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ʅɸ ʆʉʅʆɺɽ ʉʊʈʋʂʊʋʈ ʂʅʉ 

HYSTERESIS IN PRESSURE TRANSDUCERS BASED ON STRUCTURES 

SILICON -ON-SAPPHIRE 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʷʚʣʝʥʠʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʜʘʚʣʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨ çʢʨʝʤʥʠʡ ʥʘ ʩʘʧʬʠʨʝè, ʦʙʩʫʞʜʝʥʳ ʤʝʪʦʜʳ ʠʭ ʫʤʝʥʴʰʝʥʠʷ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʵʬʬʝʢʪʦʚ ʦʪ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʜʘʚʣʝʥʠʷ ʠ 

ʧʨʠʙʦʨʘʭ, ʚ ʢʦʪʦʨʳʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʪʠʪʘʥʦʚʦʡ ʤʝʤʙʨʘʥʦʡ ʧʦʩʨʝʜʩʪʚʦʤ 

ʘʤʦʨʬʥʦʛʦ ʧʨʠʧʦʷ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

Annotation. Some hysteresis phenomena in pressure transducers based on structures "silicon on sapphire" 

are considered and methods of their reduction are discussed. The comparison of hysteresis effects from 

pressure and temperature in standard pressure transdusers and devices in which the sensitive element is 

connected with titanium membrane by amorphous titanium-based solder is carried out. Benefits of this 

technology are shown. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʥʟʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʜʘʚʣʝʥʠʷ, ʩʪʨʫʢʪʫʨʘ çʢʨʝʤʥʠʡ ʥʘ ʩʘʧʬʠʨʝè, ʛʠʩʪʝʨʝʟʠʩ 

ʧʝʨʚʦʛʦ ʥʘʛʨʫʞʝʥʠʷ, ʛʠʩʪʝʨʝʟʠʩ ʦʪ ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʠʩʪʝʨʝʟʠʩ, ʘʤʦʨʬʥʳʡ ʧʨʠʧʦʡ, 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʤʠʢʨʦʪʚʸʨʜʦʩʪʴ. 

Keywords:  pressure transducer, structure "Silicon-on-Sapphire" (SOS), amorphous solder, pressure 

hysteresis, temperature hysteresis, X-ray fluorescence analysis, microhardness. 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʫʩʪʨʦʡʩʪʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ, ʦʩʦʙʝʥʥʦ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ, 

ʨʷʜ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʧʨʠʩʫʱʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʪʝʥʟʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤ 

(ʊʇ) ʜʘʚʣʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʥʝʣʠʥʝʡʥʦʩʪʴ, ʩʠʣʴʥʘʷ ʠ ʥʝʣʠʥʝʡʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʯʘʣʴʥʦʛʦ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʧʦʜʜʘʶʪʩʷ 

ʩʭʝʤʥʦʡ ʢʦʨʨʝʢʮʠʠ ʠ ʥʝ ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʜʣʷ ʪʦʯʥʦʩʪʠ ʜʘʪʯʠʢʦʚ 

ʜʘʚʣʝʥʠʷ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʊʇ. ʆʜʥʘʢʦ, ʝʩʪʴ ʨʷʜ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʧʦʛʨʝʰʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʚʦʟʤʦʞʥʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ 

ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʂ ʪʘʢʠʤ ʩʦʩʪʘʚʣʷʶʱʠʤ ʦʪʥʦʩʷʪʩʷ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʊʇ ʚʦ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ 

ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʷʚʣʝʥʠʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠʩʫʱʠʝ 

ʊʇ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʷʚʣʝʥʠʷ ʥʘ 

ʧʨʠʤʝʨʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʊʇ ʥʘ ʦʩʥʦʚʝ 
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ʛʝʪʝʨʦʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ çʢʨʝʤʥʠʡ ʥʘ ʩʘʧʬʠʨʝè (ʂʅʉ) [1], ʘ ʪʘʢʞʝ 

ʦʙʩʫʞʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʠʭ ʫʤʝʥʴʰʝʥʠʷ. 

ɺ ʨʦʩʩʠʡʩʢʦʤ ʩʪʘʥʜʘʨʪʝ ʥʘ ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʚʳʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ [2] ʥʦʨʤʠʨʫʝʪʩʷ ʣʠʰʴ ʦʜʥʘ ʠʟ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʛʠʩʪʝʨʝʟʠʩʥʳʤʠ ʷʚʣʝʥʠʷʤʠ, - ʚʘʨʠʘʮʠʷ (ʨʘʟʥʦʩʪʴ ʧʦʢʘʟʘʥʠʡ ʧʨʠ ʦʜʥʦʤ ʠ 

ʪʦʤ ʞʝ ʟʥʘʯʝʥʠʠ ʠʟʤʝʨʷʝʤʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ï 

ʧʨʷʤʦʡ ʭʦʜ ï ʠ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ï ʦʙʨʘʪʥʳʡ ʭʦʜ). ɺ ʟʘʨʫʙʝʞʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʥʘʟʳʚʘʝʪʩʷ ʛʠʩʪʝʨʝʟʠʩʦʤ. ʂʘʢ ʙʫʜʝʪ ʚʠʜʥʦ ʠʟ 

ʜʘʣʴʥʝʡʰʝʛʦ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʜʝʣʠʪʴ ʚʘʨʠʘʮʠʶ ʧʨʠ ʥʘʯʘʣʴʥʦʤ (ʥʫʣʝʚʦʤ) 

ʟʥʘʯʝʥʠʠ ʠʟʤʝʨʷʝʤʦʛʦ ʜʘʚʣʝʥʠʷ: ʚʦ-ʧʝʨʚʳʭ, ʥʘʯʘʣʴʥʳʡ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʊʇ 

ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʵʪʘ ʚʝʣʠʯʠʥʘ 

ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʇʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʥʠʮʫ ʚ ʥʘʯʘʣʴʥʦʤ 

ʚʳʭʦʜʥʦʤ ʩʠʛʥʘʣʝ ʊʇ ʤʝʞʜʫ ʧʨʷʤʳʤ ʠ ʦʙʨʘʪʥʳʤ ʭʦʜʦʤ ʤʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ 

ʛʠʩʪʝʨʝʟʠʩʦʤ ʥʘʛʨʫʞʝʥʠʷ (ɻʅ). ʅʝ ʥʦʨʤʠʨʫʝʪ ʩʪʘʥʜʘʨʪ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʛʠʩʪʝʨʝʟʠʩ, ʪ.ʝ. ʨʘʟʥʦʩʪʴ ʧʦʢʘʟʘʥʠʡ ʊʇ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʦʭʣʘʞʜʝʥʠʠ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʛʠʩʪʝʨʝʟʠʩ ʧʝʨʚʦʛʦ 

ʥʘʛʨʫʞʝʥʠʷ (ɻʇʅ), ʪ.ʝ. ʨʘʟʥʠʮʘ ʚ ʥʘʯʘʣʴʥʳʭ ʩʠʛʥʘʣʘʭ ʊʇ ʧʨʠ ʧʝʨʚʦʤ ʮʠʢʣʝ 

ʥʘʛʨʫʞʝʥʠʷ [3]. ɻʆʉʊ ʧʨʝʜʧʠʩʳʚʘʝʪ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʘ ʚ ʫʩʪʨʦʡʩʪʚʦ 

ʧʦʜʘʯʠ ʜʘʚʣʝʥʠʷ ʧʝʨʝʜ ʩʥʷʪʠʝʤ ʥʘʛʨʫʟʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʜʘʚʠʪʴ 

ʧʨʠʙʦʨ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠʟʤʝʨʷʝʤʳʤ ʜʘʚʣʝʥʠʝʤ; ʚ ʨʝʟʫʣʴʪʘʪʝ ɻʇʅ 

ʠʩʢʣʶʯʘʝʪʩʷ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʊʇ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʠ ʨʝʘʣʴʥʦʤ ʠʩʧʦʣɹ ʟʦʚʘʥʠʠ 

ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ ʦʥʠ ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʩʨʘʟʫ ʧʨʠ ʧʝʨʚʦʡ ʧʦʜʘʯʝ ʜʘʚʣʝʥʠʷ, 

ʪʘʢ ʯʪʦ ʝʩʣʠ ɻʇʅ ʠʤʝʝʪ ʟʘʤʝʪʥʫʶ ʚʝʣʠʯʠʥʫ, ʪʦ ʦʥ ʚʥʦʩʠʪ ʥʝʫʯʪʸʥʥʳʡ ʚʢʣʘʜ 

ʚ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʊʇ ʦʜʥʦʤʝʤʙʨʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

[1] ʥʘ ʜʘʚʣʝʥʠʝ 4 ʄʇʘ ʩ ʤʝʤʙʨʘʥʘʤʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ (ɺʊ9, 

ɺʊ14, ɺʊ22). ʇʘʡʢʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʦʙʳʯʥʦʡ 
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ʪʝʭʥʦʣʦʛʠʠ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʠʤ ʧʨʠʧʦʝʤ ʇʉʨ72, ʘ ʪʘʢʞʝ ʘʤʦʨʬʥʳʤ 

ʧʨʠʧʦʝʤ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ ʉʊɽʄɽʊ
È
[4,5]. 

ʆʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʛʠʩʪʝʨʝʟʠʩ ʧʝʨʚʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʦʙʳʯʥʦ ʙʦʣʴʰʝ, 

ʯʝʤ ʛʠʩʪʝʨʝʟʠʩʳ ʧʦʩʣʝʜʫʶʱʠʭ ʥʘʛʨʫʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʤʝʥʷʶʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʜʘʪʯʠʢʘ ʦʩʪʘʸʪʩʷ ʧʦʩʪʦʷʥʥʦʡ 

(ʈʠʩ.1ʘ). ʆʪʩʫʪʩʪʚʠʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʛʠʩʪʝʨʝʟʠʩʦʚ ʚʪʦʨʦʛʦ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʥʘʛʨʫʞʝʥʠʡ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʦ ʩ 

ʤʠʢʨʦʫʧʨʦʯʥʝʥʠʝʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʫʞʝʥʠʷ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ɻʠʩʪʝʨʝʟʠʩʳ ʰʝʩʪʠ  ʥʘʛʨʫʞʝʥʠʡ ʊʇ ʥʦʤʠʥʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ 

ʧʨʠ 80 
0
ʉ ʧʦʩʣʝ ʚʦʟʚʨʘʪʘ ʩ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ.  


