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Ceramic Substrate Development


Zirconium tungstate (ZrW2O8) was evaluated as a CTE modifier in our standard ceramic formulation. Zirconium tungstate is a compound formed by the reaction of ZrO2 and WO3 that exhibits isotropic negative thermal expansion, and is being applied as a component in composites in order to reduce the composites overall thermal expansion. The problem with the use of zirconium tungstate in high temperature materials is that it is only thermodynamically stable between 1107 and 1260( C. In order to maintain this phase at room temperature it must be rapidly cooled from about 1200( C. Once the phase is formed it is stable from room temperature to ~ 770( C, where it decomposes into ZrO2 and WO3, which react to reform ZrW2O8 if the temperature is increased to 1107( C. The ZrW2O8 was added in 1% increments up to 6  % and then fired. The ceramic firing process cannot be cooled very quickly therefore  it was expected that the ZrW2O8 would decompose into its components. Dilatometer measurements indicated that in additions of 1 and 2 % there was no effect to the CTE of our ceramic. From 3 to 6 %, however, the CTE increased above our standard ceramic formulation. The CTE curves for the 3 % ZrW2O8  and our standard ceramic are pictured in Figure 1. This curve actually indicates that the decomposition into ZrO2 and WO3 took place because the curve very closely matches that of the ZrSiO4 added to our ceramic formulation that formed ZrO2 on reaction with free Al2O3. In an attempt to lock in the high temperature ZrW2O8 phase the fired ceramics were heated to 1250( C in a light based RTP system and cooled very rapidly. This resulted in the same dilatometer curves as the fired ceramics indicating the phase had not been locked in. It’s possible that upon decomposition the ZrO2 and WO3 may have reacted with other components in the ceramic to disrupt the stoichiometry. Further work with the ZrW2O8 will continue. There were eight ceramic casts done this quarter resulting in fifty-six 240 cm2 ceramics. 
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Figure 1. Thermal expansion of ZrW2O8 as compared to mC-Si and our standard ceramic.

CVD Development 


Both the new B2H6 and HCl arrived and were evaluated this quarter.  The new B2H6 resulted in being able to dope the polycrystalline seed layer to ~0.02 (-cm, while the new HCl provided a ~1400 Å/min etch rate.  The new B2H6 required a re-optimization to achieve controlled doping from 0.02 to 1 (-cm, which was performed on n-type single crystal substrates.

The addition of a back surface field (BSF) was deemed necessary for device performance. A standard growth sequence has been adopted for the CVD process with respect to silicon-on-ceramic devices which is, from top-to-bottom:

· 30-35 m 1 (-cm epitaxial active layer

· 10-20 m 0.02 (-cm p+ in-situ BSF

· 50-100 m 0.1 (-cm p+ recrystallized seed layer

· 700-800 m non-conductive ceramic substrate 

Optimization of the active device layer thickness and doping level were also started this quarter.  This included growing active layers which were 20 to 25 m thick and had bulk resistivities of 0.3 and 0.5 (-cm.  These grown samples will be fabricated and reported in the next quarterly report. There were 65 CVD runs performed this quarter.   

Grain Growth


Recrystallization of CVD silicon seed layers on ceramic substrates has continued utilizing ZMR with an in-situ oxide cap. Argon / oxygen ambients have been evaluated with ratios up to 98 % argon / 2% oxygen. Regardless of the ratio, recrystallized seed layers did not appear any different and all maintained approximately the same defect density. Electrical results on these seed layers were also fairly consistent. Seed layers were recrystallized in 100 % argon ambients, however, the silicon seed layer thickness had to be in excess of 175 (m in order to maintain wetting on the  ceramic. There was no improvement of grain structure or electrical quality with the seed layers grown in 100 % argon. 

X-ray diffraction (XRD) was performed on a sample of  recrystallized silicon seed layer on ceramic, in order to determine the crystallographic orientation. Shown in Fig. 2, the dominant orientation was found to be <111>. It has been proposed that by varying the scanning speed and base temperature during the ZMR process that a preferred orientation can be achieved [1]. Our current ZMR speed is approximately 2-3 mm /min. so we increased the speed to 1cm/min. in an attempt to influence the orientation. Unfortunately our existing ZMR system does not reach a high enough temperature for us to recrystallize at this speed. The new large area ZMR system, which is being designed, will have the capability to recrystallize at various speeds and will be able to heat the sample to just under the melting point of silicon with only the base heaters. There were 45 ZMR runs done this quarter.
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Figure 2. XRD of recrystallized silicon-on-ceramic.

Solar Cell and Submodule Fabrication Development


The production belt diffusion process has continued to be optimized for the silicon on ceramic substrate material. Test devices (mesas) have continued to improve and have been consistent.  A single element 1.004 cm2 silicon on ceramic device has been fabricated and has demonstrated a 9.18 % efficiency. The solar cell parameters for this device are: Voc = 543 mV; Jsc = 23.107 mA/cm2; FF = 73.16 %; I max = 20.927 mA, Vmax = 440.4 mV; and Pmax = 9.2164 mW (Fig. 3).
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Figure 3. I-V curve for 9.18% efficient silicon-on-ceramic device.


A 5 segment 1cm2 monolithically interconnected submodule device was also fabricated on silicon on ceramic material of the same quality. The IV curve for this device is pictured in Fig. 4. The Voc on this device is 2434 mV which averages to 487 mV per segment and is much lower than the 525 mV average achieved on the other half of this sample used for mesa devices. Jsc of 14.95 mA / cm2 and a fill factor of 57.5 % were also extremely poor as compared to the mesa material and the results achieved on the single element device. Based on these results it was decided that the submodule required a redesign. We have begun working on the redesign of the submodule and will be finished next quarter. There were approximately thirty-two devices fabricated this quarter including mesas, 1 cm2 and MISC devices.
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Figure 4. I-V curve for 5 segment 1cm2 monolithically interconnected submodule device

