soon.  
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