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Department of Mechanical Engineering

Fort Collins, Colorado 50523

970.491.6559

03-28-05  

Ken Zweibel, MS 3212

National Center for Photovoltaics

National Renewable Energy Laboratory

1617 Cole Blvd.

Golden, Co. 80401

Dear Mr. Zweibel:


This is the first quarterly report of our research under the current Thin Film Partnership Program (Subcontract No. XXL-5-44205-02 to Colorado State University).  A brief summary and details of our work are given below.  This report is in fulfillment of deliverable D.1.1 of the subcontract statement of work (SOW).  

Summary


During this quarter, we have progressed on the tasks outlined in our SOW for Phase I.   Reproducibility of device efficiency and stability has been demonstrated during long duration operation of the system with a single charge loading for the CdS, CdTe and CdCl2 process. Currently efforts are underway to advance the back contact processing to the same level as outlined in the SOW.  Preliminary results on interconnection have yielded very promising results. Mathematical modeling of a package design has yielded results that show that moisture can be kept from our device for 22 years at 65C temperature with saturated humidity. Hardware to perform steady state photocapacitance (PHCAP) has been designed, built and tested in our laboratory. The effect of processing on the deep states in CdTe devices can be seen quantitatively. Optimum process conditions lead to lower photocapacitance signals. Many devices and CdS/CdTe samples have been provided to many groups including Larry Olsen of PNNL. Based on our current progress, no difficulties are anticipated in successfully completing the future targets outlined in the SOW.

In addition to the tasks outlined above, two members of our team attended the 31st IEEE PVSC.  Two oral presentations (preprints were sent to you earlier) were given.  In addition, a poster was presented at the ICTMC conference and this paper has been accepted for publication in a journal. A loadlock system for the 16" X 16" substrates has been designed and constructed and is being tested. This activity is supported by another program from DOE-EERE and cost shared by NSC. Two scientists from GE Global Research were given a detailed tour of our facilities and a detailed presentation of our technology was made. 

Detailed Description of the Results:

1. Consistent Processing.

Reproducibility of efficiency and stability has been demonstrated during long duration operation of the system with a single charge loading for the CdS, CdTe and CdCl2 process.  Currently efforts are underway to advance the back contact processing to the same level.  An average efficiency of 11.4% with a standard deviation of 0.54% was demonstrated during nine hour processing with a single charge loading for the CdS, CdTe and CdCl2 process [1]. The stability of these devices is shown in Figure 1.
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Figure 1: Average efficiency vs accelerated stress time for three groups of cells (12 cells total). Inset shows substrate IDs. The stress conditions are 65C, OC, 5 hours ON/ 3 hours OFF.
As shown in Figure 1, groups of cells fabricated with the same process conditions in three separate fabrication runs exhibit nominally the same stability performance during accelerated stress testing. Devices processed identically to the ones in Figure 1, but without the Cu back contact had Voc’s ≥ 700 mV. We have shown earlier that devices with Voc greater than 700 mV without a Cu backcontact have good stability [1].

2. Studies on Interconnection:

The scribing of many films with laser and mechanical methods for interconnection have been studied. The laser scribing experiments have been preformed in collaboration with US Laser and the mechanical scribing experiments have been performed at CSU. For scribing the TO:F, the Nd:YAG laser has been found to be suitable. The CdS/CdTe films deposited on scribed surfaces provide a complete coverage of the scribed regions and no shunt paths were seen when substrates, scribed and then coated with CdS/CdTe, were sprayed with our spray metallization. For scribing the CdS/CdTe films, experiments have been performed with Nd:YAG laser at 532 nm at 14 different conditions. The results to date, have not resulted in a clean scribe of CdS/CdTe. Either the CdS/CdTe films have not been removed fully or the TO:F has been damaged. All the experiments to date have been performed with laser impinging from the film side. Experiments with laser illumination from the glass side and also the use of diode pumped laser will be explored in the near future. Initial experiments with mechanical scribing of CdS /CdTe have been successful. Contact resistance between the mechanically scribed CdS/CdTe layer and sprayed metallization has shown low contact resistance of less then 1 ohm for 1 cm. of contact length. For the final isolation of the back electrode, abrasive blasting of the substrate through a mask will be utilized. This approach has been successfully applied for a large number of devices. Fully interconnected 3" X 3" mini-modules have been processed with promising results.
3. Modeling moisture transmission


Significant progress has been made in the conceptual design of a package that keeps moisture away from our devices. Our 16" X 16" module is designed to have a 1" border around the edge. In this region, it is planned to use the Truseal solar edge tape which contains desiccant.  Calculations based on the finite difference method have been performed. The aim of the calculations is to see how long a 1" edge seal will keep moisture away from our devices. For this, we calculated how long a 1" thick disc of the Truseal solar edge material will take to saturate with water if one side was exposed to saturated water at 65C and the disc was at 65 C was determined. The data for water transmission rate was obtained from Truseal. The finite difference calculations gave 22.3 years for the 1" thickness to saturate. These calculations were repeated by researchers at Truseal and similar results were obtained by them.


This is a conservative model because PV modules rarely reach 65C for a few hours in a year and this calculation is done assuming the side is exposed to saturated water on one side.  Experiments are currently underway at Truseal to refine the data on water transmission. After the updated water transmission is obtained, the calculations will be refined, the model will be experimentally validated and results published. We will continue our fruitful interactions with Tom McMahon and Mike Kempe of NREL.
4. Steady State Photocapacitance
Hardware to do steady state photocapacitance (PHCAP) has been designed, built and tested in our laboratory. The photocapacitance technique measures changes in device capacitance under the illumination of sub-bandgap monochromatic illumination. The measurements are done at 77K. The relative magnitudes of the capacitance changes in the PHCAP spectrums are proportional to the defect densities. The PHCAP spectrums for our devices processed at various conditions are shown in Figure 2. The yellow curve with X markers in Figure 2(a) is a device that received no CdCl2 treatment. The blue and pink curves are devices that received poor and optimum CdCl2 treatment respectively. The poor CdCl2 treatment shows greater defect density than those with the optimum CdCl2 treatment. As shown in Figure 2(b) the devices with Cu back contact have lower photocapacitance than the devices without copper. A correlation between initial device efficiency and defect densities has also been shown. The photocapacitance has been normalized to the intensity of illumination at different wavelengths.
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Figure 2: Normalized PHCAP spectrum of deep states with (a) varied CdCl2 treatment, (b) with and without the Cu back contact.

The capacitance increases with incident light in Figure 2 are related to the emission of holes from deep states and the decreases in capacitance are related to the emission of electrons from deep states. However due to the complex interactions of multiple deep levels (both majority and minority traps) with possible overlap of optical cross sections it is difficult to assign exact emission threshold energies. Further work is underway to understand the PHCAP spectrums. Taru Takamia has completed a MS thesis on PHCAP and Jim Sites served in his committee. Some of the thesis work is presented here and efforts are ongoing in this area.
Two cells processed identically to cells from the PHCAP study were sent to Steve Johnston at NREL for DLTS characterization. Work is ongoing to compare the DLTS and PHCAP results.

5. Process Optimization

The process has been optimized with CdS from ASARCO. The earlier supplier (Balzers/Unaxis) discontinued the manufacturing of CdS pellets. In addition, the CdS from Unaxis was more expensive. The efficiency and stability of devices with CdS from ASARCO is comparable to device efficiency and stability with CdS from Unaxis.  In addition, the process has been optimized with purer material for the back contact processing from a different supplier. The earlier supplier had lower purity. The efficiency and stability results with the newer material are comparable to the results with the older material. These optimization studies involved nearly 400 substrates. Efforts to obtain uniformity of back contact processing over long duration as discussed in the SOW are currently underway. X-Ray Photoelectron Spectroscopy (XPS) at CSU has been used in these process optimization studies.
6. Collaborative Studies 

Our group has been actively participating in National CdTe Team activities.  Two members of our group attended two sub-team (stability and device physics) meetings. In addition Al Enzenroth from our group gave a presentation on Thermal Admittance Spectroscopy at NREL. Kurt Barth from our group gave a talk on our technology at DOE Golden Field Office. 
Many devices and coated substrates have been provided to many groups including: 
1) Nine cells and 24 samples were sent to Larry Olsen at PNNL for studies with the moisture barrier
2) Two samples and two devices to CS Jiang of NREL for SKPM

3) Two substrates to C Corwine of CSU PV group for PL

4) Two cells to T. McMahon for Rsh characterization

5) Four cells to A. Fahrenbruch for transient current characterization

6) Twenty cells to A. Davies of CSU PV group for micro LBIC characterization
7) One substrate to Tim Gessert
8) 12 cells with an outdoor fixture to N. Dehre of FSEC for outdoor condition testing

9) Eight full 3in X 3 in. substrates to CSM for various studies

If you have any questions, please do not hesitate to call the laboratory at (970)-491-8411. Thank you.

Sincerely,

W.S. Sampath

Associate Professor

Colorado State University

C: C. Lopez

Encl: Preprints of the papers presented at IEEE conference.
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