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Three-Electrode Electrorefining
for Ultrapure Solar-Grade Si
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The current industrial processes, the Siemens and
fluidized-bed  processes, to produce ultrapure
polycrystalline Si employ SiHGI for purification by
distillation, with extreme high energy cost up to
~200kWh/kg [1]. Electrorefining was proposed as a
much more energy-efficient alternative to ultrap8rg2].
After almost 50 years and at least a dozen studies
worldwide, electrorefining has yet to achieve theity
required for solar-grade Si, which is >99.9999%heT
overwhelming majority of these studies employed-a 2
electrode electrochemical cell to purify Si. Weamstly
pointed out that the thermodynamics of the 2-ebefer
cell prevents any purification and a 3-electrodd ==
required to achieve a ultrahigh purity [3].

In this paper, we report our preliminary experinaént
results on Si electrorefining using a 3-electrodghh
temperature and high-vacuum electrochemical cé&he
applied voltage, type of salt and deposition terapee
were studied for their effect on impurity concetitnas in
the deposited Si. Cyclic voltammetry measuremesss w
performed to determine the applied voltage. The
electrode weight difference before and after
electrorefining was measured by a high-resolution
electronic balance. Secondary ion mass spectrgseap
carried out to determine impurity concentrationstlie
deposited Si on the cathode.

Figure 1 shows the cyclic voltammetry of our Si
electrorefining bath. Si is oxidized to*Sions when a
positive voltage is applied on it. “Sor more complex Si
ions in the molten salt are reduced on the cathddze a
negative voltage is applied. Figure 2 shows thguirity
concentrations in a Si film deposited on the counte
electrode when 0.9 V is applied on the working tetate.
Figure 3 shows the impurity concentrations in dil&i
deposited on the working electrode when -0.8 V is
applied on it. Clearly the applied voltage hasritical
effect on impurity concentration, and a positivdtage
on the working electrode significantly reduces
concentrations of all impurities. Controlling theplied
voltage on the working electrode can only be aadew
a 3-electrode cell. Contamination also plays ticatirole
in the final impurity concentration (data not shgwiihe
weight difference between working electrode andnbeu
electrode is small (data not shown), indicatingikely
reversible reaction for Si in electrorefining.
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Figure 1. Cyclic voltammetry in a LiCl molten salith
Si electrodes.
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Figure 2. Impurity concentrations in deposited i b
SIMS at applied voltage of 0.9 V on working eled&o
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Figure 3. Impurity concentrations in deposited 5i b
SIMS at applied voltage of —0.8 V on working eledt.
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