
ɺ ʧʨʝʜʳʜʫʱʠʭ ʜʚʫʭ ʯʘʩʪʷʭ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʥʝʩʢʦʣʴʢʠʭ ʥʘʠʙʦʣʝʝ ʤʘʩʩʦʚʳʭ 

ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʄʠʢʨʦʟʝʨʢʘʣʴʥʳʝ ʤʘʪʨʠʮʳ DLP-ʧʨʦʝʢʪʦʨʦʚ, 

ʤʠʥʠʘʪʶʨʥʳʝ ʤʠʢʨʦʬʦʥʳ, ʧʝʯʘʪʘʶʱʠʝ ʛʦʣʦʚʢʠ ʩʪʨʫʡʥʳʭ ʧʨʠʥʪʝʨʦʚ ʠ ʜʘʪʯʠʢʠ ʜʚʠʞʝʥʠʷ 

ï ʫʩʪʨʦʡʩʪʚʘ ʠʥʪʝʨʝʩʥʳʝ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʚʳʯʥʳʝ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʢʫʜʘ ʙʦʣʝʝ 

ʵʢʟʦʪʠʯʝʩʢʠʝ MEMS. ʆ ʥʠʭ ʠ ʧʦʛʦʚʦʨʠʤ.  

ʅʘʯʥʝʤ ʩ ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ ʚʧʝʯʘʪʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. ʕʪʦ MEMS-ʪʨʘʥʩʧʦʨʪʝʨ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʤʘʩʩʠʚʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʨʝʩʥʠʯʝʢ. ʈʝʩʥʠʯʢʠ ʫʧʨʫʛʠʝ ʠ ʚ çʚʳʢʣʶʯʝʥʥʦʤè 

ʩʦʩʪʦʷʥʠʠ ʦʥʠ ʦʪʦʛʥʫʪʳ ʦʪ ʦʩʥʦʚʘʥʠʷ. ʏʪʦʙʳ ʧʨʠʪʷʥʫʪʴ ʠʭ ʢ ʧʦʜʣʦʞʢʝ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʞʝ 

ʟʥʘʢʦʤʳʡ ʥʘʤ ʧʦ DMD-ʯʠʧʘʤ ʤʝʪʦʜ ï ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʠʪʷʞʝʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʨʝʩʥʠʯʢʠ ʚʩʪʨʦʝʥ ʪʝʨʤʦʨʝʟʠʩʪʦʨ, ʟʘ ʩʯʝʪ ʥʘʛʨʝʚʘ ʠʟʤʝʥʷʶʱʠʡ ʫʧʨʫʛʦʩʪʴ ʨʝʩʥʠʯʢʠ.  

ʂʘʢ ʠ ʚ ʤʠʢʨʦʟʝʨʢʘʣʴʥʳʭ ʤʘʪʨʠʮʘʭ, ʢʘʞʜʳʡ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʪʦʣʴʢʦ 

ʜʚʘ ʧʦʣʦʞʝʥʠʷ ï ʚʝʨʭʥʝʝ ʠ ʥʠʞʥʝʝ, ʚʢʣʶʯʝʥʦ/ʚʳʢʣʶʯʝʥʦ ï ʥʦ ʵʪʦʛʦ, ʦʢʘʟʳʚʘʝʪʩʷ, ʚʧʦʣʥʝ 

ʭʚʘʪʘʝʪ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʝʜʤʝʪʦʚ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʩʩʠʚʘ.  

 

ʂʨʫʧʥʳʡ ʧʣʘʥ ʦʜʥʦʡ ʷʯʝʡʢʠ MEMS-ʪʨʘʥʩʧʦʨʪʝʨʘ. ʈʘʟʨʘʙʦʪʢʘ ʣʘʙʦʨʘʪʦʨʠʠ MEMS 

ɺʘʰʠʥʛʪʦʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ  



 

ʈʝʩʥʠʯʢʘ MEMS-ʪʨʘʥʩʧʦʨʪʝʨʘ ʚ ʨʘʟʨʝʟʝ  

ʊʨʘʥʩʧʦʨʪʝʨ ʤʦʞʥʦ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʜʦʣʴ ʦʩʠ 

ʤʘʩʩʠʚʘ. ʄʦʞʥʦ ʧʝʨʝʤʝʱʘʪʴ ʧʨʝʜʤʝʪ ʧʦʜ ʣʶʙʳʤ ʫʛʣʦʤ, ʝʛʦ ʤʦʞʥʦ ʜʘʞʝ ʚʨʘʱʘʪʴ ï 

ʥʝʦʙʭʦʜʠʤʦ ʣʠʰʴ ʧʨʘʚʠʣʴʥʦ ʩʦʩʪʘʚʠʪʴ ʧʨʦʛʨʘʤʤʫ.  

 

ʈʝʩʥʠʯʢʦʚʳʡ MEMS-ʪʨʘʥʩʧʦʨʪʝʨ: ʧʨʠʤʝʨʥʘʷ ʩʭʝʤʘ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʨʝʜʤʝʪʘ  
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MEMS-ʪʨʘʥʩʧʦʨʪʝʨ ʧʝʨʝʤʝʱʘʝʪ MEMS-ʘʢʩʝʣʝʨʦʤʝʪʨ  

ʏʪʦ ʣʶʙʦʧʳʪʥʦ, ʵʪʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚʘʨʠʘʥʪ MEMS-ʪʨʘʥʩʧʦʨʪʝʨʘ. ʅʘʧʨʠʤʝʨ, ʚ 

ʊʦʢʠʡʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʭʦʞʝʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʚʩʝʤ 

ʜʨʫʛʦʡ ʤʝʪʦʜ: ʧʝʨʝʤʝʱʝʥʠʝ ʤʠʢʨʦʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʙʝʩʢʦʥʪʘʢʪʥʳʡ ï ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʝʤʝʱʘʝʤʦʛʦ 

ʦʙʲʝʢʪʘ.  



ɸ ʨʘʙʦʪʘʝʪ ʵʪʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʩʦʟʜʘʝʪʩʷ ʤʘʩʩʠʚ ʜʶʟ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 

ʟʘʢʨʳʚʘʝʪʩʷ ʩʥʠʟʫ ʫʧʨʘʚʣʷʝʤʦʡ ʟʘʛʣʫʰʢʦʡ. ɿʘ ʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʠʪʷʞʝʥʠʷ 

ʟʘʛʣʫʰʢʘ ʤʦʞʝʪ ʩʜʚʠʛʘʪʴʩʷ ʚ ʦʜʥʫ ʠʣʠ ʜʨʫʛʫʶ ʩʪʦʨʦʥʫ. ʇʦʪʦʢ ʚʦʟʜʫʭʘ ʧʨʠ ʵʪʦʤ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʧʝʨʝʤʝʱʘʝʤʳʡ ʦʙʲʝʢʪ ʧʦʜ ʫʛʣʦʤ ï ʠ çʩʜʫʚʘʝʪè ʝʛʦ ʚ ʥʫʞʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ.  

 

ʇʦʩʢʦʣʴʢʫ ʜʶʟʳ ʚ ʜʘʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʝʨʘ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʚ ʜʚʫʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ï çʚʧʨʘʚʦè ʠ çʚʣʝʚʦè ï ʤʘʩʩʠʚ ʩʦʟʜʘʝʪʩʷ ʜʚʦʡʥʦʡ: ʦʜʥʘ ʯʘʩʪʴ ʷʯʝʝʢ 

ʧʝʨʝʤʝʱʘʝʪ ʦʙʲʝʢʪ çʚʧʨʘʚʦ-ʚʣʝʚʦè, ʘ ʜʨʫʛʘʷ ʯʘʩʪʴ ï çʚʚʝʨʭ-ʚʥʠʟè. ʆʩʪʘʝʪʩʷ ʪʦʣʴʢʦ 

ʥʘʧʠʩʘʪʴ ʧʨʘʚʠʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ ï ʠ, ʪʦʯʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʩ ʨʝʩʥʠʯʢʦʚʳʤ ʪʨʘʥʩʧʦʨʪʝʨʦʤ, 

ʧʨʝʜʤʝʪʳ ʤʦʞʥʦ ʧʝʨʝʤʝʱʘʪʴ ʧʦ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ.  
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ʌʦʪʦ ʦʜʥʦʡ ʜʶʟʳ MEMS-ʪʨʘʥʩʧʦʨʪʝʨʘ ʢʨʫʧʥʳʤ ʧʣʘʥʦʤ. ʉʣʝʚʘ ʠʟʦʙʨʘʞʝʥʘ ʨʘʙʦʯʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʝʨʘ, ʩʧʨʘʚʘ ï ʤʝʭʘʥʠʟʤ, ʩʧʨʷʪʘʥʥʳʡ ʧʦʜ ʥʝʶ  

 

ʄʘʩʩʠʚ ʜʶʟ MEMS-ʪʨʘʥʩʧʦʨʪʝʨʘ  

ʊʝ ʞʝ ʧʨʠʥʮʠʧʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʚʳʚʝʨʥʫʚ ʥʘʠʟʥʘʥʢʫ. ɺʤʝʩʪʦ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʲʝʢʪʘ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʩʩʠʚʘ ʘʢʪʫʘʪʦʨʦʚ, ʤʦʞʥʦ ʩʥʘʙʜʠʪʴ ʪʘʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩʘʤ ʦʙʲʝʢʪ, 

ʫʩʪʘʥʦʚʠʚ ʘʢʪʫʘʪʦʨʳ ʥʘ ʝʛʦ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʘʚʜʘ, ʧʦʢʘ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʨʝʰʠʪʴ 

ʚʦʧʨʦʩʳ ʩ ʧʠʪʘʥʠʝʤ ʠ ʤʘʩʩʦʡ ʪʘʢʠʭ çʩʘʤʦʜʚʠʞʫʱʠʭʩʷ MEMSè.  
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çʍʦʜʷʯʠʡ ʯʠʧè. ɼʚʝ ʧʣʦʱʘʜʢʠ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ï ʤʘʩʩʠʚʳ ʨʝʩʥʠʯʢʦʚʳʭ ʘʢʪʫʘʪʦʨʦʚ. ʏʠʧ 

ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴ ʛʨʫʟ ʤʘʩʩʦʡ ʚ 7 ʨʘʟ ʙʦʣʴʰʝ ʩʦʙʩʪʚʝʥʥʦʡ  

ʈʘʟ ʫʞ ʟʘʰʣʘ ʨʝʯʴ ʦ ʧʦʪʦʢʘʭ ʠ ʵʥʝʨʛʠʠ, ʥʝʣʴʟʷ ʥʝ ʫʧʦʤʷʥʫʪʴ ʠ ʨʘʟʨʘʙʦʪʢʫ 

ʄʘʩʩʘʯʫʩʝʪʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ï MEMS-ʪʫʨʙʠʥʫ. ɺʧʦʣʥʝ ʪʠʧʠʯʥʘʷ 

ʪʫʨʙʠʥʘ, ʥʦ ʦʯʝʥʴ, ʦʯʝʥʴ ʤʘʣʝʥʴʢʘʷ. ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʳ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʣʠʪʠʡ-ʧʦʣʠʤʝʨʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ï ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʪʝʭ 

ʧʨʠʣʦʞʝʥʠʡ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʜʦʩʪʠʯʴ ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʥʘ ʢʠʣʦʛʨʘʤʤ.  

 

ʆʜʠʥ ʠʟ ʨʘʥʥʠʭ ʦʙʨʘʟʮʦʚ ʤʠʢʨʦʪʫʨʙʠʥʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʄʘʩʩʘʯʫʩʝʪʩʢʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ  

ʉʢʘʞʝʤ, ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʦʫʪʙʫʢʘʭ, 

ʭʘʨʘʢʪʝʨʥʳ ʧʦʢʘʟʘʪʝʣʠ ʧʦʨʷʜʢʘ 200 ɺʪ*ʯ/ʢʛ. ɺ MIT ʫʞʝ ʢ 2007 ʛʦʜʫ ʜʦʣʞʥʳ ʙʳʣʠ ʜʦʚʝʩʪʠ 

ʧʦʢʘʟʘʪʝʣʴ ʜʦ 500-700 ɺʪ*ʯ/ʢʛ, ʘ ʚ ʧʝʨʩʧʝʢʪʠʢʝ ʩʦʙʠʨʘʶʪʩʷ ʟʘʤʘʭʥʫʪʴʩʷ ʥʘ 1200-1500 

ɺʪ*ʯ/ʢʛ. ʏʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʣʶʙʳʝ ʨʘʟʫʤʥʳʝ ʧʨʦʛʥʦʟʳ ʧʦ ʨʘʟʚʠʪʠʶ 

ʪʨʘʜʠʮʠʦʥʥʦʡ Li-Ion ʪʝʭʥʦʣʦʛʠʠ.  
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ʂʘʢ ʠ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ MEMS, ʧʨʠʥʮʠʧ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ: 

ʚʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʝʚʨʘʱʘʪʴ ʜʘʚʣʝʥʠʝ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʤʦʞʥʦ ʧʦʩʪʫʧʠʪʴ ʥʘʦʙʦʨʦʪ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʠʟ ʤʠʢʨʦʪʫʨʙʠʥʳ ʧʦʩʣʝ çʦʙʨʘʙʦʪʢʠ ʥʘʧʠʣʴʥʠʢʦʤè ʧʦʣʫʯʘʝʪʩʷ ʤʠʢʨʦʥʘʩʦʩ.  
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ʉʣʦʞʥʦ ʩʝʙʝ ʧʨʝʜʩʪʘʚʠʪʴ, ʯʪʦʙʳ ʢʪʦ-ʪʦ ʨʝʰʠʣ ʦʪ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʥʝʨʛʦʛʝʥʝʨʘʪʦʨʘ ï 

ʪʫʨʙʠʥʳ ï ʜʚʠʛʘʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ʧʨʦʰʣʦʛʦ. ʀ ʚʩʝ ʞʝ ʪʘʢʠʝ ʥʘʰʣʠʩʴ ʠ ʥʘʰʣʠʩʴ ʦʥʠ ʚ 

ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʨʝʩʥʦʤ ʤʝʩʪʝ. ɺ ʘʤʝʨʠʢʘʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ Sandia, 

ʦʩʥʦʚʥʦʡ ʧʨʦʬʠʣʴ ʢʦʪʦʨʦʡ ð ʨʘʙʦʪʘ ʥʘʜ ʷʜʝʨʥʳʤ ʦʨʫʞʠʝʤ ʠ ʧʨʦʯʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʨʦʝʢʪʘʤʠ, ʢʘʩʘʶʱʠʤʠʩʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʉʐɸ. ɺʳʨʦʩʣʘ ʵʪʘ ʣʘʙʦʨʘʪʦʨʠʷ ʠʟ 

ʧʨʦʝʢʪʘ ʄʘʥʭʵʪʪʝʥ, ʝʩʣʠ ʚʳ ʧʦʥʠʤʘʝʪʝ, ʦ ʯʝʤ ʨʝʯʴ.  

ʉʦʪʨʫʜʥʠʢʠ Sandia ʩʦʟʜʘʣʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʧʘʨʦʚʦʡ ʜʚʠʛʘʪʝʣʴ. ɸ ʚʝʨʥʝʝ, ʜʘʞʝ ʮʝʣʳʭ 

ʜʚʘ: ʦʜʥʦʮʠʣʠʥʜʨʦʚʳʡ ʠ ʪʨʝʭʮʠʣʠʥʜʨʦʚʳʡ. ʉʣʦʞʥʦ ʩʢʘʟʘʪʴ, ʢʘʢʠʝ ʮʝʣʠ ʦʥʠ ʧʨʝʩʣʝʜʦʚʘʣʠ 

ʥʘ ʩʘʤʦʤ ʜʝʣʝ ï ʥʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʫʯʝʥʳʝ ʠ ʩʘʤʠ ʜʦ ʢʦʥʮʘ ʵʪʦ ʟʥʘʣʠ. ʆʜʥʘʢʦ ʧʦʣʫʯʠʣʦʩʴ 

ʚʝʩʴʤʘ ʵʢʩʪʨʘʚʘʛʘʥʪʥʦ. ʅʫ ʠ ʧʦʪʦʤ ï ʢʘʢ ʥʠ ʢʨʫʪʠ, ʵʪʦ ʩʘʤʳʡ ʤʠʥʠʘʪʶʨʥʳʡ ʧʘʨʦʚʦʡ 

ʜʚʠʛʘʪʝʣʴ ʚ ʤʠʨʝ!  



 

ʉʘʤʳʡ ʤʘʣʝʥʴʢʠʡ ʚ ʤʠʨʝ ʧʘʨʦʚʦʡ ʜʚʠʛʘʪʝʣʴ: ʪʨʝʭʮʠʣʠʥʜʨʦʚʘʷ ʚʝʨʩʠʷ  

ɺʦʦʙʱʝ, ʚ Sandia ʦʯʝʥʴ ʣʶʙʷʪ MEMS. ʀ ʥʘ ʫʜʠʚʣʝʥʠʝ ʦʭʦʪʥʦ ï ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʘʰʠʭ 

çʦʙʦʨʦʥʱʠʢʦʚè, ʢʦʪʦʨʳʝ ʠ ʧʦʥʳʥʝ ʥʝ ʩʧʝʰʘʪ ʚʳʛʣʷʜʳʚʘʪʴ ʠʟ ʩʚʦʠʭ çʷʱʠʢʦʚè ï ʜʝʣʷʪʩʷ 

ʩʚʦʠʤʠ ʨʘʟʨʘʙʦʪʢʘʤʠ ʠ ʢʦʥʮʝʧʪʘʤʠ ʩ ʦʙʱʝʩʪʚʝʥʥʦʩʪʴʶ. ɺ Sandia ʫʩʧʝʣʠ ʨʘʟʨʘʙʦʪʘʪʴ 

ʤʘʩʩʫ ʵʣʝʤʝʥʪʦʚ, ʩʢʣʘʜʳʚʘʶʱʠʭʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʝ MEMS-ʫʩʪʦʨʡʩʪʚʘ. ɺʦʟʴʤʝʤ, ʢ 

ʧʨʠʤʝʨʫ, ʦʧʪʠʯʝʩʢʠʡ ʟʘʪʚʦʨ.  
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ʆʧʪʠʯʝʩʢʠʡ ʟʘʪʚʦʨ ʨʘʟʨʘʙʦʪʢʠ Sandia  

ʋʩʪʨʦʡʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʯʘʩʪʝʡ: ʩʘʤʦʛʦ ʟʘʪʚʦʨʘ (ʙʦʣʴʰʦʝ ʢʦʣʝʩʠʢʦ ʥʘ ʬʦʪʦʛʨʘʬʠʠ), 

ʤʠʢʨʦʜʚʠʛʘʪʝʣʷ ʠ ʪʨʘʥʩʤʠʩʩʠʠ. ɼʚʠʛʘʪʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʨʫʛ ʢ ʜʨʫʛʫ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʘʢʪʫʘʪʦʨʦʚ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʤʦʞʝʪ 

ʜʚʠʛʘʪʴ ʰʝʩʪʝʨʝʥʢʫ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ: ʚʧʝʨʝʜ ʠ ʥʘʟʘʜ. ʉʦʚʤʝʩʪʥʳʤʠ ʫʩʠʣʠʷʤʠ 

ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʚʫʤʝʨʥʦʝ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ʕʪʦ ʜʚʠʞʝʥʠʝ ʩ ʧʦʤʦʱʴʶ 

ʤʘʣʝʥʴʢʦʡ ʰʝʩʪʝʨʝʥʢʠ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʙʦʣʴʰʫʶ, ʦʢʘʥʪʦʚʳʚʘʶʱʫʶ ʟʘʪʚʦʨ.  



 

ʄʠʥʠʘʪʶʨʥʘʷ ʰʝʩʪʝʨʝʥʢʘ ʧʝʨʝʜʘʝʪ ʜʚʠʞʝʥʠʝ ʥʘ ʟʘʪʚʦʨ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʦʥ ʤʦʞʝʪ 

ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ï ʩ ʚʝʩʴʤʘ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ  



 

ʕʣʝʤʝʥʪ ʜʨʫʛʦʡ ʩʠʩʪʝʤʳ, ʥʦ ʧʨʠʥʮʠʧ ʪʦʪ ʞʝ. ʏʪʦʙʳ ʙʦʣʴʰʦʝ ʢʦʣʝʩʠʢʦ ʥʝ ʤʝʥʷʣʦ ʧʨʠ 

ʚʨʘʱʝʥʠʠ ʫʛʦʣ ʥʘʢʣʦʥʘ, ʝʛʦ ʫʜʝʨʞʠʚʘʶʪ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʥʘʧʨʘʚʣʷʶʱʠʝ  



 

ʕʪʦ ʩʦʧʨʷʞʝʥʠʝ ʧʝʨʝʚʦʜʠʪ ʜʚʠʞʝʥʠʷ ʘʢʪʫʘʪʦʨʦʚ ʚʦ ʚʨʘʱʝʥʠʝ ʰʝʩʪʝʨʝʥʢʠ  

 



ʈʘʙʦʯʘʷ ʯʘʩʪʴ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʘʢʪʫʘʪʦʨʘ. ʈʘʙʦʪʘʝʪ ʪʘʢ ʞʝ, ʢʘʢ ʘʢʩʝʣʝʨʦʤʝʪʨ, 

ʪʦʣʴʢʦ ʨʦʚʥʦ ʥʘʦʙʦʨʦʪ ï ʚ MEMS ʦʯʝʥʴ ʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚ, ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ 

ʟʝʨʢʘʣʴʥʳ  

ʅʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʫʩʪʨʦʡʩʪʚʦ: ʤʠʢʨʦʟʝʨʢʘʣʦ ʩ ʧʣʘʚʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʫʛʣʘ ʥʘʢʣʦʥʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʚʠʛʘʪʝʣʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʩʝ ʪʝ ʞʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʘʢʪʫʘʪʦʨʳ. ɸ ʚʦʪ 

ʪʨʘʥʩʤʠʩʩʠʷ ʧʦʭʠʪʨʝʝ: ʜʚʠʞʝʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʰʝʩʪʝʨʝʥʢʠ ʥʘ ʟʫʙʯʘʪʫʶ ʨʝʡʢʫ, 

ʢʦʪʦʨʘʷ ʧʝʨʝʚʦʜʠʪ ʚʨʘʱʝʥʠʝ ʚ ʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ. ɿʘ ʩʯʝʪ ʯʝʛʦ ʠ ʤʝʥʷʝʪ ʥʘʢʣʦʥ ʟʝʨʢʣʘ.  

 

ʄʠʢʨʦʟʝʨʢʘʣʦ ʩ ʠʟʤʝʥʷʝʤʳʤ ʫʛʣʦʤ ʥʘʢʣʦʥʘ  



 

ʊʦ ʞʝ ʩʘʤʦʝ ʤʠʢʨʦʟʝʨʢʘʣʦ, ʩʥʷʪʦʝ ʧʦʜ ʜʨʫʛʠʤ ʫʛʣʦʤ ʠ ʩ ʙʦʣʴʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ  

 



ʂʨʫʧʥʳʡ ʧʣʘʥ ʪʨʘʥʩʤʠʩʩʠʠ ʠ ʨʝʡʢʠ  

ɺ ʵʪʦ ʥʝʧʨʦʩʪʦ ʧʦʚʝʨʠʪʴ, ʥʦ ʚ ʘʨʩʝʥʘʣʝ Sandia ʝʩʪʴ ʠ ʝʱʝ ʙʦʣʝʝ ʟʘʤʳʩʣʦʚʘʪʳʝ ʫʩʪʨʦʡʩʪʚʘ. 

ʅʘʧʨʠʤʝʨ, ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʜʠʥʘʤʦʤʝʪʨ. ʀʣʠ ʧʨʷʤʦ-ʪʘʢʠ ʶʚʝʣʠʨʥʦʡ ʨʘʙʦʪʳ ʭʨʘʧʦʚʦʡ 

ʤʝʭʘʥʠʟʤ. ʀʣʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʥʜʝʢʩʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ. ʀʣʠ ʥʝʠʤʦʚʝʨʥʦ 

ʟʘʤʳʩʣʦʚʘʪʦʝ ʚʨʘʱʘʶʱʝʝ ʤʠʢʨʦʟʝʨʢʘʣʦé  

 

ʄʠʢʨʦʜʠʥʘʤʦʤʝʪʨ  



 

ʄʠʢʨʦʭʨʘʧʦʚʠʢ  



 

ʀʥʜʝʢʩʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ  


