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The technical approach to this project is to utilize mass spectrometry to measure radical and ion species that arrive at the substrate of a plasma-enhanced-chemical-vapor-deposition (PECVD) reactor. A small-scale reactor mimics those used to produce hydrogenated amorphous (a-Si:H) and microcrystalline ((c-Si) silicon and silicon/germanium (a-Si:Ge:H) solar cells. Radio frequency (RF) and high frequency (HF) discharges will normally be studied, and the reactor utilizes a similar electrode gap (2-3 cm), substrate temperature (20-250 (C), gas pressures (0.1-5 Torr), gas mixtures and discharge power density to that used in an industrial reactor. 

As noted previously, the apparatus has been constructed, assembled and all leaks have been sealed. The silane pyrolyser used to prevent silane or germane release into the atmosphere utilizes a 950 (C, stainless steel tube placed in the roughing line to break up the silane (and/or germane) into hydrogen gas and solid. This has now been tested and is working properly. The inlet gas-handling system has also been constructed, evacuated,  connected to silane, hydrogen and argon gases, and is working properly.

We are utilizing a Dycor/Amatec quadrupole mass spectromerter (QMS) for the radical detection, with the ionizer and ion collection portions modified for use in threshold ionization mass spectrometry (TIMS). The discharge and TIMS regions are connected by two small orifices and three stages of differential pumping, an arrangement shown diagrammatically and explained in the previous quarterly reports. We found the QMS electronics very unreliable, obscure and ill suited for our need to average weak ion signals during ionizing electron energy (Eel) scans under computer control. Thus, we have developed our own QMS electronics. This requires generating a fixed RF frequency and precisely controlling its amplitude (A) on the QMS rods, since A determines the transmitted mass. Also, DC rod voltages (VDC) must are independently controlled, as this determines the transmission and mass resolution. A home made, inexpensive and reliable set of electronics now provides these voltages under computer control, allowing computer controlled data collection, averaging and analysis. This QMS operation has now been tested, using this new electronics, and found to be very satisfactory; reliable and accurate. We have also provided for changing the QMS RF frequency between 2 and 5 MHz, where the former is best for the mass range corresponding the SixHn+ peaks with x = 1-3, and the latter allows H atoms to collected without major interference from the “zero-mass” peak. The next mass spectrometer development, based on these new capabilities, will be to study the DC and RF voltage spaces to obtain optimum ion-collection efficiency and mass resolution. 

A computer-controlled, 13.5 MHz, RF drive for the discharge has also been constructed and is working satisfactorily. This controller compares a fraction of the rectified discharge-cathode voltage to a computer-generated reference voltage, and feeds back the error signal to the of gate bias the final amplifier. Thus, the discharge RF amplitude is controlled by the computer, allowing accurate and rapid computer control of discharge conditions, and the use of transients when desired.  

As has been previously described, the radical sampling is done through a small discharge orifice, then a second orifice after a differential pumping chamber. An electron beam in this chamber ionizes some of the radicals, and a third differential pumping occurs through the ion extraction orifice. This is done to lower the mass spectrometer pressure to an acceptable value for utilizing an electron multiplier. The pressure reduction through the several chambers, used to separate background gas while transmitting radical flux and ions, was calculated as part of the system design. This has now been tested, and found to pretty well match the design values. Amongst other things, this tests internal o-ring seals and electrical feedthroughs between chambers. This result is also sensitive to turbomolecular-pump pumping speeds, and to and hydrogen gas compression-ratio and back-streaming through the turbo pumps. The rough pump pressures, as well as the pressure in the mass spectrometer chamber, met expectations and are satisfactory. 

 The silane discharge operation has now also been tested, and optical emission through small side windows has been observed but not yet spectrally diagnosed. Normal (70 eV ionizing electron energy) mass-spectrometer signals from the discharge vapors have been detected, and are of satisfactory size. This, of course, only detects the stable gases, of which silane, disilane, trisilane and hydrogen (H2) occur in silane discharges. The optical observations diagnose discharge uniformity and purity, while the stable-gas signals establish the silane depletion fraction, and thereby also the power dissipation within the discharge.

The next step in discharge diagnostics is to measure film-growth rates versus silane pressure, hydrogen pressure and discharge RF voltage. A small hole through the cathode, and a vacuum window, has been provided to allow film thickness measurements using reflection fringes in the a-Si:H film. This method, using a 780 nm laser, has been used previously and found quite effective. In essence, film thickness changes as small as ~0.01 nm can be measured, allowing also observations of the influence of starting transients, and film surface changes following changes in growth conditions. This does not provide the detailed film-surface information achievable with ellipsometry, but it is sensitive to film properties and readily shows any lack of reproducibility.  

