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ʋɼʂ 621.3.049.77 
 
ʉʪʨʦʛʦʥʦʚ ɸ.ɺ. ʉʠʩʪʝʤʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ 

ʣʦʛʠʯʝʩʢʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ: ʫʯʝʙ. ʧʦʩʦʙʠʝ / A.B. ʉʪʨʦʛʦʥʦʚ. 
ɺʦʨʦʥʝʞ: ʌɻɹʆʋ ɺʇʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 
ʫʥʠʚʝʨʩʠʪʝʪè, 2012. 322 ʩ. 

 
 ɺ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʠ 
ʩʪʨʫʢʪʫʨʳ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʇʃʀʉ, ʪʨʝʭʤʝʨʥʳʝ ɹʀʉ. ɼʘʶʪʩʷ 
ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʇʃʀʉ ʢʘʢ ʥʘ ʩʠʩʪʝʤʥʦʤ 
ʫʨʦʚʥʝ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʴʥʦ-ʠʤʠʪʘʮʠʦʥʥʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʠ ʜʠʩʢʨʝʪʥʳʭ ʩʠʩʪʝʤ Matlab/Simulink, ʪʘʢ ʠ 
ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʛʦ 
ʷʟʳʢʘ ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʫʨʥʳʭ ʩʨʝʜʩʪʚ VHDL ʚ ʉɸʇʈ ʇʃʀʉ Quartus II  
ʢʦʤʧʘʥʠʠ Altera. ʋʜʝʣʝʥʦ ʚʥʠʤʘʥʠʝ ʚʦʧʨʦʩʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 
ʚ ʙʘʟʠʩʝ ʇʃʀʉ. 

ʀʟʜʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʌʝʜʝʨʘʣʴʥʦʛʦ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʚʳʩʰʝʛʦ 
ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ 
ʙʘʢʘʣʘʚʨʦʚ 210100 çʕʣʝʢʪʨʦʥʠʢʘ ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʘè, ʧʨʦʬʠʣʶ 
çʄʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ ʠ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʵʣʝʢʪʨʦʥʠʢʘè, ʜʠʩʮʠʧʣʠʥʘʤ 
çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ɹʀʉè, çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʇʃʀʉè, çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ 
ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʙʘʟʠʩʝ ʇʃʀʉè. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʧʦʜʛʦʪʦʚʣʝʥʦ ʚ 
ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ ʚ ʪʝʢʩʪʦʚʦʤ ʨʝʜʘʢʪʦʨʝ MS Word for Windows ʠ 
ʩʦʜʝʨʞʠʪʩʷ ʚ ʬʘʡʣʝ ʉʠʩʪ ʧʨʦʝʢʪʠʨ ʇʃʀʉ.doc. 
 

ʊʘʙʣ. 14. ʀʣ. 155. ɹʠʙʣʠʦʛʨ.: 21 ʥʘʟʚ. 
 

ʅʘʫʯʥʳʡ ʨʝʜʘʢʪʦʨ ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ. ʉ.ʀ. ʈʝʤʙʝʟʘ 
 

ʈʝʮʝʥʟʝʥʪʳ:  ʢʘʬʝʜʨʘ ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ  
                       ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ  
                       ʫʥʠʚʝʨʩʠʪʝʪʘ (ʟʘʚ. ʢʘʬʝʜʨʦʡ ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ,  
                       ʧʨʦʬ. ɽ.ʅ. ɹʦʨʤʦʥʪʦʚ); 

      ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. ʄ.ʀ. ɻʦʨʣʦʚ 
 
                                     É Cʪʨʦʛʦʥʦʚ ɸ.ɺ., 2012 
                                     É ʆʬʦʨʤʣʝʥʠʝ. ʌɻɹʆʋ ɺʇʆ çɺʦʨʦʥʝʞʩʢʠʡ  
                                     ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 2012 
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ɺɺɽɼɽʅʀɽ 
 

 ʇʃʀʉ ï ʮʠʬʨʦʚʳʝ ɹʀʉ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʠʥʪʝʛʨʘʮʠʠ, 

ʠʤʝʶʱʠʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʫʶ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚʥʫʪʨʝʥʥʶʶ 

ʩʪʨʫʢʪʫʨʫ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ 

ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʇʃʀʉ ʠ ʉɸʇʈ ʧʦʟʚʦʣʷʝʪ 

ʚ ʩʞʘʪʳʝ ʩʨʦʢʠ ʩʦʟʜʘʚʘʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʩʠʩʪʝʤʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʞʝʩʪʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ, ʥʘʜʝʞʥʦʩʪʠ, ʤʘʩʩʦ-

ʛʘʙʘʨʠʪʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʩʪʦʠʤʦʩʪʠ.  

ʇʃʀʉ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʪʝʨʬʝʡʩʥʳʭ 

ʩʭʝʤ, ʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʤʝʥʘ 

ʠ ʩʪʳʢʦʚʢʠ ʨʘʟʣʠʯʥʳʭ ʀʉ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚʚʦʜʘ-

ʚʳʚʦʜʘ. ɺ ʙʘʟʠʩʝ ʇʃʀʉ ʤʦʛʫʪ ʙʳʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ 

ʣʦʛʠʯʝʩʢʠʝ ʙʣʦʢʠ ʠ ʩʠʩʪʝʤʳ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʢʦʜʦʚ, 

ʧʝʨʠʬʝʨʠʡʥʳʝ ʢʦʥʪʨʦʣʣʝʨʳ, ʤʠʢʨʦʧʨʦʛʨʘʤʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʫʧʨʘʚʣʝʥʠʷ, ʢʦʥʝʯʥʳʝ ʘʚʪʦʤʘʪʳ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʪʠʧʘ ʫʤʥʦʞʠʪʝʣʝʡ, 

ʥʝʙʦʣʴʰʠʭ ʧʨʦʮʝʩʩʦʨʦʚ (ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ ʷʜʨʘ), 

ʧʨʦʮʝʩʩʦʨʦʚ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʠ ʜʨ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʢʘʜʝʤʠʯʝʩʢʠʝ ʠ 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʝ ʇʃʀʉ ʩ ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ 

ʩʪʨʫʢʪʫʨʘʤʠ ʤʝʞʩʦʝʜʠʥʝʥʠʡ, ʪʝʭʥʦʣʦʛʠʠ ʩʦʝʜʠʥʝʥʠʡ 

ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʨʦʛʨʘʤʤʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʇʃʀʉ. ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ 

ʪʨʝʭʤʝʨʥʳʝ ɹʀʉ ʠ ʩʪʝʢʦʚʳʝ 3D ɹʀʉ. ʆʩʚʝʱʝʥʳ ʚʦʧʨʦʩʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ɹʀʉ ʧʦ ʩʫʙʤʠʢʨʦʥʥʳʤ 

ʧʨʦʝʢʪʥʳʤ ʥʦʨʤʘʤ. ʇʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʇʃʀʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʝʡʰʠʭ ʜʦʩʪʠʞʝʥʠʡ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ: ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʚ ʢʘʯʝʩʪʚʝ 
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ʨʝʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʧʘʤʷʪʠ ʠ ʤʝʤʨʠʩʪʦʨʥʳʝ ʩʪʨʫʢʪʫʨʳ 

(ʥʘʥʦʢʦʤʤʫʪʘʪʦʨʳ).  

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʨʘʟʨʘʙʦʪʢʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ ʩ ʦʜʥʦʫʨʦʚʥʝʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ ʉɸʇʈ Quartus II  ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʩʦʝʜʠʥʝʥʠʡ multi-driver ʠ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 

ʩʦʝʜʠʥʝʥʠʡ single-driver ʚ ʩʠʩʪʝʤʝ ʚʠʟʫʘʣʴʥʦ-ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ Matlab/Simulink.  

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʷʜʝʨ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ 

ʙʘʟʠʩʝ ʇʃʀʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʴʥʦ-

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Matlab/Simulink c 

ʧʨʠʣʦʞʝʥʠʷʤʠ StateFlow ʠ Simulink HDL Coder. 

ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ ʷʜʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʚʠʜʝ ʩʣʦʞʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʚ ʙʘʟʠʩʝ ʇʃʀʉ, ʧʦʟʚʦʣʷʶʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʫʶ ʢʦʥʮʝʧʮʠʶ ñʩʠʩʪʝʤʘ ʥʘ ʢʨʠʩʪʘʣʣʝò. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʘʙʩʪʨʘʢʮʠʠ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɹʀʉ ʠ ʩʣʦʞʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʚ 

ʚʠʜʝ ʛʦʪʦʚʳʭ ʤʦʜʫʣʝʡ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʝ ʠʟʜʝʣʠʷ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ. 
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1. ʎʀʌʈʆɺʓɽ ɹʀʉ 

 

1.1. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ɹʀʉ 

 

ʊʝʨʤʠʥ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ (ʀʉ) 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ (Application Specific Integrated 

Circuits (ASIC)) ʦʭʚʘʪʳʚʘʝʪ, ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʬʠʨʤʳ Altera, 

ʜʚʝ ʧʨʠʚʝʜʸʥʥʳʝ ʥʠʞʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

ɿʘʢʘʟʥʦʡ ɹʀʉ (Full Custom Large Integrated Circuits) 

ʥʘʟʳʚʘʶʪ ʦʜʥʦʢʨʠʩʪʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʨʦʝʢʪʠʨʫʶʪ 

ʧʦʣʥʦʩʪʴʶ ñʩ ʧʫʩʪʦʛʦ ʤʝʩʪʘò - ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʙʘʟʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʣʦʝʚ, ʩʧʝʮʠʘʣʴʥʦ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʢʨʦʙʣʦʢʦʚ. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ: ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʝʜʠʥʳʝ ʤʘʩʢʠ ʜʣʷ 

ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʣʦʝʚ. 

ʇʦʣʫʟʘʢʘʟʥʳʝ ʤʘʪʨʠʯʥʳʝ ɹʀʉ ʧʨʦʝʢʪʠʨʫʶʪ ʥʘ ʦʩʥʦʚʝ 

ɹʄʂ - ʙʘʟʦʚʳʭ ʤʘʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (Standart Cells ï 

ʩʪʘʥʜʘʨʪʥʳʝ ʷʯʝʡʢʠ ʠ Gate Arrays ï ʚʝʥʪʠʣʴʥʳʝ ʤʘʪʨʠʮʳ). 

ʃʦʛʠʢʘ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʤʘʪʨʠʯʥʳʭ ɹʀʉ ʜʝʣʘʝʪ ʠʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʤʠ ʪʦʣʴʢʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʩʠʩʪʝʤʘʤʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ) ʠ ʧʨʠ ʫʩʣʦʚʠʠ, 

ʯʪʦ ʧʦʣʥʳʡ ʮʠʢʣ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʥʘ ʩʪʦʣʝ 

ʨʘʟʨʘʙʦʪʯʠʢʘ ʙʝʟ ʠʪʝʨʘʮʠʡ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ 

ʵʪʦʛʦ ʉɸʇʈ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʩʠʩʪʝʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʳʩʦʢʦʡ ʘʜʝʢʚʘʪʥʦʩʪʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʙʳʣʦ ʙʳ 

ʨʝʰʠʪʴ ʚʩʝ ʧʨʦʙʣʝʤʳ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ ʜʦ 

ʪʦʛʦ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʧʝʨʝʜʘʥ ʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʣʠʥʠʶ.  

ɺ ʤʠʨʝ ʠʥʪʝʨʝʩ ʢ ASIC ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ, ʠ ʛʦʜ ʦʪ ʛʦʜʘ 

ʦʥ ʧʨʦʜʦʣʞʘʝʪ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʠ. ʆʪʤʝʯʝʥʦ ʘʢʪʠʚʥʦʝ ʩʤʝʱʝʥʠʝ 

ñʮʝʥʪʨʘ ʪʷʞʝʩʪʠò ASIC ʚ ʩʪʦʨʦʥʫ ʠʟʜʝʣʠʡ ʩʠʩʪʝʤʥʦʛʦ ʫʨʦʚʥʷ 

ʠʥʪʝʛʨʘʮʠʠ, ʢʦʛʜʘ ʚ ʢʨʠʩʪʘʣʣ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʩʪʘʥʜʘʨʪʥʦʝ 

ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʷʜʨʦ ʤʘʩʩʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 
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(ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʜʨʘʡʚʝʨ ɾʂʀ, ʧʝʨʠʬʝʨʠʡʥʳʝ 

ʢʦʥʪʨʦʣʣʝʨʳ, ʤʘʩʩʠʚʳ ʧʘʤʷʪʠ ʠ ʪ. ʜ.). 

ɺʳʧʫʩʢʘʝʤʳʝ ASIC ʬʠʨʤʳ Epson ʩʦʜʝʨʞʘʪ ʥʘ 

ʢʨʠʩʪʘʣʣʝ ʙʦʣʝʝ 2 ʤʣʥ ʚʝʥʪʠʣʝʡ. ʇʨʠ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʙʘʟʦʚʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʝʨʚʦʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ 0.25-

ʤʢʤ ʂʄʆʇ-ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʩʭʝʤ ʩ 6 

ʩʣʦʷʤʠ ʤʝʪʘʣʣʠʟʘʮʠʠ. ʌʠʨʤʘ ʠʩʧʦʣʴʟʫʝʪ ʚ ʩʚʦʠʭ ASIC 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʟʘʧʦʤʠʥʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ (ɿʋ), ʩʪʘʪʠʯʝʩʢʠʝ ɿʋ 

(6-ʪʨʘʥʟʠʩʪʦʨʥʳʝ ʷʯʝʡʢʠ), ʘ ʪʘʢʞʝ ʬʣʵʰ-ʧʘʤʷʪʴ. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʬʣʵʰ-ʧʘʤ̫ʪʴ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴʩʷ ʚ 

ʩʪʨʫʢʪʫʨʳ ʀʉ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʧʠʪʘʥʠʷ 2,7 ɺ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ 

ʧʦ 0,35-ʤʢʤ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʚ ʤʠʢʨʦʩʭʝʤʳ ʩ ʧʠʪʘʥʠʝʤ 2,3 

ɺ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ 0,25-ʤʢʤ ʧʨʦʮʝʩʩʘ. ʇʦ ʚʳʙʦʨʫ 

ʧʦʪʨʝʙʠʪʝʣʷ ʚ ʀʉ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʝ ʪʝʭʥʦʣʦʛʠʠ 

ʬʣʵʰ ɿʋ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

ʚʳʩʦʢʦʤʫ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʠ ʤʠʥʠʤʘʣʴʥʦʤʫ ʧʦʪʨʝʙʣʝʥʠʶ 

ʤʦʱʥʦʩʪʠ. ɻʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ʠʥʪʝʛʨʘʮʠʠ ʬʣʵʰ-ʧʘʤʷʪʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʢʦʤʙʠʥʘʮʠʠ ʩ ʘʥʘʣʦʛʦʚʳʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʦʙʱʠʡ ʢʨʠʩʪʘʣʣ ʩʪʘʥʦʚʠʪʩʷ 

ʩʣʠʰʢʦʤ ʜʦʨʦʛʠʤ. 

ASIC, ʚʳʧʫʩʢʘʝʤʳʝ ʬʠʨʤʦʡ FUJITSU, ʠʤʝʶʪ ʩʪʝʧʝʥʴ 

ʠʥʪʝʛʨʘʮʠʠ ʜʦ 20 ʤʣʥ ʚʝʥʪʠʣʝʡ ʥʘ ʢʨʠʩʪʘʣʣ. ʇʨʠ ʠʭ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 0,18-ʤʢʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʩ 5 ʩʣʦʷʤʠ ʤʝʪʘʣʣʠʟʘʮʠʠ. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʩʩʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 0,11 ʤʢʤ ʠ 

8 ʩʣʦʷʤʠ ʤʝʪʘʣʣʠʟʘʮʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ 0,11-ʤʢʤ ʪʝʭʥʦʣʦʛʠʠ ʩ 7 ʩʣʦʷʤʠ ʤʝʜʥʳʭ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ. 

ʌʠʨʤʘ Altera ʚ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʚʳʜʝʣʷʝʪ ɹʀʉ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʠ (ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʣʦʛʠʯʝʩʢʠʝ ʀʉ, 

ʇʃʀʉ). ʇʃʀʉ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʤʘʪʨʠʯʥʳʭ ɹʀʉ ʪʝʤ, ʯʪʦ 

ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʘʪʦʨʘ ʥʘ 

ʩʪʦʣʝ ʨʘʟʨʘʙʦʪʯʠʢʘ: ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʣʠʥʠʷ ʠʟ ʮʠʢʣʘ 
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ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʩʢʣʶʯʝʥʘ. ʇʨʝʜʧʨʠʷʪʠʷ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʩʪʘʚʣʷʶʪ ñʟʘʛʦʪʦʚʢʠò (ʠʣʠ 

ñʧʦʣʫʬʘʙʨʠʢʘʪʳò) ʇʃʀʉ ʩ ʤʦʱʥʳʤʠ ʉɸʇʈ ʚʳʩʦʢʦʡ 

ʘʜʝʢʚʘʪʥʦʩʪʠ ʠ ʩʨʝʜʩʪʚʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʣʠ ʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʠ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ). ʈʦʣʴ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ñʥʘ ʩʪʦʣʝ ʨʘʟʨʘʙʦʪʯʠʢʘò ʨʝʟʢʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʝʩʣʠ ʧʦʩʪʘʚʱʠʢ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʤ̫ʦʡ ʪʨʘʥʩʣʷʮʠʠ ʧʨʦʝʢʪʘ ʥʘ ɹʄʂ, ʯʪʦʙʳ ʠʟʛʦʪʦʚʠʪʴ ɹʀʉ 

ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʨʘʟʨʘʙʦʪʯʠʢʦʚ.  

ASSP (Application Specific Standard products) - ʵʪʦ ɹʀʉ 

ʜʣʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʤʘʩʩʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʂʘʞʜʘʷ ʀʉ ʦʙʷʟʘʥʘ ʩʚʦʠʤ ʧʦʷʚʣʝʥʠʝʤ ʢʘʢʦʡ-ʣʠʙʦ ʠʜʝʝ, 

ʟʘʜʘʯʝ, ʧʨʠʣʦʞʝʥʠʶ. ʂʣʘccʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʯʠʧʩʝʪʳ ʜʣʷ ʤʘʪʝʨʠʥʩʢʠʭ ʧʣʘʪ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʚʠʜʝʦʢʘʨʪ. 

ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ: ASSP- ʵʪʦ ʩʪʘʥʜʘʨʪʥʳʝ ʠʟʜʝʣʠʷ. ɹʫʜʫʯʠ 

ʦʜʠʥ ʨʘʟ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʮʝʣʠ, ʦʥʠ ʟʘʪʝʤ 

ʧʨʦʠʟʚʦʜʷʪʩʷ ʤʘʩʩʦʚʳʤʠ ʪʠʨʘʞʘʤʠ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʚ ʨʘʟʥʳʭ ʢʦʥʝʯʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ. 

 

 

1.2. ʇʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʣʦʛʠʯʝʩʢʠʝ ʀʉ 

 

ɺʩʣʝʜʩʪʚʠʝ ʙʳʩʪʨʦʛʦ ʨʦʩʪʘ ʩʣʦʞʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʠʩʪʝʤ ʚʩʝ ʯʘʱʝ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʚʳʩʦʢʦʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʩʭʝʤ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʪʘʢʠʭ ʩʭʝʤ ʧʦ ʟʘʢʘʟʫ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʣʠʪʝʣʴʥʳʡ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʧʨʦʮʝʩʩ, 

ʢʦʪʦʨʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥ ʪʦʣʴʢʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʚʳʧʫʩʢʘ. ʇʨʠ ʤʘʣʦʡ ʧʦʪʨʝʙʥʦʩʪʠ (ʜʦ 10000 

ʰʪ. ʚ ʛʦʜ) ʙʦʣʝʝ ʚʳʛʦʜʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ  ʩʪʘʥʜʘʨʪʥʳʭ 

ñʧʦʣʫʬʘʙʨʠʢʘʪʦʚò ʀʉ, ʩʧʝʮʠʘʣʠʟʠʨʫʝʤʳʭ ʚ ʩʬʝʨʝ 

ʧʦʪʨʝʙʣʝʥʠʷ ʧʦʩʣʝ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʚʩʝʭ ʀʉ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʥʠ ʠ ʪʝ ʞʝ ʬʦʪʦʰʘʙʣʦʥʳ, ʪʦ ʜʣʷ ʠʟʛʦʪʦʚʠʪʝʣʷ 
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ʵʪʠ ʀʉ ʷʚʣʷʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤʠ ʠʟʜʝʣʠʷʤʠ. ʂ ʯʠʩʣʫ ʪʘʢʠʭ 

ʠʟʜʝʣʠʡ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʦʪʥʦʩʷʪʩʷ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʣʦʛʠʯʝʩʢʠʝ ʀʉ (ʇʃʀʉ) ʠʣʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ 

ʣʦʛʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ð ʇʃʇ (PLD ð Programmable Logic 

Devices). ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʇʃʀʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʘʤʠʤ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʢʦʥʩʪʨʫʢʪʦʨʦʤ ʘʧʧʘʨʘʪʫʨʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʭʝʤʫ ʚʥʦʩʷʪʩʷ ʦʙʨʘʪʠʤʳʝ ʠʣʠ 

ʥʝʦʙʨʘʪʠʤʳʝ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ) ʠʟʤʝʥʝʥʠʷ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʇʃʀʉ. 

 ʇʃʀʉ - ʮʠʬʨʦʚʳʝ ɹʀʉ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʠʥʪʝʛʨʘʮʠʠ, 

ʠʤʝʶʱʠʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʫʶ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚʥʫʪʨʝʥʥʶʶ 

ʩʪʨʫʢʪʫʨʫ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ 

ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʇʃʀʉ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʚ ʩʞʘʪʳʝ ʩʨʦʢʠ ʩʦʟʜʘʚʘʪʴ ʢʦʥʢʫʨʝʥʪʥʦʩʧʦʩʦʙʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʠʩʪʝʤʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʞʝʩʪʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ, 

ʥʘʜʝʞʥʦʩʪʠ, ʤʘʩʩʦ-ʛʘʙʘʨʠʪʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʩʪʦʠʤʦʩʪʠ. 

ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʇʃʀʉ ʧʝʨʝʜ ʜʨʫʛʠʤʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʩʭʝʤʘʤʠ ð ʤʘʣʦʝ ʚʨʝʤʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʪʨʝʙʫʝʤʳʭ ʟʘʢʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʭʝʤ. ʀʟʜʝʣʠʝ ʚ ʛʦʪʦʚʦʤ ʚʠʜʝ 

ʚʩʝʛʜʘ ʠʤʝʝʪʩʷ ʥʘ ʩʢʣʘʜʝ, ʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʨʘʱʘʪʴʩʷ ʢ 

ʠʟʛʦʪʦʚʠʪʝʣʷʤ ʀʉ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʩʢʠ ʠ 

ʫʩʪʘʥʦʚʢʠ ʢʨʠʩʪʘʣʣʘ ʚ ʢʦʨʧʫʩ. ɼʦʩʪʘʪʦʯʥʦ ʚʢʣʶʯʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʨʝʜʩʪʚʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʯʝʨʝʟ 

ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ ʠʣʠ ʤʠʥʫʪ ʟʘʢʘʟʥʘʷ ʩʭʝʤʘ ʙʫʜʝʪ ʛʦʪʦʚʘ. ʀʟ-

ʟʘ ʧʨʦʩʪʦʪʳ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʩʧʝʮʠʘʣʠʟʘʮʠʠ 

ʧʨʦʛʨʘʤʤʘʪʦʨʳ ʇʃʀʉ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ñʬʘʙʨʠʢʦʡ ʥʘ ʩʪʦʣʝò. 

ʇʃʀʉ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʪʝʨʬʝʡʩʥʳʭ 

ʩʭʝʤ, ʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʤʝʥʘ 

ʠ ʩʪʳʢʦʚʢʠ ʨʘʟʣʠʯʥʳʭ ʀʉ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚʚʦʜʘ-

ʚʳʚʦʜʘ. ʅʘ ʙʘʟʝ ʇʃʀʉ ʤʦʛʫʪ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʳ ʣʦʛʠʯʝʩʢʠʝ 

ʙʣʦʢʠ ʠ ʩʠʩʪʝʤʳ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʢʦʜʦʚ, ʧʝʨʠʬʝʨʠʡʥʳʝ 
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ʢʦʥʪʨʦʣʣʝʨʳ, ʤʠʢʨʦʧʨʦʛʨʘʤʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʢʦʥʝʯʥʳʝ ʘʚʪʦʤʘʪʳ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʪʠʧʘ ʫʤʥʦʞʠʪʝʣʝʡ, ʥʝʙʦʣʴʰʠʭ ʧʨʦʮʝʩʩʦʨʦʚ ʠ 

ʧʨʦʮʝʩʩʦʨʦʚ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. 

ʀʩʪʦʨʠʯʝʩʢʠ ʪʝʭʥʦʣʦʛʠʷ ʠ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʇʃʀʉ ʧʦʚʪʦʨʷʶʪ ʧʫʪʴ, ʧʨʦʡʜʝʥʥʳʡ ʀʉ 

ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ (ɿʋ) ʩ ʠʟʤʝʥʷʝʤʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ. 

ʉʦʟʜʘʥʠʝ ʇʃʀʉ ʙʳʣʦ ʩʪʠʤʫʣʠʨʦʚʘʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʩʦʢʨʘʱʝʥʠʷ ʨʘʟʨʳʚʘ ʚ ʩʪʝʧʝʥʠ ʠʥʪʝʛʨʘʮʠʠ ʤʝʞʜʫ ʀʉ ɿʋ ʠ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʣʦʛʠʢʦʡ. ʇʦʵʪʦʤʫ ʠ ʚʦʟʥʠʢʣʘ ʠʜʝʷ ʧʦʩʪʨʦʝʥʠʷ 

ʇʃʀʉ ʧʦ ʧʨʠʥʮʠʧʫ, ʘʥʘʣʦʛʠʯʥʦʤʫ ɿʋ. ʕʪʠ ʧʨʠʙʦʨʳ ʜʦʣʞʥʳ 

ʙʳʣʠ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʣʦʛʠʢʠ ʩʦ ʤʥʦʛʠʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʘʤ, ʛʜʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʵʪʠʭ 

ʮʝʣʝʡ ɿʋ ʥʝʵʬʬʝʢʪʠʚʥʦ. 

ʇʝʨʚʳʝ ʇʃʀʉ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʦ ʙʠʧʦʣʷʨʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʢʘʢ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʧʦʩʪʦʷʥʥʳʝ ɿʋ (ʇʇɿʋ) 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʣʠʩʴ ʧʝʨʝʞʠʛʘʥʠʝʤ ʧʣʘʚʢʠʭ ʧʝʨʝʤʳʯʝʢ. ɿʘʪʝʤ 

ʧʦʷʚʠʣʘʩʴ ʂʄʆʇ-ʪʝʭʥʦʣʦʛʠʷ ʇʃʀʉ ʩ ʧʣʘʚʢʠʤʠ 

ʧʝʨʝʤʳʯʢʘʤʠ, ʙʳʣʠ ʩʦʟʜʘʥʳ ʨʝʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʇʃʀʉ ʩ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʪʠʨʘʥʠʝʤ ʟʘʧʠʩʘʥʥʳʭ 

ʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʉʇʃʀʉ ʠ ʕʉʇʃʀʉ), ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʪʝʭʥʦʣʦʛʠʶ ʨʝʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʇʇɿʋ. ʅʘʢʦʥʝʮ, ʩʦʟʜʘʥʳ 

ʇʃʀʉ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʂʄʆʇ ʩʪʘʪʠʯʝʩʢʠʭ 

ʦʧʝʨʘʪʠʚʥʳʭ ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ (ʉʆɿʋ). ʉʦʚʨʝʤʝʥʥʳʝ 

ʂʄʆʇ ʇʃʀʉ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʧʦ ʂʄʆʇ-ʪʝʭʥʦʣʦʛʠʠ 25-180 

ʥʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 3D-ʠʥʪʝʛʨʘʮʠʠ. ʌʠʨʤʘ Xilinʭ 

ʨʘʟʨʘʙʦʪʘʣʘ ʥʦʚʝʡʰʫʶ ʩʝʨʠʶ ʇʃʀʉ Virtex-7 ʩ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʝʤʢʦʩʪʴʶ 2 ʤʣʥ. ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʚʝʥʪʠʣʝʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʘʮʠʠ ʥʘ ʫʨʦʚʥʝ ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ Si-

ʧʣʘʩʪʠʥʳ ʠ 28 ʥʤ ʂʄʆʇ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʣʦʛʠʯʝʩʢʠʝ ʤʘʪʨʠʮʳ (ʇʃʄ) - 

ʥʘʠʙʦʣʝʝ ʪʨʘʜʠʮʠʦʥʥʳʡ ʪʠʧ ʇʃʀʉ, ʠʤʝʶʱʠʡ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʤʘʪʨʠʮʳ ñʀò ʠ ñʀʃʀò. ɺ ʟʘʨʫʙʝʞʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʵʪʦʤʫ ʢʣʘʩʩʫ ʘʙʙʨʝʚʠʘʪʫʨʘʤʠ 
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ʷʚʣʷʶʪʩʷ FPLA (Field Programmable Logic Array) ʠ FPLS (Field 

Programmable Logic Sequensers). ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʇʃʀʉ 

ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʩʭʝʤʳ K556PT1, PT2, PT21. 

ʅʝʜʦʩʪʘʪʦʢ ʪʘʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ - ʩʣʘʙʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʝʩʫʨʩʦʚ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʤʘʪʨʠʮʳ ñʀʃʀò, ʧʦʵʪʦʤʫ 

ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʤʠʢʨʦʩʭʝʤʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ 

ʘʨʭʠʪʝʢʪʫʨʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʤʘʪʨʠʯʥʦʡ ʣʦʛʠʢʠ, (ʇʄʃ ʠʣʠ 

PAL - Programmable Array Logic) - ʵʪʦ ʇʃʀʉ, ʠʤʝʶʱʠʝ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʫʶ ʤʘʪʨʠʮʫ òʀò ʠ ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʤʘʪʨʠʮʫ 

ñʀʃʀò. ʂ ʵʪʦʤʫ ʢʣʘʩʩʫ ʦʪʥʦʩʷʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ 

ʇʃʀʉ ʥʝʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʠʥʪʝʛʨʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ 

ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʀʉ ʂʄ1556ʍʇ4, ʍʇ6, ʍʇ8, 

ʍʃ8, ʨʘʥʥʠʝ ʨʘʟʨʘʙʦʪʢʠ (ʩʝʨʝʜʠʥʘïʢʦʥʝʮ 1980-ʭ ʛʦʜʦʚ) ʇʃʀʉ 

ʬʠʨʤ INTEL, ALTERA, AMD, LATTICE ʠ ʜʨ. ʈʘʟʥʦʚʠʜʥʦʩʪʴʶ 

ʵʪʦʛʦ ʢʣʘʩʩʘ ʷʚʣʷʶʪʩʷ ʇʃʀʉ, ʠʤʝʶʱʠʝ ʪʦʣʴʢʦ ʦʜʥʫ 

(ʧʨʦʛʨʘʤʤʠʨʫʝʤʫʶ) ʤʘʪʨʠʮʫ ñʀò, ʥʘʧʨʠʤʝʨ, ʩʭʝʤʘ 85C508 

ʬʠʨʤʳ INTEL.  

ʋʧʨʦʱʝʥʥʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʇʃʄ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.1.1. ʆʙʘ ʪʠʧʘ ʇʃʀʉ: ʇʃʄ (ʨʠʩ.1.1, 

ʘ, ʚ) ʠ ʇʄʃ (ʨʠʩ.1.1, ʙ, ʛ), ʠʤʝʶʪ ʤʘʪʨʠʮʳ ʀ ʠ ʀʃʀ. ʆʩʥʦʚʥʦʝ 

ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʥʠʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʇʄʃ ʤʘʪʨʠʮʘ 

ʀʃʀ ʬʠʢʩʠʨʦʚʘʥʘ, ʘ ʚ ʇʃʄ ʧʨʦʛʨʘʤʤʠʨʫʶʪʩʷ ʦʙʝ ʤʘʪʨʠʮʳ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʡ ʙʦʣʴʰʫʶ ʛʠʙʢʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇʄʃ.  

ʇʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʇʃʀʉ ʟʘʜʘʶʪʩʷ ʪʝʨʤʳ 

ʧʨʦʠʟʚʝʜʝʥʠʡ (ʤʘʪʨʠʮʘ ʀ), ʠ ʩʫʤʤʳ ʧʨʦʠʟʚʝʜʝʥʠʡ (ʤʘʪʨʠʮʘ 

ʀʃʀ), ʠ ʪʝʤ ʩʘʤʳʤ, ð ʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʇʃʀʉ. 

ʌʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩ.1.2. ʂʨʫʞʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʧʣʘʚʢʠʝ ʧʝʨʝʤʳʯʢʠ ʠʣʠ ʜʨʫʛʠʝ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʀʩʪʠʥʥʦʝ ʠ ʠʥʚʝʨʩʥʦʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʘ ʢʘʞʜʦʛʦ ʚʭʦʜʘ 

ʯʝʨʝʟ ʧʣʘʚʢʠʝ ʧʝʨʝʤʳʯʢʠ ʧʦʜʘʶʪʩʷ ʥʘ ʢʘʞʜʳʡ ʚʝʥʪʠʣʴ 

ʤʘʪʨʠʮʳ ʀ. ɻʨʫʧʧʳ ʚʝʥʪʠʣʝʡ ʀ ʩʦʝʜʠʥʷʶʪ ʩ ʚʝʥʪʠʣʷʤʠ ʀʃʀ, 

ʩʦʟʜʘʚʘʷ ʧʨʦʛʨʘʤʤʠʨʫʝʤʫʶ ʨʝʘʣʠʟʘʮʠʶ ʩʫʤʤʳ ʧʨʦʠʟʚʝʜʝʥʠʡ, 

ʢ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʩʚʝʩʪʠ ʚʩʝ ʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ. 
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ʈʠʩ.1.1. ʄʦʜʝʣʴ ʠ ʫʧʨʦʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʇʃʀʉ 

 

 
ʈʠʩ.1.2. ʌʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʤʥʦʛʦʚʭʦʜʦʚʳʤ ʚʝʥʪʠʣʝʤ ʀ 
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ɸʨʭʠʪʝʢʪʫʨʘ ʇʃʀʉ ʩʪʨʦʠʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʘ 

ʢʘʞʜʦʤ ʠʤʝʶʱʝʤʩʷ ʚʝʥʪʠʣʝ ʀ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʘʢ ʤʦʞʥʦ 

ʙʦʣʴʰʝ ʧʨʦʠʟʚʝʜʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʙʦʨʘ. 

ʇʦʵʪʦʤʫ ʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ ʀ ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ ʪʝʨʤʦʤ 

ʧʨʦʠʟʚʝʜʝʥʠʷ. ʃʦʛʠʯʝʩʢʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʟʘʪʝʤ ʚʳʚʦʜʠʪʩʷ ʥʘ 

ʚʳʭʦʜ ʯʝʨʝʟ ʧʨʦʛʨʘʤʤʠʨʫʝʤʫʶ ʠʣʠ ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʤʘʪʨʠʮʫ 

ʀʃʀ. ʂʘʞʜʳʡ ʪʝʨʤ ʧʨʦʠʟʚʝʜʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʇʃʀʉ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʜʣʷ ʇʃʀʉ ʙʳʣʘ ʚʳʙʨʘʥʘ ʘʣʛʝʙʨʘ 

ɹʫʣʷ, ʪʘʢ ʢʘʢ ʦʥʘ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʘ ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ. 

ʇʨʠ ʚʩʝʡ ʛʠʙʢʦʩʪʠ ʇʃʄ ʩʯʠʪʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʳʤʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʧʣʘʚʢʠʭ ʧʝʨʝʤʳʯʝʢ ʚ 

ʦʙʝʠʭ ʤʘʪʨʠʮʘʭ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ 

ʨʘʟʤʝʨʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇʄʃ ʠ ʤʝʥʴʰʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ. 

ɺʚʝʜʝʥʠʝʤ ʩʚʦʝʡ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʤʘʪʨʠʯʥʦʡ ʣʦʛʠʢʠ 

ʬʠʨʤʘ MMI ʫʧʨʦʩʪʠʣʘ ʇʃʄ, ʟʘʢʨʝʧʠʚ ʪʝʨʤʳ ʧʨʦʠʟʚʝʜʝʥʠʡ ʟʘ 

ʩʧʝʮʠʘʣʴʥʳʤʠ ʚʳʭʦʜʘʤʠ. ʅʘʣʠʯʠʝ ʦʜʥʦʡ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ 

ʤʘʪʨʠʮʳ ʀ ʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʀʃʀ ʧʨʠʚʝʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʨʘʟʤʝʨʦʚ ʇʃʀʉ ʠ ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʯʝʨʝʟ 

ʢʨʠʩʪʘʣʣ, ʫʧʨʦʱʝʥʠʶ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʭʝʤ. ɸʨʭʠʪʝʢʪʫʨʘ 

ʇʄʃ ʟʘʚʦʝʚʘʣʘ ʥʘʠʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʫ ʢʦʥʩʪʨʫʢʪʦʨʦʚ 

ʘʧʧʘʨʘʪʫʨʳ. ʀʥʪʝʛʨʘʣʴʥʳʝ ʤʠʢʨʦʩʭʝʤʳ ʇʄʃ ʤʦʛʫʪ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴʩʷ ʙʦʣʴʰʠʥʩʪʚʦʤ ʩʪʘʥʜʘʨʪʥʳʭ 

ʧʨʦʛʨʘʤʤʘʪʦʨʦʚ ʇʇɿʋ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʨʪ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ. 

ɺʦ ʚʨʝʤʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʜʥʘ ʧʦʣʦʚʠʥʘ ʚʳʚʦʜʦʚ ʇʃʀʉ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʘ ʜʨʫʛʘʷ - ʜʣʷ ʘʜʨʝʩʘʮʠʠ. 

ɿʘʪʝʤ ʚʳʭʦʜʳ ʧʝʨʝʢʣʶʯʘʶʪʩʷ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʧʨʦʚʝʨʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢ ʞʝ ʧʨʦʮʝʜʫʨʘ, 

ʧʨʠʯʝʤ ʣʠʥʠʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʫʜʝʨʞʠʚʘʶʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʩ 

ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ. 

ʉʣʝʜʫʶʱʠʡ ʪʨʘʜʠʮʠʦʥʥʳʡ ʪʠʧ ʇʃʀʉ - 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʤʘʢʨʦʣʦʛʠʢʘ. ʆʥʠ ʩʦʜʝʨʞʘʪ ʝʜʠʥʩʪʚʝʥʥʫʶ 
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ʧʨʦʛʨʘʤʤʠʨʫʝʤʫʶ ʤʘʪʨʠʮʫ ñʀ-ʅɽò ʠʣʠ ñʀʃʀ-ʅɽò, ʥʦ ʟʘ ʩʯʸʪ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʥʚʝʨʩʥʳʭ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʩʧʦʩʦʙʥʳ 

ʬʦʨʤʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ. ʂ ʵʪʦʤʫ ʢʣʘʩʩʫ 

ʦʪʥʦʩʷʪʩʷ, ʥʘʧʨʠʤʝʨ, ʇʃʀʉ PLHS501 ʠ PLHS502 ʬʠʨʤʳ 

SIGNETICS, ʠʤʝʶʱʠʝ ʤʘʪʨʠʮʫ ñʀ-ʅɽò, ʘ ʪʘʢʞʝ ʩʭʝʤʘ 

XL78C800 ʬʠʨʤʳ EXEL, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʘʪʨʠʮʝ ñʀʃʀ-ʅɽò. 

ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʇʃʀʉ ʩʦʜʝʨʞʘʪ 

ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʷʯʝʝʢ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʤʦʨʘʣʴʥʦ 

ʫʩʪʘʨʝʣʠ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʩʪʳʭ ʫʩʪʨʦʡʩʪʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʛʦʪʦʚʳʭ ʀʉ 

ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʠʥʪʝʛʨʘʮʠʠ. ɽʩʪʝʩʪʚʝʥʥʦ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʘʣʛʦʨʠʪʤʦʚ ʎʆʉ ʦʥʠ ʥʝ ʧʨʠʛʦʜʥʳ. 

ʀʉ ʇʄʃ (PLD) ʠʤʝʶʪ ʘʨʭʠʪʝʢʪʫʨʫ, ʚʝʩʴʤʘ ʫʜʦʙʥʫʶ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʮʠʬʨʦʚʳʭ ʘʚʪʦʤʘʪʦʚ. ʈʘʟʚʠʪʠʝ ʵʪʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ð ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʢʦʤʤʫʪʠʨʫʝʤʳʝ ʤʘʪʨʠʯʥʳʝ 

ʙʣʦʢʠ (ʇʂʄɹ) ð ʵʪʦ ʇʃʀʉ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʩʢʦʣʴʢʦ 

ʤʘʪʨʠʯʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ (ʄʃɹ), ʦʙʲʝʜʠʥʸʥʥʳʭ 

ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʝʡ. ʂʘʞʜʳʡ ʄʃɹ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ ʇʄʃ, ʪʦ ʝʩʪʴ ʧʨʦʛʨʘʤʤʠʨʫʝʤʫʶ ʤʘʪʨʠʮʫ ñʀò, 

ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʤʘʪʨʠʮʫ ñʀʃʀò ʠ ʤʘʢʨʦʷʯʝʡʢʠ (ʄʗ). ʇʃʀʉ 

ʪʠʧʘ ʇʂʄɹ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʠʥʪʝʛʨʘʮʠʠ 

(ʜʦ 10000 ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʚʝʥʪʠʣʝʡ, ʜʦ 256 ʤʘʢʨʦʷʯʝʝʢ). ʂ 

ʵʪʦʤʫ ʢʣʘʩʩʫ ʦʪʥʦʩʷʪʩʷ ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ MAX5000 ʠ 

MAX7000 ʬʠʨʤʳ ALTERA, ʩʭʝʤʳ XC7000 ʠ XC9500 ʬʠʨʤʳ 

XILINX, ʘ ʪʘʢʞʝ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʤʠʢʨʦʩʭʝʤ ʜʨʫʛʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ (Atmel, Vantis, Lucent ʠ ʜʨ.). ɺ ʟʘʨʫʙʝʞʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʦʥʠ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ Complex Programmable 

Logic Devices (CPLD). 

ʅʘ ʨʠʩ.1.3 ʧʦʢʘʟʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʙʣʦʢʘ ʇʃʀʉ ʪʠʧʘ 

ʇʂʄɹ (CPLD) ʩ ʧʨʠʩʫʱʠʤʠ ʠʤ ʭʘʨʘʢʪʝʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. 

ʇʃʀʉ ʩʦʜʝʨʞʘʪ ʪʨʠʛʛʝʨʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʩʫʤʤ ʧʨʦʠʟʚʝʜʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʥʭʨʦʥʥʳʭ 

ʩʭʝʤ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʣʦʛʠʢʠ, ʥʘʧʨʠʤʝʨ ʤʘʰʠʥʳ ʩʦʩʪʦʷʥʠʡ 

(ʮʠʬʨʦʚʦʛʦ ʘʚʪʦʤʘʪʘ ʩ ʧʘʤʷʪʴʶ). ʄʗ ʠʤʝʶʪ 
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ʧʨʦʛʨʘʤʤʠʨʫʝʤʫʶ ʧʦʣʷʨʥʦʩʪʴ (ʇʇ) ʚʳʭʦʜʘ, ʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʙʦʨʘ ʘʢʪʠʚʥʦ-ʥʠʟʢʦʛʦ ʠʣʠ ʘʢʪʠʚʥʦ-ʚʳʩʦʢʦʛʦ ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ. ʆʙʨʘʪʥʘʷ ʩʚʷʟʴ (ʆʉ) ʦʪ ʚʳʭʦʜʘ ʄʗ ʢ ʤʘʪʨʠʮʝ ʀ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʭʦʜ ʢʘʢ ʜʚʫʥʘʧʨʘʚʣʝʥʥʫʶ ʣʠʥʠʶ 

ʚʚʦʜʘ-ʚʳʚʦʜʘ. ʉʦʜʝʨʞʠʤʦʝ ʪʨʠʛʛʝʨʘ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʜʘʥʦ 

ʦʙʨʘʪʥʦ ʚ ʤʘʪʨʠʮʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʰʠʥʳ ʩʦʩʪʦʷʥʠʡ. 

ʅʝʢʦʪʦʨʳʝ ʇʃʀʉ ʩʦʜʝʨʞʘʪ ʪʝʨʤʳ ʧʨʦʠʟʚʝʜʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʦʪʧʠʨʘʶʪ ʚʳʭʦʜʥʳʝ ʙʫʬʝʨʘ (ʨʘʟʨʝʰʝʥʠʝ ʚʳʭʦʜʘ). ʈʘʟʨʝʰʝʥʠʝ 

ʚʳʭʦʜʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʠ ʘʩʠʥʭʨʦʥʥʦ. 

ʊʝʨʤʳ ʧʨʦʠʟʚʝʜʝʥʠʡ ʤʦʞʥʦ ʧʦʜʘʚʘʪʴ ʥʘ ʚʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʚʥʫʪʨʝʥʥʠʭ ʪʨʠʛʛʝʨʦʚ (ʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ), 

ʧʦʟʚʦʣʷʷ ʣʦʛʠʢʝ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʪʨʠʛʛʝʨʳ. 

ʊʝʨʤʳ ʧʨʦʠʟʚʝʜʝʥʠʡ ʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴ ʫʩʪʘʥʦʚʢʦʡ ʠ ʩʙʨʦʩʦʤ 

ʣʠʥʠʡ ʚʥʫʪʨʝʥʥʠʭ ʪʨʠʛʛʝʨʦʚ. 

 

 
ʈʠʩ.1.3. ɸʨʭʠʪʝʢʪʫʨʘ ʙʣʦʢʘ (ʤʘʢʨʦʷʯʝʡʢʠ) ʇʃʀʉ ʪʠʧʘ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʢʦʤʤʫʪʠʨʫʝʤʳʝ ʤʘʪʨʠʯʥʳʝ ʙʣʦʢʠ 

 

ɼʨʫʛʦʡ ʪʠʧ ʘʨʭʠʪʝʢʪʫʨʳ ʇʃʀʉ ð ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚʝʥʪʠʣʴʥʳʝ ʤʘʪʨʠʮʳ (ʇʇɺʄ), ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ (ʃɹ) ʠ ʢʦʤʤʫʪʠʨʫʶʱʠʭ ʧʫʪʝʡ ð 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʤʘʪʨʠʮ ʩʦʝʜʠʥʝʥʠʡ. ʃʦʛʠʯʝʩʢʠʝ ʙʣʦʢʠ 

ʪʘʢʠʭ ʇʃʀʉ ʩʦʩʪʦʷʪ ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʩʪʳʭ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ 
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ʪʘʙʣʠʮʘ ʧʝʨʝʢʦʜʠʨʦʚʢʠ (ʊʇ, Look-up table - LUT), 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʤʫʣʴʪʠʧʣʝʢʩʦʨ, D-ʪʨʠʛʛʝʨ, ʘ ʪʘʢʞʝ ʮʝʧʠ 

ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʠʭ ʧʨʦʩʪʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʤʥʦʛʦ, ʥʘʧʨʠʤʝʨ, ʫ ʩʦʚʨʝʤʝʥʥʳʭ ʇʃʀʉ ʸʤʢʦʩʪʴʶ ʜʦ 1 ʤʣʥ 

ʚʝʥʪʠʣʝʡ ʯʠʩʣʦ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʦʩʪʠʛʘʝʪ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ. ɿʘ ʩʯʸʪ ʪʘʢʦʛʦ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʣʦʛʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʦʥʠ ʩʦʜʝʨʞʘʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʪʨʠʛʛʝʨʦʚ, ʘ 

ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʩʝʤʝʡʩʪʚʘ ʇʃʀʉ ʠʤʝʶʪ ʚʩʪʨʦʝʥʥʳʝ 

ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʳʝ ʤʦʜʫʣʠ ʧʘʤʷʪʠ (embedded array block - 

EAB), ʯʪʦ ʜʝʣʘʝʪ ʇʃʀʉ ʜʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʚʝʩʴʤʘ ʫʜʦʙʥʳʤ 

ʩʨʝʜʩʪʚʦʤ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ, ʦʩʥʦʚʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ ʚ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʧʝʨʝʤʥʦʞʝʥʠʝ, ʫʤʥʦʞʝʥʠʝ ʥʘ ʢʦʥʩʪʘʥʪʫ, ʩʫʤʤʠʨʦʚʘʥʠʝ ʠ 

ʟʘʜʝʨʞʢʘ ʩʠʛʥʘʣʘ.  

ɺ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʠʝ ʇʃʀʉ ʧʦʣʫʯʠʣʠ 

ʥʘʟʚʘʥʠʝ Field Programmable Gate Array (FPGA). ʂ FPGA 

(ʇʇɺʄ) ʢʣʘʩʩʫ ʦʪʥʦʩʷʪʩʷ ʇʃʀʉ XC2000, XC3000, XC4000, 

Spartan, Virtex ʬʠʨʤʳ XILINX; ACT1, ACT2 ʬʠʨʤʳ ACTEL, ʘ 

ʪʘʢʞʝ ʩʝʤʝʡʩʪʚʘ FLEX8000 ʬʠʨʤʳ ALTERA, ʥʝʢʦʪʦʨʳʝ 

ʇʃʀʉ Atmel ʠ Vantis. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʇʃʀʉ, ʚʳʧʫʩʢʘʝʤʳʝ 

ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ, ʠʤʝʶʪ ʨʘʟʥʦʦʙʨʘʟʥʫʶ 

ʘʨʭʠʪʝʢʪʫʨʫ (ʨʠʩ.1.4). ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʇʃʀʉ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʦʙʳʯʥʦ ʧʦ ʩʣʝʜʫʶʱʠʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤ ʧʨʠʟʥʘʢʘʤ: 

ʘʨʭʠʪʝʢʪʫʨʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ʣʦʛʠʯʝʩʢʦʛʦ 

ʙʣʦʢʘ); ʦʨʛʘʥʠʟʘʮʠʷ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʨʝʩʫʨʩʦʚ (ʩʪʨʫʢʪʫʨʳ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ); ʪʠʧ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ 

ʵʣʝʤʝʥʪʘ; ʥʘʣʠʯʠʝ ʚʥʫʪʨʝʥʥʝʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ; ʩʪʝʧʝʥʴ 

ʠʥʪʝʛʨʘʮʠʠ (ʣʦʛʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ). 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʇʃʀʉ ʚʢʣʶʯʘʶʪ ʚ 

ʩʝʙʷ ʥʘʩʪʨʘʠʚʘʝʤʳʝ ʩʨʝʜʩʪʚʘ ʨʝʘʣʠʟʘʮʠʠ ʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʠ ʪʨʠʛʛʝʨ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʨʝʘʣʠʟʫʶʪʩʷ 

ʠʣʠ ʚ ʚʠʜʝ ʩʫʤʤʳ ʣʦʛʠʯʝʩʢʠʭ ʧʨʦʠʟʚʝʜʝʥʠʡ (sum of product) 

ʠʣʠ ʥʘ 16-ʨʘʟʨʷʜʥʳʭ ʇɿʋ (ʪʘʙʣʠʮʳ ʧʝʨʝʢʦʜʠʨʦʚʢʠ, LUT). 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʜʚʫʭ ʧʦʜʭʦʜʦʚ ʚ ʇʃʀʉ ʦʩʥʦʚʥʳʭ ʬʠʨʤ - 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1.5. ʇʃʀʉ ʩ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʥʘ ʙʘʟʝ ʩʫʤʤ 

ʧʨʦʠʟʚʝʜʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʧʨʦʱʝ ʨʝʘʣʠʟʦʚʘʪʴ ʩʣʦʞʥʳʝ 

ʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʘ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʥʘ ʙʘʟʝ ʪʘʙʣʠʮ 

ʧʝʨʝʢʦʜʠʨʦʚʢʠ ʩʦʟʜʘʚʘʪʴ ʥʘʩʳʱʝʥʥʳʝ ʪʨʠʛʛʝʨʘʤʠ ʫʩʪʨʦʡʩʪʚʘ. 

 

 

ʈʠʩ.1.4. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ 

ʇʃʀʉ: ʘ) 

ʩʠʤʤʝʪʨʠʯʥʳʝ; 

ʙ) ʩʪʨʦʢʦʚʳʝ; ʚ) 

ʠʝʨʘʨʭʠʯʝʩʢʠʝ; 

ʛ) ʪʠʧʘ ñʤʦʨʝ 

ʚʝʥʪʠʣʝʡò  

 

 
ʈʠʩ.1.5. ɸʨʭʠʪʝʢʪʫʨʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

 

ʈʘʟʣʠʯʘʶʪʩʷ ʇʃʀʉ ʦʨʛʘʥʠʟʘʮʠʝʡ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʳ ʛʣʦʙʘʣʴʥʳʭ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʩʪʨʫʢʪʫʨʳ 

ʤʘʪʨʠʮʳ ʣʦʢʘʣʴʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 
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ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ (ʨʠʩ.1.6). ɹʦʣʴʰʠʥʩʪʚʦ ʬʠʨʤ ʚʳʧʫʩʢʘʝʪ 

ʩʣʦʞʥʳʝ ʇʃʀʉ, ʨʘʩʧʦʣʘʛʘʷ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʥʘ ʧʣʦʱʘʜʠ 

ʢʨʠʩʪʘʣʣʘ, ʧʨʠ ʵʪʦʤ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ 

ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʚʠʜʝ ʧʨʦʚʦʜʥʠʢʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʫʯʘʩʪʢʠ (ʩʝʛʤʝʥʪʳ) ʵʣʝʢʪʨʦʥʥʳʤʠ ʢʣʶʯʘʤʠ (ʨʠʩ.1.4, ʘ). ʊʘʢʘʷ 

ʦʜʥʦʫʨʦʚʥʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ʇʇɺʄ. 

ʀʝʨʘʨʭʠʯʝʩʢʘʷ (ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ) ʦʨʛʘʥʠʟʘʮʠʷ ʇʃʀʉ 

ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʠʭ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ.1.4, ʚ 

ʠ ʨʠʩ.1.7). ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʙʣʦʢʠ (ʥʘʧʨʠʤʝʨ, ʚ ʣʦʛʠʯʝʩʢʠʡ ʙʣʦʢ (ʢʣʘʩʪʝʨ) 

ʇʃʀʉ ʩʝʤʝʡʩʪʚ FLEX10K ʬʠʨʤʳ Altera ʚʭʦʜʠʪ 8 ʣʦʛʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ), ʠʤʝʶʱʠʝ ʩʚʦʶ ʩʦʙʩʪʚʝʥʥʫʶ ʣʦʢʘʣʴʥʫʶ ʰʠʥʫ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ. ɹʣʦʢʠ ʦʙʤʝʥʠʚʘʶʪʩʷ ʩʠʛʥʘʣʘʤʠ ʯʝʨʝʟ ʰʠʥʳ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ. ʇʨʦʚʦʜʥʠʢʠ ʤʝʞʩʦʝʜʠʥʝʥʠʡ 

ʥʝʧʨʝʨʳʚʥʳ (ʪ.ʝ. ʥʝ ʨʘʟʜʝʣʝʥʳ ʥʘ ʩʝʛʤʝʥʪʳ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʢʣʶʯʘʤʠ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʣʳʝ ʟʘʜʝʨʞʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʛʥʘʣʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʵʣʝʢʪʨʦʥʥʳʭ ʢʣʶʯʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʚʦʡʩʪʚʫ 

ʣʦʛʠʯʝʩʢʠʝ ʙʣʦʢʠ ʤʦʞʥʦ ʟʘʤʝʥʷʪʴ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʚʨʝʤʝʥʥʦʡ 

ʤʦʜʝʣʠ ʫʩʪʨʦʡʩʪʚʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʜʫʨʫ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʠ ʫʧʨʦʱʘʝʪ ʚʨʝʤʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

 
ʈʠʩ.1.6. ʆʨʛʘʥʠʟʘʮʠʷ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ 

ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʨʝʩʫʨʩʘʭ ʇʃʀʉ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 
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ʈʠʩ.1.7. ʅʝʧʨʝʨʳʚʥʳʝ (ʥʝʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʝ) ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʇʃʀʉ ʬʠʨʤʳ Altera 

 

ʊʠʧ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ - 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʶʯʘ - ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʇʃʀʉ ʧʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ, ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʠ ʩʦʭʨʘʥʝʥʠʶ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʧʠʪʘʥʠʷ. ʅʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʵʣʝʤʝʥʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʧʦ 

EEPROM- ʠ FLASH-ʪʝʭʥʦʣʦʛʠʠ (ʧʦʣʝʚʳʝ ʪʨʘʥʟʠʩʪʦʨʳ ʩ 

ʧʣʘʚʘʶʱʠʤ ʟʘʪʚʦʨʦʤ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʝ 

ʩʦʭʨʘʥʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʤʥʦʛʦʢʨʘʪʥʦʝ 

ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ (ʚ ʪʦʤ ʯʠʩʣʝ ʀʉ, ʨʘʩʧʘʷʥʥʦʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʣʘʪʝ), ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʧʦ 

SRAM-ʪʝʭʥʦʣʦʛʠʠ. ʇʦʩʣʝʜʥʠʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʵʣʝʢʪʨʦʥʥʳʡ ʢʣʶʯ ʠ ʪʨʠʛʛʝʨ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʚ ʢʦʪʦʨʳʡ 

ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʧʠʪʘʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʢʦʥʬʠʛʫʨʘʮʠʠ. SRAM-ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʨʝʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʇʃʀʉ ʟʘ ʜʝʩʷʪʢʠ 

ʤʠʣʣʠʩʝʢʫʥʜ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʩʭʦʜʥʫʶ ʟʘʛʨʫʟʢʫ 

ʢʦʥʬʠʛʫʨʠʨʫʶʱʝʡ ʧʘʤʷʪʠ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ - 

ʨʝʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ñʥʘ ʣʝʪʫò ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʩʪʨʫʢʪʫʨʳ 
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ʨʝʘʣʠʟʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʩʝʤʝʡʩʪʚʘ 

ʇʃʀʉ ʬʠʨʤʳ Actel, ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʳʭ - 

antifuse - ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ pn-ʧʝʨʝʭʦʜʳ, ʧʨʦʙʠʚʘʝʤʳʝ ʧʨʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʦʭʨʘʥʝʥʠʶ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠ 

ʩʧʝʮʚʦʟʜʝʡʩʪʚʠʷʭ, ʥʦ ʥʝ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚ ʩʠʣʫ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʦʜʥʦʢʨʘʪʥʦʩʪʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʇʃʀʉ ʩ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʴʶ ʚʳʧʫʩʢʘʶʪʩʷ ʬʠʨʤʘʤʠ 

Altera (ʩʝʤʝʡʩʪʚʦ FLEX10K), Atmel (ʩʝʤʝʡʩʪʚʦ AT40K), Xilinx  

(ʩʝʤʝʡʩʪʚʦ XC4000). ʆʨʛʘʥʠʟʘʮʠʷ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ ʚ ʇʃʀʉ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʨʘʟʣʠʯʥʘ: ʚ ʩʝʤʝʡʩʪʚʝ FLEX10K 

ʬʠʨʤʳ Altera ʵʪʦ ʢʨʫʧʥʳʝ ʚʳʜʝʣʝʥʥʳʝ ʤʦʜʫʣʠ ʧʘʤʷʪʠ 

ʦʙʲʝʤʦʤ 2 ʢʙʠʪ, ʚ ʇʃʀʉ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ - 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʢʨʠʩʪʘʣʣʫ ʥʝʙʦʣʴʰʠʝ ʙʣʦʢʠ (ʪʝʥʝʚʳʝ ʆɿʋ 

ʪʘʙʣʠʮ ʧʝʨʝʢʦʜʠʨʦʚʢʠ ʦʙʲʝʤʦʤ 32 ʙʠʪ ʚ ʇʃʀʉ ʬʠʨʤʳ Xilinx  

ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʫʟʣʘʭ ʤʘʪʨʠʮʳ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʙʣʦʢʠ 

ʧʘʤʷʪʠ ʦʙʲʝʤʦʤ 32ʭ4 ʙʠʪ ʚ ʇʃʀʉ ʬʠʨʤʳ Atmel). 

ʉʪʝʧʝʥʴ ʠʥʪʝʛʨʘʮʠʠ (ʣʦʛʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ) ð ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʃʀʉ, ʧʦ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʝʝ 

ʚʳʙʦʨ. ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʇʃʀʉ ʩʪʦʷʪ ʥʘ ʧʝʨʝʜʦʚʳʭ ʨʫʙʝʞʘʭ 

ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʠ ʯʠʩʣʦ ʪʨʘʥʟʠʩʪʦʨʦʚ ʚ ʇʃʀʉ 

ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʜʝʩʷʪʢʠ ʤʠʣʣʠʦʥʦʚ. ʅʦ ʚʚʠʜʫ 

ʠʟʙʳʪʦʯʥʦʩʪʠ ʩʪʨʫʢʪʫʨ, ʚʢʣʶʯʘʶʱʠʭ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʢʦʤʤʫʪʠʨʫʶʱʠʭ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʣʦʛʠʯʝʩʢʫʶ ʝʤʢʦʩʪʴ ʠʟʤʝʨʷʶʪ 

ʚ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʚʝʥʪʠʣʷʭ ʪʠʧʘ 2ʀ-ʅɽ (2ʀʃʀ-

ʅɽ), ʢʦʪʦʨʳʝ ʧʦʥʘʜʦʙʠʣʠʩʴ ʙʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚ ʪʦʡ 

ʞʝ ʩʣʦʞʥʦʩʪʠ, ʯʪʦ ʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʉɹʀʉ. 
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1.3. ɸʢʘʜʝʤʠʯʝʩʢʠʝ ʇʃʀʉ 

  

ɹʦʣʴʰʠʥʩʪʚʦ ʢʦʤʤʝʨʯʝʩʢʠʭ ʘʨʭʠʪʝʢʪʫʨ ʇʃʀʉ ʪʠʧʘ 

ʇʇɺʄ (ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚʝʥʪʠʣʴʥʳʝ 

ʤʘʪʨʠʮʳ, FPGA) ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʉʆɿʋ ʠʤʝʝʪ ʦʜʥʦʫʨʦʚʥʝʚʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʢʦʛʜʘ ʣʦʛʠʯʝʩʢʠʝ ʙʣʦʢʠ ʦʢʨʫʞʝʥʳ ʩ ʯʝʪʳʨʝʭ ʩʪʦʨʦʥ 

ʤʝʞʩʦʝʜʠʥʝʥʠʷʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʢʘʥʘʣʦʚ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʚʩʝʡ 

ʧʣʦʱʘʜʠ ʢʨʠʩʪʘʣʣʘ (ʨʠʩ.1.8) ʠʣʠ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʩʪʨʫʢʪʫʨʫ 

(ʨʠʩ.1.9). ɺ ʇʃʀʉ ʩʝʤʝʡʩʪʚ Stratix ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʨʝʭʩʪʦʨʦʥʥʷʷ ʪʨʘʩʩʠʨʦʚʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʘ ʚ ʇʃʀʉ Virtex-5 - 

ʜʚʫʭʩʪʦʨʦʥʥʷʷ (ʨʠʩ.1.10). ʋʨʦʚʝʥʴ 1 ʠʩʧʦʣʴʟʫʝʪ ʧʨʷʤʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʘ ʫʨʦʚʝʥʴ 2 ʠ 3 ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʦʪʤʝʯʝʥʳ ʢʨʫʞʢʘʤʠ ʚ ʧʝʨʝʩʝʯʝʥʠʷʭ ʩʦʝʜʠʥʝʥʠʡ. ʉ 

ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʣʦʛʠʯʝʩʢʠʭ 

ʙʣʦʢʦʚ, ʚʦʟʨʘʩʪʘʝʪ ʰʠʨʠʥʘ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʢʘʥʘʣʦʚ.  

ɹʦʣʴʰʠʥʩʪʚʦ ʬʠʨʤ ʚʳʧʫʩʢʘʝʪ ʩʣʦʞʥʳʝ ʦʜʥʦʫʨʦʚʥʝʚʳʝ 

ʇʃʀʉ, ʨʘʩʧʦʣʘʛʘʷ LUT-ʪʘʙʣʠʮʳ ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʃɹ ʚ ʚʠʜʝ 

ʢʚʘʜʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʥʘ ʧʣʦʱʘʜʠ ʢʨʠʩʪʘʣʣʘ, ʧʨʠ ʵʪʦʤ ʩʚʷʟʠ 

ʤʝʞʜʫ LUT-ʪʘʙʣʠʮʘʤʠ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʚʠʜʝ ʩʦʝʜʠʥʝʥʠʡ 

(ʪʨʝʢʦʚ ʠʣʠ ʜʦʨʦʞʝʢ), ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ 

(ʩʝʛʤʝʥʪʳ) ʵʣʝʢʪʨʦʥʥʳʤʠ ʢʣʶʯʘʤʠ (ʨʠʩ.1.8).  

ʀʝʨʘʨʭʠʯʝʩʢʘʷ (ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ) ʦʨʛʘʥʠʟʘʮʠʷ ʇʃʀʉ 

ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʠʭ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ.1.9). 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʙʣʦʢʠ (ʥʘʧʨʠʤʝʨ, ʚ ʣʦʛʠʯʝʩʢʠʡ ʙʣʦʢ ʇʃʀʉ 

ʩʝʤʝʡʩʪʚʘ FLEX ʬʠʨʤʳ Altera ʚʭʦʜʠʪ 8 ʣʦʛʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ), ʠʤʝʶʱʠʝ ʩʚʦʶ ʩʦʙʩʪʚʝʥʥʫʶ ʣʦʢʘʣʴʥʫʶ ʰʠʥʫ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ. ʃʦʛʠʯʝʩʢʠʝ ʙʣʦʢʠ ʦʙʤʝʥʠʚʘʶʪʩʷ ʩʠʛʥʘʣʘʤʠ 

ʯʝʨʝʟ ʰʠʥʳ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ. ʄʝʞʩʦʝʜʠʥʝʥʠʷ 

(ʧʨʦʚʦʜʥʠʢʠ) ʚ ʢʘʥʘʣʘʭ ʥʝʧʨʝʨʳʚʥʳ (ʪ.ʝ. ʥʝ ʨʘʟʜʝʣʝʥʳ ʥʘ 

ʩʝʛʤʝʥʪʳ ʵʣʝʢʪʨʦʥʥʳʤʠ ʢʣʶʯʘʤʠ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʣʳʝ 

ʟʘʜʝʨʞʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʤʝʞʜʫ ʣʦʛʠʯʝʩʢʠʤʠ 
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ʙʣʦʢʘʤʠ ʠ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʵʣʝʢʪʨʦʥʥʳʭ ʢʣʶʯʝʡ. 

 

 
ʈʠʩ.1.8. ʆʜʥʦʫʨʦʚʥʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ 

 

 
ʈʠʩ.1.9. ʄʥʦʛʦʫʨʦʚʥʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ 

(FLEX10K, APEX, APEX II ʬʠʨʤʳ Altera) 
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ʈʠʩ.1.10. ʊʨʘʩʩʠʨʦʚʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ ʇʃʀʉ 

ʪʠʧʘ ʇʇɺʄ Stratix ʬʠʨʤʳ Altera ʠ Virtex ʬʠʨʤʳ Xilinx  

 

ɼʣʷ ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʇʃʀʉ 

ʣʦʛʠʯʝʩʢʠʝ ʙʣʦʢʠ ʟʘʯʘʩʪʫʶ ʚʳʛʦʜʥʦ ʦʙʲʝʜʠʥʷʪʴ ʚ ʢʣʘʩʪʝʨʳ 

(ʨʠʩ.1.11). ʊʘʢ, ʧʦʜ ʪʝʨʤʠʥʦʣʦʛʠʝʡ ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʡ 

ʣʦʛʠʯʝʩʢʠʡ ʙʣʦʢ ʬʠʨʤʳ Altera ʧʦʜʨʘʟʫʤʝʚʘʝʪʩ ̫ʢʣʘʩʪʝʨ ʠʟ 8 

ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ (ʜʣʷ ʇʃʀʉ ʩʝʨʠʠ FLEX10K). 

ɼʣʷ ʨʘʥʥʠʭ ʘʨʭʠʪʝʢʪʫʨ ʇʃʀʉ Xilinx  ʩʝʨʠʡ XC3000 ʠ 

XC4000 (ʨʠʩ.1.12) ʭʘʨʘʢʪʝʨʥʦ: ʥʘʣʠʯʠʝ ʢʘʥʘʣʴʥʳʭ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʨʘʟʜʝʣʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʤʠ ʢʣʶʯʘʤʠ ʚ 

ʢʦʤʤʫʪʘʮʠʦʥʥʦʤ ʙʣʦʢʝ; ʧʨʷʤʳʝ ʤʝʞʩʦʝʜʠʥʝʥʠʷ, 

ʩʦʝʜʠʥʷʶʱʠʝ ʚʳʭʦʜʳ ʣʦʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ (ʃɹ) ʩʦ 

ʚʭʦʜʘʤʠ/ʚʳʭʦʜʘʤʠ ʯʝʪʳʨʝʭ ʩʦʩʝʜʥʠʭ ʃɹ; ʜʣʠʥʥʳʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʠʠ ʧʨʦʭʦʜʷʱʠʝ ʚʜʦʣʴ 

ʚʩʝʛʦ ʢʨʠʩʪʘʣʣʘ; ʩʝʪʴ ʪʘʢʪʦʚʳʭ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ, 

ʦʭʚʘʪʳʚʘʶʱʘʷ ʚʝʩʴ ʢʨʠʩʪʘʣʣ, ʧʦʜʢʣʶʯʘʝʤʘʷ ʢ ʩʠʥʭʨʦʚʭʦʜʘʤ 

ʪʨʠʛʛʝʨʦʚ ʃɹ. 
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ʘ) 

 

 
ʙ) 

ʈʠʩ.1.11. ʆʙʲʝʜʠʥʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʚ ʢʣʘʩʪʝʨʳ (ʘ) ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ ʚ ʦʜʥʦʫʨʦʚʥʝʚʳʭ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ 

(ʙ) 
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ʈʠʩ.1.12. ɸʨʭʠʪʝʢʪʫʨʘ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ Xilinx  3000 

 

 ʇʃʀʉ ʩ ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʝʞʩʦʝʜʠʥʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʘʩʩʠʚ ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ (ʣʦʛʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ) ʧʦʜʢʣʶʯʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ 

C1 ʠ C2 ʢ ʚʝʨʪʠʢʘʣʴʥʳʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʪʨʘʩʩʠʨʦʚʦʯʥʳʤ 

ʢʘʥʘʣʘʤ ʤʝʞʩʦʝʜʠʥʝʥʠʡ (ʨʠʩ.1.13). ɹʣʦʢ ʉ1 ʧʦʜʢʣʶʯʘʝʪ ʦʜʠʥ 

ʠʟ ʚʭʦʜʦʚ (ʚʪʦʨʦʡ) LUT-ʪʘʙʣʠʮʳ ʠ ʩʠʛʥʘʣ set/reset ʢ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʢʘʥʘʣʫ, ʘ ʙʣʦʢ ʉ2 ʧʦʜʢʣʶʯʘʝʪ ʦʜʠʥ ʠʟ ʚʭʦʜʦʚ 

(ʪʨʝʪʠʡ) ʠ ʚʳʭʦʜ ʃʕ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʢʘʥʘʣʫ. 

ʉʦʝʜʠʥʠʪʝʣʴʥʳʝ ʙʣʦʢʠ C1 ʠ C2 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʢʦʤʤʫʪʘʪʦʨʳ ʥʘ ʤʫʣʴʪʠʧʣʝʢʩʦʨʥʳʭ 
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ʩʪʨʫʢʪʫʨʘʭ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʜʢʣʶʯʘʪʴ ʣʶʙʦʝ ʤʝʞʩʦʝʜʠʥʝʥʠʝ 

ʠʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ 

ʢʘʥʘʣʦʚ ʥʘ ʦʜʠʥ ʠʟ ʚʭʦʜʦʚ ʣʦʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ. ɹʣʦʢ ʉ2 

ʧʦʜʢʣʶʯʘʝʪ ʣʶʙʦʝ ʤʝʞʩʦʝʜʠʥʝʥʠʝ ʠʟ ʢʘʥʘʣʘ ʢ ʚʭʦʜʫ in3, ʘ 

ʙʣʦʢ C1 ʧʦʜʢʣʶʯʘʝʪ ʣʶʙʦʝ ʤʝʞʩʦʝʜʠʥʝʥʠʝ ʠʟ ʢʘʥʘʣʘ ʢ ʚʭʦʜʫ 

in2. ɼʣʷ ʢʦʤʤʫʪʘʮʠʠ ʚʳʭʦʜʦʚ ʃɹ ʚ ʙʣʦʢʝ C2 ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʦʤʤʫʪʘʪʦʨʳ (ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʳ) ʪʠʧʘ track-to-pin (ʦʜʠʥ n-

ʄʆʇ ʢʣʶʯ ʥʘ ʢʘʞʜʦʝ ʩʦʝʜʠʥʝʥʠʝ) ʥʘ ʧʨʦʭʦʜʥʳʭ n-ʄʆʇ 

ʢʣʶʯʘʭ. ɺ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʣʦʢʘʭ C1 ʠ C2 ʚ ʢʘʯʝʩʪʚʝ 

ʙʫʬʝʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʦʝʜʠʥʝʥʥʳʭ ʠʥʚʝʨʪʦʨʘ.  

 
 

 
ʈʠʩ.1.13. ɸʨʭʠʪʝʢʪʫʨʘ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʇʃʀʉ 
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 ʂʦʤʤʫʪʘʮʠʷ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʥʘʣʘʣʘʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ-

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ (S-ʙʣʦʢ) ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʠʟ ʩʝʙʷ ʜʚʘ 

ʰʝʩʪʠʪʨʘʥʟʠʩʪʦʨʥʳʭ n-ʄʆʇ ʢʣʶʯʘ, ʜʚʘ ʥʝʧʨʝʨʳʚʥʳʭ ʧʨʷʤʳʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʠ ʜʚʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʘʥʘʣʘ. 

ʉʦʚʤʝʩʪʥʦ ʩ n-ʄʆʇ ʢʣʶʯʝʤ ʧʨʠʤʝʥʷʝʪʩʷ ʙʫʬʝʨ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ (ʨʠʩ.1.14), ʪ.ʢ. ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ n-ʄʆʇ ʢʣʶʯʝʡ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚ ʮʝʧʦʯʢʝ 

ʩʥʠʞʘʝʪʩʷ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʨʦʛʦʚʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. ɹʫʬʝʨ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʫʨʦʚʥʷ ʩ p-ʄʆʇ 

ʪʨʘʥʟʠʩʪʦʨʦʤ ʚ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʦʤʤʫʪʘʪʦʨʘʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʢʦʤʤʝʨʯʝʩʢʠʭ ʇʃʀʉ, 

ʥʘʧʨʠʤʝʨ, ʩʝʨʠʠ Flex, Stratix ʬʠʨʤʳ Altera. 

 ɿʘʤʝʥʘ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʤʝʞʩʦʝʜʠʥʝʥʠʷ ʥʘ ʞʝʩʪʢʦʝ, 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1.15. ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ 

ʢʦʤʤʫʪʘʮʠʠ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʤʠ ʢʣʶʯʘʤʠ. ʏʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʯʠʩʣʦ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʷʯʝʝʢ ʧʘʤʷʪʠ, ʙʫʬʝʨʦʚ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʇʃʀʉ.  

 

 
ʈʠʩ.1.14. ʉʭʝʤʘ ʙʫʬʝʨʘ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʫʨʦʚʥʷ ʩ p-ʄʆʇ 

ʪʨʘʥʟʠʩʪʦʨʦʤ (ʬʠʢʩʘʪʦʨʦʤ) ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 
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ʈʠʩ.1.15. ɿʘʤʝʥʘ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʘ) ʥʘ ʞʝʩʪʢʦʝ 

(ʙ) ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ 

ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʙʣʦʢʘ (ʚ) 

 

 

1.4. ʀʥʜʫʩʪʨʠʘʣʴʥʳʝ ʇʃʀʉ ʬʠʨʤʳ Altera 

 

ʇʃʀʉ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʙʦʣʴʰʠʭ ʧʦʜʤʥʦʞʝʩʪʚʘ. 

ʕʪʦ ʇʃʀʉ ʩ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʨʦʰʠʚʢʦʡ (ʪ.ʝ. ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʧʠʪʘʥʠʷ ʚʥʫʪʨʝʥʥʷʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʇʃʀʉ - ñʟʘʰʠʚʢʘò - ʩʦʭʨʘʥʷʝʪʩʷ) ʠ ʇʃʀʉ ʩ ʟʘʛʨʫʟʢʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʧʠʪʘʥʠʷ (ʧʨʠ ʚʳʢʣʶʯʝʥʠʠ 

ʧʠʪʘʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ñʩʙʨʘʩʳʚʘʝʪʩʷò).  

ʇʝʨʚʳʝ ʚʳʧʦʣʥʝʥʳ ʧʦ ʪʝʭʥʦʣʦʛʠʠ EEPROM (ʩʝʤʝʡʩʪʚʘ 

MAX  7000/E/S/A, MAX  9000A) ʠ ʜʦʧʫʩʢʘʶʪ ʥʝ ʤʝʥʝʝ 100 

ʮʠʢʣʦʚ ʩʪʠʨʘʥʠʷ-ʟʘʧʠʩʠ, ʚʪʦʨʳʝ - ʧʦ ʪʝʭʥʦʣʦʛʠʠ SRAM 

(ʩʝʤʝʡʩʪʚʘ FLEX 6000/A, FLEX 8000A, FLEX 10K/KA/KB/KE) 

ʩ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʮʠʢʣʦʚ ʧʝʨʝʟʘʧʠʩʠ ʠ 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʝʨʝʟʘʛʨʫʞʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. ʂ ʧʝʨʚʦʤʫ ʧʦʜʤʥʦʞʝʩʪʚʫ ʦʪʥʦʩʷʪʩʷ ʪʘʢʞʝ 

ʤʠʢʨʦʩʭʝʤʳ ʩʝʤʝʡʩʪʚʘ Classic ʩ ʦʜʥʦʢʨʘʪʥʳʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ ʠʣʠ ʩ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʩʪʠʨʘʥʠʝʤ. 
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1.4.1. ʉʝʤʝʡʩʪʚʦ ʇʃʀʉ MAX 3000 ʠ MAX 7000 

 

ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ MAX3000 ʚʳʧʦʣʥʝʥʳ ʧʦ ʂʄʆʇ 

ʕʉʇɿʋ ʪʝʭʥʦʣʦʛʠʠ (ʇɿʋ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʪʠʨʘʥʠʝʤ) ʧʨʠ 

ʩʦʙʣʶʜʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ 0.35 ʤʢʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʜʝʰʝʚʠʪʴ ʠʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʤʝʡʩʪʚʦʤ 

MAX7000S. ɺʩʝ ʇʃʀʉ MAX3000 ʧʦʜʜʝʨʞʠʚʘʶʪ ʪʝʭʥʦʣʦʛʠʶ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ (ISP, In-system programmability) 

ʠ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ (boundary scan) ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ IEEE Std. 1149.1 JTAG. 

ʕʣʝʤʝʥʪʳ ʚʚʦʜʘ-ʚʳʚʦʜʘ (ʕɺɺ) ʧʦʟʚʦʣʷʶʪ ʨʘʙʦʪʘʪʴ ʚ 

ʩʠʩʪʝʤʘʭ ʩ ʫʨʦʚʥʷʤʠ ʩʠʛʥʘʣʦʚ 5 ɺ, 3.3 ɺ, 2.5 ɺ. ʄʘʪʨʠʮʘ 

ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʝʪ ʥʝʧʨʝʨʳʚʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʜʦ 4.5 

ʥʩ. ʇʃʀʉ MAX3000 ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʧʧʘʨʘʪʥʦʡ 

ʵʤʫʣʷʮʠʠ ʚʳʭʦʜʦʚ ʩ ʦʪʢʨʳʪʳʤ ʢʦʣʣʝʢʪʦʨʦʤ (open - drains pin) 

ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʘ PCI. ʀʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʮʝʧʝʡ 

ʩʙʨʦʩʘ, ʫʩʪʘʥʦʚʢʠ ʠ ʪʘʢʪʠʨʦʚʘʥʠʷ ʪʨʠʛʛʝʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ 

ʤʘʢʨʦʷʯʝʡʢʫ. ʇʨʝʜʫʩʤʦʪʨʝʥ ʨʝʞʠʤ ʧʦʥʠʞʝʥʥʦʛʦ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʇʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʣʦʛʠʯʝʩʢʠʡ 

ʨʘʩʰʠʨʠʪʝʣʴ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʦʜʥʦʡ ʤʘʢʨʦʷʯʝʡʢʝ 

ʬʫʥʢʮʠʠ ʜʦ 32 ʧʝʨʝʤʝʥʥʳʭ. ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ 

ʙʠʪʘ ʩʝʢʨʝʪʥʦʩʪʠ (security bit) ʜʣʷ ʟʘʱʠʪʳ ʦʪ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʪʠʨʘʞʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʢʠ. 

ʈʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʟʘʛʨʫʟʢʠ, ʪʘʢʠʭ ʢʘʢ ByteBlasterMV, BitBlaster, MasterBlaster, ʘ 

ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʬʦʨʤʘʪ JAM. ʇʃʀʉ MAX3000 

ʚʳʧʫʩʢʘʶʪʩʷ ʚ ʢʦʨʧʫʩʘʭ ʦʪ 44 ʜʦ 208 ʚʳʚʦʜʦʚ. ʅʘ ʨʠʩ.1.16 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ 

MAX3000. 

ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʪʨʫʢʪʫʨʳ ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ 

MAX3000 ʷʚʣʷʶʪʩʷ: ʣʦʛʠʯʝʩʢʠʝ ʙʣʦʢʠ (ʃɹ) (LAB, Logic array 
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blocks); ʤʘʢʨʦʷʯʝʡʢʠ (ʄʗ) (macrocells); ʣʦʛʠʯʝʩʢʠʝ 

ʨʘʩʰʠʨʠʪʝʣʠ (expanders) (ʧʘʨʘʣʣʝʣʴʥʳʡ (parallel) ʠ 

ʨʘʟʜʝʣʷʝʤʳʡ (shareble)); ʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʤʘʪʨʠʮʘ 

ʩʦʝʜʠʥʝʥʠʡ (ʇʄʉ) (Programmable interconnect array, PIA); 

ʵʣʝʤʝʥʪʳ ʚʚʦʜʘ-ʚʳʚʦʜʘ (ʕɺɺ) (I/O control block).  

ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ MAX3000 ʠʤʝʶʪ ʯʝʪʳʨʝ ʚʳʚʦʜʘ, 

ʟʘʢʨʝʧʣʝʥʥʳʭ ʟʘ ʛʣʦʙʘʣʴʥʳʤʠ ʮʝʧʷʤʠ (dedicated inputs). ʕʪʦ 

ʛʣʦʙʘʣʴʥʳʝ ʮʝʧʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʙʨʦʩʘ ʠ ʫʩʪʘʥʦʚʢʠ ʚ ʪʨʝʪʴʝ 

ʩʦʩʪʦʷʥʠʝ ʢʘʞʜʦʡ ʤʘʢʨʦʷʯʝʡʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʚʳʚʦʜʳ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʚʭʦʜʳ ʠʣʠ ʚʳʭʦʜʳ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ 

ñʙʳʩʪʨʳʭò ʩʠʛʥʘʣʦʚ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ʇʃʀʉ. 

 

 

ʈʠʩ.1.16. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ 

MAX3000 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ.1.16, ʚ ʦʩʥʦʚʝ ʘʨʭʠʪʝʢʪʫʨʳ ʇʃʀʉ 

ʩʝʤʝʡʩʪʚʘ MAX3000 ʣʝʞʘʪ ʣʦʛʠʯʝʩʢʠʝ ʙʣʦʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

16 ʤʘʢʨʦʷʯʝʝʢ ʢʘʞʜʳʡ. ʃʦʛʠʯʝʩʢʠʝ ʙʣʦʢʠ ʩʦʝʜʠʥʷʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʤʘʪʨʠʮʳ ʩʦʝʜʠʥʝʥʠʡ. ʂʘʞʜʳʡ 

ʣʦʛʠʯʝʩʢʠʡ ʙʣʦʢ ʠʤʝʝʪ 36 ʚʭʦʜʦʚ ʩ ʇʄʉ. ʅʘ ʨʠʩ.1.17 

ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʘʢʨʦʷʯʝʡʢʠ ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ 

MAX3000. 

ʄʗ ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ MAX3000 ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ 

ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ: ʣʦʢʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʤʘʪʨʠʮʳ (LAB 

local array); ʤʘʪʨʠʮʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʦʚ (product-term select 

matrix); ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʨʝʛʠʩʪʨʘ (Programmable register). 

ʂʦʤʙʠʥʘʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʣʦʢʘʣʴʥʦʡ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʤʘʪʨʠʮʝ ʠ ʤʘʪʨʠʮʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʦʚ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʦʙʲʝʜʠʥʷʪʴ ʣʦʛʠʯʝʩʢʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʣʠʙʦ ʧʦ 

ʀʃʀ (OR), ʣʠʙʦ ʧʦ ʠʩʢʣʶʯʘʶʱʝʤʫ ʀʃʀ (XOR). ʂʨʦʤʝ ʪʦʛʦ, 

ʤʘʪʨʠʮʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʦʚ ʧʦʟʚʦʣʷʝʪ ʩʢʦʤʤʫʪʠʨʦʚʘʪʴ 

ʮʝʧʠ ʫʧʨʘʚʣʝʥʠʷ ʪʨʠʛʛʝʨʦʤ ʄʗ. 

ʈʝʞʠʤ ʪʘʢʪʠʨʦʚʘʥʠʷ ʠ ʢʦʥʬʠʛʫʨʘʮʠʷ ʪʨʠʛʛʝʨʘ 

ʚʳʙʠʨʘʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʦ ʚʨʝʤʷ ʩʠʥʪʝʟʘ ʧʨʦʝʢʪʘ ʚ ʉɸʇʈ 

MAX+PLUS II ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʨʘʟʨʘʙʦʪʯʠʢʦʤ 

ʪʠʧʘ ʪʨʠʛʛʝʨʘ ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʨʦʝʢʪʘ. 

ɺ ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ MAX3000 ʜʦʩʪʫʧʥʦ 2 ʛʣʦʙʘʣʴʥʳʭ 

ʪʘʢʪʦʚʳʭ ʩʠʛʥʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʭʝʤʳ ʩ 

ʜʚʫʭʬʘʟʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ. 

 

 



 
ʈʠʩ.1.17. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʘʢʨʦʷʯʝʡʢʠ ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ MAX3000 
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ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʧʝʨʝʤʝʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʦʛʠʯʝʩʢʠʝ ʨʘʩʰʠʨʠʪʝʣʠ. 

ʈʘʟʜʝʣʷʝʤʳʡ ʣʦʛʠʯʝʩʢʠʡ ʨʘʩʰʠʨʠʪʝʣʴ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ 

ʣʦʛʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʚʭʦʜʦʚ, ʧʦʟʚʦʣʷʷ 

ʦʙʲʝʜʠʥʠʪʴ ʄʗ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʦʜʥʦʛʦ ʃɹ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʘʟʜʝʣʷʝʤʳʡ ʨʘʩʰʠʨʠʪʝʣʴ ʬʦʨʤʠʨʫʝʪ ʪʝʨʤ, ʠʥʚʝʨʩʥʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʝʨʝʜʘʝʪʩʷ ʤʘʪʨʠʮʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʦʚ 

ʚ ʣʦʢʘʣʴʥʫʶ ʧʨʦʛʨʘʤʤʠʨʫʝʤʫʶ ʤʘʪʨʠʮʫ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʣʶʙʦʡ ʄʗ ʜʘʥʥʦʛʦ ʃɹ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ.1.8, 

ʠʤʝʶʪʩʷ 36 ʩʠʛʥʘʣʦʚ ʣʦʢʘʣʴʥʦʡ ʇʄʉ, ʘ ʪʘʢʞʝ 16 ʠʥʚʝʨʩʥʳʭ 

ʩʠʛʥʘʣʦʚ ʩ ʨʘʟʜʝʣʷʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʨʘʩʰʠʨʠʪʝʣʝʡ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʃɹ ʨʝʘʣʠʟʦʚʘʪʴ ʬʫʥʢʮʠʶ ʜʦ 52 

ʪʝʨʤʦʚ ʨʘʥʛʘ 1. 

ʇʘʨʘʣʣʝʣʴʥʳʡ ʣʦʛʠʯʝʩʢʠʡ ʨʘʩʰʠʨʠʪʝʣʴ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʦʢʘʣʴʥʳʝ ʤʘʪʨʠʮʳ ʩʤʝʞʥʳʭ ʄʗ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ, ʚ ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʙʦʣʝʝ 5 ʪʝʨʤʦʚ. ʆʜʥʘ 

ʮʝʧʦʯʢʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʨʘʩʰʠʨʠʪʝʣʝʡ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʜʦ 4 

ʄʗ, ʨʝʘʣʠʟʫʷ ʬʫʥʢʮʠʶ 20 ʪʝʨʤʦʚ. ʅʘ ʇʄʉ ʚʳʚʦʜʷʪʩʷ ʩʠʛʥʘʣʳ 

ʦʪ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: ʕɺɺ, ʩʠʛʥʘʣʦʚ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

ʃɹ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʳʜʝʣʝʥʥʳʭ ʚʳʚʦʜʦʚ. ɺ ʧʨʦʮʝʩʩʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʪʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʳʝ ʩʠʛʥʘʣʳ ñʟʘʚʦʜʷʪʩʷò 

ʥʘ ʢʘʞʜʳʡ ʃɹ. 

ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ MAX3000 ʧʦʣʥʦʩʪʴʶ ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʪʘʥʜʘʨʪʦʤ IEEE Std. 1149.1 ï1990 (JTAG) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ.  

ʇʦʚʳʰʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʩʭʝʤʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ 

ʩʦʩʪʘʚ ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ MAX3000, ʠʟ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ 3.3 

ɺ. ɺʦ ʚʨʝʤʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʚʭʦʜʳ ʠ ʚʳʭʦʜʳ 

ʇʃʀʉ ʥʘʭʦʜʷʪʴʩʷ ʚ ʪʨʝʪʴʝʤ ʩʦʩʪʦʷʥʠʠ ʠ ñʩʣʝʛʢʘò ʧʦʜʪʷʥʫʪʳ ʢ 

ʥʘʧʨʷʞʝʥʠʶ ʧʠʪʘʥʠʷ. ʉʦʧʨʦʪʠʚʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ 

ʧʦʜʪʷʛʠʚʘʶʱʠʭ ʨʝʟʠʩʪʦʨʦʚ ʧʦʨʷʜʢʘ 50 ʢʆʤ.  
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 ʉʝʤʝʡʩʪʚʦ MAX  (Multiple Array matriX) 7000 

ʦʙʲʝʜʠʥʷʝʪ ʩʝʤʴ ʩʝʨʠʡ ʇʃʀʉ. ʇʃʀʉ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ 

ʧʦʟʚʦʣʷʶʪ ʟʘʤʝʥʠʪʴ ʫʩʪʨʦʡʩʪʚʦ, ʩʦʜʝʨʞʘʱʝʝ ʜʦ ʩʦʪʥʠ 

ʢʦʨʧʫʩʦʚ ʤʠʢʨʦʩʭʝʤ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʠʥʪʝʛʨʘʮʠʠ, ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ: ʟʘʜʝʨʞʢʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ ʣʶʙʦʛʦ 

ʚʭʦʜʘ ʜʦ ʚʳʭʦʜʘ ʇʃʀʉ ʥʝ ʙʦʣʝʝ 5 ʥʩ; ʫʩʪʦʡʯʠʚʫʶ ʨʘʙʦʪʫ ʥʘ 

ʯʘʩʪʦʪʘʭ ʜʦ 151 ʄɻʮ; ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʚʳʭʦʜʥʳʭ ʙʫʬʝʨʦʚ; ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʝʪʳʨʝʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʚʳʭʦʜʥʳʭ ʙʫʬʝʨʦʚ: 

ʚʭʦʜ, ʚʳʭʦʜ, ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ, ʦʪʢʨʳʪʳʡ ʢʦʣʣʝʢʪʦʨ; 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ ʨʝʞʠʤʘ ʧʦʥʠʞʝʥʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ 

(Turbo-off) ʢʘʢ ʜʣʷ ʚʩʝʡ ʉɹʀʉ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʜʣʷ ʮʝʧʝʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ; ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʦʩʣʝ ʨʘʩʧʘʡʢʠ ʥʘ 

ʧʣʘʪʝ; ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ ʨʝʞʠʤʘ ʩʝʢʨʝʪʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ 

(Design Security); ʨʘʙʦʪʫ ʩ ʧʦʥʠʞʝʥʥʳʤ (3.3 ɺ) ʥʘʧʨʷʞʝʥʠʝʤ 

ʧʠʪʘʥʠʷ. 

 ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ MAX7000 ʷʚʣʷʶʪʩʷ ʧʝʨʚʳʤʠ CPLD 

ʬʠʨʤʳ ALTERA, ʚʳʧʦʣʥʝʥʥʳʤʠ ʧʦ ʂʄʆʇ ʕʉʇɿʋ 

ʪʝʭʥʦʣʦʛʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʧʫʩʢʘʶʪʩʷ ʇʃʀʉ 

MAX 7000, MAX 7000A, MAX 7000B, MAX 7000E, MAX 7000S. 

ʉʝʤʝʡʩʪʚa MAX 7000A ʠ MAX 7000B ʨʘʩʯʠʪʘʥʳ ʥʘ ʨʘʙʦʪʫ ʚ 

ʩʠʩʪʝʤʘʭ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʧʠʪʘʥʠʷ 3.3 ʠ 2.5 ɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʇʃʀʉ MAX 7000S ʷʚʣʷʝʪʩʷ ʜʘʣʴʥʝʡʰʠʤ ʨʘʟʚʠʪʠʝʤ 5 

ʚʦʣʴʪʦʚʦʛʦ MAX7000, ʜʦʧʫʩʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ. ʇʃʀʉ ʜʦʧʫʩʢʘʶʪ ʥʝ ʤʝʥʝʝ 100 

ʮʠʢʣʦʚ ʩʪʠʨʘʥʠʷ-ʟʘʧʠʩʠ, ʯʝʛʦ ʜʣʷ ʦʪʣʘʜʢʠ ʠʟʜʝʣʠʷ ʙʦʣʝʝ ʯʝʤ 

ʜʦʩʪʘʪʦʯʥʦ. ʕʪʦ ʛʘʨʘʥʪʠʨʦʚʘʥʥʘʷ ʬʠʨʤʦʡ ʮʠʬʨʘ, ʭʦʪʷ ʨʝʘʣʴʥʦ 

ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʜʦ 250. 

ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ MAX  7000 ʩʦʜʝʨʞʘʪ ʦʪ 32 ʜʦ 256 

ʤʘʢʨʦʷʯʝʝʢ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʝʥʳ ʚ ʛʨʫʧʧʳ ʧʦ 16 ʤʘʢʨʦʷʯʝʝʢ, 

ʥʘʟʳʚʘʝʤʳʝ LAB (Logic Array Block). ʂʘʞʜʘʷ ʤʘʢʨʦʷʯʝʡʢʘ 

ʩʦʜʝʨʞʠʪ ʧʨʦʛʨʘʤʤʠʨʫʝʤʫʶ ʤʘʪʨʠʮʫ ñʀò ʠ ʬʠʢʩʠʨʦʚʘʥʥʫʶ 

ʤʘʪʨʠʮʫ ñʀʃʀò, ʘ ʪʘʢʞʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʡ ʪʨʠʛʛʝʨ ʩ 



 

 34 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʩʠʛʥʘʣʘʤʠ ʪʘʢʪʦʚʦʛʦ ʠʤʧʫʣʴʩʘ, ʨʘʟʨʝʰʝʥʠʷ 

ʪʘʢʪʦʚʦʛʦ ʠʤʧʫʣʴʩʘ, ʩʙʨʦʩʘ ʠ ʧʨʝʜʫʩʪʘʥʦʚʢʠ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʩʣʦʞʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʢ ʢʘʞʜʦʡ ʤʘʢʨʦʷʯʝʡʢʝ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʝʨʤʳ ʧʨʦʠʟʚʝʜʝʥʠʡ (ʟʘ 

ʩʯʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ - ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ñexpander 

termsò), ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʪʝʨʤʦʚ ʚ ʤʘʢʨʦʷʯʝʡʢʝ ʜʦ 

32. 

ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ MAX 7000S ʦʪʣʠʯʘʶʪʩʷ ʦʪ MAX 7000 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ (ISP) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ JTAG-ʠʥʪʝʨʬʝʡʩʘ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʡ ʢʘʙʝʣʴ 

Byteblaster (Bitblaster) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʉɸʇʈ, ʘ ʪʘʢʞʝ 

ʧʦʥʠʞʝʥʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ MAX7000 ʧʦʪʨʝʙʣʝʥʠʝʤ. 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ñʙʳʩʪʨʦʜʝʡʩʪʚʠʝ/ʧʦʪʨʝʙʣʝʥʠʝò ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ñʪʫʨʙʦ-ʙʠʪò ʢʦʪʦʨʳʡ, ʙʫʜʫʯʠ 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʤ ʚ ʩʦʩʪʦʷʥʠʝ ñONò ʧʦʟʚʦʣʷʝʪ ʮʝʧʠ 

ʜʦʩʪʠʯʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ. ɺ ʩʣʫʯʘʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ  ʝʛʦ ʚ ʩʦʩʪʦʷʥʠʝ ñOFFò - ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʮʝʧʠ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 2-2,5 

ʨʘʟʘ), ʧʨʠ ʵʪʦʤ ʩʦʢʨʘʱʘʝʪʩʷ ʧʦʪʨʝʙʣʝʥʠʝ ʧʨʠʤʝʨʥʦ ʚ ʪʦʤ ʞʝ 

ʩʦʦʪʥʦʰʝʥʠʠ. ñʊʫʨʙʦ-ʙʠʪò ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥ ʜʣʷ 

ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʨʫʛʠʭ. 

ʇʃʀʉ MAX  7000 ʚʳʧʫʩʢʘʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ 

ʢʦʨʧʫʩʦʚ (PLCC, QFP, PGA) ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʚʳʚʦʜʦʚ ʦʪ 44 ʜʦ 

208. 

ʉʝʤʝʡʩʪʚʦ MAX  7000A. ʊʝʭʥʦʣʦʛʠʷ EEPROM ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ (ISP). 

ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ 3,3 ɺ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʥʠʞʝʥʥʦʝ ʥʘ 

40 % ʧʦʪʨʝʙʣʝʥʠʝ. ɺʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʨʝʞʠʤʘ 

ʧʦʥʠʞʝʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ (ʦʢʦʣʦ 50 %) ʜʣʷ ʢʘʞʜʦʡ 

ʤʘʢʨʦʷʯʝʡʢʠ. ʇʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʙʠʪ ʩʝʢʨʝʪʥʦʩʪʠ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʟʘʱʠʪʠʪʴ ʇʃʀʉ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʩʯʠʪʳʚʘʥʠʷ. ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʧʦ ʚʳʭʦʜʘʤ ʩ ʫʨʦʚʥʷʤʠ 5,0/3,3/2,5 

ɺ.  
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ʇʃʀʉ MAX 7000AE ʩʧʦʩʦʙʥʳ ʢʦʨʨʝʢʪʥʦ ʨʘʙʦʪʘʪʴ ʚ 

ʨʝʞʠʤʝ "ʛʦʨʷʯʝʛʦ ʚʢʣʶʯʝʥʠʷ" (Hot Socketing), ʪ.ʝ. ʜʦʧʫʩʢʘʶʪ 

ʧʦʜʘʯʫ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʢʦʥʪʘʢʪʳ ʠ ʦʪʩʫʪʩʪʚʠʝ ʩʠʛʥʘʣʦʚ 

ʥʘ ʚʳʭʦʜʝ ʜʦ ʠʣʠ ʚʦ ʚʨʝʤʷ ʚʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ. 

ʇʃʀʉ EPM7032AE, EPM7064AE, EPM7128A ʠ 

EPM7256AE ʧʦ ʚʳʚʦʜʘʤ ʩʦʚʤʝʩʪʠʤʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʤʠʢʨʦʩʭʝʤʘʤʠ ʩʝʤʝʡʩʪʚʘ MAX  7000S. ʉʭʦʞʝʩʪʴ ʚʥʫʪʨʝʥʥʝʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ, ʧʨʠʤʝʥʷʶʱʠʤ ʩʝʛʦʜʥʷ 

ʤʠʢʨʦʩʭʝʤʳ MAX  7000S ʠ MAX  9000A, ʣʝʛʢʦ ʧʝʨʝʚʝʩʪʠ ʩʚʦʠ 

ʧʨʦʝʢʪʳ ʥʘ MAX  7000A. 

ʉʝʤʝʡʩʪʚʦ MAX  7000S. ɺʩʝ ʇʃʀʉ MAX 7000s 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ (ISP, 

In-system programmability) ʠ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

(boundary scan) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ IEEE Std. 1149.1 

JTAG. ʕʣʝʤʝʥʪʳ ʚʚʦʜʘ-ʚʳʚʦʜʘ (ʕɺɺ) ʧʦʟʚʦʣʷʶʪ ʨʘʙʦʪʘʪʴ ʚ 

ʩʠʩʪʝʤʘʭ ʩ ʫʨʦʚʥʷʤʠ ʩʠʛʥʘʣʦʚ 5 ɺ ʠʣʠ 3.3 ɺ. ʄʘʪʨʠʮʘ 

ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʝʪ ʥʝʧʨʝʨʳʚʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʜʦ 5 ʥʩ. 

ʇʃʀʉ MAX 7000s ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʧʧʘʨʘʪʥʦʡ ʵʤʫʣʷʮʠʠ 

ʚʳʭʦʜʦʚ ʩ ʦʪʢʨʳʪʳʤ ʢʦʣʣʝʢʪʦʨʦʤ (open - drains pin) ʠ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʘ PCI. ʀʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʮʝʧʝʡ 

ʩʙʨʦʩʘ, ʫʩʪʘʥʦʚʢʠ ʠ ʪʘʢʪʠʨʦʚʘʥʠʷ ʪʨʠʛʛʝʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ 

ʤʘʢʨʦʷʯʝʡʢʫ. ʇʨʝʜʫʩʤʦʪʨʝʥ ʨʝʞʠʤ ʧʦʥʠʞʝʥʥʦʛʦ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʇʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʣʦʛʠʯʝʩʢʠʡ 

ʨʘʩʰʠʨʠʪʝʣʴ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʦʜʥʦʡ ʤʘʢʨʦʷʯʝʡʢʝ 

ʬʫʥʢʮʠʠ ʜʦ 32 ʧʝʨʝʤʝʥʥʳʭ. ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ 

ʙʠʪʘ ʩʝʢʨʝʪʥʦʩʪʠ (security bit) ʜʣʷ ʟʘʱʠʪʳ ʦʪ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʪʠʨʘʞʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʢʠ. 

ʉʝʤʝʡʩʪʚʦ MAX  (Multiple Array matriX) 9000 

ʦʙʲʝʜʠʥʷʝʪ ʯʝʪʳʨʝ ʩʝʨʠʠ ʇʃʀʉ. ʇʃʀʉ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ 

ʧʦʟʚʦʣʷʶʪ ʟʘʤʝʥʠʪʴ ʫʩʪʨʦʡʩʪʚʦ, ʟʘʥʠʤʘʶʱʝʝ ʜʝʩʷʪʢʠ ʧʣʘʪ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʤʠʢʨʦʩʭʝʤʘʭ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʠʥʪʝʛʨʘʮʠʠ, ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ: ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʥʘ ʯʘʩʪʦʪʘʭ ʜʦ 



 

 36 

117 ʄɻʮ; ʥʝʟʘʚʠʩʠʤʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʦʛʠʯʝʩʢʦʡ ʯʘʩʪʠ ʠ 

ʪʨʠʛʛʝʨʘ ʤʘʢʨʦʷʯʝʡʢʠ; ʟʘʜʘʥʠʷ ʨʝʞʠʤʘ ʧʦʥʠʞʝʥʥʦʛʦ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ (power-saving mode) ʢʘʢ ʜʣʷ ʚʩʝʡ ʇʃʀʉ ʚ 

ʮʝʣʦʤ, ʪʘʢ ʠ ʜʣʷ ʮʝʧʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ; 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʦʩʣʝ ʨʘʩʧʘʡʢʠ ʥʘ 

ʧʣʘʪʝ; ʨʘʙʦʪʳ ʚ ʩʠʩʪʝʤʘʭ ʩʦ ʩʤʝʰʘʥʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʧʠʪʘʥʠʷ 

(3.3 ɺ, 5.0 ɺ); ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʚʳʭʦʜʥʳʭ ʙʫʬʝʨʦʚ; ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʝʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʚʳʭʦʜʥʳʭ ʙʫʬʝʨʦʚ: ʚʭʦʜ, ʚʳʭʦʜ, ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ.  

ʇʃʀʉ ʢʘʢ ʩʝʤʝʡʩʪʚʘ MAX9000, ʪʘʢ ʠ MAX 9000A 

ʦʙʣʘʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ (ISP) ʠ 

ʧʦʣʥʦʩʪʴʶ ʩʦʚʤʝʩʪʠʤʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʢʦʨʧʫʩʘʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʠ ʧʦ ʬʘʡʣʫ ʧʨʦʰʠʚʢʠ. ʇʃʀʉ 

MAX 9000A ʠʟʛʦʪʦʚʣʝʥʳ ʧʦ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʤʠʢʨʦʩʭʝʤ ʜʦ 7.5 ʥʩ 

(178 ʄɻʮ) ʦʪ ʚʭʦʜʘ ʜʦ ʚʳʭʦʜʘ.  

 

 

1.4.2. ʉʝʤʝʡʩʪʚʦ ʇʃʀʉ FLEX 6000 ʠ FLEX 10K 

 

ʇʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʇʃʀʉ FLEX6000 ʷʚʣʷʝʪʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʤʝʞʜʫ ʩʝʤʝʡʩʪʚʘʤʠ FLEX8000 ʠ FLEX10K. 

ʇʃʀʉ FLEX6000 ʚʳʧʫʩʢʘʶʪʩʷ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 0.5 ʤʢʤ ʉʆɿʋ 

(SRAM), FLEX6000A ʧʦ 0.35 ʤʢʤ ʩ ʪʨʝʤʷ ʩʣʦʷʤʠ 

ʤʝʪʘʣʣʠʟʘʮʠʠ ʠ ʦʙʣʘʜʘʶʪ ʫʜʘʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʮʝʥʘ-

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʝ ʦʯʝʥʴ ʩʣʦʞʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʎʆʉ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʨʭʠʪʝʢʪʫʨʳ 

ʇʃʀʉ FLEX6000 ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ OptiFLEX, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ.1.18. 

ɺ ʦʩʥʦʚʝ ʘʨʭʠʪʝʢʪʫʨʳ OptiFLEX ʣʝʞʘʪ ʣʦʛʠʯʝʩʢʠʝ 

ʙʣʦʢʠ (ʃɹ) (LABs, Logic array blocks), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʦʙʲʝʜʠʥʷʝʪ ʧʦ 10 ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʃʕ) (Logic elements) ʩ 

ʧʦʤʦʱʴʶ ʣʦʢʘʣʴʥʦʡ ʤʘʪʨʠʮʳ ʩʦʝʜʠʥʝʥʠʡ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʘʨʭʠʪʝʢʪʫʨʳ OptiFLEX ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢʘʞʜʳʡ ʣʦʛʠʯʝʩʢʠʡ 
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ʵʣʝʤʝʥʪ ʤʦʞʝʪ ʢʦʤʤʫʪʠʨʦʚʘʪʴʩʷ ʢʘʢ ʥʘ ʣʦʢʘʣʴʥʫʶ ʤʘʪʨʠʮʫ 

ʩʦʝʜʠʥʝʥʠʡ ʩʦʙʩʪʚʝʥʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ, ʪʘʢ ʠ ʩʤʝʞʥʳʭ 

(ʨʠʩ.1.18), ʪʝʤ ʩʘʤʳʤ ʨʘʩʰʠʨʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʪʨʘʩʩʠʨʦʚʢʠ. 

 

 
ʈʠʩ.1.18. ʊʝʭʥʦʣʦʛʠʷ OptiFLEX 

 

ʅʘ ʨʠʩ.1.19 ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʘ ʃɹ ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ 

FLEX6000. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ.1.19, ʃɹ ʠʤʝʝʪ ʯʝʨʝʜʫʶʱʫʶʩʷ 

ʩʪʨʫʢʪʫʨʫ (interleaved structure), ʦʙʲʝʜʠʥʷʷ ʥʘ ʣʦʢʘʣʴʥʦʡ 

ʤʘʪʨʠʮʝ ʩʦʝʜʠʥʝʥʠʡ (ʃʄʉ) (lockal interconnect) ʩʠʛʥʘʣʳ ʩ 

ʜʚʫʭ ʩʤʝʞʥʳʭ ʃɹ. ʂʨʦʤʝ ʪʦʛʦ, ʩʠʛʥʘʣʳ ʩ ʃʕ ʠ ʃʄʉ ʤʦʛʫʪ 

ʢʦʤʤʫʪʠʨʦʚʘʪʴʩʷ ʥʘ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ ʛʣʦʙʘʣʴʥʦʡ ʤʘʪʨʠʮʳ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʝʧʨʝʨʳʚʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʜʝʨʞʢʠ. ʂʘʞʜʳʡ ʃɹ ʠ ʃʕ 
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ʫʧʨʘʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʥʳʤʠ ʛʣʦʙʘʣʴʥʳʤʠ ʩʠʛʥʘʣʘʤʠ (Dedicated 

inputs), ʷʚʣʷʶʱʠʤʠʩʷ ʩʠʛʥʘʣʘʤʠ ʩʙʨʦʩʘ, ʫʩʪʘʥʦʚʢʠ ʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʪʨʠʛʛʝʨʦʚ ʃʕ (ʨʠʩ.1.12). 

ʅʘ ʨʠʩ.1.20 ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʘ ʃʕ ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ 

FLEX6000. ɺ ʦʩʥʦʚʝ ʃʕ ʣʝʞʠʪ ʯʝʪʳʨʝʭʚʭʦʜʦʚʘʷ ʪʘʙʣʠʮʘ 

ʧʝʨʝʢʦʜʠʨʦʚʦʢ (ʊʇ, LUT, Look-up Table). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʦʩʪʘʚ 

ʃʕ ʚʭʦʜʷʪ ʮʝʧʠ ʫʩʢʦʨʝʥʥʦʛʦ ʮʝʧʦʯʝʯʥʦʛʦ ʧʝʨʝʥʦʩʘ (Carry-in, 

carry-out) ʠ ʢʘʩʢʘʜʠʨʦʚʘʥʠʷ (cascade-in, cascade-out). ʊʨʠʛʛʝʨ 

ʃʕ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʣʦʛʠʢʠ ʩʙʨʦʩʘ-

ʫʩʪʘʥʦʚʢʠ (clear/preset logic), ʪʘʢʪʠʨʫʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʠʛʥʘʣʦʚ, 

ʚʳʙʠʨʘʝʤʳʭ ʣʦʛʠʢʦʡ ʪʘʢʪʠʨʦʚʘʥʠʷ (clock select). ʇʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʠʛʥʘʣ ʩ ʚʳʭʦʜʘ ʊʇ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʘʥ ʥʘ 

ʚʳʭʦʜ ʃʕ ʚ ʦʙʭʦʜ ʪʨʠʛʛʝʨʘ (register bypass). 

 

 
ʈʠʩ.1.19. ʉʪʨʫʢʪʫʨʘ ʃɹ FLEX6000 

 



 

 39 

 
ʈʠʩ.1.20. ʉʪʨʫʢʪʫʨʘ ʃʕ ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ FLEX6000 

 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʟʘʜʝʨʞʢʠ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʩʯʝʪʯʠʢʠ, ʩʫʤʤʘʪʦʨʳ, ʚʳʯʠʪʘʪʝʣʠ ʠ ʪ.ʧ., ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʫʩʢʦʨʝʥʥʳʭ ʮʝʧʦʯʝʯʥʳʭ ʧʝʨʝʥʦʩʦʚ (carry chain) 

ʤʝʞʜʫ ʃʕ. ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʮʝʧʦʯʝʯʥʳʭ ʧʝʨʝʥʦʩʦʚ ʧʝʨʚʳʡ 

ʃʕ ʢʘʞʜʦʛʦ ʃɹ ʥʝ ʚʢʣʶʯʘʝʪʩʷ ʚ ʮʝʧʦʯʢʫ ʮʝʧʦʯʝʯʥʳʭ 

ʧʝʨʝʥʦʩʦʚ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʬʦʨʤʠʨʫʝʪ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ ʃɹ. 

ɺʭʦʜ ʧʝʨʚʦʛʦ ʃʕ ʚ ʢʘʞʜʦʤ ʃɹ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʩʠʥʭʨʦʥʥʦʡ ʟʘʛʨʫʟʢʠ ʠʣʠ ʩʙʨʦʩʘ 

ʩʯʝʪʯʠʢʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʮʝʧʦʯʝʯʥʳʡ ʧʝʨʝʥʦʩ. ʎʝʧʦʯʢʘ 

ʧʝʨʝʥʦʩʦʚ ʜʣʠʥʥʝʝ ʯʝʤ 9 ʃʕ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʫʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʃɹ ʚʤʝʩʪʝ, ʧʨʠʯʝʤ ʧʝʨʝʥʦʩ 

ʬʦʨʤʠʨʫʝʪʩʷ ʥʝ ʚ ʩʦʩʝʜʥʠʡ ʃɹ, ʘ ʯʝʨʝʟ ʦʜʠʥ, ʪʦ ʝʩʪʴ ʠʟ 

ʯʝʪʥʦʛʦ ʚ ʯʝʪʥʳʡ, ʠʟ ʥʝʯʝʪʥʦʛʦ ʃɹ ï ʚ ʥʝʯʝʪʥʳʡ. ʅʘʧʨʠʤʝʨ, 

ʧʦʩʣʝʜʥʠʡ ʃʕ ʚ ʧʝʨʚʦʤ ʃɹ ʚ ʨʷʜʫ ʬʦʨʤʠʨʫʝʪ ʧʝʨʝʥʦʩ ʚʦ 

ʚʪʦʨʦʡ ʃʕ ʚ ʪʨʝʪʴʝʤ ʃɹ ʚ ʪʦʤ ʞʝ ʨʷʜʫ.  

ʉʝʤʝʡʩʪʚʦ FLEX (Flexible Logic Element matriX) 10K 

ʦʙʲʝʜʠʥʷʝʪ ʩʝʤʴ ʩʝʨʠʡ ʇʃʀʉ. ʇʃʀʉ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ 

ʧʦʟʚʦʣʷʶʪ ʟʘʤʝʥʠʪʴ ʫʩʪʨʦʡʩʪʚʦ, ʟʘʥʠʤʘʶʱʝʝ ʩʦʪʥʠ ʧʣʘʪ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʤʠʢʨʦʩʭʝʤʘʭ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʠʥʪʝʛʨʘʮʠʠ, ʠ 
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ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ: ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʥʘ ʯʘʩʪʦʪʘʭ ʜʦ 

450 ʄʛʮ; ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʢʨʠʩʪʘʣʣʝ ʩʪʘʪʠʯʝʩʢʦʡ ʧʘʤʷʪʠ ʠ ʇɿʋ 

ʦʙʲʝʤʦʤ ʜʦ 24 ʂʙʠʪ; ʥʝʟʘʚʠʩʠʤʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʦʛʠʯʝʩʢʦʡ 

ʯʘʩʪʠ ʠ ʪʨʠʛʛʝʨʘ ʢʘʞʜʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ; ʵʤʫʣʷʮʠʠ 

ʚʥʫʪʨʝʥʥʝʡ ʰʠʥʳ ʩ ʪʨʝʤʷ ʩʦʩʪʦʷʥʠʷʤʠ; ʫʤʥʦʞʝʥʠʷ 

ʚʥʫʪʨʝʥʥʝʡ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ; ʨʘʙʦʪʳ ʚ ʩʠʩʪʝʤʘʭ ʩʦ 

ʩʤʝʰʘʥʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʧʠʪʘʥʠʷ (3.3 ɺ, 5.0 ɺ); ʨʝʘʣʠʟʘʮʠʠ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʮʠʢʣʦʚ ʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ "ʥʘ ʣʝʪʫ", ʪ.ʝ. ʙʝʟ ʚʳʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʇʃʀʉ; 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚʳʭʦʜʥʳʭ ʙʫʬʝʨʦʚ; 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʝʪʳʨʝʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʚʳʭʦʜʥʳʭ ʙʫʬʝʨʦʚ: 

ʚʭʦʜ, ʚʳʭʦʜ, ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ, ʦʪʢʨʳʪʳʡ ʢʦʣʣʝʢʪʦʨ.  

ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ FLEX10K ʠʟʛʦʪʦʚʣʝʥʳ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 

SRAM ʩ ʟʘʛʨʫʟʢʦʡ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʧʠʪʘʥʠʷ. ʀʥʪʝʛʨʘʮʠʷ ʜʦ 

250000 ʚʝʥʪʠʣʝʡ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʦʜʥʦʤ ʢʨʠʩʪʘʣʣʝ ʣʦʛʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʠ ʧʘʤʷʪʠ (RAM, ROM, FIFO), ʧʨʠ ʵʪʦʤ ʧʘʤʷʪʴ 

ʨʝʘʣʠʟʫʝʪʩʷ ʙʝʟ ʟʘʪʨʘʪ ʦʩʥʦʚʥʦʡ ʣʦʛʠʢʠ. ɺʨʝʤʷ ʜʦʩʪʫʧʘ ʢ 

ʧʘʤʷʪʠ ʜʦ 6 ʥʩ. 

ʇʘʤʷʪʴ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʩʫʨʩʘʭ 

ʤʠʢʨʦʩʭʝʤʳ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʚ ʪ.ʯ. 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ. ʕʪʠ ʇʃʀʉ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ 

ʚʳʩʦʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʩʪʨʦʡʩʪʚ, 

ʩʦʚʤʝʩʪʠʤʳʭ ʩʦ ʩʪʘʥʜʘʨʪʦʤ PCI. 

ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ FLEX10K ʠʤʝʶʪ ʜʚʫʭʫʨʦʚʥʝʚʫʶ 

ʘʨʭʠʪʝʢʪʫʨʫ ʤʘʪʨʠʮʳ ʩʦʝʜʠʥʝʥʠʡ (ʨʠʩ.1.21). 8 ʃʕ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʛʨʫʧʧʳ - ʣʦʛʠʯʝʩʢʠʝ ʙʣʦʢʠ (ʃɹ). ɺʥʫʪʨʠ 

ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʃʕ ʩʦʝʜʠʥʷʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʣʦʢʘʣʴʥʦʡ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʤʘʪʨʠʮʳ ʩʦʝʜʠʥʝʥʠʡ (ʃʄʉ), ʧʦʟʚʦʣʷʶʱʝʡ 

ʩʦʝʜʠʥʷʪʴ ʣʶʙʦʡ ʃʕ ʩ ʣʶʙʳʤ. ʃʦʛʠʯʝʩʢʠʝ ʙʣʦʢʠ ʩʚʷʟʘʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʵʣʝʤʝʥʪʘʤʠ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʛʣʦʙʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʤʘʪʨʠʮʳ ʩʦʝʜʠʥʝʥʠʡ (ɻʇʄʉ). 

ʃʦʢʘʣʴʥʘʷ ʠ ʛʣʦʙʘʣʴʥʘʷ ʤʘʪʨʠʮʳ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʶʪ 
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ʥʝʧʨʝʨʳʚʥʫʶ ʩʪʨʫʢʪʫʨʫ - ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚʳʜʝʣʷʝʪʩʷ 

ʥʝʧʨʝʨʳʚʥʳʡ ʢʘʥʘʣ. 

ɺʩʪʨʦʝʥʥʳʡ ʙʣʦʢ ʧʘʤʷʪʠ (ɺɹʇ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʆɿʋ ʝʤʢʦʩʪʴʶ 2048 (4096) ʙʠʪ ʠ ʩʦʩʪʦʠʪ ʠʟ ʃʄʉ, ʤʦʜʫʣʷ 

ʧʘʤʷʪʠ, ʩʠʥʭʨʦʥʥʳʭ ʙʫʬʝʨʥʳʭ ʨʝʛʠʩʪʨʦʚ ʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ. ʅʘʣʠʯʠʝ ʩʠʥʭʨʦʥʥʳʭ ʙʫʬʝʨʥʳʭ ʨʝʛʠʩʪʨʦʚ ʠ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ɺɹʇ ʢʘʢ ɿʋ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ 256ʭ8, 512ʭ4, 

1024ʭ2, 2048ʭ1. 

 
ʈʠʩ.1.21. ɸʨʭʠʪʝʢʪʫʨʘ ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ FLEX10K 

 

 ʅʘ ʨʠʩ.1.22, ʫʢʨʫʧʥʝʥʥʳʤ ʧʣʘʥʦʤ ʧʦʢʘʟʘʥʘ ʢʦʤʤʫʪʘʮʠʷ 

ʩʠʛʥʘʣʦʚ ʚ ʇʃʀʉ FLEX10KE ʬʠʨʤʳ Altera. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʢʦʤʤʫʪʘʮʠʷ ʩ ɻʄʉ ʩʪʨʦʢʠ, ʚʳʜʝʣʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʚʭʦʜʦʚ (ʥʝ ʧʦʢʘʟʘʥʳ), ʚʳʜʝʣʝʥʥʳʭ ʪʘʢʪʦʚʳʭ ʚʭʦʜʦʚ (ʥʝ 

ʧʦʢʘʟʘʥʳ) ʥʘ ʃʄʉ; ʢʦʤʤʫʪʘʮʠʶ ʩʪʦʣʙʮʘ ʥʘ ʩʪʨʦʢʫ ɻʄʉ; 

ʢʦʤʤʫʪʘʮʠʶ ʩʪʨʦʢʠ ʥʘ ʩʪʦʣʙʝʮ ɻʄʉ; ʢʦʤʤʫʪʘʮʠʶ ʚʳʭʦʜʦʚ 

ʃʕ ʥʘ ʩʪʨʦʢʫ ʠ ʩʪʦʣʙʝʮ ɻʄʉ; ʢʦʤʤʫʪʘʮʠʶ ʂʃɹ ʩ ʂʃɹ ʯʝʨʝʟ 

ʩʦʩʝʜʥʠʡ ʂʃɹ. 
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ʈʠʩ.1.22. ʇʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʢʦʤʤʫʪʘʮʠʷ ʩʠʛʥʘʣʦʚ ʚ ʇʃʀʉ 

FLEX10KE ʬʠʨʤʳ Altera  

 

 ʅʘ ʨʠʩ.1.22, ʙ) ʧʦʢʘʟʘʥʦ, ʢʘʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʢʦʤʤʫʪʘʮʠʷ ʩʠʛʥʘʣʦʚ ʩ ʜʦʨʦʞʝʢ ɻʄʉ ʥʘ ʃʄʉ ʂʃɹ ʠ ʩ ʃʄʉ 

ʥʘ ʚʭʦʜʳ ʃʕ.  

ʂʦʤʤʫʪʘʪʦʨʳ ʚ ʇʃʀʉ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘʭ (ʨʠʩ.1.23) ʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ n-

ʄʆʇʊ ʢʣʶʯʘ (ʨʠʩ.1.24), ʥʘ ʢʘʞʜʦʝ track-to-pin ʩʦʝʜʠʥʝʥʠʝ. ɺ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ 4 ʷʯʝʡʢʠ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʧʘʤʷʪʠ 

(24 ʪʨʘʥʟʠʩʪʦʨʘ), ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ 16 ʷʯʝʝʢ ʧʘʤʷʪʠ (96 

ʪʨʘʥʟʠʩʪʦʨʦʚ), ʦʜʥʘʢʦ, ʧʦʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʡ ʧʫʪʴ ʠʟ 

ʯʝʪʳʨʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ n-ʄʆʇʊ-ʢʣʶʯʝʡ. ɺ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ n-ʄʆʇʊ 

ʢʣʶʯʠ (ʨʠʩ.1.23, ʙ), ʪʘʢ ʠ ʂʄʆʇ-ʢʣʶʯʠ (ʨʠʩ.1.23, ʚ).  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʜʘʝʪ ʤʝʥʴʰʫʶ 

ʧʣʦʱʘʜʴ, ʥʦ ʥʘʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʫʜʘʨ ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ, 

ʪʘʢ ʢʘʢ ʩʠʛʥʘʣ ʜʦʣʞʝʥ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʩʝʨʠʠ ʢʣʶʯʝʡ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ n-ʄʆʇʊ-ʢʣʶʯʝʡ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚ ʮʝʧʦʯʢʝ 

ʩʥʠʞʘʝʪʩʷ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʨʦʛʦʚʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. 

ʅʘ ʨʠʩ.1.25 ʧʦʢʘʟʘʥʘ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʢʦʤʤʫʪʘʮʠʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʃʕ ʂʃɹ ʥʘ 

ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʳ ɻʄʉ ʠ ʦʙʨʘʪʥʦ ʥʘ ʃʄʉ, ʘ ʪʘʢʞʝ 
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ʢʦʤʤʫʪʘʮʠʷ ʩʪʦʣʙʮʘ ʥʘ ʩʪʨʦʢʫ ɻʄʉ ʚ ʇʃʀʉ FLEX10KE 

ʬʠʨʤʳ Altera. ʂʦʤʤʫʪʘʮʠʷ ʚʳʭʦʜʘ ʃʕ 1 ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1.26. 

 

 
ʈʠʩ.1.23. ʂʦʤʤʫʪʘʪʦʨ ʩʠʛʥʘʣʦʚ ʩ ʃʄʉ ʥʘ ʚʭʦʜ ʂʃɹ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ: S0-S3 ï ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ 

ʙʠʪʳ ʧʘʤʷʪʠ (ʘ); ʙ ï ʤʫʣʴʪʠʧʣʝʢʩʦʨ ʥʘ n-ʄʆʇʊ ʢʣʶʯʘʭ; ʚ ï 

ʤʫʣʴʪʠʧʣʝʢʩʦʨ ʥʘ ʂʄʆʇ-ʢʣʶʯʘʭ 

 
ʈʠʩ.1.24. ʂʦʤʤʫʪʘʪʦʨ ʩʠʛʥʘʣʦʚ 16 ʚ 1 ʩ ʃʄʉ ʥʘ ʚʭʦʜ ʂʃɹ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ n-ʄʆʇʊ ʢʣʶʯʝʡ ʥʘ ʢʘʞʜʦʝ ʩʦʝʜʠʥʝʥʠʝ (ʘ); ʙ) 

ʫʩʣʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ 
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ʈʠʩ.1.25. 

ʇʨʦʛʨʘʤʤʠʨʫ-

ʝʤʘʷ 

ʢʦʤʤʫʪʘʮʠʷ 

ʩʠʛʥʘʣʦʚ ʚ 

ʇʃʀʉ 

FLEX10KE 

ʬʠʨʤʳ Altera  

 

 

 

ʈʠʩ.1.26. 

ʂʦʤʤʫʪʘʮʠʷ 

ʚʳʭʦʜʘ ʃʕ 1 

ʥʘ ʩʪʨʦʢʠ, 

ʩʪʦʣʙʮʳ 

ɻʄʉ ʠ ʥʘ 

ʃʄʉ ʚ 

ʇʃʀʉ 

FLEX10KE 

ʬʠʨʤʳ Altera 
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1.4.3. ʉʝʤʝʡʩʪʚʦ ʇʃʀʉ APEX20K 

 

ʈʘʟʚʠʪʠʝ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʘʨʭʠʪʝʢʪʫʨ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʙʘʟʦʚʳʭ ʫʟʣʦʚ ʇʃʀʉ, 

ʧʨʠʚʝʣʠ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʇʃʀʉ ʩʪʘʥʦʚʷʪʩʷ 

ʦʩʥʦʚʦʡ ʜʣʷ ñʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝò (system-on-chip, SOC). ɺ 

ʦʩʥʦʚʝ ʠʜʝʠ SOC ʣʝʞʠʪ ʠʥʪʝʛʨʘʮʠʷ ʚʩʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʚ ʦʜʥʦʤ ʢʨʠʩʪʘʣʣʝ (ʥʘʧʨʠʤʝʨ, ʦʙʲʝʜʠʥʝʥʠʝ ʥʘ ʦʜʥʦʤ 

ʢʨʠʩʪʘʣʣʝ ʧʨʦʮʝʩʩʦʨʘ, ʧʘʤʷʪʠ ʠ ʜʨ. ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ). 

ʂʦʤʧʦʥʝʥʪʳ ʵʪʠʭ ʩʠʩʪʝʤ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʦʪʜʝʣʴʥʦ ʠ 

ʭʨʘʥʷʪʩʷ ʚ ʚʠʜʝ ʬʘʡʣʦʚ ʧʘʨʘʤʝʪʨʠʟʠʨʫʝʤʳʭ ʤʦʜʫʣʝʡ. 

ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ SOC-ʀʉ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʙʘʟʝ ʵʪʠʭ 

ñʚʠʨʪʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚò, ʥʘʟʳʚʘʝʤʳʭ ʪʘʢʞʝ ñʙʣʦʢʘʤʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠò, ʩ ʧʦʤʦʱʴʶ ʉɸʇʈ ɹʀʉ. 

ɹʣʘʛʦʜʘʨʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʚ ʦʜʥʦ ʮʝʣʦʝ ʤʦʞʥʦ ʦʙʲʝʜʠʥʷʪʴ 

ñʚʠʨʪʫʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳò ʦʪ ʨʘʟʥʳʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ.  

ʇʨʠʤʝʨʦʤ ʥʦʚʳʭ ʩʝʤʝʡʩʪʚ ʇʃʀʉ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ñʩʠʩʪʝʤ - ʥʘ - ʢʨʠʩʪʘʣʣʝò, ʷʚʣʷʝʪʩʷ ʩʝʤʝʡʩʪʚʦ 

APEX20K ʬʠʨʤʳ Altera (ʨʠʩ.1.27).  

 

 
ʈʠʩ.1.27. ɸʨʭʠʪʝʢʪʫʨʘ APEX20K ʇʃʀʉ ʬʠʨʤʳ Altera 
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ɸʨʭʠʪʝʢʪʫʨʘ APEX20K ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʢʘʢ ʜʦʩʪʦʠʥʩʪʚʘ 

FPGA ʇʃʀʉ ʩ ʠʭ ʪʘʙʣʠʮʘʤʠ ʧʝʨʝʢʦʜʠʨʦʚʦʢ (ʊʇ) ʠʣʠ LUT 

(Look-up table), ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 

ʇʃʀʉ, ʪʘʢ ʠ ʣʦʛʠʢʫ ʚʳʯʠʩʣʝʥʠʷ ʉɼʅʌ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ 

ʇʃʀʉ CPLD - ʇʃʀʉ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʠʥʪʝʛʨʘʮʠʠ 

ʵʣʝʤʝʥʪʦʚ ʥʘ ʢʨʠʩʪʘʣʣʝ (ʨʠʩ.1.27). 

 

 

1.4.4. ʉʝʤʝʡʩʪʚʦ ʇʃʀʉ Stratix  III  

 

Stratix III, ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʇʇɺʄ (FPGA) ʢʦʤʧʘʥʠʠ 

Altera, ʚʳʧʦʣʥʝʥʦ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 65-ʥʤ. ɻʣʘʚʥʳʡ ʫʧʦʨ ʩʜʝʣʘʥ 

ʥʘ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ. ʇʃʀʉ Stratix III 

ʧʦʪʨʝʙʣʷʶʪ ʚʜʚʦʝ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ, ʨʘʙʦʪʘʶʪ ʥʘ 25 % ʙʳʩʪʨʝʝ 

ʠ ʦʙʣʘʜʘʁʪ ʚʜʚʦʝ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʧʦʢʦʣʝʥʠʝʤ - Stratix II. 

ʉʝʤʝʡʩʪʚʦ Stratix III ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʚʫʤʷ ʛʣʘʚʥʳʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ: Stratix III L  (Logic) - ʩʙʘʣʘʥʩʠʨʦʚʘʥʳ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʣʦʛʠʯʝʩʢʠʭ ʫʟʣʦʚ (ʚʝʥʪʠʣʝʡ), ʧʘʤʷʪʠ ʠ ʙʣʦʢʦʚ 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ (ʎʆʉ) ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ; Stratix III E  (Enhanced ʠʣʠ ʫʣʫʯʰʝʥʥʳʝ) - 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʧʘʤʷʪʠ ʠ ʙʣʦʢʦʚ ʎʆʉ ʫʚʝʣʠʯʝʥʦ 

ʜʣʷ ʨʘʙʦʪʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ. 

ʆʩʥʦʚʦʡ ʩʝʤʝʡʩʪʚʘ ʇʃʀʉ Stratix III  ʷʚʣʷʶʪʩʷ 

ʘʜʘʧʪʠʚʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʙʣʦʢʠ (ALM), ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ 

ʣʦʛʠʯʝʩʢʠʝ ʙʣʦʢʠ (logic array block, LAB). ʊʘʙʣʠʮʘ 

ʧʝʨʝʢʦʜʠʨʦʚʢʠ (LUT) ʘʜʘʧʪʠʚʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ (Memory 

LAB) ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʘ ʢʘʢ 16 ʭ 2 ʜʚʫʭʧʦʨʪʦʚʦʝ 

ʆɿʋ. ɺʩʝʛʦ 10 ʪʘʢʠʭ ALM  ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴ ʙʣʦʢ 

ʜʚʫʭʧʦʨʪʦʚʦʛʦ ʆɿʋ ʝʤʢʦʩʪʴʶ 16 ʭ 20 ʙʠʪ (320 ʙʠʪ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʧʘʤʷʪʠ). LUT ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ (LAB) 

ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʝ ʦʙʣʘʜʘʶʪ. ɹʣʦʢʠ Memory LAB ʠ LAB 

ʩʦʩʫʱʝʩʪʚʫʶʪ ʧʘʨʘʤʠ ʠ ʧʦʜʢʣʶʯʝʥʳ ʢ ʣʦʢʘʣʴʥʳʤ ʤʘʪʨʠʮʘʤ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʠ ʢ ʩʪʨʦʢʘʤ ʠ ʩʪʦʣʙʮʘʤ ʉ4, ʉ12, R4, R20 
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ʦʙʣʘʜʘʶʱʠʤʠ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʛʥʘʣʦʚ ʠ ʜʣʠʥʥʦʡ ʤʝʞʩʦʝʜʠʥʝʥʠʡ (ʨʠʩ.1.28). ʃʦʢʘʣʴʥʳʝ 

ʤʘʪʨʠʮʳ ʧʦʟʚʘʣʷʶʪ ʥʘʧʨʷʤʫʶ ʧʦʜʢʣʶʯʘʪʴ ʩʦʩʝʜʥʠʝ ʙʣʦʢʠ 

LAB, ʙʣʦʢʠ ʧʘʤʷʪʠ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ TriMatrix, ʚʩʪʨʦʝʥʥʳʝ 

ʙʣʦʢʠ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ (DSP-ʙʣʦʢʠ) ʠʣʠ ʙʣʦʢʠ 

ʚʚʦʜʘ/ʚʳʚʦʜʘ. ɸʨʭʠʪʝʢʪʫʨʘ ʤʝʞʩʦʝʜʠʥʝʥʠʡ MultiTrack 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʜʦʩʪʫʧʥʦʩʪʴ ʢʦ ʚʩʝʤ ʦʢʨʫʞʘʶʱʠʤ LAB 

ʩ ʧʦʤʦʱʴʶ ʤʝʥʴʰʝʛʦ ʯʠʩʣʘ ʩʚʷʟʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʫʧʘʢʦʚʢʫ ʣʦʛʠʢʠ. 

 

 
ʈʠʩ.1.28. ʌʨʘʛʤʝʥʪ ʘʨʭʠʪʝʢʪʫʨʳ ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ Stratix III  

 

 ALM  ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʣʦʛʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ, ʪ.ʝ. ʧʦʟʚʦʣʷʶʪ ʫʧʘʢʦʚʳʚʘʪʴ ʙʦʣʴʰʝʝ 

ʯʠʩʣʦ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʥʳʭ ʣʦʛʠʯʝʩʢʠʭ 
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ʵʣʝʤʝʥʪʦʚ. ʂʘʞʜʳʡ ʙʣʦʢ ʩʧʦʩʦʙʝʥ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʢʦʤʙʠʥʘʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʥʘ 8-ʤʠ ʚʭʦʜʦʚʦʡ ʪʘʙʣʠʮʝ 

ʧʝʨʝʢʦʜʠʨʦʚʢʠ, ʢʦʪʦʨʘʷ ʘʧʧʘʨʘʪʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʜʚʫʭ 4-ʭ 

ʚʭʦʜʦʚʳʭ ʘʜʘʧʪʠʚʥʳʭ LUT-ʪʘʙʣʠʮʘʭ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʥʫʶ 

ʣʦʛʠʢʫ ʥʘ ʜʚʫʭ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ D-ʪʨʠʛʛʝʨʘʭ, ʘ ʪʘʢʞʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʥʘ ʜʚʫʭ ʩʧʝʮʠʘʣʠʟʠʨʫʝʤʳʭ 

ʩʫʤʤʘʪʦʨʘʭ (ʨʠʩ.1.29). ʉ ʧʦʤʦʰʴʶ ʪʘʢʦʡ LUT-ʪʘʙʣʠʮʳ ʤʦʞʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʙʫʣʝʚʳ ʬʫʥʢʮʠʠ ʦʪ 7, 6 ʠ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʝ 

ʬʫʥʢʮʠʠ ʩ ʤʝʥʴʰʠʤ ʯʠʩʣʦʤ ʧʝʨʝʤʝʥʥʳʭ. ʊʨʠʛʛʝʨʳ reg0 ʠ reg1 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ LUT-ʪʘʙʣʠʮ. 

 ALM  ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ: 

ʥʦʨʤʘʣʴʥʳʡ, ʨʘʩʰʠʨʝʥʥʳʡ LUT-ʨʝʞʠʤ, ʘʨʠʬʤʝʪʠʯʝʩʢʠʡ, 

ʦʙʱʠʡ ʘʨʠʬʤʝʪʠʯʝʩʢʠʡ ʠ LUT-reg (ʚ ʵʪʦʤ ʨʝʞʠʤʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʪʨʠʛʛʝʨʘ). ɺ ʢʘʞʜʦʤ ʨʝʞʠʤʝ ʨʝʩʫʨʩʳ ALUT 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʦ.  

 ʅʘʧʨʠʤʝʨ, ALM  ʩʧʦʩʦʙʝʥ ʨʝʘʣʠʟʦʚʘʪʴ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʝ 

4-ʚʭʦʜʦʚʳʝ ʬʫʥʢʮʠʠ (ʙʝʟ ʦʙʱʠʭ ʚʭʦʜʦʚ). ʅʘ ʨʠʩ.1.30 ʧʦʢʘʟʘʥʳ 

ʧʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʢʘʢ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʦʙʱʠʭ 

ʚʭʦʜʦʚ, ʪʘʢ ʠ ʩ ʥʠʤʠ. ʅʦʨʤʘʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ 4-ʭ ʚʭʦʜʦʚʳʤʠ LUT-

ʪʘʙʣʠʮʘʤʠ ʧʨʝʜʳʜʫʱʠʭ ʩʝʨʠʡ ʇʃʀʉ, ʪʘʢʠʤʠ ʢʘʢ APEX II, 

FLEX. 

 ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʫʣʝʚʦʡ ʬʫʥʢʮʠʠ 6-ʪʠ ʧʝʨʝʤʝʥʥʳʭ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʭʦʜʳ dataa, datab, datac, datad ʘ 

ʪʘʢʞʝ ʚʭʦʜʳ datae0, dataf0 ʠʣʠ datae1, dataf1 (ʨʠʩ.1.31). ɽʩʣʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʭʦʜʳ datae0, dataf0 ʪʦ ʚʳʭʦʜ ʬʫʥʢʮʠʠ 

ʨʝʛʠʩʪʝʨʥʳʡ ʠʣʠ ʪʨʠʛʛʝʨ reg0 ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʡʜʝʥ. ɽʩʣʠ 

ʜʦʩʪʫʧʥʳ ʚʭʦʜʳ datae1 ʠ dataf0, ʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʭʦʜ 

ʪʨʠʛʛʝʨʘ reg1 ʠʣʠ ʪʨʠʛʛʝʨ reg1 ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʡʜʝʥ. 
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ʈʠʩ.1.29. ɸʜʘʧʪʠʚʥʳʡ ʣʦʛʠʯʝʩʢʠʡ ʙʣʦʢ ʇʃʀʉ Stratix III  

  

 ʅʘ ʨʠʩ.1.32 ʧʦʢʘʟʘʥ ʪʠʧʦʚʦʡ ʰʘʙʣʦʥ ʨʝʘʣʠʟʘʮʠʠ 

ʙʫʣʝʚʦʡ ʬʫʥʢʮʠʠ 7-ʤʠ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʡ 

ʩʭʝʤʳ. ʅʝʠʩʧʦʣʴʟʫʝʤʳʡ ʚʭʦʜ dataf1 ʜʦʩʪʫʧʝʥ ʜʣʷ ʫʧʘʢʦʚʢʠ 

ʪʨʠʛʛʝʨʘ. ɼʘʥʥʳʡ ʰʘʙʣʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʢʦʥʩʪʨʫʢʮʠʠ if-else ʷʟʳʢʘ VHDL. ʈʘʙʦʪʘ ALUT ʚ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1.33. 

ɸʨʠʬʤʝʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʩʫʤʤʘʪʦʨʦʚ, ʩʯʝʪʯʠʢʦʚ ʠ ʜʨ. ɺʩʪʨʦʝʥʥʳʝ ʩʫʤʤʘʪʦʨʳ ʚ ALM  

ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: ʢʘʢ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʝ 2-ʭ 

ʚʭʦʜʦʚʳʝ ʩʫʤʤʘʪʦʨʳ (ʘʨʠʬʤʝʪʠʯʝʩʢʠʡ ʨʝʞʠʤ) ʠʣʠ ʦʜʠʥ ʢʘʢ 3-

ʭ ʚʭʦʜʦʚʦʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ (ʦʙʱʠʡ ʘʨʠʬʤʝʪʠʯʝʩʢʠʡ ʨʝʞʠʤ). 



 

 50 

 
ʈʠʩ.1.30. ʈʝʘʣʠʟʘʮʠʷ ʙʫʣʝʚʳʭ ʬʫʥʢʮʠʡ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ 

ʨʘʙʦʪʳ ALM: ʘ ï ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʬʫʥʢʮʠʡ ʦʪ 4-ʭ 

ʧʝʨʝʤʝʥʥʳʭ; ʙ ï ʥʝʟʘʚʠʩʠʤʦʡ ʬʫʥʢʮʠʠ 5-ʪʠ ʠ 3-ʭ ʧʝʨʝʤʝʥʥʳʭ; 

ʚ ï ʬʫʥʢʮʠʠ 5-ʪʠ ʠ 4-ʭ ʧʝʨʝʤʝʥʥʳʭ ʩ ʦʜʥʠʤ ʦʙʱʠʤ ʚʭʦʜʦʤ; ʛ ï 

ʬʫʥʢʮʠʠ 5-ʪʠ ʠ ʬʫʥʢʮʠʠ 5-ʪʠ ʧʝʨʝʤʝʥʥʳʭ ʩ 2-ʤʷ ʦʙʱʠʤʠ 

ʚʭʦʜʘʤʠ; ʜ ïʬʫʥʢʮʠʠ 6-ʪʠ ʧʝʨʝʤʝʥʥʳʭ; ʝ ï ʬʫʥʢʮʠʠ 6-ʪʠ ʠ 

ʬʫʥʢʮʠʠ 6-ʪʠ ʧʝʨʝʤʝʥʥʳʭ ʩ 4-ʤʷ ʦʙʱʠʤʠ ʚʭʦʜʘʤʠ 
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ʈʠʩ.1.31. ʈʝʘʣʠʟʘʮʠʷ ʙʫʣʝʚʦʡ ʬʫʥʢʮʠʡ 6-ʪʠ ʧʝʨʝʤʝʥʥʳʭ ʚ 

ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ALM  

 

 
ʈʠʩ.1.32. ʈʘʙʦʪʘ ALUT ʚ ʨʘʩʰʠʨʝʥʥʦʤ ʨʝʞʠʤʝ 

 
ʈʠʩ.1.33. ʈʘʙʦʪʘ ALUT ʚ ʘʨʠʬʤʝʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 
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ʇʃʀʉ Stratix ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʜʦ 28 ʙʣʦʢʦʚ ʎʆʉ, 

ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʠʣʦʞʝʥʠʡ, ʪʨʝʙʫʶʱʠʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. ɹʣʦʢʠ 

ʎʆʉ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʢʘʢ ʫʤʥʦʞʠʪʝʣʠ, ʠʣʠ ʢʘʢ 

ʫʤʥʦʞʠʪʝʣʠ ʩ ʥʘʢʦʧʣʝʥʠʝʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʙʝʨʝʛʘʝʪ ʨʝʩʫʨʩ, 

ʟʘʥʠʤʘʝʤʳʡ ʥʘ ʢʨʠʩʪʘʣʣʝ ʧʨʦʝʢʪʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʅʘ 

ʢʨʠʩʪʘʣʣʝ ʪʘʢʞʝ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʜʦ 12 ʩʭʝʤ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ 

ʯʘʩʪʦʪʳ (PLLs). ʎʝʧʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʦʛʫʪ ʠʤʝʪʴ ʜʦ 40 

ʩʠʩʪʝʤʥʳʭ ʩʠʥʭʨʦʯʘʩʪʦʪ. ʇʃʀʉ Stratix ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʤʥʦʞʝʩʪʚʦ ʩʪʘʥʜʘʨʪʦʚ ʚʚʦʜʘ ï ʚʳʚʦʜʘ, ʢʘʢ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʩʠʛʥʘʣʦʚ ʧʦ ʦʜʥʦʧʨʦʚʦʜʥʳʤ ʩʦʝʜʠʥʠʪʝʣʴʥʳʤ ʣʠʥʠʷʤ, ʪʘʢ ʠ ʧʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʣʠʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʥʦʚʦʤ ʫʨʦʚʥʝ ʩʠʩʪʝʤʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʜʣʷ system-

on-a-programmable-chip ʧʨʦʝʢʪʦʚ (SOPC). 

 

 

1.5. ʇʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʇʃʀʉ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʛʨʘʤʤʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ T-Vpack ʠ VPR, 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʊʦʨʦʥʪʦ (ʂʘʥʘʜʘ, ʊʦʨʦʥʪʦ, 

http://www.eecg.utoronto.ca/vpr) ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ ʩ ʦʜʥʦʫʨʦʚʥʝʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʧʦʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʝʢʪʥʳʝ 

ʥʦʨʤʳ 22 ï 180 ʥʤ ʂʄʆʇ ʪʝʭʥʦʣʦʛʠʠ c ʤʠʥʠʤʘʣʴʥʦʡ 

ʧʣʦʱʘʜʴʶ ʢʨʠʩʪʘʣʣʘ ʠ ʰʠʨʠʥʦʡ ʪʨʘʩʩʠʨʦʚʦʯʥʦʛʦ ʢʘʥʘʣʘ, 

ʥʘʭʦʞʜʝʥʠʝʤ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʫʪʠ ʚ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʨʝʩʫʨʩʘʭ 

ʇʃʀʉ. ʋʩʧʝʭʠ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʘʨʭʠʪʝʢʪʫʨ ʇʃʀʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ T-Vpack ʠ VPR ʧʨʠʚʝʣʠ ʢ 

ʩʦʟʜʘʥʠʶ ʚ ʊʦʨʦʥʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʬʠʨʤʳ Altera 

(Altera Toronto Technology Centre). 

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ ʇʃʀʉ (ʨʠʩ.1.34): 

ʣʦʛʠʯʝʩʢʠʡ ʙʣʦʢ (ʃɹ), ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʙʣʦʢʠ (C-ʙʣʦʢʠ), 

http://www.eecg.utoronto.ca/vpr
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ʢʦʤʤʫʪʘʪʦʨ-ʤʘʨʰʨʫʪʠʟʘʪʦʨ (S-ʙʣʦʢ). ɺ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʇʃʀʉ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʢʦʤʤʫʪʘʮʠʠ ʩʫʱʝʩʪʚʫʝʪ 

ʜʚʝ ʪʝʭʥʦʣʦʛʠʠ ʩʦʝʜʠʥʝʥʠʡ: multi-driver ʠ single-driver, 

ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʢʘʢ ʥʘ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʙʣʦʢʠ, ʪʘʢ 

ʠ ʥʘ ʢʦʤʤʫʪʘʪʦʨʳ-ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʠ 

ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʭ ʢʣʶʯʝʡ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʙʫʬʝʨʘʭ ʩ 

ʪʨʝʪʴʠʤ ʩʦʩʪʦʷʥʠʝʤ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ multi-driver, ʧʨʠ ʵʪʦʤ 

ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ n-ʄʆʇ ʢʣʶʯʝʡ, ʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʠ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʥʳʭ ʩʪʨʫʢʪʫʨ - single-driver switch block. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦ, ʪ.ʢ. ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʳʠʛʨʳʰ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʭʥʦʣʦʛʠʝʡ multi-driver ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ 

(ʟʘʜʝʨʞʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ 

ʨʝʩʫʨʩʘʭ ʇʃʀʉ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 9 %) ʠ ʧʦ ʧʣʦʱʘʜʠ ʢʨʠʩʪʘʣʣʘ 

(ʵʢʦʥʦʤʠʷ ʧʣʦʱʘʜʠ ʢʨʠʩʪʘʣʣʘ ʜʦ 25 %). ʊʝʭʥʦʣʦʛʠʷ 

ʩʦʝʜʠʥʝʥʠʡ single-driver, ʠʟʚʝʩʪʥʘʷ ʢʘʢ DirectDrive
TM

 ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʨʠʷʭ ʇʃʀʉ ʩʝʨʠʡ Stratix. 

ʊʝʭʥʦʣʦʛʠʷ single-driver ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʚʭʦʜʥʳʝ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ ʠ ʥʘ ʜʝʤʫʣʴʪʧʣʝʢʩʦʨʳ ʚ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ 

ʙʣʦʢʘʭ (ʨʠʩ.1.34). 

ʈʘʩʩʤʦʪʨʠʤ ʪʠʧʦʚʦʡ ʤʘʨʰʨʫʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʇʃʀʉ, ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʝʜʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ: ODIN, 

ABC, T-Vpack, VPR. ODIN ʢʦʥʚʝʨʪʠʨʫʝʪ ʩʭʝʤʥʦʝ ʦʧʠʩʘʥʠʝ 

ʥʝʢʦʪʦʨʦʛʦ ʩʣʦʞʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ñʙʝʥʯ ʤʘʨʢò, 

ʪʝʩʪʦʚʘʷ ʩʭʝʤʘ ʥʘ ʷʟʳʢʝ Verilog HDL) ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʬʘʡʣ ʚ 

.blif  ʬʦʨʤʘʪʝ, ʚ ʢʦʪʦʨʦʤ ʚʳʜʝʣʷʝʪ ʣʦʛʠʯʝʩʢʠʝ ʚʝʥʪʠʣʠ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʣʦʛʠʢʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ñʯʝʨʥʳʝ ʷʱʠʢʠò ʜʣʷ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʙʣʦʢʦʚ.  
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ʈʠʩ.1.34. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʦʝʜʠʥʝʥʠʡ single-driver 

ʥʘ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ 

ʚʳʭʦʜʦʚ ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʢ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘʤ ʢʦʤʤʫʪʘʪʦʨʦʚ-

ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ 

 

ɼʘʣʝʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ ABC (ʩʫʱʝʩʪʚʫʶʪ 

ʠ ʜʨʫʛʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʤʠʥʠʤʠʟʘʮʠʠ ʙʫʣʝʚʳʭ 

ʬʫʥʢʮʠʡ ʚ ʙʘʟʠʩ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 4-ʭ 

ʚʭʦʜʦʚʦʡ LUT-ʪʘʙʣʠʮʳ ʠ D-ʪʨʠʛʛʝʨʘ ʣʦʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ, ʪʘʢʠʝ 

ʢʘʢ SIS ʠ FlowMap) ʧʨʦʚʦʜʠʪʩʷ ʣʦʛʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ 

ʩʭʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʪʠʣʷ ʦʧʠʩʘʥʠʷ 

ʥʝʟʘʚʠʩʠʤʦʛʦ ʦʪ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹʀʉ ʠ ʝʝ 

ʨʘʟʤʝʱʝʥʠʝ ʚ ʣʦʛʠʯʝʩʢʠʝ ʙʣʦʢʠ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʇʃʀʉ. 

ɺʳʭʦʜʥʳʤ ʪʘʢ ʞʝ ʷʚʣʷʝʪʩʷ ʬʘʡʣ ʚ .blif  ʬʦʨʤʘʪʝ, ʚ ʢʦʪʦʨʦʤ 

ʚʳʜʝʣʷʶʪʩʷ LUT-ʪʘʙʣʠʮʳ, D-ʪʨʠʛʛʝʨʳ ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʠ 

ʛʝʪʝʨʦʛʝʥʥʳʝ ʙʣʦʢʠ (ʧʨʠʤʝʨ 1).  

 
# Benchmark "iir1" written by ABC  

é 
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.latch       n279 hetero_REGISTER_61_1838_out re iir1_clk_i_0  0 

.latch       n284 hetero_REGISTER_61_1839_out re iir1_clk_i_0  0 

.latch       n289 hetero_REGISTER_61_1840_out re iir1_clk_i_0  0 

.latch       n294 hetero_REGISTER_61_1841_out re iir1_clk_i_0  0 

.latch       n299 hetero_REGISTER_61_1842_out re iir1_clk_i_0  0 

.latch       n304 hetero_REGISTER_61_1843_out re iir1_clk_i_0  0 

é 

.names iir1_dat_i_4 iir1_rst_i_0 hetero_REGISTER_61_1906_out n1533 n999 

00-10 

-0000 

.names iir1_dat_i_5 iir1_rst_i_0 hetero_REGISTER_61_1907_out n1533 n1004 

00-10 

-0000 

.names iir1_dat_i_6 iir1_rst_i_0 hetero_REGISTER_61_1908_out n1533 n1009 

00-10 

-0000 

.names iir1_dat_i_7 iir1_rst_i_0 hetero_REGISTER_61_1909_out n1533 n1014 

00-10 

-0000 

.end 

.model mult_36 

.inputs a0 a1 a2 a3 a4 a5 a6 a7 a8 a9 a10 a11 a12 a13 a14 a15 a16 a17 b0 b1 \ 

 b2 b3 b4 b5 b6 b7 b8 b9 b10 b11 b12 b13 b14 b15 b16 b17 

.outputs c0 c1 c2 c3 c4 c5 c6 c7 c8 c9 c10 c11 c12 c13 c14 c15 c16 c17 c18 \ 

 c19 c20 c21 c22 c23 c24 c25 c26 c27 c28 c29 c30 c31 c32 c33 c34 c35 

.blackbox 

.end 

ʇʨʠʤʝʨ 1. ɺʳʭʦʜʥʦʡ ʬʘʡʣ ʠʥʩʪʨʫʤʝʥʪʘ ABC  ʚ ʬʦʨʤʘʪʝ blif  

 

ʀʥʩʪʨʫʤʝʥʪ T-Vpack ʧʝʨʝʧʘʢʦʚʳʚʘʝʪ ʬʘʡʣ ʚ .blif -

ʬʦʨʤʘʪʝ (LUT-ʪʘʙʣʠʮʳ ʠ D-ʪʨʠʛʛʝʨʳ) ʚ ʢʣʘʩʪʝʨʳ ʣʦʛʠʯʝʩʢʠʭ 

ʙʣʦʢʦʚ (ʪʠʧʦʚʦʡ ʨʘʟʤʝʨ ʢʣʘʩʪʝʨʘ 2-12 ʃɹ; ʯʠʩʣʦ ʚʭʦʜʦʚ LUT-

ʪʘʙʣʠʮʳ 2-7; ʜʣʠʥʘ ʤʝʞʩʦʝʜʠʥʝʥʠʡ 1-8), ʢʦʪʦʨʳʝ ʘʥʘʣʦʛʠʯʥʳ 

ʢʣʘʩʪʝʨʘʤ ʚ ʇʃʀʉ FLEX8, 10K ʠʣʠ ʢʣʘʩʪʝʨʘʤ ʇʃʀʉ Virtex, ʠ 

ʬʦʨʤʠʨʫʝʪ ʚʳʭʦʜʥʦʡ ʬʘʡʣ ʚ .net ʬʦʨʤʘʪʝ ʜʣʷ VPR (ʧʨʠʤʝʨ 2), 

ʢʦʪʦʨʳʡ ʨʘʟʤʝʱʘʝʪ ʢʣʘʩʪʝʨʳ ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʠ 

ʛʝʪʝʨʦʛʝʥʥʳʝ ʙʣʦʢʠ ʧʦ ʢʨʠʩʪʘʣʣʫ ʇʃʀʉ ʠ ʦʨʛʘʥʠʟʫʝʪ 

ʛʣʦʙʘʣʴʥʳʝ ʠ ʣʦʢʘʣʴʥʳʝ ʪʨʘʩʩʠʨʦʚʦʯʥʳʝ ʨʝʩʫʨʩʳ ʜʣʷ ʤʝʞ- ʠ 

ʚʥʫʪʨʠʢʣʘʩʪʝʨʦʡ ʩʚʷʟʠ ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ, ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ, ʥʘʧʨʠʤʝʨ, ʢ 

ʤʠʥʠʤʘʣʴʥʦʡ ʰʠʨʠʥʝ ʪʨʘʩʩʠʨʦʚʦʯʥʦʛʦ ʢʘʥʘʣʘ, 
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ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ, ʵʢʦʥʦʤʠʠ ʧʣʦʱʘʜʠ ʢʨʠʩʪʘʣʣʘ ʠ ʜʨ. 

(ʨʠʩ.1.35). ɼʣʷ ʨʘʟʤʝʱʝʥʠʷ  ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʥʘ 

ʢʨʠʩʪʘʣʣʝ ʇʃʀʉ ʧʨʠʤʝʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ñʠʤʠʪʘʮʠʠ ʦʪʞʠʛʘò. 

ʇʨʦʮʝʩʩ ñʠʤʠʪʘʮʠʠ ʦʪʞʠʛʘò ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʦʩʥʦʚʝ ʯʝʪʳʨʝʭ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʪʝʢʫʱʝʛʦ ʨʝʰʝʥʠʷ, ʥʘʙʦʨʘ ʧʝʨʝʤʝʱʝʥʠʡ ʠʟ ʦʜʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ, ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʩʪʦʠʤʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ 

ʢʘʞʜʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʠ ñʩʭʝʤʳ ʦʭʣʘʞʜʝʥʠʷò, ʦʧʨʝʜʝʣʷʶʱʝʡ, ʢʘʢ 

ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʧʦʠʩʢʘ ʢ ʣʦʢʘʣʴʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ. ʈʘʟʚʦʜʢʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʢʣʘʩʪʝʨʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʟʘʜʝʨʞʝʢ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʨʝʩʫʨʩʘʭ ʇʃʀʉ. 

 

.clb hetero_REGISTER_38_960_out 

pinlist: hetero_H_SKEL_14_101_4 iir1_valid_0 n1324 n1325 \ 

hetero_H_SKEL_14_102_4 hetero_H_SKEL_14_102_5 hetero_REGISTER_38_961_out 

\ 

hetero_H_SKEL_14_102_6 hetero_REGISTER_38_962_out hetero_H_SKEL_14_102_7 

\ 

hetero_REGISTER_38_963_out  

hetero_H_SKEL_14_102_8 hetero_REGISTER_38_964_out \ 

hetero_H_SKEL_14_102_9 hetero_REGISTER_38_965_out open open open open open 

\ 

open open hetero_REGISTER_38_960_out n1414 n1416 n1420 n1422 n1426 n1428 \ 

n1432 n1434 n1438 iir1_clk_i_0  

subblock: hetero_REGISTER_38_960_out 0 1 2 3 22 32  

subblock: n1414 4 5 ble_0 6 23 open  

subblock: n1416 4 5 ble_0 6 24 open  

subblock: n1420 7 8 ble_1 open 25 open  

subblock: n1422 7 8 ble_2 open 26 open  

subblock: n1426 9 10 ble_3 open 27 open  

subblock: n1428 9 10 ble_4 open 28 open  

subblock: n1432 11 12 ble_5 open 29 open  

subblock: n1434 11 12 ble_6 open 30 open  

subblock: n1438 13 14 ble_7 open 31 open   

ʇʨʠʤʝʨ 2. ɺʳʭʦʜʥʦʡ ʬʘʡʣ ʠʥʩʪʨʫʤʝʥʪʘ T-Vpack  ʚ ʬʦʨʤʘʪʝ net 
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ʈʠʩ.1.35. ʄʘʨʰʨʫʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ 

ʩ ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʝʞʩʦʝʜʠʥʝʥʠʡ 

 

ɼʣʷ ʨʘʙʦʪʳ ʵʪʠʭ ʧʨʦʛʨʘʤ ʚ ʩʨʝʜʝ Windows ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʫʶ UNIX-ʧʦʜʦʙʥʫʶ 

ʩʨʝʜʫ Cygwin. Cygwin ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʩʥʫʶ ʠʥʪʝʛʨʘʮʠʶ 

Windows ʧʨʠʣʦʞʝʥʠʡ, ʜʘʥʥʳʭ ʠ ʨʝʩʫʨʩʦʚ ʩ ʧʨʠʣʦʞʝʥʠʷʤʠ, 

ʜʘʥʥʳʤʠ ʠ ʨʝʩʫʨʩʘʤʠ UNIX-ʧʦʜʦʙʥʦʡ ʩʨʝʜʳ. ʇʨʦʮʝʩʩ 

ʠʥʩʪʘʣʷʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʯʘʪʴ ʥʘ ʩʘʡʪʝ 

http://www.cygwin.com ʠ ʟʘʛʨʫʟʠʪʴ ʧʨʦʛʨʘʤʤʫ setup.exe, ʜʘʣʝʝ ʩ 

ʧʦʤʦʱʴʶ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ ʥʝʦʙʭʦʜʠʤʦ ʩʢʘʯʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʧʨʠʣʦʞʝʥʠʷ: GCC, GDB, X Windows (http://cygwin.com/xfree) ʠ  

ʜʨ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘ ʩʘʡʪʝ 

http://www.intuit.ru/department/security/issec/5/. 

ʅʠʞʝ ʧʦʢʘʟʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ T-Vpack ʠ 

VPR ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʠ ʪʨʘʩʩʠʨʦʚʢʠ ʪʝʩʪʦʚʦʡ ʩʭʝʤʳ ɹʀʍ-

http://www.cygwin.com/
http://www.intuit.ru/department/security/issec/5/
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ʬʠʣʴʪʨʘ y[n] = b10*x[n] + b11*x[n-1] + b12*x[n-2] + a11*y[n-1] 

+ a12*y[n-2] (http://opencores.org) ʚ ʙʘʟʠʩ ʛʝʪʝʨʦʛʝʥʥʳʭ (ʩʦ 

ʚʩʪʨʦʝʥʥʳʤʠ ʙʣʦʢʘʤʠ ʧʝʨʝʤʥʦʞʠʪʝʣʝʡ 36ʭ36) ʇʃʀʉ ʪʠʧʘ 

ʇʇɺʄ ʩ ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʝʞʩʦʝʜʠʥʝʥʠʡ.  

 

ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ.  
../T-VPACK_HET/t-vpack.exe iir1.map4.latren.blif  iir1.map4.latren.net 

 -inputs_per_cluster 22 -cluster_size 10 -lut_size 4 

../VPR_HET/vpr.exe iir1.map4.latren.net k4-n10.xml place.out route.out 

 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʘʨʭʠʪʝʢʪʫʨʝ ʇʃʀʉ ʩʦʜʝʨʞʠʪʩʷ ʚ ʬʘʡʣʝ 

k4-n10.xml (ʧʨʠʤʝʨ 3). ɺ ʵʪʦʤ ʬʘʡʣʝ ʩʦʜʝʨʞʠʪʩʷ: ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʪʨʝʙʫʝʤʳʭ ʨʘʟʤʝʨʘʭ ʢʨʠʩʪʘʣʣʘ; ʦʙ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʘʭ n- ʠ p-ʄʆʇ-ʢʣʶʯʝʡ; 

ʦʙ ʝʤʢʦʩʪʷʭ ʚʭʦʜʥʳʭ ʙʫʬʝʨʦʚ ʤʫʣʴʪʠʧʣʝʢʩʦʨʥʳʭ ʩʪʨʫʢʪʫʨ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, ʟʘʜʝʨʞʢʘʭ ʩʠʛʥʘʣʦʚ ʯʝʨʝʟ ʵʪʠ ʙʫʬʝʨʳ 

ʠ ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ; ʦ ʪʠʧʘʭ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ; ʦʙ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʣʦʢʘʭ; ʦʙ ʩʝʛʤʝʥʪʘʮʠʠ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ 

ʢʘʥʘʣʘʭ, ʦ ʪʠʧʝ ʤʝʞʩʦʝʜʠʥʝʥʠʡ (ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʝ ʠʣʠ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ) ʠ ʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷʭ ʠ ʝʤʢʦʩʪʷʭ; ʦ 

ʰʠʨʠʥʝ ʪʨʘʩʩʠʨʦʚʦʯʥʦʛʦ ʢʘʥʘʣʘ ʷʜʨʘ ʠ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʢʘʥʘʣʘ 

ʤʝʞʜʫ ʷʜʨʦʤ ʠ ʙʣʦʢʘʤʠ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʠ ʜʨ. 

 
<architecture> 

 <layout auto="1.000000" />  

 <device> 

<sizing R_minW_nmos="5726.870117" R_minW_pmos="15491.700195" 

ipin_mux_trans_size="1.000000" />  

<timing C_ipin_cblock="1.191000e-14" T_ipin_cblock="1.482000e-10" />  

<area grid_logic_tile_area="30000.000000" />  

< ! ʉʧʝʮʠʬʠʢʘʮʠʷ ʥʘ ʪʨʘʩʩʠʨʦʚʦʯʥʳʝ ʢʘʥʘʣʳ> 

<ɿʘʜʘʝʪʩʷ ʰʠʨʠʥʘ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʪʨʘʩʩʠʨʦʚʦʯʥʦʛʦ ʢʘʥʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʘʤʦʛʦ ʰʠʨʦʢʦ ʢʘʥʘʣʘ ʷʜʨʘ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʥʘʣʘʭ ʷʜʨʘ ʇʃʀʉ> 

<chan_width_distr> 

<io width="1.000000" />  

<x distr="uniform " peak="1.000000" />  
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<y distr="uniform " peak="1.000000" />  

</chan_width_distr> 

<! ɿʘʜʘʝʪʩʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʨʝʩʫʨʩʦʚ ʪʠʧʘ Wilton ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʟʚʝʪʚʣʝʥʠʷ ʧʦ ʚʳʭʦʜʫ Fs=3> 

<switch_block type="wilton " fs="3" />  

</device> 

<! ʇʨʠʤʝʨ ʩʧʝʮʠʬʠʢʘʮʠʠ ʢʣʶʯʘ ʜʣʷ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ >  

< ɿʘʜʘʝʪʩʷ ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʙʣʦʢ ʥʘ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘʭ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʝʤʢʦʩʪʠ, ʚʥʫʪʨʝʥʥʷʷ ʟʘʜʝʨʞʢʘ ʢʣʶʯʘ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ 

ʨʘʟʤʝʨ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʠ ʙʫʬʝʨʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʨʦʚʥʷ ʚ ʫʩʣʦʚʥʳʭ 

ʝʜʠʥʠʮʘʭ ʧʣʦʱʘʜʠ, ʧʨʠʚʷʟʘʥʥʳʭ ʢ ʤʠʥʠʤʘʣʴʥʦʡ ʰʠʨʠʥʝ (ʢʘʥʘʣʘ) 

ʪʨʘʥʟʠʩʪʦʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʧʣʦʱʘʜʠ > 

<switchlist> 

<switch type="mux" name="0" R="94.841003" Cin="1.537000e-14" 

Cout="2.194000e-13" Tdel="6.562000e-11" mux_trans_size="10.000000" 

buf_size="1" />  

</switchlist> 

 

<! ʇʨʠʤʝʨ ʩʧʝʮʠʬʠʢʘʮʠʠ ʥʘ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʝ 

ʤʝʞʩʦʝʜʠʥʝʥʠʷ > 

<! ɿʘʜʘʶʪʩʷ ʯʘʩʪʦʪʘ ʩʝʛʤʝʥʪʘʮʠʠ ʤʝʞʩʦʝʜʠʥʝʥʠʷ ʚ ʢʘʥʘʣʝ, ʜʣʠʥʘ ʩʝʛʤʝʥʪʘ 

(ʩʢʦʣʴʢʦ ʢʣʘʩʪʝʨʦʚ ʧʨʦʭʦʜʠʪ ʤʝʞʩʦʝʜʠʥʝʥʠʝ ʙʝʟ ʩʝʛʤʝʥʪʘʮʠʠ), 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ (ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʝ ʠʣʠ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʝ 

ʤʝʞʩʦʝʜʠʥʝʥʠʝ), ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʝʤʢʦʩʪʴ ʤʝʞʩʦʝʜʠʥʝʥʠʷ, ʩʭʝʤʘ 

ʜʝʧʦʧʫʣʷʮʠʠ (ʫʜʘʣʝʥʠʝ) ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ʥʘ ʟʘʜʘʥʥʫʶ ʜʣʠʥʫ ʩʝʛʤʝʥʪʘ (1 -  

ʝʩʪʴ, 0 ï ʥʝʪ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ), ʩʭʝʤʘ ʜʝʧʦʧʫʣʷʮʠʠ ʧʦʜʢʣʶʯʝʥʠʡ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʢʦ ʚʭʦʜʘʤ ʢʣʘʩʪʝʨʘ ʩ ʧʦʤʦʱʴʶ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʥʘ 

ʟʘʜʘʥʥʫʶ ʜʣʠʥʫ ʩʝʛʤʝʥʪʘ > 

 
<segmentlist> 

<segment freq="1.000000" length="2" type="unidir " Rmetal="11.064550" 

Cmetal="4.727860e-14"> 

<mux name="0" />  
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<sb type="pattern">1 1 1</sb>  

<cb type="pattern">1 1</cb>  

</segment> 

</segmentlist> 

<! ʇʨʠʤʝʨ ʩʧʝʮʠʬʠʢʘʮʠʠ ʜʣʷ ʙʣʦʢʦʚ ʚʚʦʜʘ/ʚʳʚʦʜʘ > 

<! ɿʘʜʘʝʪʩʷ ʯʠʩʣʦ ʙʣʦʢʦʚ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʥʘ ʩʪʨʦʢʫ/ʩʪʦʣʙʝʮ ʠʟ ʢʣʘʩʪʝʨʦʚ ʃɹ, 

ʚʭʦʜʥʳʝ/ʚʳʭʦʜʥʳʝ ʟʘʜʝʨʞʢʠ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʙʲʝʜʠʥʝʥʠʷ ʧʦ 

ʚʭʦʜʫ/ʚʳʭʦʜʫ> 

<typelist> 

<io capacity="3" t_inpad="7.734000e-11" t_outpad="4.395000e-11"> 

<fc_in type="frac">0.250000</fc_in>  

<fc_out type="frac">1.000000</fc_out>  

</io> 

<! ʇʨʠʤʝʨ ʩʧʝʮʠʬʠʢʘʮʠʠ ʢʣʘʩʪʝʨʘ N=10, K=4, I=22 > 

<type name=".clb"> 

<subblocks max_subblocks="10" max_subblock_inputs="4"> 

<timing> 

<T_comb> 

<trow>1.679000e-10</trow>  

<trow>1.679000e-10</trow>  

<trow>1.679000e-10</trow>  

<trow>1.679000e-10</trow>  

</T_comb> 

<T_seq_in> 

<trow>-3.990000e-11</trow>  

</T_seq_in> 

<T_seq_out> 

<trow>1.261000e-10</trow>  

</T_seq_out> 

</timing> 

</subblocks> 

<fc_in type="frac">0.250000</fc_in>  

<fc_out type="frac">1.000000</fc_out>  

 ʇʨʠʤʝʨ 3. ʌʨʘʛʤʝʥʪ xml-ʬʘʡʣʘ ʩ ʦʧʠʩʘʥʠʝʤ ʘʨʭʠʪʝʢʪʫʨʳ 

ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ 

 

ʅʘ ʨʠʩ.1.36 ʧʦʢʘʟʘʥʘ ʛʝʪʝʨʦʛʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʇʃʀʉ 

ʪʠʧʘ ʇʇɺʄ ʩ ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʝʞʩʦʝʜʠʥʝʥʠʡ 

ʨʘʟʤʝʨʦʤ 10ʭ10 ʢʣʘʩʪʝʨʦʚ ʠ ʚʩʪʨʦʝʥʥʳʤʠ ʙʣʦʢʘʤʠ 

ʧʝʨʝʤʥʦʞʠʪʝʣʝʡ 36x36 (9 ʰʪ) ʚ VPR5.0. ʂʘʞʜʳʡ ʢʣʘʩʪʝʨ 
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ʩʦʩʪʦʠʪ ʠʟ 10 ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ (ʃɹ), ʢʘʞʜʳʡ ʙʣʦʢ ʩʦʩʪʦʠʪ ʠʟ 

4-ʭ ʚʭʦʜʦʚʦʡ LUT-ʪʘʙʣʠʮʳ ʠ ʪʨʠʛʛʝʨʘ. ʇʦ ʧʝʨʠʬʝʨʠʠ 

ʢʨʠʩʪʘʣʣʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʙʣʦʢʠ ʚʚʦʜʘ/ʚʳʚʦʜʘ. ɺ ʙʘʟʠʩ ʇʃʀʉ 

ʨʘʟʤʝʱʝʥʘ ʪʝʩʪʦʚʘʷ ʩʭʝʤʘ ɹʀʍ-ʬʠʣʴʪʨʘ. ɿʘʜʝʡʩʪʚʦʚʘʥʥʳʝ 

ʙʣʦʢʠ ʧʝʨʝʤʥʦʞʠʪʝʣʝʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ɹʀʍ-ʬʠʣʴʪʨʘ 

ʦʪʦʙʨʘʞʝʥʳ ʦʨʘʥʞʝʚʳʤ ʮʚʝʪʦʤ. ʊʨʘʩʩʠʨʦʚʦʯʥʳʝ ʨʝʩʫʨʩʳ 

ʇʃʀʉ ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʧʪʠʤʠʟʘʮʠʠ. ʅʘ ʨʠʩ.1.37 ʧʦʢʘʟʘʥʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʙʣʦʢʘʤʠ 

ʇʃʀʉ. 

 ʅʘ ʨʠʩ.1.38 ʧʦʢʘʟʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘ ʇʃʀʉ ʧʦʩʣʝ 

ʦʧʪʠʤʠʟʘʮʠʠ (ʨʘʟʤʝʱʝʥʠʝ ʠ ʪʨʘʩʩʠʨʦʚʢʘ). ɿʝʣʝʥʳʤ ʮʚʝʪʦʤ 

ʧʦʢʘʟʘʥ ʚʳʜʝʣʝʥʥʳʡ ʢʣʘʩʪʝʨ ʠʟ ʃɹ (ʙʣʦʢ 89 n1071 c 

ʢʦʦʨʜʠʥʘʪʘʤʠ (6,8)). ʉʠʥʠʤ ʮʚʝʪʦʤ ï ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ 

(1 ʧʝʨʝʤʥʦʞʠʪʝʣʴ, 3 ʢʣʘʩʪʝʨʘ ʠ 5 ʙʣʦʢʦʚ ʚʚʦʜʘ/ʚʳʚʦʜʘ) 

ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʥʳ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʙʲʝʜʠʥʝʥʠʷ ʧʦ ʚʭʦʜʫ 

CinF  (ʧʦʢʘʟʳʚʘʝʪʩʷ ʯʠʩʣʦ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ ʪʨʘʩʩʠʨʦʚʦʯʥʦʤ 

ʢʘʥʘʣʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʳ ʢʦ ʚʭʦʜʫ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ, ʟʘʜʘʝʪʩʷ ʚ ʜʦʣʷʭ ʦʪ W)  ʚʳʜʝʣʝʥʥʦʛʦ 

ʢʣʘʩʪʝʨʘ; ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ï ʙʣʦʢʠ ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʟʚʝʪʚʣʝʥʠʷ ʧʦ ʚʳʭʦʜʫ CoutF  ʚʳʜʝʣʝʥʥʦʛʦ 

ʢʣʘʩʪʝʨʘ (1 ʧʝʨʝʤʥʦʞʠʪʝʣʴ, 7 ʢʣʘʩʪʝʨʦʚ). ʅʘ ʨʠʩ.1.39 ʧʦʢʘʟʘʥʘ 

ʇʃʀʉ ʩ ʦʙʱʠʤʠ ʪʨʘʩʩʠʨʦʚʦʯʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʧʦʩʣʝ 

ʨʘʟʤʝʱʝʥʠʷ ʠ ʪʨʘʩʩʠʨʦʚʢʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʙʣʦʢʘʤʠ. 

 ʅʘ ʨʠʩ.1.40 ʧʦʢʘʟʘʥʳ ʦʙʱʠʝ ʪʨʘʩʩʠʨʦʚʦʯʥʳʝ ʨʝʩʫʨʩʳ, 

ʢʦʪʦʨʳʝ ʟʘʣʦʞʝʥʳ ʚ ʩʪʨʫʢʪʫʨʫ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ. ɺʳʜʝʣʝʥʥʳʡ ʢʣʘʩʪʝʨ ʧʦʢʘʟʘʥ ʷʨʢʦ ʟʝʣʝʥʳʤ 

ʮʚʝʪʦʤ. ʊʝʤʥʦ-ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʡ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ. ʉʠʥʠʤ 

ʮʚʝʪʦʤ (ʩʠʥʠʝ ʣʠʥʠʠ ʠ ʢʚʘʜʨʘʪʳ) ï ʧʦʜʢʣʶʯʝʥʠʝ 

ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʨʝʩʫʨʩʦʚ ʢʦ ʚʭʦʜʘʤ ʢʣʘʩʪʝʨʘ ʩ ʧʦʤʦʱʴʶ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ (ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ). ʉʦʝʜʠʥʠʪʝʣʴʥʳʝ 

ʙʣʦʢʠ ʧʦʜʢʣʶʯʘʶʪ ʚʭʦʜʳ ʢʣʘʩʪʝʨʘ ʢ ʪʨʘʩʩʠʨʦʚʦʯʥʳʤ ʢʘʥʘʣʘʤ. 
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ʈʠʩ.1.36. ʀʥʪʝʨʬʝʡʩ ʠʥʩʪʨʫʤʝʥʪʘ VPR. ɻʝʪʝʨʦʛʝʥʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ (ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʧʝʨʝʤʥʦʞʠʪʝʣʷʤʠ) ʇʃʀʉ ʩ 

ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʝʞʩʦʝʜʠʥʝʥʠʡ (4-ʭ ʚʭʦʜʦʚʘʷ LUT-

ʪʘʙʣʠʮʘ, ʨʘʟʤʝʨ ʢʣʘʩʪʝʨʘ 10 ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ) 

 
ʈʠʩ.1.37. ɻʝʪʝʨʦʛʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʇʃʀʉ ʩ ʦʜʥʦʫʨʦʚʥʝʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʤʝʞʩʦʝʜʠʥʝʥʠʡ (4-ʭ ʚʭʦʜʦʚʘʷ LUT-ʪʘʙʣʠʮʘ, 

ʨʘʟʤʝʨ ʢʣʘʩʪʝʨʘ 10 ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ) ʩʦ ʩʚʷʟʷʤʠ ʤʝʞʜʫ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʙʣʦʢʘʤʠ 
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ʈʠʩ.1.38. ɻʝʪʝʨʦʛʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʇʃʀʉ ʩ ʦʜʥʦʫʨʦʚʥʝʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʤʝʞʩʦʝʜʠʥʝʥʠʡ (4-ʭ ʚʭʦʜʦʚʘʷ LUT-ʪʘʙʣʠʮʘ, 

ʨʘʟʤʝʨ ʢʣʘʩʪʝʨʘ 10 ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ) ʧʦʩʣʝ ʦʧʝʨʘʮʠʡ 

ʨʘʟʤʝʱʝʥʠʷ ʠ ʪʨʘʩʩʠʨʦʚʢʠ 

 

 
ʈʠʩ.1.39. ɻʝʪʝʨʦʛʝʥʥʘʷ ʇʃʀʉ ʩ ʦʙʱʠʤʠ ʪʨʘʩʩʠʨʦʚʦʯʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ 
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ʈʠʩ.1.40. ʆʙʱʠʝ ʪʨʘʩʩʠʨʦʚʦʯʥʳʝ ʨʝʩʫʨʩʳ ʛʝʪʝʨʦʛʝʥʥʦʡ ʇʃʀʉ 

 

ɺʳʭʦʜʳ ʢʣʘʩʪʝʨʘ ʧʦ ʤʝʪʦʜʦʣʦʛʠʠ ʩʦʝʜʠʥʝʥʠʡ single-

driver switch block ʥʘʧʨʷʤʫʶ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ. ɼʣʷ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ 

ʙʣʦʢʦʚ (ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘʭ) ʟʘʜʘʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʚʝʪʚʣʝʥʠʷ ʧʦ ʚʭʦʜʫ 25.0FCin . ɼʣʷ ʢʣʘʩʪʝʨʦʚ 

ʷʜʨʘ ʇʃʀʉ ʚʳʭʦʜʳ ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ 13 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ʥʘʭʦʜʷʱʠʝʩʷ ʩʣʝʚʘ (7 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ) ʠ ʩ ʧʨʘʚʘ (6 ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ) ʦʪ 

ʚʳʜʝʣʝʥʥʦʛʦ ʢʣʘʩʪʝʨʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʚʝʪʚʣʝʥʠʷ ʧʦ ʚʳʭʦʜʫ 

1FCout  (ʨʠʩ.1.40).  

ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ (ʢʨʘʩʥʳʝ ʣʠʥʠʠ ʠ ʢʚʘʜʨʘʪʳ) ʧʦʢʘʟʘʥʳ 

ʚʳʭʦʜʳ ʢʣʘʩʪʝʨʘ, ʤʝʞʩʦʝʜʠʥʝʥʠʷ ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʨʘʟʚʝʪʚʣʝʥʠʷ ʧʦ ʚʳʭʦʜʫ ʩ ʚʳʜʝʣʝʥʥʳʤ ʢʣʘʩʪʝʨʦʤ ʠ 

ʠʟʙʳʪʦʯʥʳʝ (ʥʝʠʩʧʦʣʴʟʫʝʤʳʝ) ʪʨʘʩʩʠʨʦʚʦʯʥʳʝ ʨʝʩʫʨʩʳ.   

ʅʘ ʨʠʩ.1.41 ʧʦʢʘʟʘʥʳ ʪʦʣʴʢʦ ʪʝ ʪʨʘʩʩʠʨʦʚʦʯʥʳʝ 

ʨʝʩʫʨʩʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ɹʀʍ-ʬʠʣʴʪʨʘ ʚ 

ʙʘʟʠʩʝ ʛʝʪʝʨʦʛʝʥʥʦʡ ʇʃʀʉ. ʉʠʥʠʝ ʣʠʥʠʠ (ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ 

ʙʣʦʢʠ ʠ ʢʘʥʘʣʴʥʳʝ ʪʨʘʩʩʠʨʦʚʦʯʥʳʝ ʨʝʩʫʨʩʳ) ʩʚʷʟʘʥʳ ʩ 
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ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʙʲʝʜʠʥʝʥʠʷ ʧʦ ʚʭʦʜʫ (ʩʠʥʠʝ ʢʨʝʩʪʠʢʠ), ʘ 

ʢʨʘʩʥʳʝ ʣʠʥʠʠ ʠ ʢʨʘʩʥʳʝ ʢʚʘʜʨʘʪʳ (ʚʳʭʦʜʳ ʢʣʘʩʪʝʨʘ) ʩʚʷʟʘʥʳ 

ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʟʚʝʪʚʣʝʥʠʷ ʧʦ ʚʳʭʦʜʫ. ɺʳʭʦʜʳ ʢʣʘʩʪʝʨʘ 

ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʪʨʘʩʩʠʨʦʚʦʯʥʳʤ ʨʝʩʫʨʩʘʤ ʩ ʧʦʤʦʱʴʶ 

ʙʫʬʝʨʦʚ ʩ ʪʨʝʪʴʠʤ ʩʦʩʪʦʷʥʠʝʤ (ʪʨʠʩʪʘʙʠʣʴʥʘʷ ʣʦʛʠʢʘ). ʅʘ 

ʨʠʩ.1.41 ʩʚʷʟʴ ʢʨʘʩʥʳʭ ʢʚʘʜʨʘʪʦʚ (ʚʳʭʦʜʦʚ) ʠ ʢʨʘʩʥʳʭ ʣʠʥʠʡ 

(ʢʘʥʘʣʴʥʳʝ ʪʨʘʩʩʠʨʦʚʦʯʥʳʝ ʨʝʩʫʨʩʳ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʥʳʤʠ 

ʣʠʥʠʷʤʠ ʠ ʯʝʨʥʳʤʠ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ (ʙʫʬʝʨʳ). ʏʝʨʥʳʤ ʮʚʝʪʦʤ 

ʧʦʢʘʟʘʥʳ ʚʭʦʜʳ/ʚʳʭʦʜʳ ʢʣʘʩʪʝʨʦʚ ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʳʜʝʣʝʥʥʳʤ ʢʣʘʩʪʝʨʦʤ, ʪʘʢ ʞʝ ʵʪʠʤ ʮʚʝʪʦʤ ʧʦʢʘʟʳʚʘʶʪʩʷ 

ʢʘʥʘʣʴʥʳʝ ʪʨʘʩʩʠʨʦʚʦʯʥʳʝ ʨʝʩʫʨʩʳ ʠ ʨʘʟʣʠʯʥʳʝ 

ʤʝʞʩʦʝʜʠʥʝʥʠʷ (ʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʠ ʚ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ 

ʙʣʦʢʘʭ) ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʟʘʜʘʯʝ ʨʘʟʤʝʱʝʥʠʷ ɹʀʍ-ʬʠʣʴʪʨʘ ʚ 

ʙʘʟʠʩ ʇʃʀʉ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ ʠ ʚʝʨʪʠʢʘʣʴʥʳʡ ʪʨʘʩʩʠʨʦʚʦʯʥʳʡ ʢʘʥʘʣ 

ʩʦʩʪʦʠʪ ʠʟ 26 ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ, ʪ.ʝ. ʰʠʨʠʥʘ 

ʢʘʥʘʣʘ W=26 (ʨʠʩ.1.42). ʂʘʥʘʣ ʨʘʟʜʝʣʷʝʪ ʢʦʤʤʫʪʘʪʦʨ-

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʪʠʧʘ Wilton ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʟʚʝʪʚʣʝʥʠʷ 

3FS , ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʣʫʯʰʝʡ ʨʘʟʚʦʜʠʤʦʩʪʴʶ (ʙʦʣʴʰʝʝ 

ʯʠʩʣʦ ʧʫʪʝʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʚ ʧʨʝʜʝʣʘʭ ʟʘʜʘʥʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ) ʠ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʜʣʠʥʥʳʝ 

ʤʝʞʩʦʝʜʠʥʝʥʠʷ. VPR 5.0 ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 3 ʪʠʧʘ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ: subset, wilton, universal.  

ʊʨʝʫʛʦʣʴʥʠʢʠ (ʩʝʨʳʝ ʠ ʯʝʨʥʳʝ) ʧʦ ʧʝʨʠʬʝʨʠʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʧʦʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ 

ʧʦ ʤʝʞʩʦʝʜʠʥʝʥʠʷʤ. ʉʝʨʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ʧʦ ʧʝʨʠʬʝʨʠʠ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʧʘʨʘ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʥʝʧʨʝʨʳʚʥʦ 

(ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʶʯʝʡ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʤ 

ʥʘʧʨʘʚʣʝʥʠʷʭ). ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ, ʚ ʢʘʥʘʣʘʭ, 

ʤʝʞʩʦʝʜʠʥʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ 2 ʢʣʘʩʪʝʨʘ, ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ 2L .  
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ʈʠʩ.1.41. ʌʨʘʛʤʝʥʪ ʢʦʤʤʫʪʘʪʦʨʘ-ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ (ʣʝʚʳʡ 

ʚʝʨʭʥʠʡ ʦʪ ʙʣʦʢʘ 89) ʪʠʧʘ Wilton, ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ 

ʪʨʘʩʩʠʨʦʚʦʯʥʳʡ ʢʘʥʘʣ ʠʟ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʩʝʛʤʝʥʪʦʚ ʠ 

ʪʨʘʩʩʠʨʦʚʦʯʥʳʝ ʨʝʩʫʨʩʳ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ɹʀʍ-ʬʠʣʴʪʨʘ ʚ ʙʘʟʠʩʝ ʇʃʀʉ 

 

ɾʝʣʪʦʡ ʯʝʨʪʦʯʢʦʡ ʠ ʯʝʨʥʦʡ ʩʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʳ ʤʝʩʪʘ 

ʩʝʛʤʝʥʪʘʮʠʠ ʧʘʨʳ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʥʘ 

ʧʝʨʠʬʝʨʠʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ. ɺ ʧʦʟʠʮʠʠ ʞʝʣʪʳʭ ʯʝʨʪʦʯʝʢ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʢʣʶʯʝʥʠʝ ʚʳʭʦʜʦʚ ʩʦʩʝʜʥʠʭ ʢʣʘʩʪʝʨʦʚ ʠ 

ʚʳʭʦʜʦʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʙʣʦʢʦʚ (ʧʝʨʝʤʥʦʞʠʪʝʣʝʡ). ʎʠʬʨʘʤʠ 

ʦʙʦʟʥʘʯʝʥʘ ʨʘʟʨʷʜʥʦʩʪʴ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʮʠʬʨʘ 

13, ʵʪʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨ 13 ʚ 1 (ʨʠʩ.1.42). 

 ʈʘʩʩʤʦʪʨʠʤ ʚʝʨʪʠʢʘʣʴʥʳʡ ʪʨʘʩʩʠʨʦʚʦʯʥʳʡ ʢʘʥʘʣ ʠ 

ʣʝʚʳʡ ʚʝʨʭʥʠʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʦʪ ʙʣʦʢʘ 89, ʥʘʭʦʜʷʱʠʝʩʷ ʚ 

ʷʜʨʝ ʢʨʠʩʪʘʣʣʘ (ʨʠʩ.1.42, ʘ). ʉ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʠʤʝʝʪʩʷ 13 ʚʭʦʜʷʱʠʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ, ʠʟ ʥʠʭ 

7 ʚʭʦʜʷʱʠʭ ʥʝʧʨʝʨʳʚʥʳʭ (ʩʝʨʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ, ʦʙʨʘʱʝʥʥʳʝ 

ʦʩʪʨʠʝʤ ʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨ) ʠ 6 ʚʭʦʜʷʱʠʭ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʭ 
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ʤʝʞʩʦʝʜʠʥʝʥʠʡ (ʯʝʨʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ, ʦʙʨʘʱʝʥʥʳʝ ʦʩʪʨʠʝʤ ʚ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ) ʠ 13 ʠʩʭʦʜʷʱʠʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ: 7 ʠʩʭʦʜʷʱʠʭ 

ʥʝʧʨʝʨʳʚʥʳʭ (ʩʝʨʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ, ʦʙʨʘʱʝʥʥʳʝ ʦʩʪʨʠʝʤ ʦʪ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ) ʠ 6 ʠʩʭʦʜʷʱʠʭ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʭ (ʞʝʣʪʳʝ 

ʯʝʨʪʦʯʢʠ).  

 ɺʩʝ ʚʭʦʜʷʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʘʟʚʝʪʚʣʝʥʠʷ 3SF , ʪ.ʝ. ʚʭʦʜʷʱʠʝ ʤʝʞʩʦʝʜʠʥʝʥʠʝ ʚ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ ʨʘʟʚʝʪʚʣʷʝʪʩʷ ʥʘ 3 ʥʘʧʨʘʚʣʝʥʠʷ, ʦʜʥʘʢʦ, 

ʚʩʣʫʯʘʝ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʚʭʦʜʷʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʞʜʦʤ ʠʟ 

ʥʘʧʨʘʚʣʝʥʠʡ ʠʤʝʝʪʩʷ ʙʫʬʝʨʠʟʦʚʘʥʥʳʡ ʢʣʶʯ, ʘ ʚ ʩʣʫʯʘʝ 

ʚʭʦʜʷʱʠʭ ʥʝʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ, 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʥʝʩʝʛʤʝʥʪʠʨʦʚʘʥʳ ʢʣʶʯʘʤʠ (ʨʠʩ.1.42, ʙ). ɺ ʣʝʚʦʤ ʥʠʞʥʝʤ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ ʩʠʪʫʘʮʠʷ ʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ. ʉ 

ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʠʤʝʝʪʩʷ 13 ʚʭʦʜʷʱʠʭ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ, ʠʟ ʥʠʭ 6 ʚʭʦʜʷʱʠʭ ʥʝʧʨʝʨʳʚʥʳʭ ʠ 7 

ʚʭʦʜʷʱʠʭ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʠ 13 ʠʩʭʦʜʷʱʠʭ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ: 6 ʠʩʭʦʜʷʱʠʭ ʥʝʧʨʝʨʳʚʥʳʭ ʠ 7 ʠʩʭʦʜʷʱʠʭ 

ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʩ ʢʘʞʜʦʡ 

ʩʪʦʨʦʥʳ ʧʦ 6 ʘ ʚʦ ʚʪʦʨʦʤ ʧʦ 7 ʤʫʣʣʴʪʠʧʣʝʢʩʦʨʦʚ ʧʦ 

ʤʝʪʦʜʦʣʦʛʠʠ single-driver.  

ʈʘʩʩʤʦʪʨʠʤ ʢʦʤʤʫʪʘʪʦʨʳ-ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ 

ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʥʘ ʧʝʨʠʬʝʨʠʡʥʳʭ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʢʘʥʘʣʘʭ 

ʇʃʀʉ. ʅʘ ʨʠʩ.1.43, ʘ ʧʦʢʘʟʘʥ ʢʦʤʤʫʪʘʪʦʨ-ʤʘʨʰʨʫʪʠʟʘʪʦʨ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʮʝʥʪʨʝ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʪʨʘʩʩʠʨʦʚʦʯʥʦʛʦ ʢʘʥʘʣʘ. ʉʣʝʚʘ ʢʣʘʩʪʝʨʳ ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ, ʘ 

ʩʧʨʘʚʘ ʙʣʦʢʠ ʚʚʦʜʘ/ʚʳʚʦʜʘ. ɺ 13 ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʥʝʙʦʣʴʰʦʡ 

ʨʘʟʨʷʜʥʦʩʪʠ (4 ʠ 5) ʣʝʚʦʡ ʩʪʦʨʦʥʳ  ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʢʣʶʯʝʥʠʝ ʚʳʭʦʜʦʚ ʢʣʘʩʪʝʨʦʚ ʠ ʙʣʦʢʦʚ 

ʚʚʦʜʘ/ʚʳʚʦʜʘ. ʅʘ ʨʠʩ.1.43, ʙ ʧʦʢʘʟʘʥ ʢʦʤʤʫʪʘʪʦʨ-

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʚ ʫʛʣʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʢʘʥʘʣʦʚ. 
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ʘ) 

 
ʙ) 

ʈʠʩ.1.42. ʂʦʤʤʫʪʘʪʦʨ-ʤʘʨʰʨʫʪʠʟʘʪʦʨ (ʨʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʝ 

ʷʜʨʘ ʢʨʠʩʪʘʣʣʘ ʇʃʀʉ) ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʤʝʪʦʜʦʣʦʛʠʠ single-

driver: ʘ) -ʣʝʚʳʡ ʚʝʨʭʥʠʡ ʦʪ ʙʣʦʢʘ 89 (6 ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʩ 

ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ); ʙ) -  ʣʝʚʳʡ ʥʠʞʥʠʡ ʦʪ ʙʣʦʢʘ 89  (7 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ) 
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 ʘ) 

ʈʠʩ.1.43. ʂʦʤʤʫʪʘʪʦʨ-

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʩ 

ʦʙʠɦʤʠ 

ʪʨʘʩʩʠʨʦʚʦʯʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ: ʘ) ï 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʝ 

ʧʝʨʠʬʝʨʠʡʥʦʛʦ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʪʨʘʩʩʠʨʦʚʦʯʥʦʛʦ 

ʢʘʥʘʣʘ; ʙ) ï ʥʘ 

ʧʝʨʝʩʝʯʝʥʠʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʧʝʨʠʬʝʨʠʡʥʦʛʦ 

ʪʨʘʩʩʠʨʦʚʦʯʥʦʛʦ 

ʢʘʥʘʣʘ 

ʙ) 

 

 

ɺʝʜʫʱʠʝ ʤʠʨʦʚʳʝ ʜʠʟʘʡʥ-ʮʝʥʪʨʳ (ʙʦʣʝʝ 200) ʠ ʫʯʝʙʥʳʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʮʝʥʪʨʳ (ʙʦʣʝʝ 1000) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʦʛʨʘʤʤʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ T-Vpack ʠ VPR ʢʘʢ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ ʘʨʭʠʪʝʢʪʫʨ 

ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʯʠʢʠ ʢʘʢ ʢʦʤʤʝʨʯʝʩʢʠʭ, ʪʘʢ 

ʠ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʇʃʀʉ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʭ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʚ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʢʘʥʘʣʘʭ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʫʣʴʪʠʧʣʝʢʩʦʨʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ 

ʙʣʦʢʘʭ ʠ ʢʦʤʤʫʪʘʪʦʨʘʭ-ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʳʠʛʨʳʰ ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʠ ʧʦ 

ʧʣʦʱʘʜʠ ʢʨʠʩʪʘʣʣʘ. 
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2. ʊʈɽʍʄɽʈʅʓɽ ʀʅʊɽɻʈɸʃʔʅʓɽ ʉʍɽʄʓ  

 

2.1. ʇʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ɹʀʉ ʧʦ 

ʩʫʙʤʠʢʨʦʥʥʳʤ ʧʨʦʝʢʪʥʳʤ ʥʦʨʤʘʤ, ʠ ʤʝʪʦʜʳ ʠʭ 

ʨʝʰʝʥʠʷ 

 

 ʉ ʥʘʩʪʫʧʣʝʥʠʝʤ ʵʨʳ ʩʫʙʤʠʢʨʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ɹʀʉ 

ʩʪʘʣʠ ʨʘʙʦʪʘʪʴ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʧʦʪʨʝʙʣʷʪʴ ʙʦʣʴʰʠʡ ʪʦʢ 

ʠ ʤʦʱʥʦʩʪʴ ʧʨʠ ʤʝʥʴʰʠʭ ʥʘʧʨʷʞʝʥʠʷʭ ʧʠʪʘʥʠʷ. ʆʙʦʩʪʨʠʣʠʩʴ 

ʧʘʨʘʟʠʪʥʳʝ ʵʬʬʝʢʪʳ (ʧʘʨʘʟʠʪʥʘʷ ʝʤʢʦʩʪʴ ʩʚʷʟʠ ʤʝʞʜʫ 

ʧʨʦʚʦʜʥʠʢʘʤʠ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʧʝʨʝʢʨʝʩʪʥʳʤ ʠʩʢʘʞʝʥʠʷʤ, 

ʵʣʝʢʪʨʦʤʠʛʨʘʮʠʷ, ʚʨʝʤʷʟʘʚʠʩʠʤʳʡ ʧʨʦʙʦʡ ʧʦʜʟʘʪʚʦʨʥʳʭ 

ʦʢʩʠʜʦʚ, ʧʘʨʘʟʠʪʥʦʝ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʮʝʧʷʭ ʧʠʪʘʥʠʷ ʠ 

ʟʘʟʝʤʣʝʥʠʷ, ʧʘʨʘʟʠʪʥʳʝ ʠʥʜʫʢʪʠʚʥʳʝ ʵʬʬʝʢʪʳ), ʢʦʪʦʨʳʝ ʥʝ 

ʫʯʠʪʳʚʘʣʠʩʴ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ɹʀʉ ʧʨʝʜʳʜʫʱʝʛʦ 

ʧʦʢʦʣʝʥʠʷ. ɺ ʩʫʙʤʠʢʨʦʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʙʣʝʤʘ ʚʟʘʠʤʦʩʚʷʟʠ 

ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʩʢʦʨʦʩʪʴ, ʧʦʪʨʝʙʣʝʤʘʷ ʤʦʱʥʦʩʪʴ, 

ʮʝʣʦʩʪʥʦʩʪʴ ʩʠʛʥʘʣʦʚ ʠ ʥʘʜʝʞʥʦʩʪʴ ʩʪʘʣʘ ʩʪʦʣʴ ʞʝ ʘʢʪʫʘʣʴʥʦʡ, 

ʢʘʢ ʠ ʧʨʦʙʣʝʤʘ ʩʥʠʞʝʥʠʷ ʧʣʦʱʘʜʠ ʢʨʠʩʪʘʣʣʘ ʜʣʷ ɹʀʉ 

ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ.  

ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʙʦʣʝʝ ʷʨʢʦʤʫ ʧʨʦʷʚʣʝʥʠʶ ʵʬʬʝʢʪʘ 

ʧʘʨʘʟʠʪʥʦʡ ʝʤʢʦʩʪʥʦʡ ʩʚʷʟʠ (ʨʠʩ.2.1). ʂʨʦʤʝ ʪʦʛʦ, ʤʘʩʩʘ 

ʜʨʫʛʠʭ ʧʘʨʘʟʠʪʥʳʭ ʵʬʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʥʝ 

ʫʯʠʪʳʚʘʪʴ ʚ ʧʨʦʝʢʪʘʭ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ, ʩʪʘʣʠ 

ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʘʚʠʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʦʚʳʭ ɹʀʉ 

ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʫʙʤʠʢʨʦʥʥʳʭ ɹʀʉ 

ʭʘʨʘʢʪʝʨʥʳ ʪʘʢʠʝ ʧʘʨʘʟʠʪʥʳʝ ʵʬʬʝʢʪʳ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʟʘʜʝʨʞʝʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʧʦ 

ʪʦʢʦʧʨʦʚʦʜʷʱʠʤ ʜʦʨʦʞʢʘʤ ʥʘʜ ʟʘʜʝʨʞʢʘʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʛʥʘʣʦʚ ʚ ʚʝʥʪʠʣʷʭ ʠʟ ʟʘ ʥʘʣʠʯʠʷ ʩʦʙʩʪʚʝʥʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ ʝʤʢʦʩʪʝʡ (RC-ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ). 
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ʈʠʩ.2.1. ʋʚʝʣʠʯʝʥʠʝ ʙʦʢʦʚʦʡ ʝʤʢʦʩʪʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ 

ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʜʦʨʦʞʝʢ ʩʫʙʤʠʢʨʦʥʥʳʭ ɹʀʉ 

 

 ʋʤʝʥʴʰʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʝʢʪʥʳʭ ʥʦʨʤ ʧʨʠʚʝʣʦ 

ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʝʤʢʦʩʪʠ SIDEʉ  ʤʝʞʜʫ ʙʦʢʦʚʳʤʠ 

ʩʪʝʥʢʘʤʠ ʩʦʩʝʜʥʠʭ ʜʦʨʦʞʝʢ (ʝʤʢʦʩʪʴ ʙʦʢʦʚʦʡ ʩʚʷʟʠ) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʝʤʢʦʩʪʴʶ ʤʝʞʜʫ ʦʩʥʦʚʘʥʠʝʤ ʧʨʦʚʦʜʥʠʢʘ ʠ 

ʧʦʜʣʦʞʢʦʡ ʢʨʠʩʪʘʣʣʘ AREAC  ʠ ʝʤʢʦʩʪʴʶ ʤʝʞʜʫ ʙʦʢʦʚʦʡ 

ʩʪʝʥʢʦʡ ʧʨʦʚʦʜʥʠʢʘ ʠ ʧʦʜʣʦʞʢʦʡ FRINGEʉ . ɹʦʣʝʝ ʪʦʛʦ, ʜʣʷ ɹʀʉ 

ʩ 6 ʠ ʙʦʣʝʝ ʩʣʦʷʤʠ ʤʝʪʘʣʣʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʥʦ ʧʦʷʚʣʝʥʠʝ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʝʤʢʦʩʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʩʣʦʷʤʠ CROSSʉ  (ʨʠʩ.2.2). 

 
ʈʠʩ.2.2. ɽʤʢʦʩʪʥʳʝ ʷʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʥʫʪʨʝʥʥʠʤʠ 

ʧʨʦʚʦʜʥʠʢʘʤʠ ɹʀʉ 
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 ʄʝʨʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʘ ʧʝʨʝʢʨʸʩʪʥʳʭ ʠʩʢʘʞʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʸʤʢʦʩʪʠ ʙʦʢʦʚʦʡ ʩʚʷʟʠ, ʚʦʟʥʠʢʘʶʱʝʡ 

ʤʝʞʜʫ ʧʨʦʚʦʜʥʠʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʦʜʥʦʤ ʩʣʦʝ SIDEʉ , ʢ 

ʸʤʢʦʩʪʠ ʤʝʞʩʣʦʡʥʦʡ ʩʚʷʟʠ CROSSʉ , ʚʦʟʥʠʢʘʶʱʝʡ ʤʝʞʜʫ 

ʧʨʦʚʦʜʥʠʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʨʘʟʥʳʭ ʩʣʦʷʭ. ʕʬʬʝʢʪ 

ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʚʠʜʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʨʘʟʚʠʪʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʚʦʜʠʪ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ. ʉʦʛʣʘʩʥʦ ʜʦʢʣʘʜʘʤ, 

ʧʨʝʜʩʪʘʚʣʷʝʤʳʤ ʥʘ ʨʝʛʫʣʷʨʥʦ ʧʨʦʭʦʜʷʱʝʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ International Technology Roadmap for 

Semiconductors, ʸʤʢʦʩʪʴ ʙʦʢʦʚʳʭ ʩʚʷʟʝʡ ʜʣʷ ʪʝʭʥʦʣʦʛʠʡ 1999 

ʛʦʜʘ ʧʨʝʚʳʰʘʣʘ ʸʤʢʦʩʪʴ ʤʝʞʩʣʦʡʥʳʭ ʩʚʷʟʝʡ ʧʦʯʪʠ ʚ ʪʨʠ ʨʘʟʘ, 

ʘ ʢ 2006 ʛʦʜʫ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʜʦʩʪʠʛʣʦ ʧʷʪʠ (ʨʠʩ.2.3). 

 

 
ʈʠʩ.2.3. ʈʦʩʪ ʦʪʥʦʰʝʥʠʷ ʸʤʢʦʩʪʠ ʙʦʢʦʚʦʡ ʩʚʷʟʠ, ʚʦʟʥʠʢʘʶʱʝʡ 

ʤʝʞʜʫ ʧʨʦʚʦʜʥʠʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʦʜʥʦʤ ʩʣʦʝ SIDEʉ , ʢ 

ʸʤʢʦʩʪʠ ʤʝʞʩʣʦʡʥʦʡ ʩʚʷʟʠ CROSSʉ  ʚ ʩʫʙʤʠʢʨʦʥʥʳʭ ɹʀʉ 

 

 ʅʘ ʨʠʩ.2.4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʦʚʨʝʤʝʥʥʘʷ ʂʄʆʇ-ʩʪʨʫʢʪʫʨʘ 

ʩ ʜʚʫʤʷ n- ʠ p-ʢʘʨʤʘʥʘʤʠ ʧʦ 0.18 ʤʢʤ ʧʨʦʝʢʪʥʳʤ ʥʦʨʤʘʤ c 

ʦʜʥʠʤ ʫʨʦʚʥʝʤ ʧʦʣʠʢʨʝʤʥʠʷ ʠ ʰʝʩʪʴʶ ʫʨʦʚʥʷʤʠ 

ʘʣʶʤʠʥʠʝʚʦʡ ʤʝʪʘʣʣʠʟʘʮʠʠ (AlCu (0.5 % Cu) ʩ ʧʦʜʩʣʦʝʤ Ti) ʠ 

ʥʘʧʨʷʞʝʥʠʝʤ ʧʠʪʘʥʠʷ ʷʜʨʘ 1.8 ɺ ʢʨʝʤʥʠʝʚʦʡ ʬʘʙʨʠʢʠ X-FAB 

Semiconductor Foundries ʨʘʙʦʪʘʶʱʝʡ ʚ ʨʝʞʠʤʝ ñfoundryò. 

XFAB Semiconductor Foundries AG (ɻʝʨʤʘʥʠʷ) - ʚʝʜʫʱʘʷ 
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ʛʨʫʧʧʘ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʘʷʩʷ ʥʘ ʚʳʧʫʩʢʝ ʢʨʠʩʪʘʣʣʦʚ ʩʤʝʰʘʥʥʳʭ 

ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʭ ɹʀʉ ʧʦ ʩʫʙʤʠʢʨʦʥʥʳʤ ʧʨʦʝʢʪʥʳʤ ʥʦʨʤʘʤ 

(ʪʘʙʣ.2.1). 

ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʤʘʨʰʨʫʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʦʣʠʢʨʝʤʥʠʝʚʳʝ ʟʘʪʚʦʨʳ ʠ ʛʣʫʙʦʢʘʷ ʠʟʦʣʷʮʠʷ ʢʘʥʘʚʢʘʤʠ. ɺ n-

ʢʘʨʤʘʥʝ ʬʦʨʤʠʨʫʶʪʩʷ p-ʄʆʇʊ, ʘ ʚ p-ʢʘʨʤʘʥʝ ï n-ʄʆʇʊ. ʇʦ 

ʂʊʊ ʤʠʥʠʤʘʣʴʥʘʷ ʜʣʠʥʘ n- ʠ p-ʄʆʇʊ ʩ ʠʥʜʫʮʠʨʦʚʘʥʥʳʤʠ 

ʢʘʥʘʣʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 0.18 ʤʢʤ, ʘ ʤʠʥʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ 0.22 

ʤʢʤ.  

 

 
ʈʠʩ.2.4. ʉʝʯʝʥʠʝ ʂʄʆʇ ʩʪʨʫʢʪʫʨʳ c ʜʚʫʤʷ ʢʘʨʤʘʥʘʤʠ n- ʠ p-

ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ p-ʧʦʜʣʦʞʢʝ 
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ʊʘʙʣʠʮʘ 2.1 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢʨʝʤʥʠʝʚʦʡ 

ʬʘʙʨʠʢʠ XFAB ʚ ʂʄʆʇ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ XC018  

ʊʦʧʦʣʦʛʠʯʝʩʢʠʡ 

ʩʣʦʡ 

ʊʝʭʥʦʣʦʛʠʷ 

0.18 ʤʢʤ 

ʐʠʨʠʥʘ 

ʧʨʦʚʦʜʥʠʢʘ, 

ʤʢʤ 

ʊʦʣʱʠʥʘ 

ʧʨʦʚʦʜʥʠʢʘ, 

ʤʢʤ 

ʄʠʥʠʤʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ, 

ʤʢʤ 

ʄʝʪʘʣʣ1 0.23 0.17 0.23 

ʄʝʪʘʣʣ2 0.28 0.22 0.28 

ʄʝʪʘʣʣ3 0.28 0.25 0.28 

ʄʝʪʘʣʣ4 0.28 0.25 0.28 

ʄʝʪʘʣʣ5 0.28 0.25 0.28 

ʄʝʪʘʣʣ6 0.44 0.35 0.46 

  

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʦʢʦʧʨʦʚʦʜʷʱʝʡ ʜʦʨʦʞʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ: 

W

L

HW

rL

S

rl
R , 

ʛʜʝ r ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʧʨʠ ʉ020  ʜʣʷ Al-

ʤʝʪʘʣʣʠʟʘʮʠʠ 810*7.2r  ʆʤ*ʤ; H ʢʦʥʩʪʘʥʪʘ ʪʝʭʥʦʣʦʛʠʠ 

(ʪʦʣʱʠʥʘ ʧʨʦʚʦʜʥʠʢʘ); ʫʜʝʣʴʥʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʢʚʘʜʨʘʪʆʤ .  

 ʉʦʛʣʘʩʥʦ ʫʧʨʦʱʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʜʣʷ 

ʩʫʙʤʠʢʨʦʥʥʳʭ ɹʀʉ, ʤʦʜʝʣʴ ʝʤʢʦʩʪʠ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ 

ʜʦʨʦʞʝʢ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʝʤʢʦʩʪʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʘʩʪʠʥʦʢ 

(ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʞʝʣʝʞʘʱʠʭ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʜʦʨʦʞʝʢ ʠʣʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʤʣʠ) ʠ ʢʨʘʝʚʦʡ ʝʤʢʦʩʪʠ (ʨʠʩ.2.5). 

ʉʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʝʤʢʦʩʪʴ ʧʨʦʚʦʜʥʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: WL
t

C
ox

ox
i , ʛʜʝ W ʰʠʨʠʥʘ; L ʜʣʠʥʘ 

ʧʨʦʚʦʜʥʠʢʘ; oxt ʪʦʣʱʠʥʘ ʦʢʠʩʣʘ (ʤʝʞʩʣʦʡʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ). 

ʀʟ ʬʦʨʤʫʣʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʝʤʢʦʩʪʴ ʧʨʷʤʦʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 
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ʧʝʨʝʢʨʳʪʠʶ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʥʠʤʠ. ɺ ʩʫʙʤʠʢʨʦʥʥʳʭ ɹʀʉ ʦʪʥʦʰʝʥʠʝ 

1/ HW  ʧʦʵʪʦʤʫ ʤʦʜʝʣʴ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʘʩʪʠʥʦʢ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝ ʪʦʯʥʦʡ ʠ ʝʤʢʦʩʪʴ ʤʝʞʜʫ ʙʦʢʦʚʳʤʠ ʩʪʝʥʢʘʤʠ 

ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʜʦʨʦʞʝʢ ʠ ʧʦʜʣʦʞʢʦʡ (ʢʨʘʝʚʘʷ ʝʤʢʦʩʪʴ) ʫʞʝ 

ʥʝʣʴʟʷ ʠʛʥʦʨʠʨʦʚʘʪʴ. 

 
ʈʠʩ.2.5. ʊʦʢʦʧʨʦʚʦʜʷʱʘʷ ʜʦʨʦʞʢʘ (ʘ) ʠ ʤʦʜʝʣʴ ʝʤʢʦʩʪʠ 

ʪʦʢʦʧʨʦʚʦʜʷʱʝʡ ʜʦʨʦʞʢʠ: ʝʤʢʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʘʩʪʠʥʦʢ ʠ 

ʢʨʘʝʚʘʷ ʝʤʢʦʩʪʴ, ʤʦʜʝʣʠʨʫʝʤʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʧʨʦʚʦʜʥʠʢʦʤ, 

ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʛʦ ʨʘʚʝʥ ʪʦʣʱʠʥʝ ʜʦʨʦʞʢʠ 

 

 ɼʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʟʠʪʥʦʡ ʝʤʢʦʩʪʠ ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʜʦʨʦʞʝʢ ʚ ʩʫʙʤʠʢʨʦʥʥʳʭ ɹʀʉ ʠʩʧʦʣʴʟʫʶʪ 

ʩʣʝʜʫʶʱʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ: 

Htt

w
CCʉ

ox

ox

ox

ox
pswire

log
2 , 
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ʛʜʝ sʉ  ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʝʤʢʦʩʪʴ ʧʨʦʚʦʜʥʠʢʘ ʥʘ 

ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʠ ʧʣʘʩʪʠʥʦʡ ʟʘʟʝʤʣʝʥʠʷ; pʉ ʢʨʘʝʚʘʷ ʝʤʢʦʩʪʴ; 

2/HWw .  

ʅʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʝʝ ʧʨʦʩʪʫʶ ʬʦʨʤʫʣʫ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʝʤʢʦʩʪʠ ʪʦʢʦʧʨʦʚʦʜʷʱʝʡ ʜʦʨʦʞʢʠ: 

662 psps ůl+wlů=C+C=ʉ , 

ʛʜʝ s ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʸʤʢʦʩʪʴ ʩ ʥʠʞʝʣʝʞʘʱʠʤ 

ʤʝʪʘʣʣʦʤ, ʘʬ/ʤʢʤ
2
; 66p ʢʨʘʝʚʘʷ ʝʤʢʦʩʪʴ ʠʣʠ ʝʤʢʦʩʪʴ 

ʧʝʨʠʤʝʪʨʘ. ʄʥʦʞʠʪʝʣʴ 2 ʚ ʬʦʨʤʫʣʝ ʫʯʠʪʳʚʘʝʪ ʜʚʝ ʩʪʦʨʦʥʳ 

ʪʦʢʦʧʨʦʚʦʜʷʱʝʡ ʜʦʨʦʞʢʠ ʧʨʠ ʨʘʩʯʝʪʝ ʢʨʘʝʚʦʡ ʝʤʢʦʩʪʠ, ʘ ʝʝ 

ʪʦʣʱʠʥʦʡ ʧʨʝʥʝʙʨʝʛʘʶʪ. ʋʜʝʣʴʥʳʝ ʠ ʢʨʘʝʚʳʝ ʝʤʢʦʩʪʠ ʙʝʨʫʪʩʷ 

ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʡʣʦʚ ʢʨʝʤʥʠʝʚʳʭ ʬʘʙʨʠʢ. ɽʩʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʪʦʢʦʧʨʦʚʦʜʷʱʘʷ ʜʦʨʦʞʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʚʫʭ 

ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʤʝʪʘʣʣʠʟʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʚ ʰʝʩʪʦʤ ʠ ʧʷʪʦʤ 

ʩʣʦʝ ʤʝʪʘʣʣʠʟʘʮʠʠ, ʪʦ: 

6566 22 ppsps lůl+wlů=C+C=ʉ . 

 ɽʩʣʠ ʧʝʨʝʢʨʳʪʠʝ ʧʦ ʧʣʦʱʘʜʠ ʩ ʥʠʞʝʣʝʞʘʱʠʤ ʤʝʪʘʣʣʦʤ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10 ʜʦ 50 %, ʪʦ ʵʪʦ ʫʯʠʪʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚ 

ʝʤʢʦʩʪʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʘʩʪʠʥʦʢ: 

ps C+C=ʉ 5.0 . 

 ɽʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʦʚʦʜʥʠʢʘʤʠ 2 ʤʢʤ, ʘ 

ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʂʊʊ 0.46 ʤʢʤ, ʪʦ ʚʣʠʷʥʠʝ ʢʨʘʝʚʦʡ 

ʝʤʢʦʩʪʠ ʦʩʣʘʙʣʷʝʪʩʷ ʚ 4.35 ʨʘʟʘ: 

35.4/5.0 ps C+C=ʉ . 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ, ʘʣʶʤʠʥʠʝʚʘʷ ʪʦʢʦʧʨʦʚʦʜʷʱʘʷ 

ʜʦʨʦʞʢʘ ʜʣʠʥʦʡ 10 ʩʤ ʠ ʰʠʨʠʥʦʡ 1 ʤʢʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 

ʢʨʠʩʪʘʣʣʝ ʨʘʟʤʝʨʦʤ ʧʦʨʷʜʢʘ 1-2 ʩʤ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 6 ʩʣʦʷ 

AlCu-ʤʝʪʘʣʣʠʟʘʮʠʠ 34s  ʘʬ/ʤʢʤ
2
; ʢʨʘʝʚʘʷ ʝʤʢʦʩʪʴ 

11666p , ʘʬ/ʤʢʤ. ʆʙʱʘʷ ʝʤʢʦʩʪʴ ʩʦʩʪʘʚʠʪ: 

ʧʌ26.6ʧʌ2.23ʧʌ4.3

ʤʢʤ/ʘʬ116*ʤʢʤ10*1.0*2ʤʢʤ10*1.0*ʘʬ/ʤʢʤ34 6262=C+C=ʉ ps . 
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ʀʟ ʨʘʩʯʝʪʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʨʘʝʚʦʡ ʝʤʢʦʩʪʴʶ ʚ 

ʩʫʙʤʠʢʨʦʥʥʳʭ ɹʀʉ ʧʨʝʥʝʙʨʝʛʘʪʴ ʥʝʣʴʟʷ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʰʠʥ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʧʘʨʘʟʠʪʥʘʷ 

ʝʤʢʦʩʪʴ ʤʦʞʝʪ ʚʥʦʩʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʝʨʝʢʦʩ 

ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥ LHt  ʠ HLt . ʈʘʩʩʯʠʪʘʝʤ ʟʘʜʝʨʞʢʫ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ RC-ʮʝʧʠ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʘʨʘʟʠʪʥʘʷ ʝʤʢʦʩʪʴ RC-ʮʝʧʠ ʉ 

ʟʘʨʷʞʝʥʘ ʜʦ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ CCU , ʘ ʥʘ ʚʭʦʜʝ ʮʝʧʠ 

ʜʝʡʩʪʚʫʝʪ ʧʝʨʝʧʘʜ ʥʘʧʨʷʞʝʥʠʷ ʦʪ CCU  ʜʦ 0, ʪʦ ʧʝʨʝʭʦʜʥʦʡ 

ʧʨʦʮʝʩʩ ʨʘʟʨʷʜʘ ʚ ʝʤʢʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 

ʬʫʥʢʮʠʝʡ ʚʠʜʘ (RC): 

RCt

CC
HLeUUʚʳʭ , 69.0ln ʚʳʭ

CC

HL
U

U
RCt . 

 ɼʣʷ ʰʠʥʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʤʝʞʜʫ ʜʚʫʤʷ ʙʣʦʢʘʤʠ, ʧʨʠ 

2CCʚʳʭUU , ʩ ʧʘʨʘʤʝʪʨʘʤʠ RC-ʮʝʧʠ 216R  ʆʤ, 1904C  

ʬʌ ʟʘʜʝʨʞʢʘ ʚʨʝʤʝʥʠ ʩʧʘʜʘ ʬʨʦʥʪʘ ʩʠʥʭʨʦʩʠʛʥʘʣʘ HLt  

ʩʦʩʪʘʚʣʷʝʪ 0.29 ʥʩ. 

 ɸʥʘʣʦʛʠʯʥʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ ʬʨʦʥʪʘ 

ʩʠʛʥʘʣʘ, ʢʦʛʜʘ ʥʘ ʚʭʦʜʝ ʜʝʡʩʪʚʫʝʪ ʧʝʨʝʧʘʜ ʥʘʧʨʷʞʝʥʠʷ ʩ 0 ʜʦ 

CCU , ʘ ʧʘʨʘʟʠʪʥʘʷ ʝʤʢʦʩʪʴ ʨʘʟʨʷʞʝʥʘ ʜʦ ʥʘʧʨʷʞʝʥʠʷ ʥʫʣʷ: 

)1(ʚʳʭ

RCt

CC
LHeUU , 69.0ln ʉʉ

CC

ʚʳʭ
LH

U

UU
RCt . 

ʊʝʭʥʦʣʦʛʠʷ ʫʯʝʥʳʭ ʠʟ NIST ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪʦʤ 

ʪʝʭʥʦʣʦʛʠʠ, ʠʟʚʝʩʪʥʦʡ, ʢʘʢ çʜʘʤʘʩʩʢʘʷ ʤʝʪʘʣʣʠʟʘʮʠʷè, ʢʦʪʦʨʘʷ 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʣʦʞʥʦʡ ʪʨʝʭʤʝʨʥʦʡ 

ʨʘʟʚʦʜʢʠ ʚ ɹʀʉ, ʩʠʩʪʝʤʳ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨʘʭ.  

ʊʝʭʥʦʣʦʛʠʷ, ʥʘʟʚʘʥʥʘʷ ʧʦ ʠʤʝʥʠ ʠʟʚʝʩʪʥʦʡ ʜʨʝʚʥʝʡ 

ʘʨʘʙʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ 

ʜʣʷ ʢʣʠʥʢʦʚ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʪʨʘʚʣʠʚʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʜʣʦʞʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʙʦʨʦʟʜʦʢ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʧʝʨʝʤʳʯʝʢ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʟʘʧʦʣʥʷʶʪʩʷ ʤʝʜʴʶ ʤʝʪʦʜʦʤ 
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ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ. ʈʘʟʤʝʨʳ ʙʦʨʦʟʜʦʢ ʤʦʛʫʪ ʢʦʣʝʙʘʪʴʩʷ ʦʪ 

ʜʝʩʷʪʢʦʚ ʥʘʥʦʤʝʪʨʦʚ ʜʦ ʩʦʪʝʥ ʤʠʢʨʦʥʦʚ. ʇʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ 

ʧʦʜʣʦʞʢʘ ʧʦʣʠʨʫʝʪʩʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟʣʠʰʢʦʚ ʤʝʜʠ. 

ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʤʝʪʦʜʘ ʜʘʤʘʩʩʢʦʡ 

ʤʝʪʘʣʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʝʪʘʣʣ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʝʪ 

ʙʦʨʦʟʜʢʠ, ʥʝ ʦʩʪʘʚʣʷʷ ʧʫʩʪʦʪ. ɼʣʷ ʵʪʦʛʦ ʚ ʵʣʝʢʪʨʦʣʠʪ 

ʜʦʙʘʚʣʷʝʪʩʷ ʚʝʱʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʩʣʠʰʢʦʤ 

ʙʳʩʪʨʦʤʫ ʦʩʝʜʘʥʠʶ ʤʦʣʝʢʫʣ ʤʝʪʘʣʣʘ ʥʘ ʩʪʝʥʢʘʭ ʙʦʨʦʟʜʦʢ. 

ʆʜʥʘʢʦ ʢʘʨʪʠʥʘ ʥʘʥʝʩʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʠʥʦʡ, ʢʦʛʜʘ ʥʘʥʦʩʠʪʩʷ 

ʥʝ ʤʝʜʴ, ʘ ʤʘʛʥʠʪʥʳʡ ʤʘʪʝʨʠʘʣ. ʋʯʝʥʳʤ ʠʟ NIST ʫʜʘʣʦʩʴ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʵʪʫ ʪʝʭʥʦʣʦʛʠʶ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʥʝʪ ʚʦʟʤʦʞʥʳʤ ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʣʦʞʥʳʭ 

ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʝʤʘʛʥʠʪʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ʤʝʪʦʜʳ. 

ɺʥʫʪʨʝʥʥʠʤʠ ʥʘʟʳʚʘʶʪʩʷ ʟʘʜʝʨʞʢʠ, ʢʦʪʦʨʳʝ 

ʩʚʦʡʩʪʚʝʥʥʳ ʚʥʫʪʨʝʥʥʝʡ ʘʨʭʠʪʝʢʪʫʨʝ ʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. 

ʇʦʜ ʚʥʝʰʥʠʤʠ ʟʘʜʝʨʞʢʘʤʠ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʟʘʜʝʨʞʢʠ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʤʝʞʙʣʦʯʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʘ 

ɹʀʉ. ɺ ɹʀʉ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʝ ʟʘʜʝʨʞʢʠ 

ʧʨʝʦʙʣʘʜʘʣʠ ʥʘʜ ʚʥʝʰʥʠʤʠ. ʅʘʧʨʠʤʝʨ, ʚ 2 ʤʢʤ ʪʝʭʥʦʣʦʛʠʠ 

ʚʥʫʪʨʝʥʥʠʝ ʟʘʜʝʨʞʢʠ ʩʦʩʪʘʚʣʷʣʠ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ ʜʚʫʭ 

ʪʨʝʪʝʡ ʦʪ ʦʙʱʝʡ ʟʘʜʝʨʞʢʠ (ʨʠʩ.2.6). ʅʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʝʢʪʥʳʭ ʥʦʨʤ ʚʥʝʰʥʷʷ ʟʘʜʝʨʞʢʘ ʩʪʘʣʘ 

ʨʘʩʪʠ ʠ ʧʨʠʦʙʨʝʣʘ ʜʦʤʠʥʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ (ʨʠʩ.2.6). ʇʨʠ 

ʧʝʨʝʭʦʜʝ ʥʘ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʦʣʝʥʠʷ ʨʦʩʪ ʜʦʣʠ 

ʚʥʝʰʥʠʭ ʟʘʜʝʨʞʝʢ ʩʦʭʨʘʥʠʪʩʷ ʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ɹʀʉ ʧʦ 

ʩʫʙʤʠʢʨʦʥʥʳʤ ʠ ʥʘʥʦʤʝʪʨʦʚʳʤ ʧʨʦʝʢʪʥʳʤ ʥʦʨʤʘʤ ʜʦʣʷ 

ʚʥʝʰʥʠʭ ʟʘʜʝʨʞʝʢ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 80 % ʠ ʙʦʣʝʝ ʦʪ 

ʚʝʣʠʯʠʥʳ ʦʙʱʝʡ ʟʘʜʝʨʞʢʠ. 

ɿʘʜʝʨʞʢʠ ʪʠʧʘ ʚʳʚʦʜ-ʚʳʚʦʜ ʠ ʪʦʯʢʘ-ʪʦʯʢʘ ʷʚʣʷʶʪʩʷ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʥʘʟʚʘʥʠʷʤʠ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʟʘʜʝʨʞʝʢ 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʘʜʝʨʞʢʘ ʚʳʚʦʜ-ʚʳʚʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʙʦʡ 

ʚʨʝʤʷ ʦʪ ʧʨʠʭʦʜʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʭʦʜ ʚʝʥʪʠʣʷ ʜʦ ʧʦʷʚʣʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʝʘʢʮʠʠ ʥʘ ʝʛʦ ʚʳʭʦʜʝ, ʘ ʪʦʯʢʘ-ʪʦʯʢʘ 

ʦʧʠʩʳʚʘʝʪ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʤʝʞʜʫ ʚʳʭʦʜʦʤ 

ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ ʠ ʚʭʦʜʦʤ ʥʘʛʨʫʟʢʠ (ʨʠʩ.2.7). 

ɿʘʜʝʨʞʢʘ ʚʳʚʦʜ-ʚʳʚʦʜ ʦʙʳʯʥʦ ʨʘʚʥʘ ʚʨʝʤʝʥʠ ʦʪ ʤʦʤʝʥʪʘ 

ʜʦʩʪʠʞʝʥʠʷ ʚʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ ʧʦʨʦʛʘ ʩʨʘʙʘʪʳʚʘʥʠʷ ʜʦ ʥʘʯʘʣʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʝʘʢʮʠʠ (ʦʪʢʣʠʢʘ) ʥʘ ʚʳʭʦʜʝ ʚʝʥʪʠʣʷ, ʘ 

ʟʘʜʝʨʞʢʘ ʪʦʯʢʘ-ʪʦʯʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪ ʥʘʯʘʣʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʩʳʣʢʠ ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ ʜʦ ʜʦʩʪʠʞʝʥʠʷ 

ʝʶ ʧʦʨʦʛʘ ʩʨʘʙʘʪʳʚʘʥʠʷ ʥʘʛʨʫʟʢʠ.  

 

 
ʈʠʩ.2.6. ɺʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ ʟʘʜʝʨʞʢʠ ʚ ɹʀʉ 

ʨʘʟʣʠʯʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʢʦʣʝʥʠʷ 

 

 
ʈʠʩ.2.7. ɿʘʜʝʨʞʢʠ ʚʳʚʦʜ-ʚʳʚʦʜ ʠ ʪʦʯʢʘ-ʪʦʯʢʘ ʚ ɹʀʉ 

 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʝʪʦʚ ʟʘʜʝʨʞʝʢ ʚʳʚʦʜ-ʚʳʚʦʜ ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʦʪʩʯʠʪʳʚʘʶʪʩʷ ʦʥʠ ʦʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʚʭʦʜʥʦʡ 

ʩʠʛʥʘʣ ʜʦʩʪʠʛʘʝʪ ʫʨʦʚʥʷ 50 % ʦʪ ʨʘʟʥʠʮʳ ʤʝʞʜʫ 0 ʠ 1, ʠʩʭʦʜʷ 
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ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʧʦʨʦʛ ʩʨʘʙʘʪʳʚʘʥʠʷ ʫ ʚʝʥʪʠʣʝʡ 

ʩʦʩʪʘʚʣʷʝʪ 50 % (ʨʠʩ.2.8). 

 

 
ʈʠʩ.2.8. ɿʘʚʠʩʠʤʦʩʪʴ ʟʘʜʝʨʞʢʠ ʚʳʚʦʜ-ʚʳʚʦʜ ʦʪ ʧʫʪʠ 

ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ 

 

ɼʘʥʥʳʡ ʧʨʠʤʝʨ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʫʙʤʠʢʨʦʥʥʳʭ ɹʀʉ ʢʘʞʜʳʡ ʧʫʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ 

ʚʭʦʜʘ ʜʦ ʚʳʭʦʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʠʤ ʟʥʘʯʝʥʠʝʤ ʟʘʜʝʨʞʢʠ 

ʚʳʚʦʜ-ʚʳʚʦʜ. 

ʂʨʫʪʠʟʥʘ (ʥʘʢʣʦʥ) ʠʤʧʫʣʴʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʘ ʧʨʠ ʝʛʦ ʧʝʨʝʭʦʜʝ ʩ 

ʣʦʛʠʯʝʩʢʦʛʦ 0 ʥʘ ʫʨʦʚʝʥʴ ʣʦʛʠʯʝʩʢʦʡ 1 ʠ ʥʘʦʙʦʨʦʪ (ʨʠʩ.2.9). 

ʇʨʠ ʤʛʥʦʚʝʥʥʦʤ ʧʝʨʝʭʦʜʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʫʪʠʟʥʳ. 

 

 
ʈʠʩ.2.9. ʂʨʫʪʠʟʥʘ ʩʠʛʥʘʣʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʨʝʤʷ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʝʨʝʭʦʜʘ ʩʠʛʥʘʣʘ ʩ ʫʨʦʚʥʷ ʥʘ ʫʨʦʚʝʥʴ 
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ɺ ʩʫʙʤʠʢʨʦʥʥʳʭ ɹʀʉ ʠ ʇʃʀʉ ʬʨʦʥʪ ʩʠʛʥʘʣʘ ʩ ʙʦʣʴʰʦʡ 

ʢʨʫʪʠʟʥʦʡ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʙʳʩʪʨʦʤʝʥʷʶʱʠʡʩʷ ʦʪʢʣʠʢ ʥʘ 

ʚʳʭʦʜʝ (ʨʠʩ.2.10, ʘ), ʘ ʬʨʦʥʪ ʩʠʛʥʘʣʘ ʩ ʤʘʣʦʡ ʢʨʫʪʠʟʥʦʡ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ ʤʝʜʣʝʥʥʦʤʝʥʷʶʱʝʛʦʩʷ ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ (ʨʠʩ.2.10, ʙ). 

 

 
ʈʠʩ.2.10. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʥʪʠʣʷ ʦʪ 

ʢʨʫʪʠʟʥʳ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

 

 ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ (ʠʜʝʘʣʴʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ, 

1) ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʚ ʢʘʥʘʣʝ ʄʆʇʊ 

ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʦʱʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ, 

ʧʣʦʱʘʜʠ ʚʝʥʪʠʣʷ ʠ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ, ʥʦ ʠ ʢ ʫʭʫʜʰʝʥʠʶ, 

ʥʘʧʨʠʤʝʨ, ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʯʝʨʝʟ ʩʦʝʜʠʥʠʪʝʣʴʥʫʶ ʜʦʨʦʞʢʫ, ʠ 

ʢʦʥʪʘʢʪ ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʚʦʟʨʘʩʪʘʶʪ ʚ 2  ʨʘʟ, ʚʦʟʨʘʩʪʘʝʪ 

ʪʘʢʞʝ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʦʚ.  

ʏʪʦʙʳ ʦʢʘʟʘʪʴ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʧʘʨʘʟʠʪʥʳʤ ʷʚʣʝʥʠʷʤ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʦʚ ʵʣʝʤʝʥʪʦʚ ʥʘ ʢʨʠʩʪʘʣʣʝ, ʥʘʧʨʷʞʝʥʠʷ 

ʧʠʪʘʥʠʷ ʂʄʆʇ ɹʀʉ ʥʝ ʩʥʠʞʘʣʠʩʴ ʚ ʩʪʨʦʛʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʢʦʥʦʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ. 

ʆʜʥʘʢʦ ʩʠʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʦʚ ʄʆʇʊ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʠʪʘʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʛʦʨʷʯʠʭ ʥʦʩʠʪʝʣʝʡ (Hot 

Carrier Injection, HCI). ʕʪʠ ʛʦʨʷʯʠʝ ʥʦʩʠʪʝʣʠ ʤʦʛʫʪ ʚʳʟʚʘʪʴ 

ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ 
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ʥʘʜʝʞʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʠʥʮʠʧʘʤʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʂʄʆʇ ʀʉ ʪʦʣʱʠʥʘ 

ʧʦʜʟʘʪʚʦʨʥʦʛʦ ʦʢʩʠʜʘ OXT  ʥʝʧʨʝʨʳʚʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ɼʣʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʢʦʣʝʥʠʷ 0.05-0.25 ʤʢʤ ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʦʢʩʠʜʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 5 ʄɺ/ʩʤ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʜʦʧʫʩʪʠʤʘʷ ʤʠʥʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʦʢʩʠʜʘ ʩʦʩʪʘʚʣʷʝʪ 3.5 ʥʤ, ʧʨʠ ʵʪʦʤ ʧʣʦʪʥʦʩʪʴ ʜʝʬʝʢʪʦʚ 

ʜʦʩʪʠʛʘʝʪ ʫʨʦʚʥʷ 0.5 2ʩʤ ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚ ʦʢʩʠʜʝ 

5.7OXE  ʄɺ/ʩʤ.  

ɼʣʷ ʩʫʙʤʠʢʨʦʥʥʳʭ ʂʄʆʇ ɹʀʉ ʭʘʨʘʢʪʝʨʥʳ: ʩʜʚʠʛ ʚʦ 

ʚʨʝʤʝʥʠ ʧʦʨʦʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ tV , ʜʝʛʨʘʜʘʮʠʷ ʢʨʫʪʠʟʥʳ 

mg , ʜʝʛʨʘʜʘʮʠʷ ʪʦʢʘ ʩʪʦʢʘ CC II , ʣʘʚʠʥʥʳʡ ʧʨʦʙʦʡ ʤʝʞʜʫ 

ʠʩʪʦʢʦʤ ʠ ʩʪʦʢʦʤ, ʥʘʣʠʯʠʝ ʪʫʥʥʝʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʪʦʢʘ 

ʫʪʝʯʢʠ ʩʪʦʢʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ ʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʢʨʳʪʠʷ 

ʩʪʦʢʘ ʟʘʪʚʦʨʦʤ (GIDL-ʵʬʬʝʢʪ) ʠ ʜʨ. 

ʉʥʠʞʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ DDV  ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʫʤʝʥʴʰʘʝʪ ʚʣʠʷʥʠʝ ʵʬʬʝʢʪʘ ʛʦʨʷʯʠʭ ʥʦʩʠʪʝʣʝʡ ʥʘ 

ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʂʄʆʇ ɹʀʉ. 

ɺʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʨʦʜʦʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʙʣʠʟʠ ʩʪʦʢʘ 

ʥʝ ʧʨʝʚʳʰʘʝʪ ʢʨʠʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ crE , ʩʥʠʞʘʶʱʝʡ ʩʨʦʢ 

ʩʣʫʞʙʳ ʧʨʠʙʦʨʘ ʥʠʞʝ 10 ʣʝʪ, ʜʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

),2.0()( 2/13/1

LDDjOXcreffʉʀʥʘʩDD lXTELVV  

ʛʜʝ ʉʀʥʘʩV ʥʘʧʨʷʞʝʥʠʝ ʥʘʩʳʱʝʥʠʷ ʩʪʦʢʘ; effL ʵʬʬʝʢʪʠʚʥʘʷ 

ʜʣʠʥʘ ʢʘʥʘʣʘ; LDDl ʵʬʬʝʢʪʠʚʥʘʷ ʜʣʠʥʘ LDD-ʦʙʣʘʩʪʠ 

(ʩʣʘʙʦʣʝʛʠʨʦʚʘʥʥʳʝ ʦʙʣʘʩʪʠ ʩʪʦʢʘ); jX ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ 

np ʧʝʨʝʭʦʜʘ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ effL  ʚ 2 ʨʘʟʘ ʥʘʧʨʷʞʝʥʠʝ 

ʥʘʩʳʱʝʥʠʷ ʩʪʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʦ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 0,5 ɺ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, DDV  ʪʘʢʞʝ ʙʫʜʝʪ ʩʥʠʞʝʥʦ ʥʘ 0,5 ɺ. ʅʘʣʠʯʠʝ 

LDD- ʦʙʣʘʩʪʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʠʪʴ ʥʘʧʨʷʞʝʥʠʝ 
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ʧʠʪʘʥʠʷ ʥʘ 30 % ʠ ʙʦʣʝʝ, ʪ.ʝ. ʥʘ ʚʝʣʠʯʠʥʫ LDDcr lE . ɼʦʧʫʩʪʠʤʘʷ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ (ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʛʦʨʷʯʠʤʠ 

ʥʦʩʠʪʝʣʷʤʠ) ʚʝʣʠʯʠʥʘ crE  ʩʦʩʪʘʚʣʷʝʪ 510*3  ɺ/ʩʤ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ LLD-ʦʙʣʘʩʪʝʡ ʜʣʷ 

ʩʫʙʤʠʢʨʦʥʥʳʭ ʂʄʆʇ ɹʀʉ ʧʦʟʚʦʣʷʝʪ: ʦʩʣʘʙʠʪʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦʨʦʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ tV  ʢ ʵʬʬʝʢʪʠʚʥʦʡ 

ʜʣʠʥʝ ʢʘʥʘʣʘ effL ; ʦʩʣʘʙʠʪʴ ʚʝʣʠʯʠʥʫ DIBL-ʵʬʬʝʢʪʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʟʥʘʯʝʥʠʝ ʩʜʚʠʛʘ ʧʦʨʦʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

tV , ʚʳʟʳʚʘʝʤʦʛʦ ʙʦʣʴʰʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʥʘ ʩʪʦʢʝ ʉV ; 

ʧʦʜʘʚʠʪʴ GIDL-ʵʬʬʝʢʪ; ʫʚʝʣʠʯʠʪʴ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ DDV  

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ɹʀʉ. 

ʉʢʚʦʟʥʦʡ ʤʘʨʰʨʫʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹʀʉ ʩ ʫʯʝʪʦʤ 

ʥʘʜʝʞʥʦʩʪʠ ʪʨʝʙʫʝʪ ʨʘʟʨʫʰʝʥʠʷ ʙʘʨʴʝʨʦʚ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ: ʣʦʛʠʯʝʩʢʠʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ, ʩʠʥʪʝʟʦʤ, 

ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʬʠʟʠʯʝʩʢʦʡ ʚʝʨʠʬʠʢʘʮʠʝʡ. 

ɺʘʨʠʘʥʪ ʨʘʟʤʝʱʝʥʠʷ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʷʯʝʝʢ, ʷʚʠʚʰʠʡʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʫʯʸʪʘ ʦʜʥʦʡ ʧʨʦʙʣʝʤʳ (ʥʘʧʨʠʤʝʨ, ʥʘʨʫʰʝʥʠʡ, 

ʚʳʷʚʣʷʝʤʳʭ ʧʨʠ ʚʨʝʤʝʥʥʦʤ ʘʥʘʣʠʟʝ), ʤʦʞʝʪ ʦʙʦʩʪʨʠʪʴ ʠ 

ʜʨʫʛʫʶ (ʥʘʧʨʠʤʝʨ, ʚʳʚʝʩʪʠ ʟʘ ʧʨʝʜʝʣʳ ʜʦʧʫʩʪʠʤʳʭ 

ʦʪʢʣʦʥʝʥʠʡ ʧʘʨʘʤʝʪʨʳ ʮʝʣʦʩʪʥʦʩʪʠ ʩʠʛʥʘʣʦʚ). ɹʦʣʴʰʘʷ 

ʪʦʯʥʦʩʪʴ ʣʶʙʦʛʦ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʘʥʘʣʠʟʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʘ ʟʘ ʩʯʸʪ ʫʭʫʜʰʝʥʠʷ ʜʨʫʛʠʭ ʘʩʧʝʢʪʦʚ ʚʩʝʛʦ ʧʨʦʝʢʪʘ. 

ʂʘʞʜʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʩʥʘʙʞʸʥ 

ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʜʘʥʥʳʤʠ ʦʪ ʜʨʫʛʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʯʪʦʙʳ 

ʭʦʨʦʰʦ ʚʳʧʦʣʥʷʪʴ ʩʚʦʶ ʟʘʜʘʯʫ, ʥʝ ʥʘʨʫʰʘʷ ʜʨʫʛʠʭ ʢʨʠʪʝʨʠʝʚ. 

ʀ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʵʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʫʨʦʚʝʥʴ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʙʝʟ 

ʧʦʚʪʦʨʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʠ ʛʝʥʝʨʘʮʠʠ ʜʘʥʥʳʭ. 

ʅʘʧʨʠʤʝʨ, ʘʥʘʣʠʟ ʵʬʬʝʢʪʦʚ ʵʣʝʢʪʨʦʤʠʛʨʘʮʠʠ ʥʘ 

ʧʦʩʪʦʧʦʣʦʛʠʯʝʩʢʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚ 

ʩʫʙʤʠʢʨʦʥʥʳʭ ɹʀʉ ʟʘʧʦʟʜʘʣʳʤ. ʕʣʝʢʪʨʦʤʠʛʨʘʮʠʷ 

ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʢʘʢ ʧʨʦʙʣʝʤʘ ʀʉ ʩ ʰʠʨʦʢʠʤʠ 
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ʰʠʥʘʤʠ ʧʠʪʘʥʠʷ ʠ ʨʝʰʘʣʘʩʴ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʵʪʘʧʘʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ɹʀʉ ʦʙʦʩʪʨʠʣʘʩʴ ʧʨʦʙʣʝʤʘ 

ʵʣʝʢʪʨʦʤʠʛʨʘʮʠʠ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ ʚ 

ʩʠʛʥʘʣʴʥʳʭ ʮʝʧʷʭ ʠ ʮʝʧʷʭ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʤʝʞʩʣʦʡʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʕʢʩʧʝʨʪʠʟʘ ʩʭʝʤʳ ʠ ʝʝ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʮʠʢʣʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʋʚʝʣʠʯʝʥʠʝ ʰʠʨʠʥʳ ʧʨʦʚʦʜʥʠʢʦʚ ʚ ʩʣʫʯʘʝ ʚʳʷʚʣʝʥʥʳʭ 

ʧʨʦʙʣʝʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʩʪʦ ʥʝʚʦʟʤʦʞʥʳʤ, ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ 

ʚʦʟʚʨʘʱʝʥʠʝ ʥʘ ʵʪʘʧ ʨʘʟʨʘʙʦʪʢʠ ʪʦʧʦʣʦʛʠʠ, ʧʝʨʝʨʘʙʦʪʢʫ ʩ 

ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʝʜʳʜʫʱʝʤ ʮʠʢʣʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʅʘʠʣʫʯʰʠʤ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤ 

ʵʣʝʢʪʨʦʤʠʛʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʘʚʠʣʴʥʦʡ ʰʠʨʠʥʳ 

ʧʨʦʚʦʜʥʠʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʨʘʟʤʝʱʝʥʠʷ. ɺ ʩʫʙʤʠʢʨʦʥʥʳʭ ɹʀʉ 

ʥʝʦʙʭʦʜʠʤ ʫʯʝʪ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʵʣʝʢʪʨʦʤʠʛʨʘʮʠʝʡ, ʠʟʚʝʩʪʥʳʭ ʢʘʢ ʵʬʬʝʢʪʳ ʩʘʤʦʨʘʟʦʛʨʝʚʘ, 

ʦʩʦʙʝʥʥʦ ʚ ʮʝʧʷʭ ʩʠʛʥʘʣʦʚ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ʇʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʮʝʣʦʩʪʥʦʩʪʴʶ ʩʠʛʥʘʣʦʚ, ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʜʦ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʣʠ 

ʚʦ ʚʨʝʤʷ ʪʨʘʩʩʠʨʦʚʢʠ ʠ ʨʘʟʤʝʱʝʥʠʷ. ʎʝʣʦʩʪʥʦʩʪʴ ʩʠʛʥʘʣʦʚ 

ʦʭʚʘʪʳʚʘʝʪ ʬʠʟʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɹʀʉ ʠ ʧʨʠʚʦʜʷʱʠʝ ʢ ʥʝʧʨʘʚʠʣʴʥʦʤʫ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ. ʅʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʤ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪ 

ʧʘʨʘʟʠʪʥʦʡ ʝʤʢʦʩʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʦʚʦʜʥʠʢʘʤʠ, 

ʧʨʠʚʦʜʷʱʠʡ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚ ʥʠʭ ʧʝʨʝʢʨʝʩʪʥʳʭ ʠʩʢʘʞʝʥʠʡ. 

ʕʪʠ ʵʬʬʝʢʪʳ ʧʦʯʪʠ ʥʝ ʧʨʦʷʚʣʷʣʠʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʝʭʥʦʣʦʛʠʠ ʩ ʰʠʨʠʥʦʡ ʧʨʦʚʦʜʥʠʢʦʚ 0.5 ʤʢʤ ʠ ʙʦʣʴʰʝ. ʇʦ 

ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʭʝʤ ʠ ʧʝʨʝʭʦʜʘ ʢ ʛʣʫʙʦʢʠʤ 

ʩʫʙʤʠʢʨʦʥʥʳʤ ʧʨʦʝʢʪʥʳʤ ʥʦʨʤʘʤ ʝʤʢʦʩʪʥʘʷ ʩʚʷʟʴ ʥʘʯʠʥʘʝʪ 

ʨʘʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʩʙʣʠʞʝʥʠʷ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʨʦʩʪʘ ʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʦʣʱʠʥʳ. 

ɺ ʉɸʇʈ ɹʀʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʳ 

ʧʠʪʘʥʠʷ, ʮʝʣʦʩʪʥʦʩʪʠ ʩʠʛʥʘʣʦʚ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʵʣʝʢʪʨʦʤʠʛʨʘʮʠʠ ʤʝʪʘʣʣʘ, ʜʦʣʛʦʚʝʯʥʦʩʪʠ 
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ʦʢʩʠʜʦʚ ʠ ʪ.ʜ. ʉʢʚʦʟʥʦʡ ʤʘʨʰʨʫʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹʀʉ ʩ 

ʫʯʝʪʦʤ ʥʘʜʝʞʥʦʩʪʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʉɸʇʈ ʬʠʨʤ Cadence Design 

System, Synopsys, Mentor Graphics, Avante! (Compass Design 

Automation).  

 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ɹʀʉ ʠ 

ʇʃʀʉ ʚʝʜʫʱʠʝ ʬʠʨʤʳ-ʠʟʛʦʪʦʚʠʪʝʣʠ (ʥʘʧʨʠʤʝʨ, Siemens AG, 

Analog Devices (ADI), Atmel, Xilinx , Altera, QuickLogic, Actel) 

ʨʝʢʦʤʝʥʜʫʶʪ ʦʮʝʥʠʚʘʪʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʕʊʊ 

(ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ, ʜʠʥʘʤʠʯʝʩʢʦʡ) ʧʦ ʬʦʨʤʫʣʝ: 

99
*2

10*10*
2

),(

ʫʫ tKN

U

tʂN

mP
, 

2

),( *2 mP
U , ʛʜʝ 

2 ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠ-ʢʚʘʜʨʘʪ (ʪʘʙʫʣʠʨʦʚʘʥʥʘʷ ʚʝʣʠʯʠʥʘ, 

ʟʘʚʠʩʷʱʘʷ ʦʪ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʯʠʩʣʘ ʦʪʢʘʟʦʚ); 
*P ʜʦʚʝʨʠʪʝʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ (ʦʙʳʯʥʦ ʚʳʙʠʨʘʝʪʩʷ ʠʟ 

ʜʠʘʧʘʟʦʥʘ 0,5-0,95), ʩʚʷʟʘʥʥʘʷ ʩ ʫʨʦʚʥʝʤ ʟʥʘʯʠʤʦʩʪʠ CL  

ʩʦʦʪʥʦʰʝʥʠʝʤ 
100

%
1* CL

P ; )22( nm -ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ,  ʛʜʝ n ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘʟʘʚʰʠʭ ʀʉ; N ʦʙʱʝʝ ʯʠʩʣʦ 

ʠʩʧʳʪʫʝʤʳʭ ʀʉ; ʫʂ ʦʙʦʙʱʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʢʦʨʝʥʠʷ; 

t ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ; ʫtʂN  ʧʨʠʚʝʜʝʥʥʦʝ ʧʦʣʥʦʝ ʚʨʝʤʷ 

ʠʩʧʳʪʘʥʠʡ ʠʣʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʨʠʙʦʨʦ-ʯʘʩʳ (ʚ ʟʘʨʫʙʝʞʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʥʷʪʘ ʘʙʙʨʝʚʠʘʪʫʨʘ EDH Equivalent Device 

Hours). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʬʦʨʤʫʣʳ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʝʣʠʯʠʥʳ U  ʢʘʢ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʟʘʢʦʥʫ 
2
. ʊʘʙʣ.2.2 ʧʦʢʘʟʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʧʳʪʘʥʠʡ ʇʃʀʉ ʬʠʨʤʳ Altera ʧʦ ʤʝʪʦʜʠʢʝ HTOL (VCC+20 

%, 1000 ʯ, ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʳʪʘʥʠʡ: ʤʠʥʠʤʘʣʴʥʦ 125 ʉ0 , 

ʤʘʢʩʠʤʘʣʴʥʦ 140 ʉ0 ).  
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ʊʘʙʣʠʮʘ 2.2 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʇʃʀʉ ʬʠʨʤʳ Altera (ʤʝʪʦʜʠʢʘ HTOL, 

MIL -STD-883)  
ʉʝʤʝʡʩʪʚʦ ʇʃʀʉ ʇʨʦʝʢʪʥʳʝ ʥʦʨʤʳ, 

ʤʢʤ, ʪʝʭʥʦʣʦʛʠʷ 

ʅʘʧʨʷʞʝʥʠʝ 

ʧʠʪʘʥʠʷ ʧʨʠ 

ʠʩʧʳʪʘʥʠʷʭ,  

VCC, ɺ 

ʀʥʪʝʥʩʠʚ- 

ʥʦʩʪʴ 

ʦʪʢʘʟʦʚ 

,ʌʀʊ 

FLEX8000, 

FLEX10K 

0.5/0.42 

3 ʩʣʦʷ ʤʝʪ., ʧʦ ʪʝʭʥ. 

ʉʆɿʋ  

6.0+20 % 35.1
 

FLEX10KA, 

FLEX6000A 

0.3/0.35 

4 ʩʣʦʷ ʤʝʪ., ʧʦ ʪʝʭʥ. 

ʉʆɿʋ 

4.0+20 % 48.3
 

FLEX10KB,10KE, 

APEX20K 

0.22 

5 ʩʣʦʝʚ ʤʝʪ., ʧʦ ʪʝʭʥ. 

ʉʆɿʋ 

3.01+20 % 24 

APEX20KE 0.18 

ʜʦ 8 ʩʣʦʝʚ ʤʝʪ., ʧʦ 

ʪʝʭʥ. ʉʆɿʋ 

2.3+25 % 56.3 

APEX20KC, 

APEXII 

0.15  

ʜʦ 8 ʩʣʦʝʚ Cu-ʤʝʪ. 

2.3+25 % 

1.8+20 % 

85.9 

CPLD / 

MAX3000A 

0.35 

4 ʩʣʦʷ ʤʝʪ. ʧʦ ʪʝʭʥ. 

ʕʉʇʇɿʋ 

4.0+20 % 25.8 

CPLD / 

MAX7000B 

0.22 

5 ʩʣʦʝʚ ʤʝʪ. ʧʦ ʪʝʭʥ. 

ʕʉʇʇɿʋ 

3.0+20 % 30 

ʉʪʘʥʜʘʨʪʥʦʝ 

(EP910,610) 

ʧʦ ʪʝʭʥ. ʉʇʇɿʋ ʋʌ 6.0+20 % 26.8 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʥʘʨʘʙʦʪʢʠ 

ʥʘ ʦʪʢʘʟ ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ ʉɹʀʉ ʩʝʤʝʡʩʪʚ FLEX ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

5000 ʣʝʪ, ʘ ʜʣʷ ʩʝʤʝʡʩʪʚ MAX ð 3000 ʣʝʪ, ʧʨʠʯʝʤ ʜʣʷ 

ʧʦʩʣʝʜʥʠʭ ʧʦʯʪʠ ʧʦʣʦʚʠʥʘ ʦʪʢʘʟʦʚ ʩʚʷʟʘʥʘ ʩ ʧʦʪʝʨʝʡ ʟʘʨʷʜʘ ʚ 

ʵʣʝʤʝʥʪʘʭ ʧʘʤʷʪʠ, ʚ ʢʦʥʬʠʛʫʨʠʨʫʶʱʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠ 

ʩʪʠʨʘʝʤʳʭ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʇɿʋ (ʕʉʇʇɿʋ, EEPROM)-

ʪʨʘʥʟʠʩʪʦʨʦʚ. 
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2.2. ʉʪʝʢʦʚʳʝ 3D ɹʀʉ 

 

ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʨʝʭʤʝʨʥʳʭ ʀʉ (3D ʀʉ), 

ʢʦʪʦʨʦʝ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʚʝʨʪʠʢʘʣʴʥʦʤʫ 

ʨʘʟʤʝʱʝʥʠʶ ʵʣʝʤʝʥʪʦʚ, ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʤʥʦʛʦʢʨʘʪʥʦʤʫ 

ʩʦʢʨʘʱʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʀʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ 2 D ʀʉ ʧʨʠ ʪʦʡ ʞʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

3D ʀʉ ʤʦʛʫʪ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴʩʷ ʩ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʴʶ, ʢʘʢʫʶ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʟʘʢʦʥ ʄʫʨʘ, ʪʝʤ ʩʘʤʳʤ ʜʘʚʘʷ ʧʦʪʨʝʙʠʪʝʣʷʤ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦ ʚʨʝʤʝʥʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʪʨʝʭʤʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʨʠʩ.2.11). 

 

 
ʈʠʩ.2.11. ɺʝʢʪʦʨ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ɹʀʉ  

 

ɽʱʝ ʦʜʥʘ ʚʳʛʦʜʘ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʀʉ ʧʦ 

ʩʫʙʤʠʢʨʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ - ʫʤʝʥʴʰʝʥʠʝ ʦʙʱʝʡ ʜʣʠʥʳ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʥʘ ʢʨʠʩʪʘʣʣʝ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ 

ʥʘ ʟʘʜʝʨʞʢʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ. ʈʠʩ.2.12 ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʦʣʝʥʠʷ 

ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʦʚ ʚ ʤʝʞʩʦʝʜʠʥʝʥʠʷʭ 2D ɹʀʉ ʥʝʫʢʣʦʥʥʦ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʘ ʟʘʜʝʨʞʢʠ ʚ ʚʝʥʪʠʣʷʭ (ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʭ) 
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ʫʤʝʥʴʰʘʶʪʩʷ. ɿʘʜʝʨʞʢʠ ʚ ʚʝʥʪʠʣʷʭ ʜʣʷ ʩʫʙʤʠʢʨʦʥʥʳʭ ɹʀʉ 

ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ ʝʜʠʥʠʮ ʧʠʢʦʩʝʢʫʥʜ. 

ʇʝʨʚʳʝ 3D ʀʉ ʩʦʙʠʨʘʣʠʩʴ ʧʦ ʠʜʝʦʣʦʛʠʠ PoP (Package 

on Package ï ʢʦʨʧʫʩ ʥʘ ʢʦʨʧʫʩʝ ʠʣʠ ʫʢʣʘʜʢʘ ʚ ʪʨʝʭʨʘʟʤʝʨʥʫʶ 

ʩʙʦʨʢʫ ʢʦʨʧʫʩʠʨʦʚʘʥʥʳʭ ʀʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʠ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʩʣʦʝʚ, ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ 

ʩʘʤʠʭ ʢʦʨʧʫʩʘʭ). ʇʦʟʜʥʝʝ ʦʧʝʨʘʮʠʷ ʤʦʥʪʘʞʘ ʢʨʠʩʪʘʣʣʦʚ ʜʨʫʛ 

ʥʘ ʜʨʫʛʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʫʧʘʢʦʚʢʦʡ ʚ ʝʜʠʥʳʡ ʢʦʨʧʫʩ (çstacked 

dieè, 3D-SIC, 3D stacked IC, ʰʪʘʙʝʣʠʨʦʚʘʥʥʳʝ/ʩʪʝʢʠʨʦʚʘʥʥʳʝ 

ʪʨʝʭʤʝʨʥʳʝ ʀʉ) ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʤʝʞʩʦʝʜʠʥʝʥʠʷ ʤʝʪʦʜʦʤ 

ʨʘʟʚʘʨʢʠ ʧʨʦʚʦʣʦʯʥʳʭ ʚʳʚʦʜʦʚ ʧʦʣʫʯʠʣʘ ʙʦʣʝʝ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ (ʨʠʩ.2.13 ï ʨʠʩ.2.15).  

 

 
ʈʠʩ.2.12. ɿʘʜʝʨʞʢʠ ʚ ʚʝʥʪʠʣʷʭ ʠ ʤʝʞʩʦʝʜʠʥʝʥʠʷʭ 2D ɹʀʉ 

 

ʄʉʄ ʀʉ (ʤʥʦʛʦʢʨʠʩʪʘʣʴʥʳʡ ʤʦʜʫʣ ɹ ʥʘ ʛʠʙʢʦʤ 

ʧʦʣʠʠʤʠʜʥʦʤ ʦʩʥʦʚʘʥʠʠ, ʄʂʄ 3D) ʧʦʷʚʠʣʠʩʴ ʚ 1980 ʛ. ʠ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʜʣʠʥʥʳʤʠ ʤʝʞʩʦʝʜʠʥʝʥʠʷʤʠ ʤʝʞʜʫ 

ʢʨʠʩʪʘʣʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʮʠʬʨʦʚʘʷ ʣʦʛʠʢʘ ʠ ʧʘʤʷʪʴ. 

ʅʘʠʙʦʣʴʰʘʷ ʜʣʠʥʘ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʜʦʩʪʠʛʘʣʘ 10 ʤʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʝʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʧʦʟʚʦʣʠʣʦ ʫʤʝʥʴʰʠʪʴ 

ʜʣʠʥʫ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʜʦ 70 ʤʢʤ. 
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ʊʘʢ, ʥʘ ʙʘʟʝ ʢʨʠʩʪʘʣʣʦʚ 1537ʈʋ30 (ʧʘʤʷʪʴ 256 ʂʙʠʪ ï 

ʨʘʟʨʘʙʦʪʢʘ ʆɸʆ "ʅʀʀʄʕ ʠ ʟʘʚʦʜ "ʄʠʢʨʦʥ") ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ 

ʠ ʠʟʛʦʪʦʚʣʝʥʳ ʤʥʦʛʦʢʨʠʩʪʘʣʴʥʳʝ ʤʦʜʫʣʠ ʧʘʤʷʪʠ 1 ʄʙʠʪ ʚ 3D-

ʠʩʧʦʣʥʝʥʠʠ. ʅʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʦʚ 1645ʈʋ1ʋ (ʧʘʤʷʪʴ 1 ʄʙʠʪ 

ï ʨʘʟʨʘʙʦʪʢʘ ɿɸʆ "ʅʇʎ ʄʠʣʘʥʜʨ") ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʄʂʄ ʧʘʤʷʪʠ 4 ʄʙʠʪ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʢʝʪʳ DxDesigner, Expedition PCB ʠ Hyper 

Lynx ʉɸʇʈ Mentor Graphics. 

 

 
ʈʠʩ.2.13. ʉʪʝʢʦʚʳʝ (stacked die) 3D ɹʀʉ ʧʦ ʪʝʭʥʦʣʦʛʠʠ Non 

TSV ʩ ʨʘʟʚʘʨʢʦʡ ʚʳʚʦʜʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʫʧʘʢʦʚʢʦʡ ʚ ʝʜʠʥʳʡ 

BGA-ʢʦʨʧʫʩ  

 
ʈʠʩ.2.14. ʄʦʥʪʘʞ ʢʨʠʩʪʘʣʣʦʚ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʠ ʩʦʝʜʠʥʝʥʠʷ ʠʭ ʩ 

ʧʦʤʦʱʴʶ ʨʘʟʚʘʨʢʠ ʚʳʚʦʜʦʚ: ʘ) 4 ʢʨʠʩʪʘʣʣʘ (ʪʝʭʥʦʣʦʛʠʷ 

ʬʠʨʤʳ ChipPAC); ʙ) 20 ʢʨʠʩʪʘʣʣʦʚ ʩ ʪʦʣʱʠʥʦʡ 25 ʤʢʤ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ ʬʠʨʤʳ Hynix 
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ʈʠʩ.2.15. ʉʪʝʢʦʚʳʝ 3D ɹʀʉ ʬʠʨʤʳ Intel (ʣʦʛʠʢʘ + ʜʚʘ 

ʢʨʠʩʪʘʣʣʘ ʧʘʤʷʪʠ) ʧʦ ʪʝʭʥʦʣʦʛʠʠ Non TSV ʩ ʨʘʟʚʘʨʢʦʡ 

ʚʳʚʦʜʦʚ. ʃʦʛʠʢʘ ï ʚʝʨʭʥʠʡ ʢʨʠʩʪʘʣʣ 

 

 ʅʘ ʩʘʡʪʝ EE Times ʦʧʫʙʣʠʢʦʚʘʥ ʩʧʠʩʦʢ 10 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʢʦʪʦʨʳʝ, ʧʦ ʤʥʝʥʠʶ 

ʨʝʩʫʨʩʘ, ʧʦʣʫʯʘʪ ʩʚʦʝ ʨʘʟʚʠʪʠʝ ʚ 2010 ʛʦʜʫ. ɼʝʚʷʪʫʶ ʧʦʟʠʮʠʶ 

ʟʘʥʠʤʘʝʪ TSV-ʪʝʭʥʦʣʦʛʠʷ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʧʨʠʚʝʜʝʪ ʢ ʩʦʟʜʘʥʠʶ ʨʝʘʣʴʥʳʭ 3D ɹʀʉ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ TSV 

(through silicon vias ï ʩʢʚʦʟʥʳʝ ʢʨʝʤʥʠʝʚʳʝ ʤʝʞʩʦʝʜʠʥʝʥʠʷ 

ʠʣʠ ʧʝʨʝʭʦʜʥʳʝ ʦʪʚʝʨʩʪʠʷ ʚ ʢʨʝʤʥʠʠ), ʧʦʟʚʦʣʠʣʦ ʫʙʨʘʪʴ 

ʦʧʝʨʘʮʠʶ ʨʘʟʚʘʨʢʠ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ, ʦʙʝʩʧʝʯʠʚ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʨʦʚʝʥʴ 

ʠʥʪʝʛʨʘʮʠʠ ʀʉ. TSV-ʪʝʭʥʦʣʦʛʠʷ ʚʢʣʶʯʘʝʪ ʧʨʦʮʝʩʩʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ, ʦʩʘʞʜʝʥʠʷ, ʟʘʧʦʣʥʝʥʠʷ, ʫʜʘʣʝʥʠʷ 

ʤʝʪʘʣʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʪʦʥʝʥʠʷ ʧʣʘʩʪʠʥ, 

ʩʦʝʜʠʥʝʥʠʷ/ʩʪʝʢʠʨʦʚʘʥʠʷ, ʠʥʩʧʝʢʪʠʨʦʚʘʥʠʷ, ʪʝʩʪʠʨʦʚʘʥʠʷ. 

 ɿʘʨʫʙʝʞʥʳʤ ʢʦʤʧʘʥʠʷʤ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʧʝʭʦʚ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʩʨʝʜʩʪʚ ʉɸʇʈ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 3D ʀʉ. ʂʦʤʧʘʥʠʠ Atrenta, AutoESL, 

Qualcomm ʨʘʟʨʘʙʦʪʘʣʠ ʚʝʨʭʥʝʫʨʦʚʥʝʚʫʶ ʩʠʩʪʝʤʫ 
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ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 3D ʀʉ, ʚ ʯʘʩʪʥʦʩʪʠ 3D-ʩʠʥʪʝʟ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʷ, ʨʘʥʥʝʝ ʨʘʟʜʝʣʝʥʠʝ, ʨʘʟʨʘʙʦʪʢʫ ʦʙʱʝʡ ʪʦʧʦʣʦʛʠʠ 

ʢʨʠʩʪʘʣʣʘ ʠ ʤʥʦʛʦʜʦʤʝʥʥʳʡ ʘʥʘʣʠʟ. ʂʦʤʧʘʥʠʷ Qualcomm ʜʣʷ 

ʩʚʦʠʭ 3D ʀʉ ʨʘʟʨʘʙʦʪʘʣʘ ʪʝʭʥʦʣʦʛʠʶ PathFinding, ʢʦʪʦʨʘʷ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʵʪʘʧʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʩʘʜʦʯʥʦʡ ʧʣʦʱʘʜʠ 

ʢʨʠʩʪʘʣʣʘ, ʪʝʧʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʜʨʫʛʠʭ ʬʫʥʢʮʠʡ. 

 ʄʝʞʫʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʮʝʥʪʨ ʧʦ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ 

IMEC (Interuniversity Microelectronics Centre), ʢʨʫʧʥʝʡʰʠʡ 

ʝʚʨʦʧʝʡʩʢʠʡ ʥʝʟʘʚʠʩʠʤʳʡ ʠʥʩʪʠʪʫʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ 

ʦʙʣʘʩʪʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ, ʠʩʧʦʣʴʟʫʝʪ ʚ ʩʚʦʠʭ ʦʧʳʪʥʳʭ 

ʧʘʨʪʠʷʭ 3D ʀʉ ʪʝʭʥʦʣʦʛʠʶ ʰʪʘʙʝʣʠʨʦʚʘʥʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʀʉ 

ʠ TSV-ʪʝʭʥʦʣʦʛʠʶ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʧʫʩʢʘʶʪʩʷ 

ʢʨʠʩʪʘʣʣʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ 200-ʤʤ ʧʣʘʩʪʠʥʘʭ ʚ ʨʘʤʢʘʭ 

ʙʘʟʦʚʦʛʦ 0.13-ʤʢʤ ʂʄʆʇ-ʪʝʭʧʨʦʮʝʩʩʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʪʝʭʧʨʦʮʝʩʩʘ Cu-TSV. ɼʣʷ ʰʪʘʙʝʣʠʨʦʚʘʥʠʷ ʚʝʨʭʥʠʡ ʢʨʠʩʪʘʣʣ 

ʧʦʜʚʝʨʛʘʶʪ ʫʪʦʥʝʥʠʶ ʜʦ 25 ʤʢʤ ʠ ʧʨʠʩʦʝʜʠʥʷʶʪ ʢ ʢʨʠʩʪʘʣʣʫ-

ʦʩʥʦʚʘʥʠʶ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʢʦʤʧʨʝʩʩʠʠ Cu-Cu. ʎʝʥʪʨ IMEC ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʰʠʨʷʝʪ ʜʘʥʥʳʡ ʪʝʭʧʨʦʮʝʩʩ ʜʦ ʦʧʝʨʘʮʠʠ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʧʣʘʩʪʠʥʝ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʥʦʩʘ 

ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʧʣʘʪʬʦʨʤʫ 300 ʤʤ. ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 3D ʀʉ ʠʩʧʦʣʴʟʫʶʪ 

ʢʦʣʴʮʝʚʳʝ ʛʝʥʝʨʘʪʦʨʳ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʨʘʟʤʝʱʝʥʥʳʝ 

ʚ ʜʚʫʭ ʢʨʠʩʪʘʣʣʘʭ ʠ ʩʚʷʟʘʥʥʳʝ ʧʦʩʨʝʜʩʪʚʦʤ Cu TSV.  

 ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 3D ɹʀʉ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʉɸʇʈ Synopsys. StarRCÊ - ʠʥʩʪʨʫʤʝʥʪ ʧʣʘʪʬʦʨʤʳ Galaxy ʜʣʷ 

ʵʢʩʪʨʘʢʮʠʠ ʟʥʘʯʝʥʠʡ ʧʘʨʘʟʠʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, 

ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʠ ʸʤʢʦʩʪʝʡ (RLC) ʠʟ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʀʉ ʚ ʬʦʨʤʘʪʝ GDSII, ʧʦʟʚʦʣʷʝʪ, ʫʯʠʪʳʚʘʝʪ ʚʩʝ 

ʠʟʚʝʩʪʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʜʣʷ 

ʪʝʭʥʦʣʦʛʠʡ ʚʧʣʦʪʴ ʜʦ 28 ʥʤ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʚʥʫʪʨʝʥʥʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʤʝʜʠ, ʣʦʢʘʣʴʥʳʭ ʚʥʫʪʨʝʥʥʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʜʠʵʣʝʢʪʨʠʢʦʚ ʩ ʥʠʟʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʢʨʝʤʥʠʷ ʥʘ ʠʟʦʣʷʪʦʨʝ (SOI) ʠ ʚʘʨʠʘʮʠʡ 
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ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʨʠʩʪʘʣʣʝ. ɺʝʜʫʱʠʝ ʢʨʝʤʥʠʝʚʳʝ ʬʘʙʨʠʢʠ 

(TSMC, UMC, Chartered ʠ ʜʨ.), ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʬʘʡʣʳ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ 

StarRC.  

ʇʨʦʜʫʢʪʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 3D ʮʠʬʨʦʚʳʭ ɹʀʉ: Encounter Digital 

Implementation System (EDI System), Encounter Power system 

(EPS), Encounter Timing System (ETS), First Encounter. EDI 

System ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩ ʫʨʦʚʥʷ RTL ʜʦ ʫʨʦʚʥʷ 

ʨʘʟʤʝʱʝʥʥʳʭ ʚʝʥʪʠʣʝʡ. ɸʣʛʦʨʠʪʤʳ ʣʦʛʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʦʩʥʦʚʘʥʳ ʥʘ ʪʝʭʥʦʣʦʛʠʠ RTL Compiler. 

ʆʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʣʥʘʷ ʧʦʜʜʝʨʞʢʘ ʩʠʥʪʝʟʘ, ʧʣʘʥʠʨʦʚʢʠ 

ʢʨʠʩʪʘʣʣʘ, ʬʫʥʢʮʠʡ ʨʘʟʤʝʱʝʥʠʷ ʤʘʢʨʦʙʣʦʢʦʚ ʠ ʩʪʘʥʜʘʨʪʥʳʭ 

ʷʯʝʝʢ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʦʜʢʘ ʩʝʪʢʠ ʧʠʪʘʥʠʷ, ʵʢʩʪʨʘʢʮʠʷ 

ʧʘʨʘʟʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʬʫʥʢʮʠʠ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ ʘʥʘʣʠʟʘ ʩʝʪʢʠ ʧʠʪʘʥʠʷ ʠ ʪ.ʜ. ETS - ʷʚʣʷʝʪʩʷ 

ʩʨʝʜʩʪʚʦʤ ʚʨʝʤʝʥʥʦʛʦ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʚʦʜʥʠʢʦʚ. ETS-XL ʤʦʞʝʪ ʪʦʯʥʦ ʫʯʠʪʳʚʘʪʴ 

ʚʣʠʷʥʠʝ ʧʝʨʝʢʨʝʩʪʥʳʭ ʥʘʚʦʜʦʢ ʠ ʧʨʦʩʘʜʦʢ ʧʠʪʘʥʠʷ ʥʘ 

ʚʨʝʤʝʥʥʳʝ ʟʘʜʝʨʞʢʠ ʣʦʛʠʢʠ ʠ ʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. ɺ 

ʧʨʦʜʫʢʪʝ First Encounter ʉɸʇʈ Cadence ʨʝʘʣʠʟʦʚʘʥʘ 

ʢʦʥʮʝʧʮʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʪʦʪʠʧʘ.  

ʊʨʝʭʤʝʨʥʳʡ ʤʝʪʦʜ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʤʝʝʪ ʜʚʘ ʦʯʝʚʠʜʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚʘ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʮʝʥ 

ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʯʠʩʣʝ ʪʨʘʥʟʠʩʪʦʨʦʚ ʥʘ ʢʨʠʩʪʘʣʣʝ ʠ, ʚʦ-

ʚʪʦʨʳʭ, ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʪʨʘʥʟʠʩʪʦʨʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʥʝ 

ʤʝʥʴʰʝʡ, ʯʝʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʟʘʢʦʥ ʄʫʨʘ ʚ ʨʘʩʯʝʪʝ ʥʘ 

ʢʦʣʠʯʝʩʪʚʦ ʫʩʪʨʦʡʩʪʚ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ. 

 ʄʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʨʦʚʝʥʴ 

ʠʥʪʝʛʨʘʮʠʠ ʀʉ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ TSV, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʫʙʨʘʪʴ ʦʧʝʨʘʮʠʶ ʨʘʟʚʘʨʢʠ ʠʟ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʧʣʦʪʥʦʩʪʴ ʤʦʥʪʘʞʘ, ʙʦʣʴʰʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʣʫʯʰʠʝ 
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ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʤʠʥʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʩʦʝʜʠʥʝʥʠʡ, 

ʤʝʞʩʦʝʜʠʥʝʥʠʷ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʛʥʘʣʘ), ʙʦʣʝʝ ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʤʝʥʴʰʫʶ 

ʩʪʦʠʤʦʩʪʴ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʙʫʝʪ 

ʨʝʰʝʥʠʝ ʨʷʜʘ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʢʘʢ ʩʥʠʞʝʥʠʝ ʪʦʢʦʚ ʫʪʝʯʝʢ ʀʉ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʘʤʷʪʠ, ʩʥʠʞʝʥʠʝ ʨʘʩʩʝʠʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ.  

 TSV-ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʣʠʥʠʡ ʚʚʦʜʘ/ʚʳʚʦʜʘ, ʯʪʦ ʨʘʜʠʢʘʣʴʥʳʤ ʦʙʨʘʟʦʤ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʪʨʘʥʩʣʷʮʠʠ ʜʘʥʥʳʭ ʠ 

ʫʤʝʥʴʰʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʚʳʟʚʘʪʴ ʧʦʷʚʣʝʥʠʝ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʚʠʜʦʚ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 3D ɹʀʉ ʩ TSV ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʉɸʇʈ ʜʣʷ ʥʘʥʦʤʝʪʨʦʚʳʭ ʧʨʦʝʢʪʦʚ. 

 

 

2.3. ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ: ʦʪ 2D ʢ 3D 

 
 

 ʎʝʣʴ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʧʦʢʘʟʘʪʴ ʵʚʦʣʶʮʠʦʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʨʝʩʫʨʩʘʭ ʇʃʀʉ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 2D ʢ 3D ʠ ʢʘʢʦʡ ʚʳʠʛʨʳʰ ʦʪ ʵʪʦʛʦ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥ. ʉʭʝʤʦʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ 

ʨʝʩʫʨʩʘʭ ʠ ʘʣʛʦʨʠʪʤʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʥʦʫ-ʭʘʫ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʇʃʀʉ. 

 ñʂʨʦʩʩ-ʙʘʨʳò (ʢʦʤʤʫʪʘʪʦʨʳ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ) 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʩʢʦʥʬʣʠʢʪʥʫʶ ʧʘʨʘʣʣʝʣʴʥʫʶ ʧʝʨʝʜʘʯʫ 

ʠʥʬʦʨʤʘʮʠʠ ʩ ʤʥʦʞʝʩʪʚʘ Y ʚʭʦʜʦʚ ʥʘ ʤʥʦʞʝʩʪʚʦ Z ʚʳʭʦʜʦʚ, 

ʥʦ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʘʧʧʘʨʘʪʥʫʶ ñʠʟʙʳʪʦʯʥʦʩʪʴò ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʠʭ ʦʛʨʘʥʠʯʝʥʦ ʩʦʟʜʘʥʠʝʤ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʝʙʦʣʴʰʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ (ʨʠʩ.2.16 ʠ ʨʠʩ.2.17). ʄʫʣʴʪʠʧʣʝʢʩʦʨ ʩ ʧʦʣʥʦʡ 

ʢʦʤʤʫʪʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʛʠʙʢʠʤ, ʦʜʥʘʢʦ, ʝʛʦ 

ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʶʯʝʡ 
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ʢʦʤʤʫʪʘʮʠʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʯʠʩʣʦʤ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ 

ʧʘʤʷʪʠ. 

  
 

 
ʈʠʩ.2.16. ʄʫʣʴʪʠʧʣʝʢʩʦʨ ʩ ʧʦʣʥʦʡ 

ʢʦʤʤʫʪʘʮʠʝʡ (ñʢʨʦʩʩ-ʙʘʨò) 

 

 
ʈʠʩ.2.17. ʆʧʨʝʜʝʣʝʥʠʝ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʩ ʧʦʣʥʦʡ 

ʢʦʤʤʫʪʘʮʠʝʡ 4 ʚʭʦʜʘ ʭ 4 

ʚʳʭʦʜʘ (8 ʫʧʨʘʚʣʷʶʱʠʭ 

ʩʠʛʥʘʣʦʚ) ʥʘ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘʭ 4 ʚ 1 

  

 2D ʠʥʜʫʩʪʨʠʘʣʴʥʳʝ ʇʃʀʉ. ʇʦʜ ʠʥʜʫʩʪʨʠʘʣʴʥʳʤʠ 

ʇʃʀʉ ʙʫʜʝʤ ʧʦʜʨʘʟʫʤʝʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʇʃʀʉ 

ʚʳʧʫʩʢʘʝʤʳʝ ʟʘʨʫʙʝʞʥʳʤʠ ʬʠʨʤʘʤʠ (ʥʘʧʨʠʤʝʨ, ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʳʝ ʚ ʈʦʩʩʠʠ - Altera, Xilinx  ʠ ʤʘʣʦʠʟʚʝʩʪʥʳʝ, ʪʘʢʠʝ ʢʘʢ 
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ʤʘʩʩʦʚʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʘ ʧʦʜ ʘʢʘʜʝʤʠʯʝʩʢʠʤʠ, 

ʇʃʀʉ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʚ ʚʝʜʫʱʠʭ ʫʯʝʙʥʳʭ ʮʝʥʪʨʘʭ 

(ʥʘʧʨʠʤʝʨ, ʋʥʠʚʝʨʩʠʪʝʪ ʊʦʨʦʥʪʦ ʠ ʋʥʠʚʝʨʩʠʪʝʪ ɹʨʠʪʘʥʩʢʦʡ 

ʂʦʣʫʤʙʠʠ ʚ ʂʘʥʘʜʝ, ʚ ʉʐɸ - ʋʥʠʚʝʨʩʠʪʝʪ ʰʪʘʪʘ ʅʴʶ-ʁʦʨʢ ʚ 

ʉʪʦʫʥʠ-ɹʨʫʢ, ʄʘʩʩʘʯʫʩʝʪʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, 

ʂʘʣʠʬʦʨʥʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ).  

 ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ ʬʠʨʤʳ Altera ʩʝʨʠʠ FLEX10K ʠ 

FLEX6K ʧʦ ʟʘʨʫʙʝʞʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʧʦʣʫʠʝʨʘʨʭʠʯʝʩʢʠʝ, ʘ ʩʝʨʠʠ APEX ʠʝʨʘʨʭʠʯʝʩʢʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ 

ʢʘʥʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʠʝʨʘʨʭʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 
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ʥʝʧʨʝʨʳʚʥʳʝ (ʥʝʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʝ) ʜʣʠʥʥʳʝ ʣʠʥʠʠ (FastTrack 

ï ʜʣʠʥʥʦʝ ʥʝʧʨʝʨʳʚʥʦʝ ʤʝʞʩʦʝʜʠʥʝʥʠʝ ʚ ʪʨʘʩʩʠʨʦʚʦʯʥʦʤ 

ʢʘʥʘʣʝ), ʧʨʦʩʪʠʨʘʶʱʠʝʩʷ ʯʝʨʝʟ ʚʝʩʴ ʢʨʠʩʪʘʣʣ, ʧʦʣʦʚʠʥʫ ʠ 

ʯʝʪʚʝʨʪʴ ʢʨʠʩʪʘʣʣʘ ʧʦ ʚʝʨʪʠʢʘʣʴʥʳʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ. ʇʃʀʉ ʩ FastTrack ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ 

ñʩʪʨʦʢʦʚʳʝò ʇʃʀʉ. ɹʦʣʴʰʠʥʩʪʚʦ ʞʝ ʜʨʫʛʠʭ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʘʨʭʠʪʝʢʪʫʨ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʉʆɿʋ 

(ʥʘʧʨʠʤʝʨ, ʇʃʀʉ ʬʠʨʤʳ Xilinx  ʩʝʨʠʠ Virtex) ʠʤʝʝʪ 

ʦʜʥʦʫʨʦʚʥʝʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʛʜʘ ʢʣʘʩʪʝʨʳ ʠʟ ʣʦʛʠʯʝʩʢʠʭ 

ʙʣʦʢʦʚ ʦʢʨʫʞʝʥʳ ʩ ʯʝʪʳʨʝʭ ʩʪʦʨʦʥ ʤʝʞʩʦʝʜʠʥʝʥʠʷʤʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʢʘʥʘʣʦʚ, 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʢʨʠʩʪʘʣʣʘ. 

 ʅʘ ʨʠʩ.2.18 ʧʦʢʘʟʘʥ ʬʨʘʛʤʝʥʪ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʇʃʀʉ 

ʪʠʧʘ ʇʇɺʄ ʩʝʨʠʠ FLEX 8K ʢʦʤʧʘʥʠʠ Altera ʩ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʦʜʢʣʶʯʝʥʠʝ ʢʣʘʩʪʝʨʘ ʠʟ 8 

ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʃʕ) ʩ 4-ʭ ʚʭʦʜʦʚʳʤʠ LUT-ʪʘʙʣʠʮʘʤʠ ʩ 

ʯʠʩʣʦʤ ʚʭʦʜʦʚ 24 ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʪʨʘʩʩʠʨʦʚʦʯʥʦʤʫ ʢʘʥʘʣʫ 

ʠʟ 168 ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ (ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʯʘʩʪʠʯʥʦʡ 

ʢʦʤʤʫʪʘʮʠʠ 168 ʚʭʦʜʦʚ ʭ 24 ʚʳʭʦʜʘ (ʨʘʟʨʝʞʝʥʥʳʡ ʢʦʤʤʫʪʘʪʦʨ 

ʥʘ 1/12). ʂʘʞʜʘʷ ʩʪʨʦʢʘ (FastTrack) ʠʟ ʢʘʥʘʣʘ ʤʦʞʝʪ ʙʳʪʴ 

ʩʢʦʤʤʫʪʠʨʦʚʘʥʘ ʜʚʘʞʜʳ ʥʘ ʚʭʦʜʳ ʢʣʘʩʪʝʨʘ. ɺʥʫʪʨʠ ʢʣʘʩʪʝʨʘ 

ʢʦʤʤʫʪʘʮʠʷ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʧʦʣʥʦʡ ʢʦʤʤʫʪʘʮʠʠ. ʇʃʀʉ ʩʝʨʠʠ FLEX 8K 

ʠʤʝʶʪ ʥʝʩʝʛʤʝʥʪʠʨʫʝʤʫʶ ʪʨʘʩʩʠʨʦʚʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

 ʅʘ ʨʠʩ.2.19 ʧʦʢʘʟʘʥʦ ʧʦʜʢʣʶʯʝʥʠʝ ʢʣʘʩʪʝʨʘ ʠʟ ʙʘʟʦʚʳʭ 

ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (BLE) ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʠ 

ʚʝʨʪʠʢʘʣʴʥʳʤ ʪʨʘʩʩʠʨʦʚʦʯʥʳʤ ʢʘʥʘʣʘʤ (YX WW ) ʚ ʇʃʀʉ ʩ 

ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʝʞʩʦʝʜʠʥʝʥʠʡ (ʘʢʘʜʝʤʠʯʝʩʢʘʷ 

ʇʃʀʉ ʩ ʩʠʤʝʪʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʠʟʚʝʩʪʥʘʷ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

ʢʘʢ ʇʃʀʉ ʩ ñʦʩʪʨʦʚʢʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡò (Island-style)) ʩ 

ʧʦʤʦʱʴʶ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʯʘʩʪʠʯʥʦʡ ʢʦʤʤʫʪʘʮʠʠ. 

ʇʦʜʢʣʶʯʝʥʠʝ ʚʭʦʜʦʚ/ʚʳʭʦʜʦʚ ʢʣʘʩʪʝʨʘ ʢ ʪʨʘʩʩʠʨʦʚʦʯʥʳʤ 

ʢʘʥʘʣʘʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʯʝʪʳʨʝʭ ʩʪʦʨʦʥ. ʊʨʘʩʩʠʨʦʚʦʯʥʳʝ 
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ʢʘʥʘʣʳ ʩʝʛʤʝʥʪʠʨʫʶʪʩʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ (ʤʘʪʨʠʮʘ 

ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ) ʪʠʧʘ Disjoint ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʟʚʝʪʚʣʝʥʠʷ 

3SF . ʚ ʇʃʀʉ Stratix III  ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʝʭʩʪʦʨʦʥʥʷʷ, ʘ ʚ 

ʇʃʀʉ Virtex ʜʚʫʭʩʪʦʨʦʥʥʷʷ ʢʦʤʤʫʪʘʮʠʷ ʢʣʘʩʪʝʨʘ ʢ 

ʪʨʘʩʩʠʨʦʚʦʯʥʳʤ ʢʘʥʘʣʘʤ. 

 

 
ʈʠʩ.2.18. ʏʘʩʪʠʯʥʘʷ ʠ ʧʦʣʥʘʷ ʢʦʤʤʫʪʘʮʠʷ ʚ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʇʃʀʉ 
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ʈʠʩ.2.19. ʇʦʜʢʣʶʯʝʥʠʝ ʢʣʘʩʪʝʨʘ ʢ ʪʨʘʩʩʠʨʦʚʦʯʥʳʤ ʢʘʥʘʣʘʤ ʚ ʇʃʀʉ 

ʩ ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʝʞʩʦʝʜʠʥʝʥʠʡ (ʘʢʘʜʝʤʠʯʝʩʢʘʷ ʇʃʀʉ) 

 

ɺ ʨʘʥʥʠʭ ʩʝʨʠʷʭ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʦʪʜʘʚʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʝʛʤʝʥʪʦʚ ʤʝʞʩʦʝʜʠʥʝʥʠʡ 

ʢʦʨʦʪʢʦʡ ʜʣʠʥʳ, ʘ ʜʣʠʥʥʳʝ ʣʠʥʠʠ ʥʘʙʠʨʘʣʠʩʴ ʠʟ ʢʦʨʦʪʢʠʭ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʨʘʟʜʝʣʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʢʣʶʯʘʤʠ (ʧʨʦʭʦʜʥʳʝ ʪʨʘʥʟʠʩʪʦʨʳ ʠʣʠ ʙʫʬʝʨʳ ʩ ʪʨʝʪʴʠʤ 

ʩʦʩʪʦʷʥʠʝʤ), ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʟʘʜʝʨʞʝʢ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʜʣʠʥʥʳʭ ʣʠʥʠʷʭ, ʟʘ ʩʯʝʪ ʚʥʝʩʝʥʠʷ 

ʧʘʨʘʟʠʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ ʝʤʢʦʩʪʝʡ ʧʨʦʭʦʜʥʳʤʠ 

ʪʨʘʥʟʠʩʪʦʨʘʤʠ.  

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʇʃʀʉ, ʥʘʧʨʠʤʝʨ ʚ 

ʇʃʀʉ XC5200 ʬʠʨʤʳ Xilinx ʠʩʧʦʣʴʟʫʝʪʩʷ 6 ʫʨʦʚʥʝʡ 
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ʤʝʞʩʦʝʜʠʥʠʡ ʚ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʨʝʩʫʨʩʘʭ (ʨʠʩ.2.20): 1 - 

ʢʦʨʦʪʢʠʝ ʣʠʥʠʠ (X1, ʜʣʠʥʘ ʩʝʛʤʝʥʪʘʮʠʠ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ 

ʦʜʥʫ ʛʣʦʙʘʣʴʥʫʶ ʪʨʘʩʩʠʨʦʚʦʯʥʫʶ ʤʘʪʨʠʮʫ (GRM)); 2 ï ʣʠʥʠʠ 

ʜʚʦʡʥʦʡ ʜʣʠʥʳ (X2, ʜʣʠʥʘ ʩʝʛʤʝʥʪʘʮʠʠ ʯʝʨʝʟ ʦʜʥʫ GRM); 3 ï 

ʧʨʷʤʳʝ ʩʦʝʜʠʥʝʥʠʷ (direct connects) ʤʝʞʜʫ ʢʣʘʩʪʝʨʘʤʠ 

(VersaBlock) ʠʟ ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʙʝʟ ʟʘʭʦʜʘ ʚ GRM; 4 ï 

ʜʣʠʥʥʳʝ/ʛʣʦʙʘʣʴʥʳʝ ʣʠʥʠʠ, ʧʨʦʩʪʠʨʘʶʱʠʝʩʷ ʯʝʨʝʟ ʚʝʩʴ 

ʢʨʠʩʪʘʣʣ, ʧʦ ʥʠʤ ʧʝʨʝʜʘʶʪʩʷ ʛʣʦʙʘʣʴʥʳʝ ʩʠʛʥʘʣʳ 

ʩʙʨʦʩʘ/ʫʩʪʘʥʦʚʢʠ; 5 ï ʣʦʢʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʤʝʞʩʦʝʜʠʥʝʥʠʡ 

(LIM, ʚʭʦʜʥʳʝ ʢʦʤʤʫʪʘʪʦʨʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢʣʘʩʪʝʨʘ 

VersaBlock); 6 ï ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʤʝʞʩʦʝʜʠʥʠʷ ʜʣʷ 

ʣʦʛʠʯʝʩʢʠʭ ʷʯʝʝʢ (LC) ʚ ʢʣʘʩʪʝʨʝ (TS, ʢʦʤʤʫʪʘʪʦʨʳ ʥʘ ʚʭʦʜʳ 

LC). ʇʃʀʉ Lattice ORCA IV ʩʝʨʠʠ ʩʦʜʝʨʞʠʪ 23 % X1, 70 % X6 

ʠ 7 % ʜʣʠʥʥʳʭ ʣʠʥʠʡ ʚ ʧʦʣʦʚʠʥʫ ʢʨʠʩʪʘʣʣʘ. ʇʃʀʉ Xilinx  

ʩʝʨʠʠ Virtex4 ʩʦʜʝʨʞʠʪ 22 % X1, 66 % X6 ʠ 13 % X24 ʜʣʠʥʥʳʭ 

ʣʠʥʠʡ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ʇʨʷʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʥʘʠʤʝʥʴʰʫʶ ʟʘʜʝʨʞʢʫ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʠ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʙʳʩʪʨʳʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʙʦʣʴʰʠʤ 

ʯʠʩʣʦʤ ʣʦʢʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʨʠʪʠʯʥʳʭ ʧʦ ʩʢʦʨʦʩʪʠ. 

ɼʣʠʥʥʳʝ ʣʠʥʠʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʙʦʣʴʰʠʭ ʨʘʟʚʝʪʚʣʝʥʠʡ ʧʦ 

ʚʳʭʦʜʫ ʠ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʰʠʥ ʚ ʧʨʦʝʢʪʘʭ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʜʫʩʪʨʠʘʣʴʥʳʝ 

ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ ʩʝʨʠʠ Stratix ʬʠʨʤʳ Altera ʠ Virtex ʬʠʨʤʳ 

Xilinx  ʠʤʝʶʪ ʩʝʛʤʝʥʪʠʨʫʝʤʫʶ ʪʨʘʩʩʠʨʦʚʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ c 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ 

(unidirectional). ɺ ʘʨʭʠʪʝʢʪʫʨʝ ʇʃʀʉ ʩʝʤʝʡʩʪʚʘ Stratix ʬʠʨʤʳ 

Altera ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʢʣʘʩʪʝʨʘʤʠ, TriMatrix ʧʘʤʷʪʴʶ, DSP-

ʙʣʦʢʘʤʠ, ʠ ʵʣʝʤʝʥʪʘʤʠ ʚʚʦʜʘ/ʚʳʚʦʜʘ (ʕɺɺ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʩʝʪʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ MultiTrack ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ DirectDrive
TM

. 

ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʘʨʰʨʫʪʠʟʘʮʠʠ DirectDrive 

ʛʘʨʘʥʪʠʨʫʝʪ ʠʜʝʥʪʠʯʥʳʝ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʜʣʷ ʣʶʙʦʡ 
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ʨʝʘʣʠʟʫʝʤʦʡ ʙʫʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʸ 

ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ ʢʨʠʩʪʘʣʣʝ ʇʃʀʉ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʠ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʥʳʭ ʩʪʨʫʢʪʫʨ ʪʠʧʘ single-driver. ʂʘʞʜʘʷ ʩʚʷʟʴ ʚ 

ʧʨʝʜʝʣʘʭ ʢʘʥʘʣʘ ʫʧʨʘʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʩʠʛʥʘʣʘ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥʘ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʤ.  

 

 

 

ʈʠʩ.2.20. ʋʨʦʚʥʠ 

ʤʝʞʩʦʝʜʠʥʠʡ ʚ 

ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʨʝʩʫʨʩʘʭ 

ʇʃʀʉ XC5200 ʬʠʨʤʳ Xilinx 
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 ʄʥʦʛʦʢʘʥʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʥʝʧʨʝʨʳʚʥʳʡ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʥʘʙʦʨ ʰʠʥ ʨʘʟʣʠʯʥʦʡ 

ʜʣʠʥʳ ʠ ʩʢʦʨʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʤʝʞ- ʠ ʚʥʫʪʨʠ- ʙʣʦʢʦʚʦʡ 

ʨʘʟʚʦʜʢʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʬʠʢʩʠʨʫʝʤʦʝ ʨʘʩʩʪʦʷʥʠʝ. 

ʅʘʧʨʠʤʝʨ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʢʘʥʘʣ R20 ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ 

ʙʳʩʪʨʳʤ ʢʘʥʘʣʦʤ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʩʷ ʯʝʨʝʟ 20 ʢʣʘʩʪʝʨʦʚ, ʘ 

R4 ʦʙʣʘʜʘʝʪ ʥʘʠʚʳʩʰʝʡ ʪʨʘʩʩʠʨʦʚʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʊʘʢ ʞʝ 

ʩʫʱʝʩʪʚʫʶʪ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʪʨʘʩʩʠʨʦʚʦʯʥʳʝ ʢʘʥʘʣʳ C4 ʠ C12, 

ʮʝʧʠ ʫʩʢʦʨʝʥʥʳʭ ʮʝʧʦʯʝʯʥʳʭ ʧʝʨʝʥʦʩʦʚ, ʮʝʧʠ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʱʝ-ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʨʝʛʠʩʪʝʨʥʳʝ 

ʮʝʧʠ. ʋʢʘʟʘʥʥʳʝ ʮʝʧʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʲʝʜʠʥʷʶʪ ʚ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʪʨʘʩʩʠʨʦʚʦʯʥʳʝ ʢʘʥʘʣʳ. 

ʉʫʱʝʩʪʚʫʶʪ ʮʝʧʠ ʛʣʦʙʘʣʴʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʇʃʀʉ, 

ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʩʦʚʤʝʩʪʥʦ ʩ ʙʣʦʢʘʤʠ ʘʥʘʣʦʛʦʚʦʡ ʬʘʟʦʚʦʡ 

ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ (PLL, Altera). ʊʘʢ ʚ ʧʝʨʝʜʦʚʳʭ 

ʟʘʨʫʙʝʞʥʳʭ ʇʃʀʉ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʜʦ 12 ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ, 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢ ʞʝ ʙʣʦʢʠ ʮʠʬʨʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʧʦ 

ʟʘʜʝʨʞʢʝ (DLL, Xilinx ). PLL ʠ DLL ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʩʠʥʬʘʟʥʦʩʪʴ ʩʠʥʭʨʦʠʤʧʫʣʴʩʦʚ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʢʨʠʩʪʘʣʣʘ, 

ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʧʨʠ ʨʘʙʦʪʝ ʇʃʀʉ ʥʘ ʯʘʩʪʦʪʘʭ ʩʚʳʰʝ 200 

ʄʛʮ. ʎʝʧʠ ʛʣʦʙʘʣʴʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʇʃʀʉ ʦʙʳʯʥʦ 

ʚʢʣʶʯʘʶʪ ʚ ʪʨʘʩʩʠʨʦʚʦʯʥʳʝ ʢʘʥʘʣʳ. 

ɺ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʇʃʀʉ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ 

wafer-level-processed stacked package ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʥʘ ʫʨʦʚʥʝ 

ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʧʣʘʪʳ. ʌʠʨʤʘ Xilinʭ ʩʦʚʤʝʩʪʥʦ ʩ TSMC 

ʨʘʟʨʘʙʦʪʘʣʘ ʥʦʚʝʡʰʫʶ ʩʝʨʠʶ ʇʃʀʉ FPGA (ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʝʤʢʦʩʪʴ 2 ʤʣʥ. ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʚʝʥʪʠʣʝʡ) Virtex-7 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʘʮʠʠ ʥʘ ʫʨʦʚʥʝ ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ Si-

ʧʣʘʩʪʠʥʳ (ʨʠʩ.2.21). ʂʨʠʩʪʘʣʣʳ Virtex-7 ʨʝʘʣʠʟʫʶʪʩʷ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ 28 ʥʤ, ʘ ʤʝʞʩʦʝʜʠʥʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʚʳʧʦʣʥʷʶʪʩʷ 

ʚ ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ Si-ʧʣʘʩʪʠʥʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʦʨʦʰʦ 

ʦʪʨʘʙʦʪʘʥʥʦʛʦ 65 ʥʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩ 4 ʩʣʦʷʤʠ 

ʤʝʪʘʣʣʠʟʘʮʠʠ. ʏʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʝʩʷʪʢʠ ʪʳʩʷʯ 



 

 101 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ, ʚʳʩʦʢʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʤʘʣʦʝ 

ʚʨʝʤʷ ʟʘʜʝʨʞʝʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ.  

 

 

 
 

ʈʠʩ.2.21. 3D ʇʃʀʉ FPGA ʩʝʨʠʠ Virtex -7 ʬʠʨʤʳ Xilinx  ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ: ʤʦʥʪʘʞ 

ʤʝʪʦʜʦʤ ʧʝʨʝʚʝʨʥʫʪʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚ BGA-ʢʦʨʧʫʩ; ʠʥʪʝʛʨʘʮʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʫʨʦʚʥʝ ʢʨʝʤʥʠʝʚʦʡ ʧʣʘʩʪʠʥʳ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 65 

ʥʤ; TSV-ʪʝʭʥʦʣʦʛʠʷ; 28 ʥʤ ʂʄʆʇ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

 

 3D ʘʢʘʜʝʤʠʯʝʩʢʠʝ ʇʃʀʉ. 3D ʠʥʪʝʛʨʘʮʠʷ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʤʝʞʩʦʝʜʠʥʝʥʠʷ, ʩʥʠʟʠʪʴ ʤʦʱʥʦʩʪʴ 

ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʫʤʝʥʴʰʠʪʴ ʟʘʜʝʨʞʢʠ ʚ ʤʝʞʩʦʝʜʠʥʝʥʠʷʭ. ʅʘ 

ʨʠʩ.2.22 ʧʦʢʘʟʘʥʘ ʢʦʥʮʝʧʮʠʷ ʩʦʟʜʘʥʠʷ 3D ʇʃʀʉ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ ʩʪʝʢʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ. ɿʘ ʦʩʥʦʚʫ ʚʟʷʪʘ 

ʦʜʥʦʫʨʦʚʥʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ. 
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ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʘʷ ʧʘʤʷʪʴ (ʷʯʝʡʢʠ ʉʆɿʋ) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ 

ʢʨʠʩʪʘʣʣe Memory Layer, ʪʨʘʩʩʠʨʦʚʦʯʥʳʝ ʨʝʩʫʨʩʳ 

(ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ SB ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʙʣʦʢʠ CB) ʚ ʢʨʠʩʪʘʣʣʝ 

Switch Layer, ʤʘʪʨʠʮʘ ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʚ ʢʨʠʩʪʘʣʣʝ CMOS 

Layer. 

 ɺ 3D ʇʃʀʉ ʥʝʦʙʭʦʜʠʤʘ ʠʥʪʝʛʨʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʙʣʦʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʠʟ 

2D ʇʃʀʉ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴ ʢʦʤʤʫʪʘʮʠʠ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ 

ʨʝʩʫʨʩʦʚ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ñʬʘʙʨʠʢʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠò, ʢʦʪʦʨʘʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʤʘʪʨʠʮʳ ʠʟ ʙʣʦʢʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

(RB), ʧʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʠʟ ʙʣʦʢʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʩʚʷʟʘʥ ʩʦ 

ʩʚʦʠʤ ʣʦʛʠʯʝʩʢʠʤ ʙʣʦʢʦʤ (ʨʠʩ.2.23). ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʘʷ 

ʧʘʤʷʪʴ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʢʨʠʩʪʘʣʣʘʭ Memory Layer 2 ʠ Memory 

Layer 1, ʤʘʪʨʠʮʘ ʙʣʦʢʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ (RB) ʚ ʢʨʠʩʪʘʣʣʝ 

Switch Layer, ʤʘʪʨʠʮʘ ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ (LB) ʚ ʢʨʠʩʪʘʣʣʝ 

CMOS Layer. 

 ʄʘʪʨʠʮʘ ʠʟ ʙʣʦʢʦʚ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʦʢʨʳʪʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʪʨʘʩʩʠʨʦʚʦʯʥʳʤʠ 

ʢʘʥʘʣʘʤʠ, ʤʝʞʩʦʝʜʠʥʝʥʠʷ ʚ ʢʦʪʦʨʳʭ ʩʝʛʤʝʥʪʠʨʫʶʪʩʷ ʯʝʨʝʟ 1 

(X1) ʠʣʠ 2 ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʙʣʦʢʘ (X2) (ʨʠʩ.2.24 ʠ ʨʠʩ.2.25). 

 

 
 

ʈʠʩ.2.22. 

ʂʦʥʮʝʧʮʠʷ 

ʩʦʟʜʘʥʠʷ 3D 

ʇʃʀʉ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ 

ʩʪʝʢʠʨʦʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ 
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ʈʠʩ.2.23. 

ʂʦʥʮʝʧʮʠʷ 

ñʪʨʘʩʩʠʨʦʚʦʯʥʘʷ 

ʬʘʙʨʠʢʘò ʜʣʷ 

ʩʦʟʜʘʥʠʷ 3D 

ʇʃʀʉ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ 

ʩʪʝʢʠʨʦʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ  

 

  

 

 

 

ʈʠʩ.2.24. 

ʄʘʪʨʠʮʘ ʠʟ 

ʙʣʦʢʦʚ 

ʤʘʨʰʨʫʪʠʟʘʮʠʠ 

(RB) ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ 

ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʪʨʘʩʩʠʨʦʚʦʯʥʳ

ʝ ʢʘʥʘʣʳ ʚ 

ʤʦʜʝʣʠ 

ñʪʨʘʩʩʠʨʦʚʦʯ-

ʥʘʷ ʬʘʙʨʠʢʘò 
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ʈʠʩ.2.25. 

ʇʦʜʢʣʶʯʝʥʠʝ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ 

ʩ ʜʣʠʥʦʡ 

ʩʝʛʤʝʥʪʘʮʠʠ ʚ 

ʦʜʠʥ (Single 

Interconnect) 

ʠʣʠ ʜʚʘ (Double 

Interconnect) 

RB ʢ ʤʘʪʨʠʮʝ 

RB 

 

 ʅʘ ʨʠʩ.2.26 ʧʦʢʘʟʘʥʘ ʢʦʥʮʝʧʮʠʷ ʩʦʟʜʘʥʠʷ 3D ʇʃʀʉ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 3D ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ. LUT-ʪʘʙʣʠʮʳ, 

ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ, ʧʦʜʩʦʝʜʠʥʷʶʪʩʷ ʢ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤ ʪʨʘʩʩʠʨʦʚʦʯʥʳʤ ʢʘʥʘʣʘʤ ʩ 

ʯʝʪʳʨʝʭ ʩʪʦʨʦʥ. ʄʝʞʢʨʠʩʪʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ 

ʩ ʧʦʤʦʱʴʶ 3D ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ. ʂʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʜʠʥʝʥʠʷ 

ʧʦ ʚʭʦʜʫ/ʚʳʭʦʜʫ ʜʣʷ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ WFC  ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʚʝʪʚʣʝʥʠʷ ʚʭʦʜʷʱʠʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʜʣʷ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ 5SF . ʏʠʩʣʦ ʤʝʞʢʨʠʩʪʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʦʩʪʘʚʣʷʝʪ 15-20 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ 3D 

ʇʃʀʉ ʣʦʛʠʯʝʩʢʦʡ ʝʤʢʦʩʪʴʶ 20K ʧʨʠ ʯʠʩʣʝ ʢʨʠʩʪʘʣʣʦʚ ʦʪ 2-ʭ 

ʜʦ 4-ʭ. 
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 ʅʘ ʨʠʩ.2.27 ʧʦʢʘʟʘʥʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʢʦʥʮʝʧʮʠʠ 

ʩʦʟʜʘʥʠʷ 3D ʇʃʀʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 3D ñʧʣʠʪʢʠò (3D 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʩ ʣʦʢʘʣʴʥʳʤʠ ʪʨʘʩʩʠʨʦʚʦʯʥʳʤʠ ʨʝʩʫʨʩʘʤʠ) 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʄʘʩʩʘʯʫʩʝʪʩʢʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ 

(MIT) ʉʐɸ. ñʇʣʠʪʢʘò ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʡ 

ʣʦʛʠʯʝʩʢʠʡ ʙʣʦʢ (CLB) ʢʘʢ ʫ ʇʃʀʉ ʩʝʨʠʠ Virtex II  ʬʠʨʤʳ 

Xilinx, ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʩʝʢʮʠʡ (Slice), ʦʙʲʝʜʠʥʝʥʥʳʭ 

ʣʦʢʘʣʴʥʦʡ ʤʘʪʨʠʮʝʡ ʢʦʤʤʫʪʘʮʠʠ, ʢʦʪʦʨʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʚʷʟʘʥʘ ʩ 3D ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʤʝʞʢʨʠʩʪʘʣʴʥʦʡ ʢʦʤʤʫʪʘʮʠʠ (Inter-strata via). 

ʆʜʥʘʢʦ, 3D ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤ ʧʨʠʩʫʱʠ ʥʝʜʦʩʪʘʪʢʠ: 

ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʢʣʶʯʝʡ ʥʘ n-ʄʆʇ ʪʨʘʥʟʠʩʪʦʨʘʭ ʠ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʷʯʝʝʢ ʧʘʤʷʪʠ ʉʆɿʋ. ʇʨʝʠʤʫʱʝʩʪʚʦ ï 

ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʰʠʨʠʥʫ ʪʨʘʩʩʠʨʦʚʦʯʥʦʛʦ 

ʢʘʥʘʣʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2D ʇʃʀʉ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʣʦʛʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ ʇʃʀʉ; ʫʤʝʥʴʰʠʪʴ ʟʘʜʝʨʞʢʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʜʣʠʥʥʳʭ ʣʠʥʠʷʭ, ʠ 

ʩʥʠʟʠʪʴ ʤʦʱʥʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ. 

 

 

 

ʈʠʩ.2.26. ʂʦʥʮʝʧʮʠʷ 

ʩʦʟʜʘʥʠʷ 3D ʇʃʀʉ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ 

ʩʪʝʢʠʨʦʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʠ 3D 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ 
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ʈʠʩ.2.27. ʂʦʥʮʝʧʮʠʷ ʩʦʟʜʘʥʠʷ 3D ʇʃʀʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 

ʩʪʝʢʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ (MIT-ʘʨʭʠʪʝʢʪʫʨʘ) 

  

ʅʘ ʨʠʩ.2.28 ʧʦʢʘʟʘʥʦ ʩʦʝʜʠʥʝʥʠʝ ʪʨʝʭ ʢʨʠʩʪʘʣʣʦʚ ʚ 

ʩʪʝʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʠʛʠʥʘʣʴʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ FaStack ʬʠʨʤʳ Tezzaron (www.tezzaron.com). 

ʊʘʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ñʠʩʪʠʥʥʫʶò 3D 

ʠʥʪʝʛʨʘʮʠʶ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʂʄʆʇ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩ ʧʷʪʴʶ ʩʣʦʷʤʠ ʤʝʜʥʦʡ 

ʤʝʪʘʣʣʠʟʘʮʠʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʠ 

ʠʟʦʣʷʮʠʝʡ ʘʢʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ ʤʝʣʢʠʤʠ ʢʘʥʘʚʢʘʤʠ.  

ɼʚʘ ʥʠʞʥʠʭ ʢʨʠʩʪʘʣʣʘ ʩʦʝʜʠʥʷʶʪʩʷ ñʣʠʮʦʤ ʢ ʣʠʮʫò 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʥʫʪʨʝʥʥʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʣʦʱʘʜʦʢ, ʧʨʠʯʝʤ ʥʘ 

ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʝ ʚʪʦʨʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʪʘʢ ʞʝ ʩʬʦʨʤʠʨʦʚʘʥʳ 
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ʚʥʫʪʨʝʥʥʠʝ ʢʦʥʪʘʢʪʥʳʝ ʧʣʦʱʘʜʢʠ. ʊʨʝʪʠʡ ʢʨʠʩʪʘʣʣ (ʚʝʨʭʥʠʡ) 

ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʝ ʚʪʦʨʦʛʦ ʢʨʠʩʪʘʣʣʘ ñʣʠʮʦʤ 

ʚʥʠʟò. ʅʘ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʝ ʪʨʝʪʴʝʛʦ ʢʨʠʩʪʘʣʣʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʢʦʥʪʘʢʪʥʘʷ ʧʣʦʱʘʜʢʘ ʠʟ ʘʣʶʤʠʥʠʷ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ 

ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ, ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʜʘʪʯʠʢʘ. ʈʘʩʩʤʦʪʨʠʤ ʢʨʠʩʪʘʣʣ 2. ʅʘʧʨʠʤʝʨ, ʩʢʚʦʟʥʳʝ 

ʤʝʞʩʣʦʡʥʳʝ ʢʦʥʪʘʢʪʳ (Super-Contact, ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ 

ʤʝʞʢʨʠʩʪʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ) ʩʦʝʜʠʥʷʶʪ ʧʝʨʚʳʡ ʫʨʦʚʝʥʴ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ (ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʩʣʦʡ ʤʝʪʘʣʣ M1) c 

ʚʥʫʪʨʝʥʥʠʤʠ ʢʦʥʪʘʢʪʥʳʤʠ ʧʣʦʱʘʜʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʩ 

ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ ʧʣʘʩʪʠʥʳ. 

 

 
ʈʠʩ.2.28. 3D ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ FaStack ʬʠʨʤʳ Tezzaron 
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ʅʠʞʝ ʧʝʨʝʯʠʩʣʝʥʳ ʥʝʜʦʩʪʘʪʢʠ 3D ʇʃʀʉ, ʧʨʠʩʫʱʠʝ ʠ 

3D ɹʀʉ: 

- ʧʝʨʝʭʦʜʥʳʝ ʦʪʚʝʨʩʪʠʷ ʯʝʨʝʟ ʢʨʝʤʥʠʡ (through-silicon 

vias ï TSV, ʨʘʥʝʝ ʫʧʦʪʨʝʙʣʷʣʩʷ ʪʝʨʤʠʥ Inter-strata via, 

ʤʝʞʢʨʠʩʪʘʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ) ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʩʠʩʪʝʤʫ ʧʠʪʘʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ ɹʀʉ. ʏʨʝʟʚʳʯʘʡʥʦ ʪʨʫʜʥʦ 

ʨʘʩʩʯʠʪʘʪʴ, ʚ ʢʘʢʦʤ ʤʝʩʪʝ ʧʝʨʝʭʦʜʥʳʝ ʦʪʚʝʨʩʪʠʷ ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʠ ʢʘʢ ʦʥʠ ʙʫʜʫʪ ʚʣʠʷʪʴ ʥʘ ʩʠʩʪʝʤʫ ʧʠʪʘʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ; 

- ʥʝʷʩʥʳ ʦʪʚʝʪʳ ʥʘ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʪʦʜʘʤʠ 

ʩʦʝʜʠʥʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʣʠʯʝʩʪʚʦʤ ʢʨʠʩʪʘʣʣʦʚ ʚ ʩʪʨʫʢʪʫʨʝ, 

ʪʝʧʣʦʚʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʤʝʪʦʜʘʤʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʪ.ʜ. ʈʘʟʚʠʪʠʝ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʪʨʝʙʫʝʪ 

ʩʦʚʤʝʱʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʫʨʦʚʥʝ ʢʨʠʩʪʘʣʣʘ, 

ʢʦʨʧʫʩʘ ʠ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ 

ʧʦʤʝʭ;  

- ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʠʥʪʝʛʨʘʮʠʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ 3D-ʪʝʭʥʦʣʦʛʠʠ ʦʛʨʘʥʠʯʝʥʳ ʦʧʪʠʤʘʣʴʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʝʢʠʨʫʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʩʪʝʢʠʨʫʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʣʠʯʝʩʪʚʦ 

ʤʝʞʢʨʠʩʪʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʣʦʞʥʦʩʪʴ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʧʨʦʙʣʝʤ ʙʫʜʝʪ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʪʴ.  

 3D ʘʢʘʜʝʤʠʯʝʩʢʠʝ ʇʃʀʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. 3D NRAM ʇʃʀʉ. ʈʘʩʩʤʦʪʨʠʤ ʦʜʠʥ ʠʟ 

ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʘʤʷʪʠ ʥʘ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʢʘʭ ʠ ʂʄʆʇ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 

ñʧʩʝʚʜʦò 3D ʇʃʀʉ. ʈʘʟʚʠʚʘʶʱʘʷʩʷ ʘʤʝʨʠʢʘʥʩʢʘʷ ʢʦʤʧʘʥʠʷ 

Nantero (www.nantero.com) ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʝʪʩʷ ʩʦʟʜʘʥʠʝʤ 

ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ NRAM (Nanotube-based Random Access Memory) ʥʘ 

ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ. ʊʘʢʘʷ ʧʘʤʷʪʴ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ 

ʣʫʯʰʠʝ ʢʘʯʝʩʪʚʘ ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ - ʜʝʰʝʚʠʟʥʫ 
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(DRAM) ʠ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʩʪʴ (ʬʣʵʰ-ʧʘʤʷʪʴ), ʘ ʪʘʢʞʝ ʙʫʜʝʪ 

ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. 

 ɿʘʧʦʤʠʥʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʨʝʤʥʠʝʚʳʭ 

ʧʦʜʣʦʞʝʢ, ʥʘ ʢʦʪʦʨʳʭ ʦʩʦʙʳʤ ʦʙʨʘʟʦʤ ʨʘʟʤʝʱʝʥʳ ʤʘʩʩʠʚʳ 

ʥʘʥʦʪʨʫʙʦʢ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʚʘ ʪʘʢʠʭ ʩʚʦʡʩʪʚʘ, ʢʘʢ 

ʵʣʘʩʪʠʯʥʦʩʪʴ (ʛʠʙʢʦʩʪʴ) ʥʘʥʦʪʨʫʙʦʢ ʠ ʧʨʠʪʷʛʠʚʘʥʠʝ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʜʨʫʛ ʢ ʜʨʫʛʫ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʣ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ. 

ʅʘʥʦʪʨʫʙʢʠ ʟʘʢʨʝʧʣʷʶʪʩʷ ʥʘ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ, ʘ ʧʦʜ 

ʥʠʤʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʨʠʤʝʨʥʦ 120 ʥʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʫʛʣʝʨʦʜʥʳʡ ʩʫʙʩʪʨʘʪ. ʄʘʣʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʧʦʜʣʦʞʢʘʤʠ ʚʤʝʩʪʝ ʩ ʥʠʯʪʦʞʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʥʘʥʦʪʨʫʙʦʢ 

ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ ʩʢʦʨʦʩʪʝʡ ʟʘʧʠʩʠ-ʯʪʝʥʠʷ ʧʦʨʷʜʢʘ 

ʧʦʣʦʚʠʥʳ ʥʘʥʦʩʝʢʫʥʜʳ. 

 ɺ ʧʨʝʜʣʦʞʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʢʨʠʩʪʘʣʣʦʚ ʩʣʦʡ 

ʥʘʥʦʪʨʫʙʦʢ ʥʘʥʦʩʠʪʩʷ ʥʘ ʧʦʜʣʦʞʢʫ. ɿʘʪʝʤ ʤʝʪʦʜʦʤ ʦʙʳʯʥʦʡ 

ʣʠʪʦʛʨʘʬʠʠ ʥʘ ʥʝʤ ñʚʳʯʝʨʯʠʚʘʶʪò ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ, 

ʩʦʝʜʠʥʝʥʥʳʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ñʪʦʣʩʪʳʤʠò ʣʝʥʪʘʤʠ ʠʟ 

ʥʘʥʦʪʨʫʙʦʢ. ʇʨʠ ʵʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ 

ʥʘʥʦʪʨʫʙʦʢ ʠ ʩʪʝʧʝʥʴ ʠʭ ʠʜʝʥʪʠʯʥʦʩʪʠ ʥʝ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ. 

ɻʣʘʚʥʦʝ, ʯʪʦʙʳ ʣʝʥʪʳ ʧʨʦʷʚʣʷʣʠ ʥʫʞʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʥʝʙʦʣʴʰʦʡ ʩʠʣʳ, 

ʚʦʟʥʠʢʘʶʱʠʡ ʥʘ ʥʠʞʥʝʡ ʧʦʜʣʦʞʢʝ, ʧʨʠʪʷʛʠʚʘʝʪ ʢ ʧʦʩʣʝʜʥʝʡ 

ʛʨʫʧʧʫ ʥʘʥʦʪʨʫʙʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘʜ ʥʝʡ. ɼʘʣʝʝ 

ʧʨʠʪʷʥʫʪʳʝ ʥʘʥʦʪʨʫʙʢʠ ʫʜʝʨʞʠʚʘʶʪʩʷ ʚ ʪʘʢʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʜʦ ʧʦʷʚʣʝʥʠʷ ʩʣʝʜʫʶʱʝʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʫʩʪʨʦʡʩʪʚʫ 

ʩʚʠʩʘʶʱʠʝ ʥʘʥʦʪʨʫʙʢʠ ʤʦʛʫʪ ʠʛʨʘʪʴ ʨʦʣʴ ʙʠʪʦʚ ʧʘʤʷʪʠ: 

ñʧʦʜʥʷʪʦʝò ʩʦʩʪʦʷʥʠʝ ï ʣʦʛʠʯʝʩʢʠʡ 0, ñʦʧʫʱʝʥʥʦʝò ï 

ʣʦʛʠʯʝʩʢʘʷ 1. ʊʘʢ ʢʘʢ ʚ ʢʘʞʜʦʤ ʦʪʜʝʣʴʥʦʤ ʧʝʨʝʭʦʜʝ ʤʝʞʜʫ 

ʫʢʘʟʘʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʫʯʘʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ 

ʥʘʥʦʪʨʫʙʦʢ, ʩʦʟʜʘʝʪʩʷ ʠʟʙʳʪʦʯʥʦʩʪʴ, ʧʨʝʜʦʭʨʘʥʷʶʱʘʷ 

ʩʠʩʪʝʤʫ ʦʪ ʩʣʫʯʘʡʥʳʭ ʧʦʪʝʨʴ ʠʥʬʦʨʤʘʮʠʠ. ɺ ñʟʘʤʢʥʫʪʦʤò ʠ 

ñʨʘʟʦʤʢʥʫʪʦʤò ʩʦʩʪʦʷʥʠʷʭ ʩʠʩʪʝʤʘ ʠʟ ʥʘʥʦʪʨʫʙʦʢ ʠʤʝʝʪ 
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ʨʘʟʣʠʯʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʟʘ ʩʯʝʪ ʯʝʛʦ 

ʚʦʟʤʦʞʥʦ ʩʯʠʪʳʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ.  

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ Nantero ʫʞʝ ʩʦʟʜʘʥ 

ʨʘʙʦʪʘʶʱʠʡ ʧʨʦʪʦʪʠʧ ʤʘʩʩʠʚʘ NRAM. ʂʦʤʧʘʥʠʷ Nantero 

ʩʦʦʙʱʠʣʘ ʦʙ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʫʜʘʯʥʦʤ ʪʝʩʪʠʨʦʚʘʥʠʠ ʧʘʤʷʪʠ ʥʘ 

ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʧʦ 22-ʥʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʢʦʤʧʘʥʠʠ 

ʟʘʷʚʣʷʶʪ, ʯʪʦ 22-ʥʤ NRAM-ʧʘʤʷʪʴ ʤʦʞʝʪ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʘ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ ʧʦ ʂʄʆʇ-ʪʝʭʥʦʣʦʛʠʠ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ Nantero ʨʘʟʨʘʙʘʪʳʚʘʣʘ ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʨʧʦʨʘʮʠʝʡ LSI 

Logic (www.lsilogic.com), ʯʪʦ ʠ ʦʙʝʩʧʝʯʠʣʦ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ 

ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʪʨʝʙʫʶʱʝʛʦ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. 

 ʊʨʘʜʠʮʠʦʥʥʳʝ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʳʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʢ 

ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ, ʧʦʜʜʝʨʞʠʚʘʶʪ ʪʦʣʴʢʦ 

ʯʘʩʪʠʯʥʦʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʝʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʠʣʠ ʢʨʫʧʥʦ-

ʟʝʨʥʠʩʪʫʶ ʤʫʣʴʪʠʢʦʥʪʝʢʩʪʥʫʶ ʨʝʢʦʥʬʠʛʫʨʘʮʠʶ ʠ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʣʢʦ-ʟʝʨʥʠʩʪʦʝ ʣʦʛʠʯʝʩʢʦʝ 

ʚʨʝʤʝʥʥʦʝ ʩʚʦʨʘʯʠʚʘʥʠʝ (ʫʧʘʢʦʚʢʫ ʣʦʛʠʢʠ). ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ ʙʫʣʝʚʫ ʬʫʥʢʮʠʶ ʥʘ LUT-ʪʘʙʣʠʮʘʭ 

(ʨʠʩ.2.29). ɼʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʘʨʭʠʪʝʢʪʫʨ 

ʧʦʪʨʝʙʫʝʪʩʷ n-LUT-ʪʘʙʣʠʮ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, n-ʃʕ. ɼʣʷ 

ʚʨʝʤʝʥʥʦʛʦ ʩʚʦʨʘʯʠʚʘʥʠʷ ʧʦʪʨʝʙʫʝʪʩʷ ʣʠʰʴ 1 ʃʕ ʩ ʧʘʤʷʪʴʶ 

NRAM ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʟʥʘʯʝʥʠʡ LUT-ʪʘʙʣʠʮ: LUT-1 

ʚ ʧʝʨʚʦʤ ʮʠʢʣʝ, LUT-2 ʚʦ ʚʪʦʨʦʤ ʮʠʢʣʝ ʠ ʪ.ʜ. 

 ʅʘ ʨʠʩ.2.30 ʧʦʢʘʟʘʥ ʛʨʘʬ ʩʚʷʟʘʥʥʦʩʪʠ 10 LUT-ʪʘʙʣʠʮ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʥʥʦʡ ʙʫʣʝʚʦʡ ʬʫʥʢʮʠʠ. ʃʦʛʠʯʝʩʢʦʝ 

ʩʚʦʨʘʯʠʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʦ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ 

ʨʘʟʙʠʝʥʠʷ ʩʭʝʤʳ. 4 ʃʕ ʚʭʦʜʷʱʠʭ ʚ ʤʘʢʨʦʙʣʦʢ, ʜʦʩʪʘʪʦʯʥʦ 

ʯʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬ ʩʚʷʟʘʥʥʦʩʪʠ 10 LUT-ʪʘʙʣʠʮ, 

ʨʝʘʣʠʟʫʶʱʠʡ ʥʝʢʫʶ ʧʨʦʠʟʚʦʣʴʥʫʶ ʙʫʣʝʚʫ ʬʫʥʢʮʠʶ, ʟʘ 

ʥʝʩʢʦʣʴʢʦ ʚʨʝʤʝʥʥʳʭ ʮʠʢʣʦʚ (ʨʠʩ.2.29), ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ 

ʨʠʩ.2.30 ʧʦʢʘʟʳʚʘʝʪ ʚʪʦʨʦʡ ʫʨʦʚʝʥʴ ʩʚʦʨʘʯʠʚʘʥʠʷ 
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ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʛʨʘʬʘ, ʥʦ ʫʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ 

ʤʘʢʨʦʙʣʦʢʦʚ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 4 ʫʨʦʚʥʷ ʚʣʦʞʝʥʥʦʩʪʠ ʪʨʝʙʫʶʪ 

ʙʦʣʴʰʝʝ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʡ, ʚʦ ʚʪʦʨʦʤ 2 ʫʨʦʚʥʷ ʪʨʝʙʫʶʪ 

ʤʝʥʴʰʝʝ ʚʨʝʤʷ, ʥʦ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʃʕ. 

 

 

ʈʠʩ.2.29. 

ɻʨʘʬ 

ʩʚʷʟʘʥʥʦʩʪʠ 

LUT-ʪʘʙʣʠʮ 

ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ 

ʙʫʣʝʚʦʡ 

ʬʫʥʢʮʠʠ ʚ 

ʦʜʥʦʤ 

ʤʘʢʨʦʙʣʦʢʝ. 

ʇʝʨʚʳʡ 

ʫʨʦʚʝʥʴ 

ʫʧʘʢʦʚʢʠ 

ʣʦʛʠʢʠ  

 

ʈʠʩ.2.30. 

ɺʪʦʨʦʡ 

ʫʨʦʚʝʥʴ 

ʫʧʘʢʦʚʢʠ 

ʣʦʛʠʢʠ 
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ʈʠʩ.2.31. S1-ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʤʝʞʩʦʝʜʠʥʝʥʠʡ L-1 ʩ ʜʣʠʥʦʡ 

ʩʝʛʤʝʥʪʘʮʠʠ ʚ 1 ʃʕ; S2- ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʤʝʞʩʦʝʜʠʥʝʥʠʡ L-4 ʩ 

ʜʣʠʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʚ 4 ʃʕ; Switch matrix ï ʣʦʢʘʣʴʥʘʷ ʤʘʪʨʠʮʘ 

ʢʦʤʤʫʪʘʮʠʠ ʤʝʞʩʦʝʜʠʥʝʥʠʡ, ʧʦʜʢʣʶʯʘʝʪ ʚʭʦʜʳ/ʚʳʭʦʜʳ 

ʉʫʧʝʨʤʘʢʨʦʙʣʦʢʘ ʢ ʪʨʘʩʩʠʨʦʚʦʯʥʳʤ ʢʘʥʘʣʘʤ 
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 ɺ ʦʩʥʦʚʝ ʇʃʀʉ NATURE (hybrid CMOS/NanoTUbe 

REconýgurable architecture, NATURE) ʪʠʧʘ ʇʇɺʄ ʣʝʞʠʪ 

ʦʜʥʦʫʨʦʚʥʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʤʝʞʩʦʝʜʠʥʝʥʠʡ (ʨʠʩ.2.31). ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʢʦʤʧʨʦʤʠʩʩʘ ʟʘʜʝʨʞʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʛʥʘʣʘ/ʧʣʦʱʘʜʴ ʢʨʠʩʪʘʣʣʘ ʠʩʧʦʣʴʟʫʶʪʩʷ L-1, L-4 ʠ ʜʣʠʥʥʳʝ 

ʣʠʥʠʠ, ʧʝʨʝʩʝʢʘʶʱʠʝ ʚʝʩʴ ʢʨʠʩʪʘʣʣ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ 100 ʥʤ ʂʄʆʇ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, 

ʧʦʵʪʦʤʫ ʜʣʠʥʘ ʥʘʥʦʪʨʫʙʦʢ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ 100 ʥʤ. ɺʨʝʤʷ 

ʨʝʢʦʥʬʠʛʫʨʘʮʠʠ ʦʜʥʦʡ LUT-ʪʘʙʣʠʮʳ ʩʦʩʪʘʚʣʷʝʪ 160 ʧʩ, 

ʚʝʣʠʯʠʥʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʨʝʩʫʨʩʘʭ ʦʙʳʯʥʳʭ 

ʇʃʀʉ. 

 ʃʦʛʠʯʝʩʢʠʡ ʙʣʦʢ ʩʦʜʝʨʞʠʪ ʣʦʢʘʣʴʥʫʶ ʤʘʪʨʠʮʫ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʠ ʩʫʧʝʨʤʘʢʨʦʙʣʦʢ (ʨʠʩ.2.32). ʉʦʩʝʜʥʠʝ 

ʩʫʧʝʨʤʘʢʨʦʙʣʦʢʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʷʤʳʤʠ 

ʤʝʞʩʦʝʜʠʥʝʥʠʷʤʠ (Direct link). ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʚʫʭʫʨʦʚʥʝʚʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʢʣʘʩʪʝʨʘ (ʉʫʧʝʨʤʘʢʨʦʙʣʦʢʘ). ʂʣʘʩʪʝʨ ʩʦʩʪʦʠʪ ʠʟ 

ʯʝʪʳʨʝʭ ʤʘʢʨʦʙʣʦʢʦʚ. ʂʘʞʜʳʡ ʤʘʢʨʦʙʣʦʢ ʩʦʩʪʦʠʪ ʠʟ 4 

ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʃʕ, LE). ʃʕ: 4-x ʚʭʦʜʦʚʘʷ LUT-

ʪʘʙʣʠʮʘ ʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʪʨʠʛʛʝʨ. ɼʣʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʃʕ 

ʪʨʝʙʫʝʪʩʷ 17 ʙʠʪ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ NRAM-ʧʘʤʷʪʠ, ʢʦʪʦʨʳʝ 

ʩʯʠʪʳʚʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. NRAM-ʧʘʤʷʪʴ ʚʭʦʜʷʱʘʷ ʚ 

ʩʦʩʪʘʚ ʃʕ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʟʘʥʠʤʘʝʪ 21 % ʦʪ ʧʣʦʱʘʜʠ 

ʤʘʢʨʦʙʣʦʢʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 100 ʥʤ ʂʄʆʇ-ʪʝʭʥʦʣʦʛʠʠ. ɼʦ 

ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʇʃʀʉ, ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʚ NRAM 

ʧʝʨʝʟʘʛʨʫʞʘʶʪʩʷ ʠʟ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ. 

 ʇʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʢʦʤʤʫʪʘʪʦʨ 12x4 (ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ 

ʙʣʦʢ) ʧʦʜʢʣʶʯʘʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʚʭʦʜʳ/ʚʳʭʦʜʳ ʠ ʚʳʭʦʜʳ 

(ʢʦʤʙʠʥʘʮʠʦʥʥʳʡ ʠ ʨʝʛʠʩʪʝʨʥʳʡ) ʦʪ ʪʨʝʭ ʩʦʩʝʜʥʠʭ ʃʕ ʢ 

ʩʚʦʠʤ ʩʦʙʩʪʚʝʥʥʳʤ ʚʭʦʜʘʤ. ɼʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʢʦʤʤʫʪʘʪʦʨʘ ʪʨʝʙʫʶʪʩʷ 48 ʙʠʪ ʧʘʤʷʪʠ ʉʆɿʋ, ʢʦʪʦʨʳʝ 

ʧʝʨʝʟʘʛʨʫʞʘʶʪʩʷ ʠʟ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ NRAM-ʧʘʤʷʪʠ, 

ʢʦʪʦʨʘʷ ʠʛʨʘʝʪ ʨʦʣʴ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʦʡ ʧʘʤʷʪʠ. ɽʤʢʦʩʪʴ 

ʙʣʦʢʘ NRAM-ʧʘʤʷʪʠ ʤʘʢʨʦʙʣʦʢʘ 65 ʙʠʪ. 
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ʘ) 

 
ʙ) 

ʈʠʩ.2.32. ʘ) ʄʘʢʨʦʙʣʦʢ (MB) ʠ ʙ) ʉʫʧʝʨʤʘʢʨʦʙʣʦʢ (SMB) 

ʇʃʀʉ ʩ NRAM 
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 ʂʣʘʩʪʝʨ ʩʦʩʪʦʠʪ ʠʟ 16 ʃʕ. ɺʭʦʜʘʤʠ ʢʘʞʜʦʛʦ ʠʟ 

ʤʘʢʨʦʙʣʦʢʦʚ ʷʚʣʷʶʪʩʷ 16 ʩʠʛʥʘʣʦʚ ʠʟ ʣʦʢʘʣʴʥʦʡ ʤʘʪʨʠʮʳ 

ʢʦʤʤʫʪʘʮʠʡ ʠ 32 ʚʳʭʦʜʘ ʯʝʪʳʨʝʭ ʤʘʢʨʦʙʣʦʢʦʚ ʚ ʢʣʘʩʪʝʨʝ, 

ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚʦ ʚʥʫʪʨʠʢʣʘʩʪʝʨʥʫʶ ʣʦʢʘʣʴʥʫʶ ʰʠʥʫ 

ʠ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʣʦʢʘʣʴʥʦʡ ʤʘʪʨʠʮʝ. ɺ ʢʣʘʩʪʝʨʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʤʫʪʘʪʦʨʳ 48x16.  

 ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʝʨʠʶ 

Tabula (www.tabula.com) ʢʦʤʧʘʥʠʠ Abax - ʧʩʝʚʜʦ-3D ʇʃʀʉ, 

ʨʘʙʦʪʘʶʱʠʝ ʢʘʢ 8 ʩʪʝʢʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʇʦ ʦʮʝʥʢʘʤ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ Tabula, ʝʸ ʢʨʠʩʪʘʣʣʳ ʙʦʣʝʝ ʯʝʤ ʚ ʪʨʠ ʨʘʟʘ 

ʤʝʥʴʰʝ ʧʦ ʧʣʦʩʢʦʩʪʠ, ʯʝʤ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʇʃʀʉ, ʯʪʦ ʜʝʣʘʝʪ 

ʠʭ ʚ 5 ʨʘʟ ʜʝʰʝʚʣʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʧʨʠ ʵʪʦʤ 

ʫʜʚʦʝʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʣʦʛʠʢʠ ʠ ʧʦʯʪʠ ʚ 4 ʨʘʟʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ, 

ʇʃʀʉ ʢʦʤʧʘʥʠʠ Tabula ʩʦʜʝʨʞʘʪ ʤʥʦʞʝʩʪʚʦ ʠʜʝʥʪʠʯʥʳʭ 

ʙʘʟʦʚʳʭ ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʳ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʣʶʙʦʡ ʥʫʞʥʦʡ ʣʦʛʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʠ. ɺʩʪʨʦʝʥʥʘʷ ʧʘʤʷʪʴ ʇʃʀʉ ʭʨʘʥʠʪ ʢʦʥʬʠʛʫʨʘʮʠʶ 

ʩʣʦʸʚ, ʥʘ ʢʦʪʦʨʳʝ ʦʥ ʧʝʨʝʢʣʶʯʘʝʪʩʷ. ʆʜʥʘʢʦ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʪʘʢʠʭ ʇʃʀʉ ʙʫʜʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ. 

 3D ʤʝʤʨʠʩʪʦʨʥʳʝ (CMOL FPGA, mrFPGA) ʇʃʀʉ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʨʝʟʠʩʪʠʚʥʦʡ ʧʘʤʷʪʠ 

(http://ru.wikipedia.org/wiki/ʄʝʤʨʠʩʪʦʨ). ʄʝʤʨʠʩʪʦʨ (ʘʥʛʣ. 

memristor, ʦʪ memory - ñʧʘʤʷʪʴò, ʠ resistor - ñʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝò) - ʧʘʩʩʠʚʥʳʡ ʵʣʝʤʝʥʪ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ, 

ʩʧʦʩʦʙʥʳʡ ʠʟʤʝʥʷʪʴ ʩʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʄʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ 

ʢʘʢ ʜʚʫʭʧʦʣʶʩʥʠʢ ʩ ʥʝʣʠʥʝʡʥʦʡ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʦʙʣʘʜʘʶʱʠʡ ʛʠʩʪʝʨʝʟʠʩʦʤ. 

 ʊʝʦʨʠʷ ʤʝʤʨʠʩʪʦʨʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʚ 1971 ʛʦʜʫ 

ʧʨʦʬʝʩʩʦʨʦʤ ʃʝʦʥʦʤ ʏʫʘ. ʋʩʪʘʥʘʚʣʠʚʘʝʪ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʠʥʪʝʛʨʘʣʘʤʠ ʧʦ ʚʨʝʤʝʥʠ ʩʠʣʳ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ 

ʵʣʝʤʝʥʪ, ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʝʤ. ɼʦʣʛʦʝ ʚʨʝʤʷ ʤʝʤʨʠʩʪʦʨ 

ʩʯʠʪʘʣʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, ʢʦʪʦʨʳʡ ʥʝʣʴʟʷ ʧʦʩʪʨʦʠʪʴ. 
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ʆʜʥʘʢʦ ʣʘʙʦʨʘʪʦʨʥʳʡ ʦʙʨʘʟʝʮ ʤʝʤʨʠʩʪʦʨʘ ʙʳʣ ʩʦʟʜʘʥ ʚ 2008 

ʛʦʜʫ ʢʦʣʣʝʢʪʠʚʦʤ ʫʯʝʥʳʭ ʚʦ ʛʣʘʚʝ ʩ ʈ.ʉ. ʋʠʣʴʷʤʩʦʤ ʚ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʨʤʳ Hewlett-Packard.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʫʩʪʨʦʡʩʪʚʦ ʥʝ 

ʥʘʢʘʧʣʠʚʘʝʪ ʟʘʨʷʜ, ʧʦʜʦʙʥʦ ʢʦʥʜʝʥʩʘʪʦʨʫ, ʠ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, ʢʘʢ ʢʘʪʫʰʢʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ʈʘʙʦʪʘ 

ʫʩʪʨʦʡʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ 

ʪʦʥʢʦʡ (5 ʥʤ) ʜʚʫʭʩʣʦʡʥʦʡ ʧʣʝʥʢʝ ʜʚʫʦʢʠʩʠ ʪʠʪʘʥʘ. ʆʜʠʥ ʠʟ 

ʩʣʦʝʚ ʧʣʝʥʢʠ ʩʣʝʛʢʘ ʦʙʝʜʥʝʥ ʢʠʩʣʦʨʦʜʦʤ, ʠ ʢʠʩʣʦʨʦʜʥʳʝ 

ʜʳʨʢʠ ʤʠʛʨʠʨʫʶʪ ʤʝʞʜʫ ʩʣʦʷʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʠʣʦʞʝʥʥʦʛʦ 

ʢ ʫʩʪʨʦʡʩʪʚʫ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɼʘʥʥʫʶ ʨʝʘʣʠʟʘʮʠʶ 

ʤʝʤʨʠʩʪʦʨʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ ʢʣʘʩʩʫ ʥʘʥʦʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʤʨʠʩʪʦʨʘ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ (ʥʘ ʪʨʠ 

ʧʦʨʷʜʢʘ) ʠʟʤʝʥʷʪʴ, ʧʨʦʧʫʩʢʘʷ ʯʝʨʝʟ ʥʝʛʦ ʪʦʢ. ʀʟʤʝʥʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦ ʧʝʨʝʢʣʶʯʝʥʠʶ ʤʝʞʜʫ 

ʝʜʠʥʠʯʥʳʤ ʠ ʥʫʣʝʚʳʤ ʩʦʩʪʦʷʥʠʝʤ, ʯʪʦ ʠ ʥʘʜʝʣʷʝʪ ʥʦʚʳʡ 

ʵʣʝʤʝʥʪ ʩʚʦʡʩʪʚʦʤ ʧʘʤʷʪʠ. ʕʥʝʨʛʠʷ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚ 

ʤʦʤʝʥʪ ʧʝʨʝʢʣʶʯʝʥʠʷ.  

 ʅʘʙʣʶʜʘʶʱʝʝʩʷ ʚ ʤʝʤʨʠʩʪʦʨʝ ʷʚʣʝʥʠʝ ʛʠʩʪʝʨʝʟʠʩʘ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʷʯʝʡʢʠ ʧʘʤʷʪʠ. ɹʣʦʢʠ 

ʉʆɿʋ ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʝʝ ʝʤʢʠʤʠ ʠ ʙʳʩʪʨʳʤʠ ʯʝʤ ʬʣʝʰ-

ʧʘʤʷʪʴ. ʀʭ ʫʤʝʥʠʝ ñʟʘʧʦʤʠʥʘʪʴò ʟʘʨʷʜ ʧʦʟʚʦʣʠʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ 

ʟʘʛʨʫʟʢʠ ʩʠʩʪʝʤʳ. ɺ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ ʦʪʢʣʶʯʝʥʥʦʛʦ ʦʪ 

ʧʠʪʘʥʠʷ ʙʫʜʝʪ ʭʨʘʥʠʪʴʩʷ ʝʛʦ ʧʦʩʣʝʜʥʝʝ ʩʦʩʪʦʷʥʠʝ. ɽʛʦ ʤʦʞʥʦ 

ʙʫʜʝʪ ʚʢʣʶʯʠʪʴ ʠ ʥʘʯʘʪʴ ʨʘʙʦʪʫ ʩ ʪʦʛʦ ʤʝʩʪʘ, ʥʘ ʢʦʪʦʨʦʤ 

ʦʩʪʘʥʦʚʠʣʩʷ. ʕʪʦ ʞʝ ʩʚʦʡʩʪʚʦ ʧʦʟʚʦʣʠʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ 

ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʇʂ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʩʜʝʣʘʪʴ ʢʦʤʧʴʶʪʝʨʳ ʤʝʥʴʰʝ ʠ ʜʝʰʝʚʣʝ. HP ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ 

ʢ 2012 ʛʦʜʫ ʤʝʤʨʠʩʪʦʨʳ ʥʘʯʥʫʪ ʟʘʤʝʥʷʪʴ ʩʦʙʦʶ ʬʣʝʰ-ʧʘʤʷʪʴ, 

ʚ 2014-2016 - ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ ʠ ʞʝʩʪʢʠʝ ʜʠʩʢʠ. ɿʘ 

ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʛʦʜʘ ʬʠʨʤʘ HP ʥʘʢʦʧʠʣʘ ʦʢʦʣʦ 500 ʧʘʪʝʥʪʦʚ ʧʦ 

ʤʝʤʨʠʩʪʦʨʘʤ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʨʝʟʠʩʪʠʚʥʳʝ ʆɿʋ, ʧʘʤʷʪʴ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʬʘʟʳ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʜʚʫʭʚʳʚʦʜʥʳʭ ʧʨʠʙʦʨʦʚ 

ʧʘʤʷʪʠ. 
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ʅʘ ʨʠʩ.2.33 ʧʦʢʘʟʘʥ ʬʨʘʛʤʝʥʪ ʤʝʤʨʠʩʪʦʨʥʦʡ 

ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʝʤʢʦʩʪʴʶ 1ʂ (ʥʘʥʦʢʦʤʤʫʪʘʪʦʨ) ʧʦ 

ʩʦʚʤʝʩʪʠʤʦʤʫ ʂʄʆʇ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ: Ag 

(ʚʝʨʭʥʠʡ) ʠ p-Si (ʥʠʞʥʠʡ) - ʥʘʥʦʵʣʝʢʪʨʦʜʳ ʠ a-Si (ʘʤʦʨʬʥʳʡ) 

ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʛʦ ʧʝʨʝʢʣʶʯʘʶʱʝʛʦ ʩʣʦʷ; SiO2 ï ʦʢʩʠʜ ʥʘ 

ʧʦʜʣʦʞʢʝ; SOG ï ʠʟʦʣʷʮʠʦʥʥʦʝ ʩʪʝʢʣʦ. ʅʘ ʨʠʩ.2.34 ʧʦʢʘʟʘʥʦ 

ʪʝʩʪʠʨʦʚʘʥʠʝ 400 ʙʠʪ ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʎʚʝʪʘ ʥʘ ʢʘʨʪʝ 

ʧʦʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʦʯʝʢ ʢʦʤʤʫʪʘʮʠʠ ʚ 

ʤʘʪʨʠʮʝ ʚ ʨʝʞʠʤʝ ON. 

 

 
 

ʈʠʩ.2.33. ʌʨʘʛʤʝʥʪ 

ʤʝʤʨʠʩʪʦʨʥʦʡ 

ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ 

ʤʘʪʨʠʮʳ ʝʤʢʦʩʪʴʶ 1ʂ 

(ʥʘʥʦʢʦʤʤʫʪʘʪʦʨ) ʧʦ 

ʩʦʚʤʝʩʪʠʤʦʤʫ ʂʄʆʇ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ 

ʧʨʦʮʝʩʩʫ: Ag (ʚʝʨʭʥʠʡ) 

ʠ p-Si (ʥʠʞʥʠʡ) - 

ʥʘʥʦʵʣʝʢʪʨʦʜʳ ʠ a-Si 

(ʘʤʦʨʬʥʳʡ) ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʪʠʚʥʦʛʦ 

ʧʝʨʝʢʣʶʯʘʶʱʝʛʦ ʩʣʦʷ; 

SiO2 ï ʦʢʩʠʜ ʥʘ 

ʧʦʜʣʦʞʢʝ; SOG ï  

ʠʟʦʣʷʮʠʦʥʥʦʝ ʩʪʝʢʣʦ 

 

ʀʥʪʝʛʨʘʮʠʷ ʥʘʥʦʢʦʤʤʫʪʘʪʦʨʘ ʚ ʇʃʀʉ ʧʦʟʚʦʣʠʪ 

ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʩʠʛʥʘʣʦʚ ʠ, ʚ 

ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʢ ʧʦʚʳʰʝʥʠʶ ʣʦʛʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ ʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ. ɺ HP Labs ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʬʠʛʫʨʠʨʫʝʪ ʧʦʜ 

ʥʘʟʚʘʥʠʝʤ ñʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʤʝʞʩʦʝʜʠʥʝʥʠʷ ʥʘ ʙʘʟʝ 

ʥʘʥʦʧʨʦʚʦʜʥʠʢʦʚò (Field Programmable Nanowire Interconnect, 

FPNI). 
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ʈʠʩ.2.34. 

ʊʝʩʪʠʨʫʝʪʩʷ 400 ʙʠʪ 

ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ʎʚʝʪʘ 

ʥʘ ʢʘʨʪʝ ʧʦʢʘʟʳʚʘʶʪ 

ʨʘʟʣʠʯʥʳʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʪʦʯʝʢ ʢʦʤʤʫʪʘʮʠʠ ʚ 

ʤʘʪʨʠʮʝ ʚ ʨʝʞʠʤʝ 

ON 

  

ɻʝʩʪʝʨʠʟʝʩʥʳʡ ʨʝʟʠʩʪʠʚʥʳʡ ʧʝʨʝʢʣʶʯʘʪʝʣʴ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʥʝʣʠʥʝʡʥʫʶ ɺɸʍ, ʩʦʩʪʦʠʪ ʠʟ ʩʨʝʜʳ 

ʧʝʨʝʢʣʶʯʝʥʠʷ (ʦʢʩʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ), ʟʘʞʘʪʦʡ ʤʝʞʜʫ 

ʜʚʫʤʷ ʵʣʝʢʪʨʦʜʘʤʠ (ʙʠʩʪʘʙʠʣʴʥʳʡ ʨʝʟʠʩʪʠʚʥʳʡ 

ʧʝʨʝʢʣʶʯʘʪʝʣʴ).  

 ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʢʣʶʯʘʪʝʣʷ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʪʦʢʘ), ʥʦ ʠ ʧʨʝʜʠʩʪʦʨʠʠ ʝʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɿʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʤʝʤʨʠʩʪʦʨʘ ʚ 

ʨʝʞʠʤʘʭ ɺʢʣʶʯʝʥʦ/ɺʳʢʣʶʯʝʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʧʨʦʰʣʦ ʣʠ 

ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʦʨʦʛʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʟʘʧʠʩʠ 

thV  ( 10 , ʩʦʩʪʦʷʥʠʝ 1) ʠʣʠ ʧʦʨʦʛʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʪʠʨʘʥʠʷ 

thV  ( 01 , ʩʦʩʪʦʷʥʠʝ 0) ʚ ʧʨʝʜʳʜʫʱʝʤ ʮʠʢʣʝ ʦʧʝʨʘʮʠʠ.  

ʅʘ ʨʠʩ.2.35 ʧʦʢʘʟʘʥʘ ʢʦʥʮʝʧʮʠʷ ʩʦʟʜʘʥʠʷ ʛʠʙʨʠʜʥʳʭ 

ʂʄʆʇ/ʤʦʣʝʢʫʣʷʨʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʇʃʀʉ (CMOL 

FPGA, CMOS + MOLecular electronics) ʪʠʧʘ ʇʇɺʄ. CMOL 

ʇʃʀʉ, ʢʘʢ ʠ ʦʙʳʯʥʘʷ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ ʩ ʩʠʤʤʝʪʨʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʩʦʩʪʦʠʪ ʠʟ ʧʣʠʪʦʢ. ɺ ʮʝʥʪʨʝ ʧʣʠʪʢʠ ʥʘʭʦʜʠʪʩʷ 

ʪʨʠʛʛʝʨʥʘʷ ʷʯʝʡʢʘ, ʦʢʨʫʞʝʥʥʘʷ 12 ʙʘʟʦʚʳʤʠ ʷʯʝʡʢʘʤʠ. ɹʘʟʦʚʘʷ 

ʷʯʝʡʢʘ ʩʦʩʪʦʠʪ ʠʟ ʠʥʚʝʨʪʦʨʘ ʠ ʜʚʫʭ ʢʣʶʯʝʡ ʥʘ ʧʨʦʭʦʜʥʳʭ 

ʪʨʘʥʟʠʩʪʦʨʘʭ, ʢʦʪʦʨʳʝ ʧʦʜʢʣʶʯʝʥʳ ʢ ʩʪʨʦʢʘʤ ʠ ʩʪʦʣʙʮʘʤ 
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ʩʠʩʪʝʤʳ ʘʜʨʝʩʘʮʠʠ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʂʄʆʇ-ʩʪʨʫʢʪʫʨʳ ʠ 

ʠʤʝʶʪ ʢʦʥʪʘʢʪʳ ʢ ʚʝʨʭʥʝʤʫ (ʩʠʥʷʷ ʪʦʯʢʘ) ʠ ʥʠʞʥʝʤʫ 

ʥʘʥʦʧʨʦʚʦʜʥʠʢʘʤ (ʢʨʘʩʥʘʷ ʪʦʯʢʘ). ɺ ʧʨʦʮʝʩʩʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʠʥʚʝʨʪʦʨʳ ʚʳʢʣʶʯʘʶʪʩʷ, ʠ ʧʨʦʭʦʜʥʳʝ ʪʨʘʥʟʠʩʪʦʨʳ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʜʚʦʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʢʘʞʜʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɿʝʣʝʥʦʡ ʪʦʯʢʦʡ 

ʦʙʦʟʥʘʯʝʥʳ ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʝʨʝʢʣʶʯʘʪʝʣʠ (ʥʘʥʦʧʨʠʙʦʨʳ). 

 

 

 ʘ) 

 
ʙ) 

 
ʚ) 

ʈʠʩ.2.35. ʅʘʥʦʢʦʤʤʫʪʘʪʦʨ (ʘ); ʙ) ï ʧʨʠʙʦʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ɺɸʍ 

ʨʝʟʠʩʪʠʚʥʦʛʦ ʢʣʶʯʝʚʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʛʠʩʪʝʨʝʟʠʩʥʳʤ ʵʬʬʝʢʪʦʤ 

(ʚ); ʛ) ʂʄʆʇ-ʩʪʝʢ ʩ ʥʘʥʦʢʦʤʤʫʪʘʪʦʨʦʤ; ʜ) ʛʠʙʨʠʜʥʘʷ ʂʄʆʇ 

ʇʃʀʉ (CMOL FPGA); ʜ) ʥʝʩʢʦʤʤʫʪʠʨʦʚʘʥʥʳʝ ʵʣʝʤʝʥʪʳ 

ʛʠʙʨʠʜʥʦʡ ʇʃʀʉ: ʙʘʟʦʚʘʷ ʷʯʝʡʢʘ ʠ ʪʨʠʛʛʝʨʥʘʷ ʷʯʝʡʢʠ; ʞ) ï 

ʨʝʘʣʠʟʘʮʠʷ ʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 2 ʀʃʀ-ʅɽ ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ 

ʩʭʝʤʳ ʜʚʫʭ ʥʘʥʦʧʨʠʙʦʨʦʚ ʚ ʩʦʩʪʦʷʥʠʠ ON, ʧʨʦʭʦʜʥʦʛʦ ʢʣʶʯʘ 

ʠ ʤʝʞʩʦʝʜʠʥʝʥʠʷ 
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ʛ) ʜ) 

 
ʝ) 

ʈʠʩ.2.35. ʇʨʦʜʦʣʞʝʥʠʝ 
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ʞ) 

ʈʠʩ.2.35. ʆʢʦʥʯʘʥʠʝ 
 

 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʤʨʠʩʪʦʨʦʚ ʚ ʇʃʀʉ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʟʠʩʪʠʚʥʦʡ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʘʤʷʪʠ (resistive random-

access memory, RRAM) ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʟʘʜʝʨʞʢʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʤʝʞʩʦʝʜʠʥʝʥʠʷʭ ʠ ʧʦʟʚʦʣʷʝʪ 

ʵʢʦʥʦʤʠʪʴ ʧʣʦʱʘʜʴ ʢʨʠʩʪʘʣʣʘ, ʪ.ʢ. ʦʥʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ʚʝʨʭʥʠʭ ʩʣʦʷʭ, ʥʘʜ ʂʄʆʇ-ʣʦʛʠʢʦʡ, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʵʬʬʝʢʪʦʤ 

ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 3D ʪʝʭʥʦʣʦʛʠʠ ʩʪʝʢʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ. 

ʇʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʪʨʘʩʩʠʨʦʚʦʯʥʳʝ ʨʝʩʫʨʩʳ ʦʙʳʯʥʳʭ ʇʃʀʉ 

ʟʘʥʠʤʘʶʪ ʦʪ 90 % ʚʩʝʡ ʧʣʦʱʘʜʠ ʇʃʀʉ, ʚʥʦʩʷʪ 80 % ʚʢʣʘʜ ʚ 

ʟʘʜʝʨʞʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʩʚʳʰʝ 95 % 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʢʦʤʤʫʪʘʮʠʶ ʢʣʶʯʝʡ ʚ 

ʤʝʞʩʦʝʜʠʥʝʥʠʷʭ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 

mrFPGA ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʤʨʠʩʪʦʨʦʚ ʚ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʣʦʢʘʭ ʠ ʤʘʨʰʨʫʪʫʟʘʪʦʨʘʭ 

ʠ ʂʄʆʇ-ʩʦʚʤʝʩʪʠʤʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʥʦʩʪʴʶ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʶʯʘ 

(n-ʄʆʇ ʪʨʘʥʟʠʩʪʦʨ) ʫʧʨʘʚʣʷʝʤʦʛʦ ʷʯʝʡʢʦʡ ʧʘʤʷʪʴʶ ʉʆɿʋ 

(ʧʷʪʠ ʠʣʠ ʰʝʩʪʠ ʪʨʘʥʟʠʩʪʦʨʥʘʷ ʷʯʝʡʢʘ ʧʘʤʷʪʠ) ʧʦ ʂʄʆʇ-

ʪʝʭʥʦʣʦʛʠʠ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʤʫʪʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ (ʨʠʩ.2.36 ʠ 
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ʨʠʩ.2.37). ʄʝʤʨʠʩʪʦʨ ʩʬʦʨʤʠʨʦʚʘʥ ʧʝʨʝʩʝʯʝʥʠʝʤ ʵʣʝʢʪʨʦʜʦʚ 

ʠʟ ʧʣʘʪʠʥʦʚʦʡ ʥʘʥʦʧʨʦʚʦʣʦʢʠ, ʨʘʟʜʝʣʝʥʥʳʭ ʧʣʝʥʢʦʡ ʜʠʦʢʩʠʜʘ 

ʪʠʪʘʥʘ.  
 

 
ʈʠʩ.2.36. ɸʢʘʜʝʤʠʯʝʩʢʘʷ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʤʨʠʩʪʦʨʦʚ ʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʠ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʣʦʢʘʭ 
 

 
ʈʠʩ.2.37. ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʩʪʨʫʢʪʫʨʳ (ʘ) ʠ 

ʧʨʦʬʠʣʴ, ʧʦʩʪʨʦʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

 

 ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʥʝʧʨʝʨʳʚʥʦʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ 

ʨʝʩʫʨʩʦʚ ʂʄʆʇ 2D ʇʃʀʉ ʠʩʯʝʨʧʘʣʦ ʩʚʦʠ ʚʦʟʤʦʞʥʦʩʪʠ, ʘ 

ʜʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʣʦʛʠʯʝʩʢʦʡ ʝʤʢʦʩʪʠ ʇʃʀʉ ʚʦʟʤʦʞʝʥ ʧʫʪʝʤ 

ʣʠʙʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʩʪʝʢʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠʣʠ 

ʧʫʪʝʤ ʧʝʨʝʭʦʜʘ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʦʚʝʡʰʠʭ ʜʦʩʪʠʞʝʥʠʡ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ: ʥʘʥʦʪʨʫʙʢʠ ʚ ʢʘʯʝʩʪʚʝ ʨʝʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ 
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ʧʘʤʷʪʠ ʇʃʀʉ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʢʦʤʤʫʪʘʪʦʨʦʚ 

(ʤʝʤʨʠʩʪʦʨʥʳʭ ʩʪʨʫʢʪʫʨ) ʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʠ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʣʦʢʘʭ. 

ɼʣʷ ʩʫʙʤʠʢʨʦʥʥʳʭ ɹʀʉ ʪʘʢʦʡ ʧʘʨʘʟʠʪʥʳʡ ʵʬʬʝʢʪ, ʢʘʢ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʟʘʜʝʨʞʝʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʧʦ 

ʪʦʢʦʧʨʦʚʦʜʷʱʠʤ ʜʦʨʦʞʢʘʤ ʥʘʜ ʟʘʜʝʨʞʢʘʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʛʥʘʣʦʚ ʚ ʚʝʥʪʠʣʷʭ, ʠʟ ʟʘ ʥʘʣʠʯʠʷ ʩʦʙʩʪʚʝʥʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ ʝʤʢʦʩʪʝʡ ʩʪʘʥʦʚʠʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ. ʊʘʢ 

ʢʘʢ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʜʦʨʦʞʝʢ ʩʥʠʟʠʪʴ 

ʥʝʣʴʟʷ, ʪʦ RC-ʥʘʛʨʫʟʢʘ, ʩʦʟʜʘʚʘʝʤʘʷ ʵʪʠʤʠ ʜʦʨʦʞʢʘʤʠ, ʤʦʞʝʪ 

ʚʳʟʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʟʘʜʝʨʞʢʫ ʩʠʛʥʘʣʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʝʤʢʦʩʪʠ ʥʘʛʨʫʟʢʠ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ RC ʠʤʝʝʪ ʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʦʟʨʘʩʪʘʝʪ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ɹʀʉ ʧʦ ʩʫʙʤʠʢʨʦʥʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʦʙʱʫʶ ʜʣʠʥʫ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʥʘ ʢʨʠʩʪʘʣʣʝ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ 

ʥʘ ʟʘʜʝʨʞʢʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ. 

ʄʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʨʦʚʝʥʴ 

ʠʥʪʝʛʨʘʮʠʠ ɹʀʉ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ TSV-ʪʝʭʥʣʦʛʠʷ, ʢʦʪʦʨʘʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʤʦʥʪʘʞʘ, ʙʦʣʴʰʫʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʣʫʯʰʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʙʦʣʝʝ ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʤʝʥʴʰʫʶ ʩʪʦʠʤʦʩʪʴ. ʆʜʥʘʢʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʝ ʨʷʜʘ 

ʧʨʦʙʣʝʤ.  

TSV-ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʣʠʥʠʡ ʚʚʦʜʘ/ʚʳʚʦʜʘ, ʯʪʦ ʨʘʜʠʢʘʣʴʥʳʤ ʦʙʨʘʟʦʤ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʪʨʘʥʩʣʷʮʠʠ ʜʘʥʥʳʭ ʠ 

ʫʤʝʥʴʰʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʚʳʟʚʘʪʴ ʧʦʷʚʣʝʥʠʝ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʚʠʜʦʚ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 3D ɹʀʉ ʩ TSV ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʉɸʇʈ ʜʣʷ ʥʘʥʦʤʝʪʨʦʚʳʭ ʧʨʦʝʢʪʦʚ. 
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3. ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʇʃʀʉ ʊʀʇɸ ʇʇɺʄ 

 

3.1. ʈʘʟʨʘʙʦʪʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʇʃʀʉ 

ʪʠʧʘ ʇʇɺʄ ʚ ʉɸʇʈ Quartus II  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ ʩʦʝʜʠʥʝʥʠʡ multi -driver  

ʆʜʥʦʫʨʦʚʥʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʇʃʀʉ ʪʠʧʘ 

ʇʇɺʄ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ 

ʇʃʀʉ ʬʠʨʤ Xilinx , Lucent Technologies, Vantis (ʨʠʩ.3.1), ʥʦ ʠ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʇʃʀʉ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ ʪʠʧʘ 

Island-style, ʥʘʧʨʠʤʝʨ, 3D ʇʃʀʉ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʇʃʀʉ, ʚ 

ʢʦʪʦʨʳʭ, ʚ ʢʘʯʝʩʪʚʝ ʤʘʩʩʠʚʘ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʧʘʤʷʪʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʣʦʢʠ ʧʘʤʷʪʠ ʥʘ ʥʘʥʦʪʨʫʙʢʘʭ. ʄʥʦʛʦʫʨʦʚʥʝʚʘʷ 

ʩʪʨʫʢʪʫʨʘ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʇʃʀʉ Stratix, Cyclon 

ʠ ʜʨ. ʬʠʨʤʳ Altera.  

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ: ʣʦʛʠʯʝʩʢʠʡ ʙʣʦʢ 

(ʃɹ), ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʙʣʦʢʠ C1 ʠ C2, ʢʦʤʤʫʪʘʪʦʨ-

ʤʘʨʰʨʫʪʠʟʘʪʦʨ (S-ʙʣʦʢ ʠʣʠ ñʩʚʠʯ-ʙʦʢʩò). ɼʣʷ ʇʃʀʉ ʪʠʧʘ 

ʇʇɺʄ ʨʘʟʣʠʯʥʳʭ ʬʠʨʤ ʭʘʨʘʢʪʝʨʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ ʚ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʢʘʥʘʣʘʭ. ɹʳʩʪʨʦʜʝʡʩʪʚʠʝ 

ʇʃʀʉ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʤʝʥʥʦ ʪʝʤ, ʢʘʢ ʠʩʢʫʩʪʥʦ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʤʝʞʩʦʝʜʠʥʝʥʠʡ.  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʠ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʝ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʤʝʞʩʦʝʜʠʥʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʢʣʶʯʘ n-ʄʆʇ ʪʨʘʥʟʠʩʪʦʨʘ ʠ ʙʫʬʝʨʘ ʩ ʪʨʝʪʴʠʤ ʩʦʩʪʦʷʥʠʝʤ 

(ʨʠʩ.3.2, 3.3). n-ʄʆʇ ʢʣʶʯ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʷʚʣʷʝʪʩʷ 

ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʤ, ʘ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ ʢʣʶʯ ʥʘ ʙʫʬʝʨʘʭ ʩ 

ʪʨʝʪʴʠʤ ʩʦʩʪʦʷʥʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʠʭ ʧʘʨʘʣʣʝʣʴʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ. ʅʘ ʨʠʩ.3.2, ʘ ʧʦʢʘʟʘʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ 

n-ʄʆʇ ʰʝʩʪʠʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʢʣʶʯʘ ʥʘ ʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʇʃʀʉ Xilinx  ʩʝʨʠʠ XC4000 

ʪʠʧʘ disjoint (ʨʠʩ.3.1). ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ 

ʰʝʩʪʠʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʢʣʶʯʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʙʫʬʝʨʳ ʜʣʷ 
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ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ, ʙʫʬʝʨʳ ʩ ʪʨʝʪʴʠʤ ʩʦʩʪʦʷʥʠʝʤ 

ʠ ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ (ʨʠʩ.3.2, ʘ). 

ɼʚʝ ʩʭʝʤʳ ʚʟʘʠʤʦʵʢʚʠʚʘʣʝʥʪʥʳ. ʆʜʥʘʢʦ, ʚʪʦʨʦʡ 

ʚʘʨʠʘʥʪ ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʫʬʝʨʦʚ ʩ 

ʪʨʝʪʴʠʤ ʩʦʩʪʦʷʥʠʝʤ (ʨʠʩ.3.2, ʙ), ʥʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʯʠʩʣʘ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʥʘʣʝ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʨʘʟʨʷʜʥʦʩʪʠ ʤʫʣʴʪʠʧʣʝʢʩʦʨʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ 

ʙʣʦʢʘʭ. ɺ ʩʣʫʯʘʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʩʠʛʥʘʣʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʪʨʝʣʢʠ, ʢʦʤʤʫʪʘʮʠʷ ʩʠʛʥʘʣʘ 

ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʩʦʩʝʜʥʠʝ 

ʤʝʞʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʭʘʨʘʢʪʝʨʥʳʭ 

ñʢʦʩʠʯʝʢò ʚ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʢʘʥʘʣʘʭ. 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʧʦʩʪʨʦʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʠ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʭ ʢʣʶʯʝʡ 

ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ multi-driver, ʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʠ ʤʫʣʴʪʠʧʣʝʢʩʦʨʥʳʭ 

ʩʪʨʫʢʪʫʨ (ʢʦʤʤʫʪʘʪʦʨʦʚ) - single-driver switch block. ʇʨʠ ʵʪʦʤ 

ʧʦʜ ʪʝʨʤʠʥʦʤ ñʜʨʘʡʚʝʨò ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʤʤʫʪʘʮʠʷ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ: n-ʄʆʇ ʢʣʶʯ, ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʠ 

ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ ʢʣʶʯ ʥʘ ʙʫʬʝʨʘʭ ʩ ʪʨʝʪʴʠʤ ʩʦʩʪʦʷʥʠʝʤ, 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʥʘʷ ʩʪʨʫʢʪʫʨʘ.  

ʈʠʩ.3.3 ʧʦʢʘʟʳʚʘʝʪ ʠʜʝʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʭ ʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ 

ʢʦʤʤʫʪʘʪʦʨʘʭ-ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ. ʈʠʩ.3.3, ʘ ʧʦʢʘʟʳʚʘʝʪ ʪʘʢ ʞʝ, 

ʯʪʦ ʚʳʭʦʜʳ ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʢʣʘʩʪʝʨʳ, 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʳ ʢ ʪʨʘʩʩʠʨʦʚʦʯʥʳʤ ʢʘʥʘʣʘʤ ʩ 

ʧʦʤʦʱʴʶ ʚʳʭʦʜʥʳʭ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʥʘ ʙʫʬʝʨʘʭ ʩ ʪʨʝʪʴʠʤ 

ʩʦʩʪʦʷʥʠʝʤ (multi-driver) ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ. 
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ʘ) 
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ʈʠʩ.3.1. ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ ʩ ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ (ʘ) ʠ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ (ʙ) 
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ʈʠʩ.3.2. ʂʦʤʤʫʪʘʪʦʨ-ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʪʠʧʘ disjoint (S-ʙʣʦʢ) ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʰʝʩʪʠʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʢʣʶʯʘ ʥʘ 

ʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ: ʘ) c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʭ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ; ʙ) ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦ (ʨʠʩ.3.4), ʪ.ʢ. ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ 

ʚʳʠʛʨʳʰ ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʠ ʧʦ ʧʣʦʱʘʜʠ ʢʨʠʩʪʘʣʣʘ. 

ʄʝʪʦʜʦʣʦʛʠʷ single-driver ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʝʨʠʷʭ ʇʃʀʉ ʩʝʨʠʡ Stratix ʠ Virtex. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʇʃʀʉ 

ʩʝʨʠʡ Stratix ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʪʝʥʪʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 
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DirectDrive
TM
, ʢʦʪʦʨʘʷ ʛʘʨʘʥʪʠʨʫʝʪ ʠʜʝʥʪʠʯʥʳʝ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʜʣʷ ʣʶʙʦʡ ʨʝʘʣʠʟʫʝʤʦʡ ʙʫʣʝʚʦʡ 

ʬʫʥʢʮʠʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʸ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ ʢʨʠʩʪʘʣʣʝ, ʘ 

ʚ ʇʃʀʉ Virtex-5 ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʠ 

ʣʦʢʘʣʴʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ 

ExpressFabric
TM

. 

 

 
ʈʠʩ.3.3. ʂʦʤʤʫʪʘʪʦʨ-ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʪʠʧʘ multi-driver (ʘ) ʠ 

single-driver (ʙ) 

 

 
ʈʠʩ.3.4. ɼʚʘ ʢʦʤʤʫʪʘʪʦʨʘ-ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʪʠʧʘ single-driver ʩ 

ʜʣʠʥʥʦʡ ʩʝʛʤʝʥʪʘ L=3 
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ʄʝʪʦʜʦʣʦʛʠʷ single-driver ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ 

ʚʭʦʜʥʳʝ ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ ʠ ʥʘ ʜʝʤʫʣʴʪʧʣʝʢʩʦʨʳ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ. ʅʘ ʨʠʩ.3.3, ʙ ʧʦʢʘʟʘʥʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʚʳʭʦʜʦʚ ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʚ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ ʙʣʠʞʘʡʰʠʭ ʢʦʤʤʫʪʘʪʦʨʦʚ-ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʭʦʜʥʳʭ 

ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʚ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʣʦʢʘʭ. 

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʦʤʦʛʝʥʥʳʭ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʇʃʀʉ 

ʩ ʣʦʛʠʯʝʩʢʠʤʠ ʙʣʦʢʘʤʠ ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʢʣʘʩʪʝʨʳ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʦʜʠʥ ʠʟ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ - VPR ʚʝʨʩʠʠ 4.3 

(Versatile Place and Route), ʘ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʳʭ (ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʪʝʨʦʛʝʥʥʳʭ ʙʣʦʢʦʚ ʪʘʢʠʭ ʢʘʢ, ʚʩʪʨʦʝʥʥʳʝ 

ʧʝʨʝʤʥʦʞʠʪʝʣʠ, ʙʣʦʢʠ ʆɿʋ, ʙʣʦʢʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ) - VPR ʚʝʨʩʠʠ 5.0. VPR 

ʨʘʟʨʘʙʦʪʘʥ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʊʦʨʦʥʪʦ (ʊʦʨʦʥʪʦ, ʂʘʥʘʜʘ, 

http://www.eecg.utoronto.ca/vpr), ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʦʙʦʠʭ ʪʠʧʦʚ multi-driver ʠ single-driver.  

ʂʨʘʪʢʦ ʨʘʩʩʤʦʪʨʠʤ ʪʠʧʦʚʦʡ ʤʘʨʰʨʫʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʇʃʀʉ, ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʝʜʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ: ODIN, 

ABC, T-Vpack, VPR. ODIN ʢʦʥʚʝʨʪʠʨʫʝʪ ʩʭʝʤʥʦʝ ʦʧʠʩʘʥʠʝ 

ʥʝʢʦʪʦʨʦʛʦ ʩʣʦʞʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ñʙʝʥʯ ʤʘʨʢò, 

ʪʝʩʪʦʚʘʷ ʩʭʝʤʘ ʥʘ ʷʟʳʢʝ Verilog HDL) ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʬʘʡʣ ʚ 

.blif  ʬʦʨʤʘʪʝ, ʚ ʢʦʪʦʨʦʤ ʚʳʜʝʣʷʝʪ ʣʦʛʠʯʝʩʢʠʝ ʚʝʥʪʠʣʠ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʣʦʛʠʢʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ñʯʝʨʥʳʝ ʷʱʠʢʠò ʜʣʷ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʙʣʦʢʦʚ. ɼʘʣʝʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ 

ABC (ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʤʠʥʠʤʠʟʘʮʠʠ ʙʫʣʝʚʳʭ ʬʫʥʢʮʠʡ ʚ ʙʘʟʠʩ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 4-ʭ ʚʭʦʜʦʚʦʡ LUT-ʪʘʙʣʠʮʳ ʠ D-ʪʨʠʛʛʝʨʘ 

ʣʦʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ, ʪʘʢʠʝ ʢʘʢ SIS ʠ FlowMap) ʧʨʦʚʦʜʠʪʩʷ 

ʣʦʛʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʩʭʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʪʠʣʷ ʦʧʠʩʘʥʠʷ ʥʝʟʘʚʠʩʠʤʦʛʦ ʦʪ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹʀʉ (ʥʘʧʨʠʤʝʨ, ʟʘʢʘʟʥʘʷ ʩʧʝʮʠʘʣʠʟʠʨʫʝʤʘʷ 
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ɹʀʉ (ASIC), ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ɹʀʉ (proASIC) ʠʣʠ ʇʃʀʉ) ʠ 

ʝʝ ʨʘʟʤʝʱʝʥʠʝ ʚ ʣʦʛʠʯʝʩʢʠʝ ʙʣʦʢʠ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʇʃʀʉ. 

ɺʳʭʦʜʥʳʤ ʪʘʢ ʞʝ ʷʚʣʷʝʪʩʷ ʬʘʡʣ ʚ .blif  ʬʦʨʤʘʪʝ, ʚ ʢʦʪʦʨʦʤ 

ʚʳʜʝʣʷʶʪʩʷ LUT-ʪʘʙʣʠʮʳ, D-ʪʨʠʛʛʝʨʳ ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʠ 

ʛʝʪʝʨʦʛʝʥʥʳʝ ʙʣʦʢʠ. ʀʥʩʪʨʫʤʝʥʪ T-Vpack ʧʝʨʝʧʘʢʦʚʳʚʘʝʪ 

ʬʘʡʣ ʚ .blif -ʬʦʨʤʘʪʝ (LUT-ʪʘʙʣʠʮʳ ʠ D-ʪʨʠʛʛʝʨʳ) ʚ ʢʣʘʩʪʝʨʳ 

ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ ʘʥʘʣʦʛʠʯʥʳ ʢʣʘʩʪʝʨʘʤ ʚ ʇʃʀʉ 

FLEX8, 10K ʠʣʠ ʢʣʘʩʪʝʨʘʤ ʇʃʀʉ 5200 ʠ Virtex, ʠ ʬʦʨʤʠʨʫʝʪ 

ʚʳʭʦʜʥʦʡ ʬʘʡʣ ʚ .net ʬʦʨʤʘʪʝ ʜʣʷ VPR, ʢʦʪʦʨʳʡ ʨʘʟʤʝʱʘʝʪ 

ʢʣʘʩʪʝʨʳ ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʠ ʛʝʪʝʨʦʛʝʥʥʳʝ ʙʣʦʢʠ ʧʦ 

ʢʨʠʩʪʘʣʣʫ ʇʃʀʉ ʠ ʦʨʛʘʥʠʟʫʝʪ ʛʣʦʙʘʣʴʥʳʝ ʠ ʣʦʢʘʣʴʥʳʝ 

ʪʨʘʩʩʠʨʦʚʦʯʥʳʝ ʨʝʩʫʨʩʳ ʜʣʷ ʤʝʞ- ʠ ʚʥʫʪʨʠʢʣʘʩʪʝʨʦʡ ʩʚʷʟʠ 

ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ, ʩ ʫʯʝʪʦʤ 

ʪʨʝʙʦʚʘʥʠʡ, ʥʘʧʨʠʤʝʨ, ʢ ʤʠʥʠʤʘʣʴʥʦʡ ʰʠʨʠʥʝ 

ʪʨʘʩʩʠʨʦʚʦʯʥʦʛʦ ʢʘʥʘʣʘ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ, ʵʢʦʥʦʤʠʠ ʧʣʦʱʘʜʠ 

ʢʨʠʩʪʘʣʣʘ ʠ ʜʨ. ʇʦʜʦʙʥʳʡ ʤʘʨʰʨʫʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʩʫʱʝʩʪʚʫʝʪ ʠ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʇʃʀʉ, ʥʘʧʨʠʤʝʨ, 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʉɸʇʈ ʇʃʀʉ Quartus II . 

ʅʘ ʨʠʩ.3.5 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ ʇʃʀʉ 

ʧʦʣʫʯʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ VPR 5.0 ʜʣʷ ʰʠʨʠʥʳ 

ʪʨʘʩʩʠʨʦʚʦʯʥʦʛʦ ʢʘʥʘʣʘ 10W . ɺ ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ ʪʠʧʘ 

single-driver ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ n-ʄʆʇ ʢʣʶʯʝʡ (ʢʨʫʞʢʠ) ʠ ʙʫʬʝʨʦʚ ʩ ʪʨʝʪʴʠʤ 

ʩʦʩʪʦʷʥʠʝʤ (ʪʨʝʫʛʦʣʴʥʠʢʠ). ʄʫʣʴʪʠʧʣʝʢʩʦʨʳ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ 

ʙʣʦʢʦʚ ʧʦʢʘʟʘʥʳ, ʩʠʥʠʤ ʮʚʝʪʦʤ, ʘ ʚʳʭʦʜʥʳʝ 

ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʳ ï ʢʨʘʩʥʳʤ. ɿʝʣʝʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥ S-

ʙʣʦʢ. ɽʩʣʠ ʃɹ ʟʘʤʝʥʷʝʪʩʷ ʥʘ ʢʣʘʩʪʝʨ (ʥʘʧʨʠʤʝʨ, ʧʦʜ ʢʣʘʩʪʝʨʦʤ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ 4 ʃɹ), ʪʦ ʩʪʨʫʢʪʫʨʘ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ S-ʙʣʦʢʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪʩʷ (ʨʠʩ.3.6). 

ʈʘʟʨʘʙʦʪʘʝʤ ʤʦʜʝʣʴ ʛʦʤʦʛʝʥʥʦʡ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ ʩ 

ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ ʉɸʇʈ ʇʃʀʉ 

Quartus II  ʢʦʤʧʘʥʠʠ Altera, ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʢʦʤʤʫʪʘʮʠʠ.  
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ʈʠʩ.3.5. ʉʪʨʫʢʪʫʨʘ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ ʢʦʤʤʫʪʘʪʦʨʝ-

ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ ʪʠʧʘ multi-driver ʧʨʠ ʰʠʨʠʥʝ ʢʘʥʘʣʘ 10W , 

ʧʦʣʫʯʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ VPR 5.0 

 

 
ʈʠʩ.3.6. ʉʪʨʫʢʪʫʨʘ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ ʢʦʤʤʫʪʘʪʦʨʝ-

ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ ʪʠʧʘ multi-driver ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʣʦʛʠʯʝʩʢʠʭ 

ʙʣʦʢʦʚ ʚ ʢʣʘʩʪʝʨʳ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ VPR 5.0 
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 ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʢʦʤʤʫʪʘʪʦʨ-ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʪʠʧʘ disjoint c 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʟʚʝʪʚʣʝʥʠʷ ʧʦ ʚʳʭʦʜʫ 3FS ; ʜʣʷ 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ: ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʜʠʥʝʥʠʷ ʧʦ ʚʭʦʜʫ 

ʣʦʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ WF inC, , ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʚʝʪʚʣʝʥʠʷ ʧʦ 

ʚʳʭʦʜʫ WF outC, , ʛʜʝ W ʰʠʨʠʥʘ ʪʨʘʩʩʠʨʦʚʦʯʥʦʛʦ ʢʘʥʘʣʘ. ɺ 

ʥʘʰʝʤ ʩʣʫʯʘʝ 4W . ʅʘ ʨʠʩ.3.1, ʙ ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ 

ʇʃʀʉ ʩ ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʦʨʦʡ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 3FS  ʠ 

WFF inC,outC, . ɼʣʷ 5FS  ʫʞʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 3D 

ʢʦʤʤʫʪʘʪʦʨʳ-ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʠ ʧʝʨʝʭʦʜʠʪʴ ʥʘ 3D-

ʪʝʭʥʦʣʦʛʠʠ.  

ɺ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ ʇʃʀʉ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ 

ʰʝʩʪʠʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʢʣʶʯʘ ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ.3.7. ɺ ʢʘʯʝʩʪʚʝ 

n-ʄʆʇ ʢʣʶʯʘ ʧʨʠʤʝʥʷʝʪʩʷ ʙʫʬʝʨ ʩ ʪʨʝʪʴʠʤ ʩʦʩʪʦʷʥʠʝʤ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʚ ʢʘʥʘʣʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʝ, ʩ 

ʧʨʘʚʦ ʥʘ ʣʝʚʦ (ʨʠʩ.3.8). ʂʦʤʤʫʪʘʪʦʨ-ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʰʝʩʪʠʪʨʘʥʟʠʩʪʦʨʥʳʭ ʢʣʶʯʝʡ, ʜʚʫʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʜʚʫʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʥʝ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ. 

ɼʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʷʯʝʝʢ 

ʧʘʤʷʪʠ ʉʆɿʋ ʥʝʦʙʭʦʜʠʤʦ ʜʚʘ ʫʥʠʚʝʨʩʘʣʴʥʳʭ (ʩʜʚʠʛʦʚʳʭ) 

ʨʝʛʠʩʪʨʘ, ʦʜʠʥ 4ïʭ ʨʘʟʨʷʜʥʳʡ (ʨʝʛʠʩʪʨ ʩʪʦʣʙʮʘ) ʠ ʦʜʠʥ 12-ʪʠ 

ʨʘʟʨʷʜʥʳʡ (ʨʝʛʠʩʪʨ ʩʪʨʦʢʠ), 12 ʩʪʨʦʢ ʥʘ 4 ʩʪʦʣʙʮʘ, ʠʪʦʛʦ 

ʪʨʝʙʫʝʪʩʷ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ 48 ʙʠʪ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ 

ʧʘʤʷʪʠ ʦʜʥʦʡ ʧʣʠʪʢʠ ʇʃʀʉ LEGO. ʇʦʵʪʦʤʫ ʙʠʪ 20 ʚ 

ʣʦʛʠʯʝʩʢʦʤ ʙʣʦʢʝ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʢʨʘʪʥʦʩʪʠ 4. ʉ ʵʪʦʡ ʞʝ 

ʮʝʣʴʶ ʥʝʦʙʭʦʜʠʤʳ ʙʠʪʳ 43, 44 ʚ ʩʦʝʜʠʥʠʪʝʣʴʥʦʤ ʙʣʦʢʝ ʉ1. 

ʅʘ ʨʠʩ.3.9 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʤʦʞʥʦ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ S-ʙʣʦʢ. 

ɺʩʝ ʩʠʛʥʘʣʳ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʪʨʘʩʩʠʨʦʚʦʯʥʦʤ ʢʘʥʘʣʝ 

ʧʝʨʝʜʘʶʪʩʷ ʩ ʧʨʘʚʦ ʥʘ ʣʝʚʦ, ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʢʘʥʘʣʝ ï ʩʥʠʟʫ 

ʚʚʝʨʭ (ʨʠʩ.3.10). ɺʩʝ ʤʝʞʩʦʝʜʠʥʝʥʠʷ ʚ ʢʘʥʘʣʘʭ 

ʩʝʛʤʝʥʪʠʨʦʚʘʥʳ. ʅʘ ʨʠʩ.3.10 ʪʘʢ ʞʝ ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ 

ʩʝʛʤʝʥʪʘʮʠʠ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʥʘʣʘʭ: 1, 2, 4 ʠ 4.  
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ʈʠʩ.3.7. ʐʝʩʪʠʪʨʘʥʟʠʩʪʦʨʥʳʡ ʢʣʶʯ ʥʘ ʙʫʬʝʨʘʭ ʩ ʪʨʝʪʴʠʤ 

ʩʦʩʪʦʷʥʠʝʤ 

 
ʈʠʩ.3.8. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʜʥʦʡ ʧʣʠʪʢʠ ʇʃʀʉ 
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ʈʠʩ.3.9. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 3 - ʭ ʨʘʟʨʷʜʦʚ ʩʜʚʠʛʦʚʦʛʦ 12 ïʪʠ 

ʨʘʟʨʷʜʥʦʛʦ ʨʝʛʠʩʪʨʘ ʩʪʨʦʢʠ ʠ 4 - ʭ ʨʘʟʨʷʜʥʦʛʦ ʨʝʛʠʩʪʨʘ 

ʩʪʦʣʙʮʘ ʜʣʷ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ S-ʙʣʦʢʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 12 ïʪʠ 

n-ʄʆʇ ʢʣʶʯʝʡ 

 

ʄʝʞʩʦʝʜʠʥʝʥʠʝ ʚ ʪʨʘʩʩʠʨʦʚʦʯʥʦʤ ʢʘʥʘʣʝ ʤʦʞʝʪ 

ʧʨʦʭʦʜʠʪʴ ʥʝʧʨʝʨʳʚʥʦ ʯʝʨʝʟ 1, 2, 4 ʠ 4 ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʘ, ʩ 

ʧʨʘʚʦ ʥʘ ʣʝʚʦ ʠ ʩʥʠʟʫ ʚʚʝʨʭ. ʃʦʛʠʯʝʩʢʠʡ ʙʣʦʢ, 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʙʣʦʢʠ C1 ʠ C2 ʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʧʣʠʪʢʫ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʝʨʠʦʜʠʯʥʦʩʪʠ 

ʩʝʛʤʝʥʪʘʮʠʠ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʨʘʟʨʘʙʦʪʘʪʴ ʩʭʝʤʫ ʚ 16 ʧʣʠʪʦʢ, 

ʥʘʟʦʚʝʤ ʪʘʢʫʶ ʩʭʝʤʫ ʢʘʢ ñʩʫʧʝʨ ʧʣʠʪʢʘò. ʇʦʩʣʝʜʫʶʱʝʝ ʝʝ 

ʪʠʨʘʞʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʥʘʨʘʱʠʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʝʤʢʦʩʪʴ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʇʃʀʉ. ʅʘ ʨʠʩ.3.11 ʧʦʢʘʟʘʥʘ ʜʝʪʘʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʩʝʛʤʝʥʪʘʮʠʠ ʤʝʞʩʦʝʜʠʥʝʥʠʡ 16 ʧʣʠʪʦʢ ʠ ʩʭʝʤʘ 

ʧʦʜʢʣʶʯʝʥʠʷ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ C1 ʠ C2. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʜʥʦʡ ʧʣʠʪʢʠ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ.3.12. ɼʣʷ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʦʜʥʦʡ ʧʣʠʪʢʠ ʪʨʝʙʫʝʪʩʷ 48 

ʙʠʪ ʧʘʤʷʪʠ. ʈʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ ñʟʘʛʨʫʟʯʠʢʘò. ɿʘʛʨʫʟʢʘ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʚ ʧʣʠʪʢʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʘ 

downloader_rom (ʨʠʩ.3.13), ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ 4-ʭ ʨʘʟʨʷʜʥʦʛʦ 

ʩʫʤʤʠʨʫʶʱʝʛʦ ʩʯʝʪʯʠʢʘ ʩ ʤʦʜʫʣʝʤ ʩʯʝʪʘ 13, ʇɿʋ ʝʤʢʦʩʪʴʶ 4 
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ʙʠʪʘ ʥʘ 16 ʩʣʦʚ ʥʘ ʙʘʟʝ ʤʝʛʘʬʫʥʢʮʠʠ lpm_rom  ʠ ʜʝʰʠʬʨʘʪʦʨʘ 

4 ʚ 12, ʢʦʪʦʨʳʡ ʚʳʙʠʨʘʝʪ ʥʫʞʥʫʶ ʩʪʨʦʢʫ ʩ ʯʝʪʳʨʴʤʷ ʷʯʝʡʢʘʤʠ 

ʧʘʤʷʪʠ ʚ ʧʣʠʪʢʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʩʯʝʪʯʠʢʘ. ʇʦ 

ʦʢʦʥʯʘʥʠʠ ʟʘʛʨʫʟʢʠ ʩʯʝʪʯʠʢʦʤ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʩʠʛʥʘʣ cout, 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʦʪʦʨʦʛʦ ʨʘʟʨʝʰʘʝʪ ʧʝʨʝʟʘʧʠʩʴ ʠʥʬʦʨʤʘʮʠʠ 

ʠʟ ʷʯʝʝʢ ʧʘʤʷʪʠ ʚ ʚʳʭʦʜʥʦʤ ʤʫʣʴʪʠʧʣʝʢʩʦʨʝ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ 

ʙʣʦʢʘ ʉ2 ʠ ʰʝʩʪʠʪʨʘʥʟʠʩʪʦʨʥʳʭ ʢʣʶʯʝʡ ʥʘ ʙʫʬʝʨʘʭ ʩ ʪʨʝʪʴʠʤ 

ʩʦʩʪʦʷʥʠʝʤ ʚ S-ʙʣʦʢʝ, ʦʩʪʘʣʴʥʳʝ ʷʯʝʡʢʠ (16 ʷʯʝʝʢ ʜʣʷ 

ʥʘʩʪʨʦʡʢʠ LUT-ʪʘʙʣʠʮʳ ʠ ʚʩʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʘʜʨʝʩʥʳʤʠ 

ʚʭʦʜʘʤʠ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʚ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʣʦʢʘʭ) ʧʘʤʷʪʠ 

ʜʦʩʪʫʧʥʳ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ ʟʘʧʠʩʠ ʚ ʥʠʭ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʦʪʢʨʳʚʘʥʠʝ ʙʫʬʝʨʦʚ ʩ 

ʪʨʝʪʴʠʤ ʩʦʩʪʦʷʥʠʝʤ ʚʦ ʚʨʝʤʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʣʠʪʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʷʯʝʝʢ ʧʘʤʷʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʘʱʝʣʢʠ 

(ʦʜʥʦʪʘʢʪʥʳʡ ʪʨʠʛʛʝʨ ʠʣʠ ʪʨʠʛʛʝʨ ʪʘʢʪʠʨʫʝʤʳʡ ʫʨʦʚʥʝʤ 

ʩʠʥʭʨʦʩʠʛʥʘʣʘ). ʅʘ ʨʠʩ.3.14 ʧʦʢʘʟʘʥʳ 16 ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ 

ʷʯʝʝʢ ʧʘʤʷʪʠ 4-ʭ ʚʭʦʜʦʚʦʡ LUT-ʪʘʙʣʠʮʳ. ʗʯʝʡʢʠ ʧʘʤʷʪʠ 

ʦʙʲʝʜʠʥʝʥʳ ʚ ʩʪʨʦʢʠ ʧʦ 4 ʙʠʪʘ.  ʂʘʞʜʘʷ ʩʪʨʦʢʘ ʚʳʙʠʨʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʜʝʰʠʬʨʘʪʦʨʘ ʩʪʨʦʢʠ ñʟʘʛʨʫʟʯʠʢʘò. ɺʩʝʛʦ 12 ʩʪʨʦʢ ʧʦ 

4 ʙʠʪʘ.  

ɼʦ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʡ ʬʘʡʣ ʩ ʨʘʩʰʠʨʝʥʠʝʤ mif. ʅʘ ʨʠʩ.3.15 

ʧʦʢʘʟʘʥ ʬʘʡʣ ʢʦʥʬʠʛʫʨʘʮʠʠ ʇɿʋ (ʘʜʨʝʩʘ ʩʪʨʦʢ ʥʘʯʠʥʘʶʪʩʷ ʩ 

ʥʫʣʷ). LUT-ʪʘʙʣʠʮʘ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʘ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʙʫʣʝʚʦʡ ʬʫʥʢʮʠʠ 0123 xxxxf . ʊʘʢʠʭ ʬʘʡʣʦʚ ʜʦʣʞʥʦ 

ʙʳʪʴ ʟʘʧʦʣʥʝʥʦ 16 ʰʪ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʘʨʘʣʣʝʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʢʘʞʜʦʡ ʧʣʠʪʢʠ ʩ ʧʦʤʦʱʴʶ ʩʚʦʝʛʦ 

ñʟʘʛʨʫʟʯʠʢʘò. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 16 

ʦʜʠʥʘʢʦʚʳʭ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʬʘʡʣʦʚ. 
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ʈʠʩ.3.10. ʇʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʤʝʞʩʦʝʜʠʥʝʥʠʡ 16 

ʧʣʠʪʦʢ 
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ʈʠʩ.3.11. ɼʝʪʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʝʞʩʦʝʜʠʥʝʥʠʡ 16-ʪʠ ʧʣʠʪʦʢ 

 

ɺ ʪʘʙʣ.3.1 ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʦʷʩʥʷʝʪʩʷ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʡ ʬʘʡʣ ʧʣʠʪʢʠ 1. ʇʣʠʪʢʘ 1 ʩʦʛʣʘʩʥʦ 

ʩʪʨʫʢʪʫʨʝ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʠʤʝʝʪ ʜʚʘ ʚʥʝʰʥʠʭ ʚʭʦʜʘ in0 ʠ in1 

LUT-ʪʘʙʣʠʮʳ (ʚʭʦʜʳ t1_in_lut_0 ʠ t1_in_lut_1 ʜʦʩʪʫʧʥʳ ʩ 

ʢʦʥʪʘʢʪʥʳʭ ʧʣʦʱʘʜʦʢ). ɸ ʢ ʚʭʦʜʘʤ in2 ʠ in3 ʤʦʞʥʦ 

ñʜʦʙʨʘʪʴʩʷò ʪʦʣʴʢʦ ʯʝʨʝʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨʳ ʩʦ ʚʭʦʜʦʚ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ (ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʙʣʦʢ C1) ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

(ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʙʣʦʢ C2) ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʢʘʥʘʣʦʚ. ʉʦʛʣʘʩʥʦ 

ʨʠʩ.3.10 ʠ ʨʠʩ.3.11 ʵʪʠ ʚʭʦʜʳ ʢʘʥʘʣʘ 1 ʥʘʭʦʜʷʪʩʷ ʩ ʧʨʘʚʘ ʠ ʩ 
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ʥʠʟʫ, ʘ ʚʳʭʦʜʳ ʩ ʣʝʚʘ ʠ ʩ ʚʝʨʭʫ, ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʚ S-ʙʣʦʢʝ (ʨʠʩ.3.8). 

 

 
ʈʠʩ.3.12. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʜʥʦʡ ʧʣʠʪʢʠ ʚ ʉɸʇʈ ʇʃʀʉ 

Quartus II  

 
ʈʠʩ.3.13. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ñʟʘʛʨʫʟʯʠʢʘò (ʙʣʦʢ 

downloader_blok) ʷʯʝʝʢ ʧʘʤʷʪʠ ʚ ʧʣʠʪʢʝ 
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ʈʠʩ.3.14. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʣʦʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ 

 

 
ʈʠʩ.3.15. ʌʘʡʣ ʢʦʥʬʠʛʫʨʘʮʠʠ ʇɿʋ (ʘʜʨʝʩʘ ʩʪʨʦʢ ʥʘʯʠʥʘʶʪʩʷ ʩ 

ʥʫʣʷ): ʘ) ʩʦʜʝʨʞʠʤʦʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʜʚʦʠʯʥʦʡ ʩʠʩʪʝʤʝ; ʙ) ʚ 

ʜʝʩʷʪʠʯʥʦʡ 

 

ʀʩʧʦʣʴʟʫʝʤ ʥʫʤʝʨʘʮʠʶ ʷʯʝʝʢ ʧʘʤʷʪʠ ʪʘʙʣ.3.1, ʢʦʪʦʨʘʷ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʫʣʷ. ʇʦʜ ʪʝʨʤʠʥʦʤ ñʪʨʝʢò  ʙʫʜʝʤ ʧʦʜʨʘʟʫʤʝʚʘʪʴ 

ʢʦʨʦʪʢʦʝ ʤʝʞʩʦʝʜʠʥʝʥʠʝ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʤʳ ʭʦʪʠʤ 

ʩʯʠʪʘʪʴ ʩʦʜʝʨʞʠʤʦʝ LUT ʪʘʙʣʠʮʳ ʧʨʠ ʢʦʤʙʠʥʘʮʠʠ ʥʘ 

ʘʜʨʝʩʥʳʭ ʚʭʦʜʘʭ 1100 (12D) (in3=1, in2=1, in1=0, in0=0) ʠ 

ʚʳʚʝʩʪʠ ʨʝʟʫʣʴʪʘʪ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʪʨʘʩʩʠʨʦʚʦʯʥʳʡ ʢʘʥʘʣ 1 

ʥʘ ʪʨʝʢ 0 (ʨʠʩ.3.10). ʅʫʤʝʨʘʮʠʷ ʪʨʝʢʦʚ ʚ ʢʘʥʘʣʘʭ ʧʦʢʘʟʘʥʘ ʥʘ 
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ʨʠʩ.3.8. ʉʦʛʣʘʩʥʦ ʪʘʙʣ.3.1 ʩ ʚʳʭʦʜʘ LUT-ʪʘʙʣʠʮʳ (lut_out) 

ʜʦʣʞʥʳ ʩʯʠʪʘʪʴ ʣʦʛ. 0. 

ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʳʡ ʬʘʡʣ ʥʘʩʪʨʦʝʥ ʪʘʢ (ʪʘʙʣ.3.1), ʯʪʦ 

ʚʳʭʦʜ ʣʦʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ (le_out) ʧʦʩʪʫʧʘʝʪ ʥʘ ʪʨʝʢ 0 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ ʉ2, ʜʣʷ ʵʪʦʛʦ ʚ ʷʯʝʡʢʫ ʧʘʤʷʪʠ ʩ 

ʥʦʤʝʨʦʤ 20 ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʣʦʛ.1, ʢʦʪʦʨʘʷ ʦʪʢʨʦʝʪ 

ʙʫʬʝʨ ʩ ʪʨʝʪʴʠʤ ʩʦʩʪʦʷʥʠʝʤ ʚ ʚʳʭʦʜʥʦʤ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʝ 

ʪʠʧʘ track-to-pin ʙʣʦʢʘ ʉ2. ʇʨʠ ʵʪʦʤ ʢʦʛʜʘ, ʚʳʭʦʜ ʣʦʛʠʯʝʩʢʦʛʦ 

ʙʣʦʢʘ ʧʝʨʝʜʘʝʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʢʘʥʘʣ ʥʘ ʪʨʝʢ 0 

ʥʘʭʦʜʷʱʠʡʩʷ ʩʧʨʘʚʘ, ʙʫʬʝʨ ʩ ʪʨʝʪʴʠʤ ʩʦʩʪʦʷʥʠʝʤ 

ʫʧʨʘʚʣʷʝʤʳʡ ʷʯʝʡʢʦʡ 32 ʚ ʰʝʩʪʠʪʨʘʥʟʠʩʪʦʨʥʦʤ ʢʣʶʯʝ ʜʦʣʞʝʥ 

ʙʳʪʴ ʟʘʢʨʳʪ, ʪ.ʝ. ʚʭʦʜ R0 ʜʦʣʞʝʥ ʙʳʪʴ ʦʪʢʣʶʯʝʥ. 

ʅʘ ʪʨʝʢ 1 ʙʣʦʢʘ ʉ2 ʩʦ ʚʭʦʜʘ R1 ʰʝʩʪʠʪʨʘʥʟʠʩʪʦʨʥʦʛʦ 

ʢʣʶʯʘ ʧʦʜʘʝʪʩʷ ʣʦʛ.1, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʘʯʫ ʩʠʛʥʘʣʘ ʣʦʛ 1 

ʥʘ ʚʭʦʜ in3 ʧʨʠ ʫʩʣʦʚʠʠ ʯʪʦ ʥʘ ʘʜʨʝʩʥʳʭ ʚʭʦʜʘʭ ʚʝʨʭʥʝʛʦ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ C2 ʚ ʷʯʝʡʢʘʭ 25 ʠ 24 

ʟʘʧʠʩʘʥʳ ʣʦʛ. 0 ʠ ʣʦʛ.1. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚ ʷʯʝʡʢʫ ʧʘʤʷʪʠ 

ʩ ʥʦʤʝʨʦʤ 34 ʟʘʧʠʩʘʪʴ 1.  

ɼʣʷ ʧʦʜʘʯʠ ʣʦʛ.1 ʥʘ ʚʭʦʜ in2 ʠʟ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʪʨʘʩʩʠʨʦʚʦʯʥʦʛʦ ʢʘʥʘʣʘ ʩʦ ʚʭʦʜʘ B0 ʰʝʩʪʠʪʨʘʥʟʠʩʪʦʨʥʦʛʦ 

ʢʣʶʯʘ ʥʝʦʙʭʦʜʠʤʦ ʚ ʷʯʝʡʢʫ ʩ ʥʦʤʝʨʦʤ 33 ʟʘʧʠʩʘʪʴ ʣʦʛ.1. 

ʉʠʛʥʘʣ Set/Reset ʧʦʜʘʝʪʩʷ ʩʦ ʚʭʦʜʘ B1 ʥʘ ʪʨʝʢ 1 ʚʝʨʭʥʝʛʦ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʙʣʦʢʘ ʉ1. ɼʣʷ ʵʪʦʛʦ ʚ ʷʯʝʡʢʫ ʩ ʥʦʤʝʨʦʤ 35 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʣʦʛ.1. ʅʘ ʘʜʨʝʩʥʳʝ ʚʭʦʜʳ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʧʦʜʘʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ SR41 ʣʦʛ. 1, SR40 ʣʦʛ.0. 

ɽʩʣʠ ʥʘ ʚʭʦʜ B1 ʧʦʜʘʪʴ ʩʠʛʥʘʣ ʣʦʛ.0, ʪʦ D-ʪʨʠʛʛʝʨ ʣʦʛʠʯʝʩʢʦʛʦ 

ʙʣʦʢʘ ʙʫʜʝʪ ʩʙʨʦʰʝʥ ʚ ʣʦʛ.0. ʈʠʩ.3.16 ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʧʣʠʪʢʠ 1. 

ʊʘʢ ʢʘʢ ʚʩʝ ʧʣʠʪʢʠ ʢʦʥʬʠʛʫʨʠʨʫʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʠʥʬʦʨʤʘʮʠʝʡ, ʪʦ ʩʠʛʥʘʣʳ ʩʦ ʚʭʦʜʦʚ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ (col1_in[3..0]) ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ (row1_in[3..0]) ʢʘʥʘʣʦʚ ʧʦʜ ʥʦʤʝʨʘʤʠ 1 

ʜʦʣʞʥʳ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʙʳʪʴ ʧʦʜʘʥʳ ʥʘ ʚʭʦʜʳ R0, R1, H2, 

H3 ʠ B1, B2, V2, V3 ʧʣʠʪʢʠ 1. ʅʘ ʨʠʩ.3.17 ʧʦʢʘʟʘʥ ʬʨʘʛʤʝʥʪ 
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ʩʭʝʤʳ ñʩʫʧʝʨ ʧʣʠʪʢʘò (ʧʣʠʪʢʠ 1, 2, 5 ʠ 6) ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʣʠʪʢʘʤʠ. ʅʘ 

ʨʠʩ.3.18 ʧʦʢʘʟʘʥʳ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ñʩʫʧʝʨ 

ʧʣʠʪʢʠò. ʊʝʩʪʠʨʫʝʪʩʷ 12 ʷʯʝʡʢʘ ʧʘʤʷʪʠ LUT-ʪʘʙʣʠʮʳ, ʜʣʷ 

ʵʪʦʛʦ ʥʘ ʘʜʨʝʩʥʳʝ ʚʭʦʜʳ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 16 ʚ 1 ʣʦʛʠʯʝʩʢʦʛʦ 

ʙʣʦʢʘ ʧʦʜʘʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ 1100 (12D). ʅʘ ʚʳʭʦʜʘʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʨʘʩʩʠʨʦʚʦʯʥʦʛʦ ʢʘʥʘʣʘ 1 (row1_out[3..0]) 

ʜʦʣʞʥʘ ʧʦʷʚʠʪʴʩʷ ʠʥʬʦʨʤʘʮʠʷ 0100: ʣʦʛ. 0 ʥʘ ʪʨʝʢʝ 0 (L0, ʩʤ. 

ʨʠʩ.10); ʣʦʛ. 1 ʥʘ ʪʨʝʢʝ 1 (L1); ʣʦʛ. 0 ʥʘ ʪʨʝʢʝ 2 (H2) ʠ ʣʦʛ. 0 ʥʘ 

ʪʨʝʢʝ 3 (H3). 

 

 
ʈʠʩ.3.16. ʅʘ ʘʜʨʝʩʥʳʝ ʚʭʦʜʳ LUT-ʪʘʙʣʠʮʳ ʯʝʨʝʟ S-ʙʣʦʢ 

ʧʣʠʪʢʠ 1 ʧʦʜʘʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ 1100 (12D), ʘ ʩ ʚʳʭʦʜʘ 

ʣʦʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ (t1_out_le) ʩʯʠʪʳʚʘʝʪʩʷ ʩʦʜʝʨʞʠʤʦʝ 12-ʪʦʡ 

ʷʯʝʡʢʠ ʧʘʤʷʪʠ - ʣʦʛ. 0 (ʩʦʛʣʘʩʥʦ ʪʘʙʣ.1) 

 

ʀʟʤʝʥʠʤ ʩʦʜʝʨʞʠʤʦʝ 12 ʷʯʝʡʢʠ ʥʘ ʣʦʛ.1, ʧʨʠ ʪʦʡ ʞʝ 

ʢʦʤʙʠʥʘʮʠʠ ʥʘ ʘʜʨʝʩʥʳʭ ʚʭʦʜʘʭ 1100, ʥʘ ʚʳʭʦʜʝ ʣʦʛʠʯʝʩʢʦʛʦ 

ʙʣʦʢʘ (t1_out_le) ʜʦʣʞʝʥ ʧʦʷʚʠʪʴʩʷ ʩʠʛʥʘʣ ʣʦʛ.1. ʅʘ ʚʭʦʜ B1, 

ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʥʘ ʚʳʭʦʜʝ t1_out_le ʧʦʷʚʠʪʩʷ ʩʠʛʥʘʣ ʣʦʛ.1 
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ʧʦʜʘʜʠʤ ʩʠʛʥʘʣ ʣʦʛ.0, ʯʪʦ ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʩʙʨʦʩʫ ʪʨʠʛʛʝʨʘ 

ʣʦʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ. ʈʠʩ.3.19 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʘʥʥʫʶ ʩʠʪʫʘʮʠʶ. 

 

 
ʈʠʩ.3.17. ʌʨʘʛʤʝʥʪ ʩʭʝʤʳ ñʩʫʧʝʨ ʧʣʠʪʢʘò (ʧʣʠʪʢʠ 1, 2, 5 ʠ 6) 

 

 
ʈʠʩ.3.18. ʅʘ ʘʜʨʝʩʥʳʝ ʚʭʦʜʳ LUT-ʪʘʙʣʠʮʳ ʧʣʠʪʢʠ 1 ʯʝʨʝʟ S-

ʙʣʦʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ 

ʢʘʥʘʣʦʚ 1 ʧʦʜʘʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ 1100 (12D) ʩ ʚʳʭʦʜʘ 

ʣʦʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ (t1_out_le) ʩʯʠʪʳʚʘʝʪʩʷ ʣʦʛ. 0, ʵʪʦʪ ʞʝ 

ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʥʘ ʪʨʝʢ 0 (row1_out[0]) ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʪʨʘʩʩʠʨʦʚʦʯʥʦʛʦ ʢʘʥʘʣʘ 1 



ʊʘʙʣʠʮʘ 3.1 

ʌʘʡʣ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʜʥʦʡ ʧʣʠʪʢʠ (ʤʣʘʜʰʠʝ ʨʘʟʨʷʜʳ ʩ ʣʝʚʘ, SR3, SR2, SR1, SR0) ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʙʫʣʝʚʦʡ ʬʫʥʢʮʠʠ 0123 xxxxf  ʦʪ ʯʝʪʳʨʝʭ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

N ʩʪʨʦʢʠ ʉʪʨʦʢʘ 0 ʉʪʨʦʢʘ 1 ʉʪʨʦʢʘ 2 ʉʪʨʦʢʘ 3 

N ʷʯʝʡʢʠ 3 2 1 0 7 6 5 4 11 10 9 8 15 14 13 12 

ʉʦʜʝʨʞʠʤʦʝ BIN 0 1 1 0 1 0 0 1 1 0 0 1 0 1 1 0 

DEC 6 9 9 6 

ʉʪʨʦʢʘ 4 ʉʪʨʦʢʘ 5 ʉʪʨʦʢʘ 6 ʉʪʨʦʢʘ 7 ʉʪʨʦʢʘ 8 

19 18 17 16 23 22 21 20 27 26 25 24 31 30 29 28 35 34 33 32 

0 1 0 1 0 0 0 1 0 0 0 1 0 0 0 0 1 1 1 0 

5 1 1 0 14 

ʉʪʨʦʢʘ 9 ʉʪʨʦʢʘ 10 ʉʪʨʦʢʘ 11   

39 38 37 36 43 42 41 40 47 46 45 44         

0 0 0 0 0 0 0 1 0 0 0 0         

0 1 0   

1
4

3 
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ʈʠʩ.3.19. ʅʘ ʘʜʨʝʩʥʳʝ ʚʭʦʜʳ LUT-ʪʘʙʣʠʮʳ ʧʣʠʪʢʠ 1 ʯʝʨʝʟ S-

ʙʣʦʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ 

ʢʘʥʘʣʦʚ 1 ʧʦʜʘʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ 1100 (12D) ʩ ʚʳʭʦʜʘ 

ʣʦʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ (t1_out_le) ʩʯʠʪʳʚʘʝʪʩʷ ʣʦʛ. 1, ʩʠʛʥʘʣ ʣʦʛ.0 

ʥʘ ʚʭʦʜʝ B1 ʧʨʠʚʦʜʠʪ ʢ ʩʙʨʦʩʫ ʪʨʠʛʛʝʨʘ ʃɹ 

 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʟʨʘʙʦʪʘʥʘ ʫʧʨʦʱʝʥʥʘʷ ʤʦʜʝʣʴ 

ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ ʩ ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʝʤʢʦʩʪʴʶ 16 ʃɹ ʚ ʉɸʇʈ 

Quartus II . ɺ ʪʨʘʩʩʠʨʦʚʦʯʥʦʤ ʢʘʥʘʣʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʝ ʤʝʞʩʦʝʜʠʥʝʥʠʷ 

ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ, 1, 2, 4 ʠ 4, ʧʨʦʭʦʜʷʱʠʝ ʥʝʧʨʝʨʳʚʥʦ ʯʝʨʝʟ 1, 

2, 4 ʠ 4 ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʘ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠ ʛʦʨʠʟʦʥʪʘʣʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʢʣʶʯʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʫʬʝʨ ʩ 

ʪʨʝʪʴʠʤ ʩʦʩʪʦʷʥʠʝʤ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʪʨʝʙʫʶʪʩʷ 

ʇʃʀʉ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʙʣʦʢʘʤʠ ʧʘʤʷʪʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʬʘʡʣʦʚ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɼʣʷ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ 

ñʩʫʧʝʨ ʧʣʠʪʢʠò ʪʨʝʙʫʝʪʩʷ 768 ʙʠʪ ʧʘʤʷʪʠ ʠ 32 

ʰʝʩʪʠʪʨʘʥʟʠʩʪʦʨʥʳʭ ʢʣʶʯʘ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʳʭ 

ʥʝʦʙʭʦʜʠʤʦ 192 ʙʫʬʝʨʘ ʩ ʪʨʝʪʴʝʤ ʩʦʩʪʦʷʥʠʝʤ. 
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3.2. ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ ʩ 

ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʩʦʝʜʠʥʝʥʠʡ single-driver  ʚ 

ʩʠʩʪʝʤʝ ʚʠʟʫʘʣʴʥʦ-ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

Matlab/Simulink  
 

 

 ʋʩʧʝʭʠ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʇʃʀʉ ʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʦʢʘʟʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʟʚʠʪʠʝ ʘʨʭʠʪʝʢʪʫʨ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʇʃʀʉ.  

ɺ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʇʃʀʉ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʢʦʤʤʫʪʘʮʠʠ ʩʫʱʝʩʪʚʫʝʪ ʜʚʝ ʪʝʭʥʦʣʦʛʠʠ 

ʩʦʝʜʠʥʝʥʠʡ: multi-driver ʠ single-driver. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʦʪʜʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʠ single-driver, ʪ.ʢ. ʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʳʠʛʨʳʰ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʭʥʦʣʦʛʠʝʡ multi-driver ʢʘʢ ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ, 

ʪʘʢ ʠ ʧʦ ʧʣʦʱʘʜʠ ʢʨʠʩʪʘʣʣʘ.  

ʅʘ ʨʠʩ.3.20 ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ 

(ʣʦʛʠʯʝʩʢʠʡ ʙʣʦʢ (ʃɹ), ʜʚʘ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʣʦʢʘ C1 ʠ C2, 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ (S)) ʇʃʀʉ ʩ ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʦʡ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʠʥʮʠʧ ʢʦʤʤʫʪʘʮʠʠ ʧʘʨ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʧʦ ʪʝʭʥʦʣʦʛʠʠ single-

driver. ʉʦʝʜʠʥʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʧʦʜʢʣʶʯʘʶʪ ʚʭʦʜʳ/ʚʳʭʦʜʳ 

ʣʦʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʠ ʚʝʨʪʠʢʘʣʴʥʦʤʫ 

ʪʨʘʩʩʠʨʦʚʦʯʥʦʤʫ ʢʘʥʘʣʫ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʢʦʤʤʫʪʘʮʠʶ ʩʠʛʥʘʣʦʚ (ʤʝʞʩʦʝʜʠʥʝʥʠʡ) ʚ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ 

ʢʘʥʘʣʘʭ. ʊʘʢ ʞʝ ʧʦʢʘʟʘʥ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʩʧʦʩʦʙ 

ʢʦʤʤʫʪʘʮʠʠ ʩʠʛʥʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʠ ʧʨʠʥʮʠʧ 

ʩʝʛʤʝʥʪʘʮʠʠ ʤʝʞʩʦʝʜʠʥʝʥʠʡ (ʧʦʜʦʙʥʳʡ ʧʨʠʥʮʠʧ ʩʝʛʤʝʥʪʘʮʠʠ 

single, Double, HEX-3, HEX-6 ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʇʃʀʉ ʩʝʨʠʠ 

Virtex II ʢʦʤʧʘʥʠʠ Xilinx, ʢʦʪʦʨʳʝ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ 

ʇʃʀʉ ʩ ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʝʞʩʦʝʜʠʥʝʥʠʡ). 

ʄʝʞʩʦʝʜʠʥʝʥʠʝ ʧʦ ʢʦʪʦʨʦʤʫ ʩʠʛʥʘʣ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʪʦʣʴʢʦ 

ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ï ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʝ. 
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 ɺ ʢʘʯʝʩʪʚʝ ʫʯʝʙʥʳʭ ʮʝʣʝʡ ʨʘʟʨʘʙʦʪʘʝʤ ʤʦʜʝʣʴ ʇʃʀʉ 

ʪʠʧʘ ʇʇɺʄ ʩ ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʦʡ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʩʦʝʜʠʥʝʥʠʡ single-driver ʚ ʩʠʩʪʝʤʝ 

Matlab/Simulink ʠ ʧʦʢʘʞʝʤ, ʢʘʢ ʤʦʞʥʦ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ ʧʦʣʫʯʠʪʴ ʢʦʜ ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʛʦ ʷʟʳʢʘ ʦʧʠʩʘʥʠʷ 

ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ (VHDL). ʇʦʣʫʯʝʥʥʳʡ ʢʦʜ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʇʃʀʉ, ʥʘʧʨʠʤʝʨ ʚ ʉɸʇʈ Quartus II .  

 
ʈʠʩ.3.20. ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ ʇʃʀʉ ʩ 

ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʦʡ ʤʝʞʩʦʝʜʠʥʝʥʠʡ (ʘ); ʙ) ï ʢʦʤʤʫʪʘʮʠʷ 

ʜʚʫʭ ʧʘʨ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ; ʚ) ï ʧʨʠʥʮʠʧ 

ʢʦʤʤʫʪʘʮʠʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ; ʛ) ʧʨʠʥʮʠʧ ʩʝʛʤʝʥʪʘʮʠʠ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ (ʯʝʨʝʟ ʦʜʠʥ ʃɹ, ʯʝʨʝʟ ʜʚʘ ʃɹ, ʯʝʨʝʟ ʪʨʠ ʃɹ, 

ʯʝʨʝʟ ʰʝʩʪʴ ʃɹ) 
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 ʄʦʜʝʣʴ ʇʃʀʉ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʟʘʧʷʪʦʡ (ʪʦʯʢʦʡ), ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ fi-ʦʙʲʝʢʪʦʚ ʩʠʩʪʝʤʳ 

Matlab/Simulink. Simulink ï ʛʨʘʬʠʯʝʩʢʘʷ ʩʨʝʜʘ ʚʠʟʫʘʣʴʥʦ-

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʠ ʜʠʩʢʨʝʪʥʳʭ 

ʩʠʩʪʝʤ. ʇʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 

ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ. Simulink ʨʘʙʦʪʘʝʪ ʩ ʣʠʥʝʡʥʳʤʠ, 

ʥʝʣʠʥʝʡʥʳʤʠ, ʥʝʧʨʝʨʳʚʥʳʤʠ, ʜʠʩʢʨʝʪʥʳʤʠ ʠ ʤʥʦʛʦʤʝʨʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ. ʉʠʩʪʝʤʘ Matlab/Simulink ʩʦʜʝʨʞʠʪ ʚʩʪʨʦʝʥʥʳʡ 

ʛʝʥʝʨʘʪʦʨ ʢʦʜʘ ʷʟʳʢʘ ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ HDL 

(Simulink HDL Coder). Simulink HDL Coder ï ʧʨʦʛʨʘʤʤʥʳʡ 

ʧʨʦʜʫʢʪ ʜʣʷ ʛʝʥʝʨʘʮʠʠ VHDL-ʢʦʜʘ ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʢʦʥʢʨʝʪʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ ʇʃʀʉ ʠ ʧʣʘʪʬʦʨʤʝ ʧʦ Simulink-ʤʦʜʝʣʷʤ. 

ʀʩʧʦʣʴʟʫʝʤ ʩʣʝʜʫʶʱʠʡ ʬʦʨʤʘʪ, ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʜʝʩʷʪʠʯʥʳʭ ʯʠʩʝʣ:  

a = fi (v, s, w, f), 

ʛʜʝ v ï ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ, s ï ʟʥʘʢ (0 (false)ï ʜʣʷ ʯʠʩʝʣ ʙʝʟ 

ʟʥʘʢʘ ʠ 1 (true) ï ʜʣʷ ʯʠʩʝʣ ʩʦ ʟʥʘʢʦʤ), w - ʨʘʟʤʝʨ ʩʣʦʚʘ ʚ 

ʙʠʪʘʭ (ʮʝʣʘʷ ʯʘʩʪʴ ʯʠʩʣʘ), f ï ʜʨʦʙʥʘʷ ʯʘʩʪʴ ʯʠʩʣʘ ʚ ʙʠʪʘʭ.  

 ʌʦʨʤʘʪ a = fi (v, s, w, f, fimath), ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʪʴ ʨʝʞʠʤ 

ʦʢʨʫʛʣʝʥʠʷ (Roundmode) ï ófloorô ï ʦʢʨʫʛʣʝʥʠʝ ʚʥʠʟ; ʨʝʘʢʮʠʶ 

ʥʘ ʧʝʨʝʧʦʣʥʝʥʠʝ (OverflowMode) ï ówrapô ï ʧʝʨʝʥʦʩ, ʧʨʠ 

ʚʳʭʦʜʝ ʟʥʘʯʝʥʠʷ v ʠʟ ʜʦʧʫʩʪʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ, ñʣʠʰʥʠʝò 

ʩʪʘʨʰʠʝ ʨʘʟʨʷʜʳ ʠʛʥʦʨʠʨʫʶʪʩʷ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʡ 

ʫʤʥʦʞʝʥʠʷ (óProductModeô) ʠ ʩʣʦʞʝʥʠʷ (óSumModeô), ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ (precision) ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʘʰʠʥʥʦʝ ʩʣʦʚʦ ʰʠʨʠʥʦʡ ʚ 32 ʙʠʪʘ. 

 
% HDL specific fimath 

hdl_fm = fimath(... 

'RoundMode', 'floor',... 

'OverflowMode', 'wrap',... 

'ProductMode', 'FullPrecision', 'ProductWordLength', 32,... 

'SumMode', 'FullPrecision', 'SumWordLength', 32,... 

'CastBeforeSum', true); 
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 ʄʘʩʩʠʚ ʇʃʀʉ ʨʘʟʦʙʲʝʤ ʥʘ ñʧʣʠʪʢʠò. ñʇʣʠʪʢʘò ï 

ʤʠʥʠʤʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʝʜʠʥʠʮʘ. ɺ ʧʣʠʪʢʫ (ʚʝʨʭʥʷʷ ʣʝʚʘʷ ʚ 

ʤʘʩʩʠʚʝ ʧʣʠʪʦʢ) ʚʢʣʶʯʘʶʪ ʃɹ, ʜʚʘ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʣʦʢʘ, 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ (ʨʠʩ.3.21). ʅʘ ʨʠʩ.3.22 ʧʦʢʘʟʘʥ ʧʨʠʥʮʠʧ 

ʢʦʤʤʫʪʘʮʠʠ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ. L2-

ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʣʠʥʫ ʩʝʛʤʝʥʪʘ ʤʝʞʩʦʝʜʠʥʝʥʠʷ ʚ 

ʜʚʘ ʃɹ.  

 ʇʦ ʯʝʪʳʨʝʤ ʩʪʦʨʦʥʘʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʤʥʦʛʦʚʭʦʜʦʚʳʝ ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ, ʚ ʢʦʪʦʨʳʭ ʩʝʛʤʝʥʪʠʨʫʝʪʩʷ 

ʪʦʣʴʢʦ ʣʠʰʴ ʦʜʥʘ ʠʟ ʜʚʫʭ ʧʘʨ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ. ʅʝ ʩʝʛʤʝʥʪʠʨʫʝʤʘʷ ʧʘʨʘ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ 

ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʢʨʫʯʠʚʘʝʪʩʷ ñʢʦʩʠʯʢʦʡò ʩ 

ʩʝʛʤʝʥʪʠʨʫʝʤʦʡ ʧʘʨʦʡ ʟʘ ʧʨʝʜʝʣʘʤʠ ʧʣʠʪʢʠ (ʨʠʩ.3.22). 

 

 
ʈʠʩ.3.21. ʇʣʠʪʢʘ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ ʩ ʦʜʥʦʫʨʦʚʥʝʚʦʡ 

ʩʠʩʪʝʤʦʡ ʤʝʞʩʦʝʜʠʥʝʥʠʡ 
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ʈʠʩ.3.22. L2-ʤʘʨʰʨʫʪʠʟʘʪʦʨ. ʂʦʤʤʫʪʠʨʫʝʪ ʜʚʝ ʧʘʨʳ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʣʠʥʫ ʩʝʛʤʝʥʪʘ ʚ ʜʚʘ 

ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʘ (ʜʣʠʥʥʘʷ ʣʠʥʠʷ L=2) 

 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʣʠʪʢʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʙʫʣʝʚʦʡ ʬʫʥʢʮʠʠ 

4ʀ-ʅɽ ʚ ʩʠʩʪʝʤʝ Matlab/Simulink ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.3.23. ʅʘ 

ʨʠʩ.3.24 ʧʦʢʘʟʘʥ ʥʠʞʥʠʡ ʫʨʦʚʝʥʴ ʠʝʨʘʨʭʠʠ. ɼʣʷ 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʧʣʠʪʢʠ ʥʝʦʙʭʦʜʠʤʦ 40 ʙʠʪ ʧʘʤʷʪʠ. 

ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʘʷ ʢʘʨʪʘ ʧʘʤʷʪʠ ʦʜʥʦʡ ʧʣʠʪʢʠ ʇʃʀʉ 

ʧʦʢʘʟʘʥʘ ʚ ʪʘʙʣ.3.2. ɺ ʪʘʙʣ.3.3 ʧʨʠʚʝʜʝʥ ʪʝʩʪ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʙʫʣʝʚʦʡ ʬʫʥʢʮʠʠ 4 ʀ-ʅɽ. ʅʘ ʘʜʨʝʩʥʳʝ ʚʭʦʜʳ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 

16 ʚ 1 (LUT-ʪʘʙʣʠʮʘ) ʧʦʜʘʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʠʟ ʯʝʪʳʨʝʭ 

ʣʦʛʠʯʝʩʢʠʭ ʝʜʠʥʠʮ 1111, ʘ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʚʭʦʜʳ 

ʧʦʜʢʣʶʯʘʝʪʩʷ 16 ʷʯʝʝʢ ʧʘʤʷʪʠ ʩ ʩʦʜʝʨʞʠʤʳʤ, ʦʪʨʘʞʘʶʱʠʤ 

ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 4ʀ-ʅɽ (ʪʘʙʣʠʮʘ 

ʠʩʪʠʥʥʦʩʪʠ) ʧʨʠ ʵʪʦʤ, ʥʘ ʚʳʭʦʜʝ ʣʦʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʦʞʠʜʘʝʤ 

ʣʦʛʠʯʝʩʢʠʡ 0. ʆʩʪʘʣʴʥʳʝ 24 ʷʯʝʡʢʠ ʧʘʤʷʪʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʢʦʤʤʫʪʘʮʠʠ. 
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ʈʠʩ.3.23. ʇʣʠʪʢʘ ʚ ʩʠʩʪʝʤʝ Matlab/Simulink. ɺʝʨʭʥʠʡ ʫʨʦʚʝʥʴ 

ʠʝʨʘʨʭʠʠ 

 
ʈʠʩ.3.24. ʅʠʞʥʠʡ ʫʨʦʚʝʥʴ ʠʝʨʘʨʭʠʠ ʧʣʠʪʢʠ. ʄʘʩʩʠʚ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʧʘʤʷʪʠ (40 ʙʠʪ), ʣʦʛʠʯʝʩʢʠʡ ʙʣʦʢ ʩ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ, ʤʘʨʰʨʫʪʠʟʘʪʦʨ 
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ʊʘʙʣʠʮʘ 3.2 

ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʘʷ ʢʘʨʪʘ ʧʘʤʷʪʠ ʦʜʥʦʡ ʧʣʠʪʢʠ ʇʃʀʉ  

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʙʣʦʢ 

ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ 

ʙʠʪʳ 

(ʷʯʝʡʢʠ ʧʘʤʷʪʠ) 

ʇʨʠʤʝʯʘʥʠʝ 

1 2 3 

ʃʦʛʠʯʝʩʢʠʡ ʙʣʦʢ 

LUT-ʪʘʙʣʠʮʘ SR1-SR4; SR5-SR8; 

SR9-SR12; SR13-SR16 

In_0, In_1, In_2_l, 

In_3_t 

ɺʳʭʦʜʥʦʡ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨ 2 ʚ 1 

SR17 SR17=1 ï 

ʨʝʛʠʩʪʝʨʥʳʡ ʚʳʭʦʜ 

SR17=0 ï 

ʢʦʤʙʠʥʘʪʦʨʥʳʡ 

ʚʳʭʦʜ 

ʉʦʝʜʠʥʠʪʝʣʴʥʳʡ ʙʣʦʢ ʉ2 

Crossbar (ʧʦʜʢʣʶʯʘʝʪ ʚʳʭʦʜ ʃɹ ʠ ʄʉ L_1, R_0, L_3, R_2 ʢ 

ʪʨʘʩʩʠʨʦʚʦʯʥʦʤʫ ʢʘʥʘʣʫ ʠʣʠ ʢʦ ʚʭʦʜʘʤ In_3_lut_t, In_3_lut_b ʃɹ) 

ɼʝʤʫʣʴʪʠʧʣʝʢʩʦʨ 

 1 ʚ 4 (SR_demux) 

SR18-19 ɺʳʭʦʜ ʃɹ 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ 

ʦʜʥʦʤʫ ʠʟ ʄʉ R_1, 

L_0, R_3, L_2  

SR_En_demux SR20 ʈʘʟʨʝʰʝʥʠʝ 

ʧʦʜʢʣʶʯʝʥʠʷ 

ʚʳʭʦʜʘ ʃɹ ʢ 

ʦʜʥʦʤʫ ʠʟ ʄʉ R_1, 

L_0, R_3, L_2 

ʄʫʣʴʪʠʧʣʝʢʩʦʨʳ 

ʄʫʣʴʪʠʧʣʝʢʩʦʨ 4 ʚ 1 

(ʚʝʨʭʥʠʡ) 

SR21-22 

(SR_mux_t) 

ʇʦʜʢʣʶʯʘʝʪ ʦʜʥʦ 

ʠʟ ʄʉ L_1, R_0, 

L_3, R_2 ʢʦ ʚʭʦʜʫ 

In_3_t ʃɹ 

ʄʫʣʪɹʠʧʣʝʢʩʦʨ 4 ʚ 1 

(ʥʠʞʥʠʡ) 

SR23-24 

(SR_mux_b) 

ʇʦʜʢʣʶʯʘʝʪ ʦʜʥʦ 

ʠʟ ʄʉ L_1, R_0, 

L_3, R_2 ʢʦ ʚʭʦʜʫ 

In_3_b ʃɹ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 3.2 

1 2 3 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ, S-ʙʣʦʢ 

ʄʫʣʴʪʠʧʣʝʢʩʦʨ 5 ʚ 1 

(ʣʝʚʳʡ) 

SR 29,30,31 ʇʦʜʢʣʶʯʘʝʪ ʦʜʥʦ 

ʠʟ ʄʉ R_2, B_0, 

B_1, T_2, B_3 ʢ ʄʉ 

L_2 

ʄʫʣʴʪʠʧʣʝʢʩʦʨ 5 ʚ 1 

(ʥʠʞʥʠʡ) 

SR 32,33,34 ʇʦʜʢʣʶʯʘʝʪ ʦʜʥʦ 

ʠʟ ʄʉ T_2, L_1, 

L_0, L_3 ʢ ʄʉ B_2 

ʄʫʣʴʪʠʧʣʝʢʩʦʨ 5 ʚ 1 

(ʧʨʘʚʳʡ) 

SR 35,36,37 ʇʦʜʢʣʶʯʘʝʪ ʦʜʥʦ 

ʠʟ ʄʉ L_3, B_0, 

B_1, T_2, B_3 ʢ ʄʉ 

R_3 

ʄʫʣʴʪʠʧʣʝʢʩʦʨ 5 ʚ 1 

(ʚʝʨʭʥʠʡ) 

SR 38,39,40 ʇʦʜʢʣʶʯʘʝʪ ʦʜʥʦ 

ʠʟ ʄʉ B_3, L_1, 

L_0, L_3, R_2 ʢ ʄʉ 

ʊ_3 

ʉʦʝʜʠʥʠʪʝʣʴʥʳʡ ʙʣʦʢ ʉ1 

ʄʫʣʴʪʠʧʣʝʢʩʦʨ 4 ʚ 1 

(ʣʝʚʳʡ) 

SR25-26 ʇʦʜʢʣʶʯʘʝʪ ʦʜʥʦ 

ʠʟ ʄʉ T_0, B_1, 

T_2, B_3 ʢʦ ʚʭʦʜʫ 

in_2_lut_L 

ʄʫʣʴʪʠʧʣʝʢʩʦʨ 4 ʚ 1 

(ʧʨʘʚʳʡ) 

SR27-28 ʇʦʜʢʣʶʯʘʝʪ ʦʜʥʦ 

ʠʟ ʄʉ T_0, B_1, 

T_2, B_3 ʢʦ ʚʭʦʜʫ 

in_2_lut_R 
* ʄʉ -ʤʝʞʩʦʝʜʠʥʝʥʠʝ 
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ʊʘʙʣʠʮʘ 3.3 

ʊʝʩʪ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʙʫʣʝʚʦʡ ʬʫʥʢʮʠʠ 4 ʀ-ʅɽ 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʙʣʦʢ 

ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ ʙʠʪʳ  

(ʷʯʝʡʢʠ ʧʘʤʷʪʠ) 

ʇʨʠʤʝʯʘʥʠʝ 

1 2 3 

ʃʦʛʠʯʝʩʢʠʡ ʙʣʦʢ 

LUT-ʪʘʙʣʠʮʘ SR1-SR4 =1; SR5-SR8=1; 

SR9-SR12=1; SR13-SR15 

=1; SR16=0 

ʇʨʠ In_0=1, In_1=1, 

In_2_l=1, In_3_t=1 

ʥʘ ʚʳʭʦʜʝ le_out 

ʦʞʠʜʘʝʤ ʣʦʛ.0 

ɼʦʩʪʫʧ ʢ In_2_l 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦ 

ʚʭʦʜʘ T_2 

ɼʦʩʪʫʧ ʢ In_3_t 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦ 

ʚʭʦʜʘ L_1 

ɺʳʭʦʜʥʦʡ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨ 2 

ʚ 1 

SR17 
SR17=1 ï 

ʨʝʛʠʩʪʝʨʥʳʡ ʚʳʭʦʜ 

SR17=0 ï 

ʢʦʤʙʠʥʘʪʦʨʥʳʡ 

ʚʳʭʦʜ 

ʉʦʝʜʠʥʠʪʝʣʴʥʳʡ ʙʣʦʢ ʉ2 

ɼʝʤʫʣʴʪʠʧʣʝʢʩʦʨ  

 1 ʚ 4 (SR_demux) 

SR18-SR19 ɺʳʭʦʜ ʃɹ 

ʧʦʜʢʣʶʯʘʝʤ ʢ 

ʤʝʞʩʦʝʜʠʥʝʥʠʶ R_3 

ʧʨʠ ʵʪʦʤ L_3=0 

SR19=1 

SR18=0 

SR_En_demux SR20 ʈʘʟʨʝʰʝʥʠʝ 

ʧʦʜʢʣʶʯʝʥʠʷ 

ʚʳʭʦʜʘ ʃɹ ʢ ʄʉ 

R_1, L_0, R_3, L_2 

SR20=1 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 3.3 

1 2 3 

ʄʫʣʴʪʠʧʣʝʢʩʦʨ 4 

ʚ 1 (ʚʝʨʭʥʠʡ) 

SR21-22 

(SR_mux_t) 

 

ʇʦʜʢʣʶʯʘʝʪ ʄʉ L_1 

ʢʦ ʚʭʦʜʫ In_3_t ʃɹ 

SR22=0 ʠ SR21=0 

ʄʫʣʴʪʠʧʣʝʢʩʦʨ 4 

ʚ 1 (ʥʠʞʥʠʡ) 

SR23-24 

(SR_mux_b) 

ʇʦʜʢʣʶʯʘʝʪ ʄʉ L_1 

ʢʦ ʚʭʦʜʫ In_3_b ʃɹ 

SR24=0 ʠ SR23=0 

ʄʘʨʰʨʫʪʠʟʘʪʦʨ, S-ʙʣʦʢ 

ʄʫʣʴʪʠʧʣʝʢʩʦʨ 5 

ʚ 1 (ʣʝʚʳʡ) 

SR 29,30,31 ʇʦʜʢʣʶʯʘʝʪ ʄʉ R_2 

ʢ ʄʉ L_2 

SR 29,30,31=0 

ʄʫʣʴʪʠʧʣʝʢʩʦʨ 5 

ʚ 1 (ʥʠʞʥʠʡ) 

SR 32,33,34 ʇʦʜʢʣʶʯʘʝʪ ʄʉ T_2 

ʢ ʄʉ B_2 

SR 32,33,34=0 

ʄʫʣʴʪʠʧʣʝʢʩʦʨ 5 

ʚ 1 (ʧʨʘʚʳʡ) 

SR 35,36,37 ʇʦʜʢʣʶʯʘʝʪ ʄʉ L_3 

ʢ ʄʉ R_3 

SR 35,36,37=0  

ʄʫʣʴʪʠʧʣʝʢʩʦʨ 5 

ʚ 1 (ʚʝʨʭʥʠʡ) 

SR 38,39,40 ʇʦʜʢʣʶʯʘʝʪ ʄʉ B_3 

ʢ ʄʉ ʊ_3 

SR 38,39,40=0 

ʉʦʝʜʠʥʠʪʝʣʴʥʳʡ ʙʣʦʢ ʉ1 

ʄʫʣʴʪʠʧʣʝʢʩʦʨ 4 

ʚ 1 (ʣʝʚʳʡ) 

SR25-26 ʇʦʜʢʣʶʯʘʝʪ ʄʉ T_2 

ʢʦ ʚʭʦʜʫ in_2_lut_L 

SR26=1 ʠ SR25=0 

ʄʫʣʴʪʠʧʣʝʢʩʦʨ 4 

ʚ 1 (ʧʨʘʚʳʡ) 

SR27-28 ʇʦʜʢʣʶʯʘʝʪ ʄʉ T_2 

ʢʦ ʚʭʦʜʫ in_2_lut_R 

SR28=1 ʠ SR27=0 

 

 ʅʘ ʨʠʩ.3.25 ʧʦʢʘʟʘʥ ʬʨʘʛʤʝʥʪ ʤʘʩʩʠʚʘ 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʧʘʤʷʪʠ ʧʣʠʪʢʠ. ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ ʙʠʪʳ 

ʟʘʜʘʶʪʩʷ ʢʘʢ ʢʦʥʩʪʘʥʪʳ ʪʠʧʘ double ʠ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʙʣʦʢʘʭ 

ʧʘʤʷʪʠ. ɼʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʢʦʜʘ ʷʟʳʢʘ VHDL 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʥʚʝʨʪʘʮʠʶ ʪʠʧʘ double ʚ ʪʠʧ ufix 

(ʧʨʠʤʝʨ 1). ʅʘ ʨʠʩ.3.26 ʧʦʢʘʟʘʥ ʣʦʛʠʯʝʩʢʠʡ ʙʣʦʢ ʠ ʜʚʘ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʣʦʢʘ C1 ʠ ʉ2. ɸʜʨʝʩʥʳʝ ʰʠʥʳ 
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ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʠ LUT-ʪʘʙʣʠʮʳ 

ʦʨʛʘʥʠʟʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ʦʙʲʝʜʠʥʝʥʠʷ ʙʠʪʦʚ 

bitconcat (ʧʨʠʤʝʨ 2).  

 ʅʘ ʨʠʩ.3.27 ʧʦʢʘʟʘʥ ʣʦʛʠʯʝʩʢʠʡ ʙʣʦʢ ʧʣʠʪʢʠ, ʢʦʪʦʨʳʡ 

ʩʦʩʪʦʠʪ ʠʟ LUT-ʪʘʙʣʠʮʳ (ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 16 ʚ 1), ʵʣʝʤʝʥʪʘ 

ʧʘʤʷʪʠ (ʪʨʠʛʛʝʨʘ), ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 2 ʚ 1. ʅʘ ʨʠʩ.3.28 ʧʦʢʘʟʘʥ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʙʣʦʢ ʉ2, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʢʦʤʤʫʪʘʮʠʶ 

ʚʳʭʦʜʘ ʃɹ ʢ ʦʜʥʦʤʫ ʠʟ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʪʨʘʩʩʠʨʦʚʦʯʥʦʛʦ 

ʢʘʥʘʣʘ ʠ ʢʦʤʤʫʪʘʮʠʶ ʦʜʥʦʛʦ ʠʟ ʤʝʞʩʦʝʜʠʥʝʥʠʷ 

ʪʨʘʩʩʠʨʦʚʦʯʥʦʛʦ ʢʘʥʘʣʘ ʢ ʪʨʝʪʴʝʤʫ ʚʭʦʜʫ ʣʦʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ 

LUT-ʪʘʙʣʠʮʳ (in_3_lut_t ʠʣʠ in_3_lut_b). ʉ ʧʦʤʦʱʴʶ ʚʝʨʭʥʝʛʦ 

ʠ ʥʠʞʥʝʛʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʚʳʭʦʜ ʣʦʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʜʢʣʶʯʝʥ ʦʙʨʘʪʥʦ ʥʘ ʪʨʝʪʠʡ ʚʭʦʜ LUT-ʪʘʙʣʠʮʳ 

ʚʝʨʭʥʝʛʦ ʠʣʠ ʥʠʞʥʝʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ.  

ʆʧʠʩʘʥʠʝ ʙʣʦʢʘ Crossbar ʥʘ ʷʟʳʢʝ M-ʬʘʡʣʦʚ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʠʤʝʨ 3. ɹʣʦʢ Crossbar ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ 

ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʘ. ɺʳʭʦʜʳ ʢʦʪʦʨʦʛʦ ʦʙʲʝʜʠʥʷʶʪʩʷ ʩ 

ʤʝʞʩʦʝʜʠʥʝʥʠʷʤʠ ʪʨʘʩʩʠʨʦʚʦʯʥʦʛʦ ʢʘʥʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʫʥʢʮʠʠ bitor (ʀʃʀ) ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦ ʚʳʭʦʜʫ (En). ʅʘ 

ʚʳʭʦʜʘʭ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʥʫʣʠ, ʩʠʛʥʘʣ En=1 ʨʘʟʨʝʰʘʝʪ ʧʦʜʢʣʶʯʝʥʠʝ ʚʳʭʦʜʘ 

ʣʦʛʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʢ ʪʨʘʩʩʠʨʦʚʦʯʥʦʤʫ ʢʘʥʘʣʫ. ʇʨʠʤʝʨ 4 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʢʦʜ ʷʟʳʢʘ 

VHDL ʙʣʦʢʘ Crossbar ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ Simulink HDL 

Coder. 

ʅʘ ʨʠʩ.3.29 ʧʦʢʘʟʘʥ ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʙʣʦʢ ʉ1, ʢʦʪʦʨʳʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʜʢʣʶʯʝʥʠʝ ʤʝʞʩʦʝʜʠʥʝʥʠʷ ʠʟ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʪʨʘʩʩʠʨʦʚʦʯʥʦʛʦ ʢʘʥʘʣʘ ʢʦ ʚʪʦʨʦʤʫ ʚʭʦʜʫ LUT-ʪʘʙʣʠʮʳ, 

ʣʝʚʦʤʫ ʠʣʠ ʢ ʧʨʘʚʦʤʫ ʩʦʩʝʜʥʝʤʫ (in_2_lut_l ʠʣʠ in_2_lut_r). 

ʇʨʠʤʝʨ 5 ʜʝʤʦʥʩʪʨʠʨʫʝʪ M-ʬʘʡʣ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 4 ʚ 1 

ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ C1. ʇʦʜʢʣʶʯʝʥʠʝ 

ʩʠʛʥʘʣʦʚ ʢʦ ʚʪʦʨʦʤʫ in_2_lut_l ʠ ʪʨʝʪʴʝʤʫ in_3_lut_t ʚʭʦʜʫ 

LUT-ʪʘʙʣʠʮʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʘ ʟʘʜʝʨʞʢʠ 

Unit Delay. ʅʘ ʨʠʩ.3.30 ʧʦʢʘʟʘʥ ʤʘʨʰʨʫʪʠʟʘʪʦʨ (S-ʙʣʦʢ) ʠ ʢʦʜ 
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ʷʟʳʢʘ VHDL ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 5 ʚ 1 ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ. 

 

 
ʈʠʩ.3.25. ʌʨʘʛʤʝʥʪ ʤʘʩʩʠʚʘ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʧʘʤʷʪʠ 

 

ʇʨʠʤʝʨ 1. ʂʦʥʚʝʨʪʘʮʠʷ ʪʠʧʘ double ʚ ʪʠʧ ufix ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʢʦʜʘ ʷʟʳʢʘ VHDL 
function out  = convert(in) 

hdl_fm = fimath(... 

'RoundMode', 'floor',... 

'OverflowMode', 'wrap',... 

'ProductMode', 'FullPrecision', 'ProductWordLength', 32,... 

'SumMode', 'FullPrecision', 'SumWordLength', 32,... 

'CastBeforeSum', true); 

out = fi(in, 0, 1, 0, hdl_fm) 

end 
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ʈʠʩ.3.26. ʃʦʛʠʯʝʩʢʠʡ ʙʣʦʢ ʠ ʜʚʘ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʙʣʦʢʘ C1 ʠ 

ʉ2 

 

ʇʨʠʤʝʨ 2. ʉʦʟʜʘʥʠʝ ʜʚʫʭ ʨʘʟʨʷʜʥʦʡ ʰʠʥʳ 
function out  = Concat(H, L) 

hdl_fm = fimath(... 

'RoundMode', 'floor',... 

'OverflowMode', 'wrap',... 

'ProductMode', 'FullPrecision', 'ProductWordLength', 32,... 

'SumMode', 'FullPrecision', 'SumWordLength', 32,... 

'CastBeforeSum', true); 

out = fi(bitconcat(fi(H, 0, 1, 0, hdl_fm), fi(L, 0, 1, 0, hdl_fm))); 

end 
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ʈʠʩ.3.27. ʃʦʛʠʯʝʩʢʠʡ ʙʣʦʢ ʧʣʠʪʢʠ (ʤʫʣʴʪʠʧʣʝʢʩʦʨ 16 ʚ 1, 

ʵʣʝʤʝʥʪ ʧʘʤʷʪʠ, ʤʫʣʴʪʠʧʣʝʢʩʦʨ) 

 
ʈʠʩ.3.28. ʉʦʝʜʠʥʠʪʝʣʴʥʳʡ ʙʣʦʢ ʉ2 
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ʇʨʠʤʝʨ 3. M-ʬʘʡʣ ʙʣʦʢʘ Crossbar ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ C2  
function [out1, out2, out3, out4] = crossbar(sel, in, en, L_1, R_0, L_3, 

R_2) 

hdl_fm = fimath(... 

'RoundMode', 'floor',... 

'OverflowMode', 'wrap',... 

'ProductMode', 'FullPrecision', 'ProductWordLength', 32,... 

'SumMode', 'FullPrecision', 'SumWordLength', 32,... 

'CastBeforeSum', true); 

  

out1_de = fi(0, 0, 1, 0, hdl_fm); 

out2_de = fi(0, 0, 1, 0, hdl_fm); 

out3_de = fi(0, 0, 1, 0, hdl_fm); 

out4_de = fi(0, 0, 1, 0, hdl_fm); 

  

if   (logical(en)) 

switch (uint8(sel)) 

                case 0,  

                      out1_de = fi(in, 0, 1, 0, hdl_fm); 

                case 1,  

                      out2_de = fi(in, 0, 1, 0, hdl_fm); 

                case 2, 

                      out3_de = fi(in, 0, 1, 0, hdl_fm); 

                case 3,  

                      out4_de = fi(in, 0, 1, 0, hdl_fm); 

                 

end          

end 

                      out1 = fi(bitor(out1_de,L_1), 0, 1, 0, hdl_fm); 

                      out2 = fi(bitor(out2_de,R_0), 0, 1, 0, hdl_fm); 

                      out3 = fi(bitor(out3_de,L_3), 0, 1, 0, hdl_fm); 

                      out4 = fi(bitor(out4_de,R_2), 0, 1, 0, hdl_fm); 

end 
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ʇʨʠʤʝʨ 4. ʂʦʜ ʷʟʳʢʘ VHDL ʙʣʦʢʘ Crossbar ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ C2 
ENTITY demux IS 

    PORT ( 

        sel : IN std_logic_vector(1 DOWNTO 0); 

        in_rsvd : IN std_logic; 

        en : IN std_logic; 

        L_1 : IN std_logic; 

        R_0 : IN std_logic; 

        L_3 : IN std_logic; 

        R_2 : IN std_logic; 

        out1 : OUT std_logic; 

        out2 : OUT std_logic; 

        out3 : OUT std_logic; 

        out4 : OUT std_logic); 

END demux; 

ARCHITECTURE rtl OF demux IS 

BEGIN 

    demux : PROCESS (sel, in_rsvd, en, L_1, R_0, L_3, R_2) 

        VARIABLE  out1_de : std_logic; 

        VARIABLE  out2_de : std_logic; 

        VARIABLE  out3_de : std_logic; 

        VARIABLE  out4_de : std_logic; 

        VARIABLE  c_uint : std_logic; 

        VARIABLE  b_c_uint : std_logic; 

        VARIABLE  c_c_uint : std_logic; 

        VARIABLE  d_c_uint : std_logic; 

    BEGIN 

        out1_de := '0'; 

        out2_de := '0'; 

        out3_de := '0'; 

        out4_de := '0'; 

  

        IF en /= '0' THEN  

  

            CASE sel IS 

                WHEN "00" => 
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                    out1_de := in_rsvd; 

                WHEN "01" => 

                    out2_de := in_rsvd; 

                WHEN "10" => 

                    out3_de := in_rsvd; 

                WHEN "11" => 

                    out4_de := in_rsvd; 

                WHEN OTHERS =>  

                    NULL; 

            END CASE; 

        END IF; 

        c_uint := out1_de OR L_1; 

        out1 <= c_uint; 

        b_c_uint := out2_de OR R_0; 

        out2 <= b_c_uint; 

        c_c_uint := out3_de OR L_3; 

        out3 <= c_c_uint; 

        d_c_uint := out4_de OR R_2; 

        out4 <= d_c_uint; 

    END PROCESS demux; 

END rtl; 

 
ʈʠʩ.3.29. ʉʦʝʜʠʥʠʪʝʣʴʥʳʡ ʙʣʦʢ ʉ1. ʇʦʜʢʣʶʯʝʥʠʝ ʄʉ ʠʟ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʨʘʩʩʠʨʦʚʦʯʥʦʛʦ ʢʘʥʘʣʘ ʢʦ ʚʪʦʨʦʤʫ ʚʭʦʜʫ LUT-

ʪʘʙʣʠʮʳ (in_2_lut_l ʠʣʠ in_2_lut_r) 
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ʈʠʩ.3.30. ʄʘʨʰʨʫʪʠʟʘʪʦʨ ʪʨʘʩʩʠʨʦʚʦʯʥʳʭ ʨʝʩʫʨʩʦʚ 

 
ʇʨʠʤʝʨ 5. M-ʬʘʡʣ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 4 ʚ 1 ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ C1 

function out  = mux_4v1(sel, in1, in2, in3, in4) 

hdl_fm = fimath(... 

'RoundMode', 'floor',... 

'OverflowMode', 'wrap',... 

'ProductMode', 'FullPrecision', 'ProductWordLength', 32,... 

'SumMode', 'FullPrecision', 'SumWordLength', 32,... 

'CastBeforeSum', true); 

  

out = fi(0, 0, 1, 0, hdl_fm); 

switch (uint8(sel)) 

                case 0,  
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                      out = fi(in1, 0, 1, 0, hdl_fm); 

                case 1,  

                      out = fi(in2, 0, 1, 0, hdl_fm); 

                case 2, 

                      out = fi(in3, 0, 1, 0, hdl_fm); 

                case 3,  

                     out = fi(in4, 0, 1, 0, hdl_fm); 

end 

 

ʇʨʠʤʝʨ.6. ʂʦʜ ʷʟʳʢʘ VHDL ʜʝʰʠʬʨʘʪʦʨʘ 5 ʚ 1 ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʝ 

LIBRARY ieee; 

USE ieee.std_logic_1164.all; 

USE ieee.numeric_std.all; 

ENTITY EML1_block IS 

    PORT ( 

        sel : IN std_logic_vector(2 DOWNTO 0); 

        in1 : IN std_logic; 

        in2 : IN std_logic; 

        in3 : IN std_logic; 

        in4 : IN std_logic; 

        in5 : IN std_logic; 

        out_rsvd : OUT std_logic); 

END EML1_block; 

  

ARCHITECTURE rtl OF EML1_block IS 

 

BEGIN 

    EML1_block : PROCESS (sel, in1, in2, in3, in4, in5) 

    BEGIN 

        out_rsvd <= '0'; 

        CASE sel IS 

            WHEN "000" => 

                out_rsvd <= in1; 

            WHEN "001" => 

                out_rsvd <= in2; 

            WHEN "010" => 
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                out_rsvd <= in3; 

            WHEN "011" => 

                out_rsvd <= in4; 

            WHEN "100" => 

                out_rsvd <= in5; 

            WHEN OTHERS =>  

                NULL; 

        END CASE; 

    END PROCESS EML1_block; 

END rtl; 

 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʴʥʦ-ʠʤʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

Matlab/Simulink ʩ ʧʨʠʣʦʞʝʥʠʝʤ Simulink HDL Coder ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʘʨʭʠʪʝʢʪʫʨʳ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʇʃʀʉ ʪʠʧʘ ʇʇɺʄ ʩ 

ʦʜʥʦʫʨʦʚʥʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʝʞʩʦʝʜʠʥʝʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʝʡ 

ʩʦʝʜʠʥʝʥʠʡ single-driver ʥʘ ʫʨʦʚʥʝ ʩʠʩʪʝʤʳ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʇʃʀʉ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʪʠʧʥʦʩʪʴ 

ʪʨʘʩʩʠʨʦʚʦʯʥʦʩʪʴ ʨʝʩʫʨʩʦʚ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʢʨʠʩʪʘʣʣʘ. 
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4. ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʄʀʂʈʆʇʈʆʎɽʉʉʆʈʅʓʍ ʗɼɽʈ 

ɼʃʗ ʈɽɸʃʀɿɸʎʀʀ ɺ ɹɸɿʀʉɽ ʇʃʀʉ 

 

4.1. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʚ ʙʘʟʠʩʝ ʇʃʀʉ ʩ ʧʦʤʦʱʴʶ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ 

 

ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ ʷʜʨʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʘʞʥʳʡ ʢʣʘʩʩ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʛʦʪʦʚʦʢ, ʪʘʢ ʢʘʢ ʦʪ ʠʭ ʢʘʯʝʩʪʚ, ʚ ʦʩʥʦʚʥʦʤ, 

ʟʘʚʠʩʷʪ ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʩʠʩʪʝʤ ʥʘ ʢʨʠʩʪʘʣʣʝ. ʕʪʠ ʟʘʛʦʪʦʚʢʠ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʪʝʧʝʥʠ 

ʛʠʙʢʦʩʪʠ ʥʘʩʪʨʦʡʢʠ ʧʦʜ ʫʩʣʦʚʠʷ ʧʦʪʨʝʙʠʪʝʣʷ ʢʘʢ 

ʧʨʦʛʨʘʤʤʥʳʝ (ñʤʷʛʢʠʝò ʦʧʠʩʘʥʥʳʝ ʥʘ ʷʟʳʢʝ HDL), ʞʝʩʪʢʠʝ 

(ʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ) ʠ ʘʧʧʘʨʘʪʥʳʝ (ñʪʚʝʨʜʳʝò ʤʘʩʢʠ ʧʦʜ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ). ʇʨʦʛʨʘʤʤʥʳʝ ʟʘʛʦʪʦʚʢʠ ʤʦʞʥʦ 

ʣʝʛʢʦ ʧʦʜʩʪʨʘʠʚʘʪʴ ʢ ʫʩʣʦʚʠʷʤ ʥʦʚʦʛʦ ʧʨʦʝʢʪʘ, ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʠ ʦʥʠ ʥʝʟʘʚʠʩʠʤʳ ʦʪ ʪʝʭʥʦʣʦʛʠʠ. 

ʀʭ ʨʝʘʣʠʟʘʮʠʷ ʚ ʇʃʀʉ (ʥʘʧʨʠʤʝʨ, 8-ʨʘʟʨʷʜʥʦʝ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʝ ʷʜʨʦ PicoBlaze ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʙʘʟʠʩʝ 

ʇʃʀʉ ʩʝʤʝʡʩʪʚ Spartan ʠ Virtex) ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ 

ʨʘʟʨʘʙʦʪʢʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʛʦʪʦʚʦʢ 

ʧʨʦʮʝʩʩʦʨʦʚ ʷʚʣʷʶʪʩʷ: ʧʦʚʪʦʨʷʝʤʦʩʪʴ, ʙʳʩʪʨoʜʝʡʩʪʚʠʝ, 

ʘʧʧʘʨʘʪʫʨʥʳʝ ʟʘʪʨʘʪʳ. 

ʇʫʪʝʤ ʥʝʩʣʦʞʥʦʡ ʧʝʨʝʥʘʩʪʨʦʡʢʠ ñʤʷʛʢʦʡò ʟʘʛʦʪʦʚʢʠ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʷʜ ʤʦʜʠʬʠʢʘʮʠʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʦʙʲʝʤʘ ʧʘʤʷʪʠ, ʧʝʨʠʬʝʨʠʡʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʠʩʪʦʯʥʠʢʦʚ ʧʨʝʨʳʚʘʥʠʷ ʠ ʪ.ʧ. ʊʘʢʦʡ ʧʨʦʮʝʩʩʦʨ 

ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʇʃʀʉ ʨʘʟʣʠʯʥʳʭ ʬʠʨʤ. ʆʧʠcʘʥʠʝ 

ʤʦʜʝʣʠ ʥʘ VHDL ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʜʝʣʘʪʴ ʝʝ 

ʧʝʨʝʥʘʩʪʨʘʠʚʘʝʤʦʡ ʠ ʥʝʟʘʚʠʩʠʤʦʡ ʦʪ ʪʝʭʥʦʣʦʛʠʠ, ʥʦ ʠ 

ʚʳʧʦʣʥʷʪʴ ʝʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʠʥʪʝʟ ʥʘ ʩʠʤʫʣʷʪʦʨʘʭ ʠ 

ʩʨʝʜʩʪʚʘʭ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʬʠʨʤ. ʅʘ ʨʠʩ.4.1 ʧʦʢʘʟʘʥʦ 

ʦʪʦʙʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʦʨʘ ʚ ʇʃʀʉ. 
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ʈʠʩ.4.1. ʆʪʦʙʨʘʞʝʥʠʝ ʩʭʝʤʳ ʧʨʦʮʝʩʩʦʨʘ ʚ ʙʘʟʠʩʝ ʇʃʀʉ 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʢʦʤʘʥʜ ʩʠʥʭʨʦʥʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ, 

ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ, ʩ ʮʠʢʣʦʤ 

ʨʘʙʦʪʳ ʚ ʜʚʘ ʪʘʢʪʘ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ 

ʧʨʦʮʝʩʩʦʨʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʘʙʦʝ ʢʦʜʠʨʦʚʘʥʠʝ. ɺ ʪʘʙʣ.4.1 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ ʢʦʤʘʥʜ ʧʨʦʮʝʩʩʦʨʘ ʩ ʩʠʥʭʨʦʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʦʡ. 

 ʇʨʦʮʝʩʩʦʨ ʩʧʦʩʦʙʝʥ ʨʘʙʦʪʘʪʴ ʩ ʩʠʥʭʨʦʥʥʳʤ ʆɿʋ. ʕʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʝʨʘʪʦʨʘ case, ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʝʪʚʠ ʦʧʝʨʘʪʦʨʘ if ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ 

ʘʪʨʠʙʫʪʘ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ clk ʠ ʧʦʟʚʦʣʷʝʪ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʮʠʢʣ ʨʘʙʦʪʳ ʚ ʜʚʘ ʪʘʢʪʘ. 

ʈʝʘʣʠʟʫʝʤ ʧʨʦʮʝʩʩʦʨ ʚ ʇʃʀʉ ʬʠʨʤʳ Altera APEX20KE 

ʢʘʢ ʩ ʘʩʠʥʭʨʦʥʥʳʤ ʇɿʋ (ʤʝʛʘʬʫʥʢʮʠʷ LPM_ROM). ʅʘ ʨʠʩ.4.2 

ʧʦʢʘʟʘʥʘ ʪʝʩʪʦʚʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʧʨʦʮʝʩʩʦʨʘ ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ ʉɸʇʈ ʇʃʀʉ Quartus II  ʚʝʨʩʠʠ 2.0. ʅʘ 

ʨʠʩ.4.3 ʧʦʢʘʟʘʥʦ ʩʦʜʝʨʞʠʤʦʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʛʦ ʬʘʡʣʘ ʇɿʋ.  

ɺ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʦʨʘ ʥʘ ʷʟʳʢʝ VHDL ʜʦʙʘʚʣʝʥ 

ʘʩʠʥʭʨʦʥʥʳʡ ʩʙʨʦʩ ʨʝʛʠʩʪʨʦʚ ɸ, ɺ ʠ ʩʯʝʪʯʠʢʘ ʢʦʤʘʥʜ ʥʘ 

ʨʝʛʠʩʪʨʝ ip (ʚʨʝʟʢʘ 1). ɼʝʢʦʜʠʨʦʚʘʥʠʝ ʧʝʨʝʤʝʥʥʦʡ-ʩʝʣʝʢʪʦʨʘ 

cmd ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʪʦʨʘ case. ʆʧʝʨʘʪʦʨ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʠʧʦʚ conv_integer(cmd) ʧʝʨʝʚʦʜʠʪ ʚʝʢʪʦʨ ʚ 

ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ ʦʪʜʝʣʴʥʳʭ ʢʦʜʦʚ.  



 

 

 
ʈʠʩ.4.2. ʊʝʩʪʦʚʘʷ ʩʭʝʤʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ ʉɸʇʈ ʇʃʀʉ 

Quartus II  ʚʝʨʩʠʠ 2.0 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʩ ʮʠʢʣʦʤ ʨʘʙʦʪʳ ʚ ʜʚʘ 

ʪʘʢʪʘ ʥʘ ʷʟʳʢʝ VHDL ʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʇɿʋ (ʤʝʛʘʬʫʥʢʮʠʷ LPM_ROM) 
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ʊʘʙʣʠʮʘ 4.1 

ʉʠʩʪʝʤʘ ʢʦʤʘʥʜ ʧʨʦʮʝʩʩʦʨʘ ʩ ʩʠʥʭʨʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ 
ʂʦʜ ʦʧʝʨʘʮʠʠ ʄʥʝʤʦʥʠʢʘ ʆʧʠʩʘʥʠʝ 

0 NOP ʅʝʪ ʦʧʝʨʘʮʠʠ 
01xxH JMP ɹʝʟʫʩʣʦʚʥʳʡ ʧʝʨʝʭʦʜ ʧʦ ʘʜʨʝʩʫ, 

ʟʘʜʘʥʥʦʤʫ ʤʣʘʜʰʠʤ ʙʘʡʪʦʤ 
ʢʦʤʘʥʜʳ 

02xxH JMPZ ʇʝʨʝʭʦʜ ʧʦ ʘʜʨʝʩʫ, ʟʘʜʘʥʥʦʤʫ 
ʤʣʘʜʰʠʤ ʙʘʡʪʦʤ ʢʦʤʘʥʜʳ, ʝʩʣʠ 
ʩʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩʪʨʘ A ʨʘʚʥʦ ʥʫʣʶ 

03xxH CALL ɺʳʟʦʚ ʧʦʜʧʨʦʛʨʘʤʤʳ ʧʦ ʘʜʨʝʩʫ, 
ʟʘʜʘʥʥʦʤʫ ʤʣʘʜʰʠʤ ʙʘʡʪʦʤ 
ʢʦʤʘʥʜʳ 

04xxH MOV A,xx ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʟʘʛʨʫʟʢʘ ʚ 
ʨʝʛʠʩʪʨ A ʟʥʘʯʝʥʠʷ, ʟʘʜʘʥʥʦʛʦ 
ʤʣʘʜʰʠʤ ʙʘʡʪʦʤ ʢʦʤʘʥʜʳ 

05xxH MOV B,xx ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʟʘʛʨʫʟʢʘ ʚ 
ʨʝʛʠʩʪʨ B ʟʥʘʯʝʥʠʷ, ʟʘʜʘʥʥʦʛʦ 
ʤʣʘʜʰʠʤ ʙʘʡʪʦʤ ʢʦʤʘʥʜʳ 

0600H RET ɺʦʟʚʨʘʪ ʠʟ ʧʦʜʧʨʦʛʨʘʤʤʳ 
0601H MOV A,B ɿʘʛʨʫʟʢʘ ʚ ʨʝʛʠʩʪʨ A ʟʥʘʯʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʨʝʛʠʩʪʨʝ B 
0602H MOV B,A ɿʘʛʨʫʟʢʘ ʚ ʨʝʛʠʩʪʨ B ʟʥʘʯʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʨʝʛʠʩʪʨʝ A 
0603H XCHG A,B ʆʙʤʝʥ ʤʝʩʪʘʤʠ ʟʥʘʯʝʥʠʡ ʚ 

ʨʝʛʠʩʪʨʘʭ A ʠ B 
0604H ADD A,B ʉʣʦʞʝʥʠʝ ʟʥʘʯʝʥʠʡ ʚ ʨʝʛʠʩʪʨʘʭ A ʠ 

B, ʨʝʟʫʣʴʪʘʪ ʧʦʤʝʱʘʝʪʩʷ ʚ A 
0605H SUB A,B ɺʳʯʠʪʘʥʠʝ ʟʥʘʯʝʥʠʡ ʚ ʨʝʛʠʩʪʨʘʭ A 

ʠ B, ʨʝʟʫʣʴʪʘʪ ʧʦʤʝʱʘʝʪʩʷ ʚ A 
0606H AND A,B ʇʦʙʠʪʥʦʝ ʣʦʛʠʯʝʩʢʦʝ ʀ ʟʥʘʯʝʥʠʡ ʚ 

ʨʝʛʠʩʪʨʘʭ A ʠ B, ʨʝʟʫʣʴʪʘʪ 
ʧʦʤʝʱʘʝʪʩʷ ʚ A 

0607H OR A,B ʇʦʙʠʪʥʦʝ ʣʦʛʠʯʝʩʢʦʝ ʀʃʀ 
ʟʥʘʯʝʥʠʡ ʚ ʨʝʛʠʩʪʨʘʭ A ʠ B, 
ʨʝʟʫʣʴʪʘʪ ʧʦʤʝʱʘʝʪʩʷ ʚ A 

0608H XOR A,B ʇʦʙʠʪʥʦʝ ʣʦʛʠʯʝʩʢʦʝ 
ʀʉʂʃʖʏɸʖʑɽɽ ʀʃʀ ʟʥʘʯʝʥʠʡ 
ʚ ʨʝʛʠʩʪʨʘʭ A ʠ B, ʨʝʟʫʣʴʪʘʪ 
ʧʦʤʝʱʘʝʪʩʷ ʚ A 
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ʇʨʠ ʢʘʞʜʦʤ ʜʦʧʫʩʪʠʤʦʤ ʟʥʘʯʝʥʠʠ ʢʦʜʘ ʢʦʤʘʥʜʳ, 

ʧʨʦʠʩʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʚ 

ʥʘʟʥʘʯʝʥʠʠ ʨʝʛʠʩʪʨʘʤ ʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʧʠʩʘʥʠʝʤ ʢʦʤʘʥʜ. ʉʯʝʪʯʠʢ ʢʦʤʘʥʜ (ʨʝʛʠʩʪʨ) ʥʝ ʦʙʥʦʚʣʷʝʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʧʦʵʪʦʤʫ ʚ ʢʘʞʜʦʤ ʚʘʨʠʘʥʪʝ ʢʦʜʘ ʢʦʤʘʥʜʳ, 

ʧʨʠʩʚʘʠʚʘʥʠʝ ʩʯʝʪʯʠʢʫ ʥʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʫʢʘʟʳʚʘʝʪʩʷ ʷʚʥʦ. 

ʇʨʦʮʝʩʩʦʨ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʜʚʫʤʷ ʨʝʛʠʩʪʨʘʤʠ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ (A ʠ ɺ). ʇʨʦʮʝʩʩʦʨ ʠʤʝʝʪ ʫʢʘʟʘʪʝʣʴ ʠʥʩʪʨʫʢʮʠʡ ip 

ʠ ʨʝʛʠʩʪʨ r (ʩʪʝʢ), ʜʣʷ ʭʨʘʥʝʥʠʷ ʘʜʨʝʩʘ, ʩ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʦʰʝʣ 

ʚʳʟʦʚ ʧʦʜʧʨʦʛʨʘʤʤʳ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ 

ʢʦʤʘʥʜ: ʢʦʤʘʥʜʘ ʧʝʨʝʩʳʣʢʠ ñʨʝʛʠʩʪʨ - ʨʝʛʠʩʪʨò; ʢʦʤʘʥʜʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʟʘʛʨʫʟʢʠ; ʢʦʤʘʥʜʘ ʙʝʟʫʩʣʦʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢ 

ʥʦʚʦʤʫ ʘʜʨʝʩʫ; ʢʦʤʘʥʜʳ ʧʝʨʝʭʦʜʘ ʧʦ ʫʩʣʦʚʠʶ; ʥʘʙʦʨ 

ʘʨʠʬʤʝʪʠʢʦ-ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. ʇʨʠʤʝʨ 1 ʧʦʢʘʟʳʚʘʝʪ 

ʫʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ ʥʘ ʷʟʳʢʝ VHDL. 

 ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʤʘʥʜʳ ʧʝʨʝʜʘʯʠ 

ʫʧʨʘʚʣʝʥʠʷ JMP ʠ JMPZ, ʠ ʢʦʤʘʥʜʘ ʦʙʨʘʱʝʥʠʷ ʢ 

ʧʦʜʧʨʦʛʨʘʤʤʘʤ CALL ʠ ʢʦʤʘʥʜʘ ʚʦʟʚʨʘʪʘ ʠʟ ʧʦʜʧʨʦʛʨʘʤʤʳ 

RET. ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʥʘ ʨʠʩ.4.4 ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʩ ʘʩʠʥʭʨʦʥʥʳʤ ʇɿʋ 

ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʢʦʤʘʥʜ CALL (0305H) ʠ RET (0600H). ʇʨʠ 

ʥʦʨʤʘʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʦʮʝʩʩʦʨʘ 

ʦʪʨʘʙʘʪʳʚʘʶʪʴʩʷ ʨʝʛʠʩʪʨʦʚʳʝ ʢʦʤʘʥʜʳ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʟʘʛʨʫʞʘʶʪʩʷ ʨʝʛʠʩʪʨʳ ɸ ʠ ɺ. ɺ ʨʝʛʠʩʪʨ ɸ ʟʘʛʨʫʞʘʝʪʩʷ ʯʠʩʣʦ 

1D (1H), ʘ ʚ ʨʝʛʠʩʪʨ ɺ, ʯʠʩʣʦ 17D (11H). ʇʦ ʢʦʤʘʥʜʝ 0305H 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʠʩʴ ʩʦʜʝʨʞʠʤʦʛʦ ʩʯʝʪʯʠʢʘ ʢʦʤʘʥʜ ip ʚ ʨʝʛʠʩʪʨ 

r (2D) ʠ ʟʘʛʨʫʟʢʘ ʚ ʩʯʝʪʯʠʢ ʢʦʤʘʥʜ ʯʠʩʣʘ 5D. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʦʮʝʩʩʦʨ ʥʘʯʥʝʪ ʚʳʧʦʣʥʷʪʴ ʧʦʜʧʨʦʛʨʘʤʤʫ ʭʨʘʥʷʱʫʶʩʷ ʚ 

ʇɿʋ ʩ ʘʜʨʝʩʘ 5H. ʇʦ ʫʢʘʟʘʥʥʦʤʫ ʘʜʨʝʩʫ ʠʟʚʣʝʢʘʝʪʩʷ 

ʨʝʛʠʩʪʨʦʚʘʷ ʢʦʤʘʥʜʘ 0403H. ʇʨʦʠʩʭʦʜʠʪ ʟʘʛʨʫʟʢʘ ʚ ʨʝʛʠʩʪʨ A 

ʯʠʩʣʘ 3H, ʢʦʤʘʥʜʦʡ 0404ʈ ʟʘʛʨʫʟʢʘ ʯʠʩʣʘ 4H. ʉʣʝʜʶʱʝʡ 

ʢʦʤʘʥʜʦʡ ʩ ʢʦʜʦʤ 0604ʅ ʧʨʦʠʟʦʡʜʝʪ ʩʣʦʞʝʥʠʝ ʩʦʜʝʨʞʠʤʳʭ 

ʨʝʛʠʩʪʨʦʚ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʘ ʚ ʨʝʛʠʩʪʨʝ ɸ (ʯʠʩʣʦ 21D). 

ɼʘʣʝʝ ʙʫʜʫʪ ʦʪʨʘʙʦʪʘʥʳ ʢʦʤʘʥʜʳ 0406ʅ ʠ 0407ʅ. ʇʦ ʢʦʤʘʥʜʝ 
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ʚʦʟʚʨʘʪʘ ʠʟ ʧʦʜʧʨʦʛʨʘʤʤʳ 600ʅ ʧʨʦʠʟʦʡʜʝʪ ʠʟʤʝʥʝʥʠʝ 

ʩʦʜʝʨʞʠʤʦʛʦ ʩʯʝʪʯʠʢʘ ʩ 10D ʥʘ 2D+1D, ʪ.ʝ. ʥʘ 3D.  

 
library ieee; 

use ieee.std_logic_1164.all; 

use ieee.std_logic_arith.all; 

use ieee.std_logic_unsigned.all; 

entity proc is 

port (ip: inout std_logic_vector(7 downto 0); 

 cmd: inout std_logic_vector(15 downto 0); 

 clk,res: in std_logic; 

 a: inout std_logic_vector(7 downto 0); 

 b,r: inout std_logic_vector(7 downto 0)); 

end proc; 

architecture a of proc is 

signal stage: std_logic; 

begin 

process(clk) 

begin 

if (res = '1') then  

  a <="00000000"; 

  b <="00000000"; 

  ip <="00000000"; 

elsif clk'event and clk='1' then 

case stage is 

when '0'=> stage<='1'; 

when others=> stage<='0'; 

case conv_integer(cmd) is 

when 0=> ip <= ip+1; 

when 256 to 511 =>ip<=cmd(7 downto 0); 

when 512 to 767 =>if conv_integer(a)=0 

      then ip<=cmd(7 downto 0); 

      else ip<=ip+1; 

      end if; 

when 768 to 1023 =>r<=ip; ip<=cmd(7 downto 0); 

when 1024 to 1279 => a<=cmd(7 downto 0); ip<=ip+1; 

when 1280 to 1535 => b<=cmd(7 downto 0); ip<=ip+1; 
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when 1536 =>ip<=r+1; 

when 1537=>a<=b; ip<=ip+1; 

when 1538=>b<=a; ip<=ip+1; 

when 1539=>a<=b;b<=a; ip<=ip+1; 

when 1540=>a<=a+b; ip<=ip+1; 

when 1541=>a<=a-b; ip<=ip+1; 

when 1542=>a<=a and b; ip<=ip+1; 

when 1543=>a<=a or b; ip<=ip+1; 

when 1544=>a<=a xor b; ip<=ip+1; 

when 1545=>a<=a-1; ip<=ip+1; 

when others=>ip<=ip+1; 

end case; 

end case; 

end if; 

end process; 

end a; 

ʇʨʠʤʝʨ 1. ʋʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ ʥʘ ʷʟʳʢʝ VHDL  

 

 
ʈʠʩ.4.3. ʌʘʡʣ ʢʦʥʬʠʛʫʨʘʮʠʠ ʇɿʋ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʦʤʘʥʜʳ 

ʦʙʨʘʱʝʥʠʷ ʢ ʧʦʜʧʨʦʛʨʘʤʤʘʤ CALL ʠ ʚʦʟʚʨʘʪʘ RET 

 

ʈʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪ ʧʨʦʮʝʩʩʦʨʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʨʝʛʠʩʪʨʦʚʳʝ ʢʦʤʘʥʜʳ 

04xxH, 05xxH, 0601H-0609H ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ 

ʪʘʢʪʠʨʫʝʤʦʤ ʜʝʰʠʬʨʘʪʦʨʝ (ʧʨʠʤʝʨ 2), ʚʳʧʦʣʥʷʶʱʠʤ 

ʬʫʥʢʮʠʶ ʘʨʠʬʤʝʪʠʯʝʩʢʠ-ʣʦʛʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ɸʃʋ), ʘ 

ʢʦʤʘʥʜʳ ʧʝʨʝʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ JMP, JMPZ ʠ ʦʙʨʘʱʝʥʠʷ ʢ 

ʧʦʜʧʨʦʛʨʘʤʤʘʤ ʩ ʢʦʜʘʤʠ 01xxH-03xxH, 0600H ʥʘ 8-ʤʠ 

ʨʘʟʨʷʜʥʦʤ ʩʫʤʤʠʨʫʶʱʝʤ ʩʯʝʪʯʠʢʝ ʘʜʨʝʩʦʚ ʧʘʤʷʪʠ ʢʦʤʘʥʜ 

(ʧʨʠʤʝʨ 3), ʪʘʢʪʠʨʫʝʤʳʤ ʬʨʦʥʪʦʤ ʩʠʥʭʨʦʩʠʛʥʘʣʘ (ʨʠʩ.4.5).  

 

 



 

 

 

 
ʈʠʩ.4.4. ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʨʘʙʦʪʳ ʧʨʦʮʝʩʩʦʨʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʘʚʪʦʤʘʪʘ ʩ ʮʠʢʣʦʤ ʨʘʙʦʪʳ ʚ ʜʚʘ ʪʘʢʪʘ ʠ ʤʝʛʘʬʫʥʢʮʠʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʇɿʋ. ʆʪʨʘʙʘʪʳʚʘʶʪʩʷ 

ʨʝʛʠʩʪʨʦʚʳʝ ʢʦʤʘʥʜʳ ʠ ʢʦʤʘʥʜʘ ʚʳʟʦʚʘ ʧʦʜʧʨʦʛʨʘʤʤʳ ʩ ʢʦʜʦʤ 0305H (CALL) ʠ ʢʦʤʘʥʜʘ 

ʚʦʟʚʨʘʪʘ ʠʟ ʧʦʜʧʨʦʛʨʘʤʤʳ 0600H (RET) 
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ʉʯʝʪʯʠʢ ʩʦʜʝʨʞʠʪ ʘʩʠʥʭʨʦʥʥʳʡ ʩʙʨʦʩ Reset. ɸʢʪʠʚʥʳʤ 

ʷʚʣʷʝʪʩʷ ʩʠʛʥʘʣ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. ɺʦ ʚʣʦʞʝʥʥʳʭ ʚʝʪʚʷʭ 

ʦʧʝʨʘʪʦʨʘ if ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʚʝʨʢʘ ʫʩʣʦʚʠʡ ʠ ʩʠʥʭʨʦʥʥʘʷ 

ʟʘʛʨʫʟʢʘ ʩʯʝʪʯʠʢʘ ʢʦʤʘʥʜ. ʉʯʝʪʯʠʢ ʢʦʤʘʥʜ ip ʠ ʨʝʛʠʩʪʨ r ʧʨʠ 

ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʧʦ ʩʠʛʥʘʣʫ Reset ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ 

ʩʦʩʪʦʷʥʠʝ 0, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʪ ʩʯʝʪ ʘʜʨʝʩʦʚ ʧʘʤʷʪʠ 

ʧʨʦʛʨʘʤʤ ʭʨʘʥʠʤʳʭ ʚ ʇɿʋ. ʈʝʛʠʩʪʨ r ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ 

ʩʪʝʢʘ, ʚ ʢʦʪʦʨʳʡ ʟʘʥʦʩʠʪʩʷ ʧʨʝʞʥʝʝ ʩʦʩʪʦʷʥʠʝ ʩʯʝʪʯʠʢʘ 

ʢʦʤʘʥʜ. ʀʟ ʰʠʥʳ cmd[10..0], ʜʣʷ ʩʯʝʪʯʠʢʘ ʢʦʤʘʥʜ ʚʳʜʝʣʷʝʪʩʷ 

ʧʦʣʝ cop[10..8] ʠ ʧʦʣʝ data[7..0]. ʇʦʣʝ cop ʦʟʥʘʯʘʝʪ ʢʦʜ 

ʦʧʝʨʘʮʠʠ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʦʤʘʥʜ 

JMP, JMPZ ʠ CALL. ɼʣʷ ʢʦʤʘʥʜʳ RET ʧʦʣʝ cop ʥʝ 

ʬʦʨʤʠʨʫʝʪʩʷ, ʘ ʟʘʜʘʝʪʩʷ ʧʦʣʥʳʡ ʘʜʨʝʩ ʥʘ ʰʠʥʝ cmd 

"11000000000", ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 8 ʤʣʘʜʰʠʭ ʙʠʪ ʜʣʷ 

ʢʦʤʘʥʜ JMP, JMPZ ʠ CALL ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʣʶʙʳʝ ʟʥʘʯʝʥʠʷ, 

ʘ ʜʣʷ ʢʦʤʘʥʜʳ RET ʪʦʣʴʢʦ ʫʢʘʟʘʥʥʳʡ. ʇʦʣʝ data ʩʦʜʝʨʞʠʪ 8-

ʨʘʟʨʷʜʥʳʡ ʦʧʝʨʘʥʜ, ʢʦʪʦʨʳʡ ʟʘʛʨʫʞʘʝʪʩʷ ʚ ʨʝʛʠʩʪʨ ʢʦʤʘʥʜ. 

ʇɿʋ ʨʝʘʣʠʟʦʚʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʛʘʬʫʥʢʮʠʠ 

LPM_ROM. ɺ ʪʘʙʣ.4.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʧʦ ʦʙʱʝʤʫ 

ʯʠʩʣʫ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʡ ʨʝʩʫʨʩʦʚ ʇʃʀʉ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʧʨʦʝʢʪ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʇʃʀʉ APEX20KE (EP20K30ETC144). 

ʅʘ ʨʠʩ.4.6 ʧʦʢʘʟʘʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʨʘ. 

 

ʊʘʙʣʠʮʘ 4.2 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʧʦ ʯʠʩʣʫ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʨʝʩʫʨʩʦʚ ʇʃʀʉ 

APEX20KE 
ʅʦʤʝʨ ʧʨʦʝʢʪʘ ʆʙʱʝʝ ʯʠʩʣʦ 

ʣʦʛʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ 

ʆʙʱʝʝ ʯʠʩʣʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ 

ESB-ʙʠʪ ʧʘʤʷʪʠ 

D-

ʪʨʠʛʛʝʨʦʚ 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʘʚʪʦʤʘʪʘ 

198/1200 

(16 %) 

2816/24576  

(11 %) 

32 

ɺʘʨʠʘʥʪ ʩ 

ʘʩʠʥʭʨʦʥʥʳʤ ʇɿʋ 

164/1200  

(13 %) 

2816/24576  

(11 %) 

32 

 



 

 
ʈʠʩ.4.5. ʊʝʩʪʦʚʘʷ ʩʭʝʤʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʘʚʪʦʤʘʪʘ ʩ ʘʩʠʥʭʨʦʥʥʳʤ ʇɿʋ (ʤʝʛʘʬʫʥʢʮʠʷ LPM_ROM) ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ ʉɸʇʈ 

ʇʃʀʉ Quartus II  ʚʝʨʩʠʠ 2.0 
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ʈʠʩ.4.6. ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʩ ʤʝʛʘʬʫʥʢʮʠʝʡ ʘʩʠʥʭʨʦʥʥʦʛʦ ʇɿʋ 
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LIBRARY ieee; 

use ieee.std_logic_1164.all; 

use IEEE.std_logic_arith.all; 

use IEEE.std_logic_unsigned.all; 

 

ENTITY alu IS 

PORT 

(cmd   : IN STD_LOGIC_VECTOR (10 DOWNTO 0); 

clk,res           : IN STD_LOGIC; 

a,b               : INOUT STD_LOGIC_VECTOR(7 DOWNTO 0)); 

END alu; 

ARCHITECTURE a OF alu IS 

signal regA,regB: std_logic_vector(7 downto 0); 

BEGIN 

PROCESS (clk,res) 

BEGIN 

 if (RES = '1') then  

   regA <="00000000"; 

   regB <="00000000"; 

 elsif (clk'event and clk='1') then 

 case conv_integer(cmd) is 

 when 1024 to 1279 => regA<=cmd(7 downto 0);  

 when 1280 to 1535 => regB<=cmd(7 downto 0); 

 when 1537=>regA<=regB;  

 when 1538=>regB<=regA;  

 when 1539=>regA<=regB; regB<=regA;  

 when 1540=>regA<=regA+regB;  

 when 1541=>regA<=regA-regB; 

 when 1542=>regA<=regA and regB;  

 when 1543=>regA<=regA or regB;  

 when 1544=>regA<=regA xor regB;  

 when 1545=>regA<=regA-1;  

 when others=> a<=regA; b<=regB; 

 end case; 

end if; 

a<=regA; 

b<=regB; 
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END PROCESS; 

END a; 

ʇʨʠʤʝʨ 2. ɸʨʠʬʤʝʪʠʯʝʩʢʠ-ʣʦʛʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʦʮʝʩʩʦʨʘ 

 
LIBRARY ieee; 

USE ieee.std_logic_1164.all; 

use ieee.std_logic_unsigned.all; 

use ieee.std_logic_arith.all; 

 

ENTITY counter IS 

PORT( 

clk : IN  STD_LOGIC; 

reset : IN  STD_LOGIC; 

cmd      : IN  STD_LOGIC_VECTOR(10 downto 0); 

a            : INOUT  STD_LOGIC_VECTOR(7 downto 0); 

r            : INOUT STD_LOGIC_VECTOR(7 downto 0); 

Qa,Qb   : OUT STD_LOGIC_VECTOR(7 downto 0)); 

END counter; 

ARCHITECTURE a OF counter IS 

SIGNAL pci,pc,pcplus,data,regA: STD_LOGIC_VECTOR(7 downto 0); 

SIGNAL cop: STD_LOGIC_VECTOR(2 downto 0); 

BEGIN 

regA<=a; 

cop<=cmd(10 downto 8); 

data<=cmd(7 downto 0); 

process(clk,reset,cop,data,a) 

begin  

 if  (reset = '1') then  

     pci <=(others=>'0');  

     r <=(others=>'0'); 

 elsif (clk'event and clk='1') then  

 if  

 cmd="001"  then pci<=data; --JMP H1 

 else if 

(cop="010" and conv_integer(regA)=0) then pci<=data; --JMPZ H2 

 else if 

  cop="011"  then r<=pci; pci<=data;--CALL H3 
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 else if 

  cmd="11000000000" then pci<=r+1; --RET H6 

 else pci<=pci+1; 

 end if; end if; end if; end if; end if; 

 END PROCESS; 

 Qa <= pci; 

 Qb <=data; 

 a<=regA; 

 END a; 

ʇʨʠʤʝʨ 3. ʉʯʝʪʯʠʢ ʘʜʨʝʩʦʚ ʧʘʤʷʪʠ ʢʦʤʘʥʜ ʧʨʦʮʝʩʩʦʨʘ ʩ 

ʘʩʠʥʭʨʦʥʥʳʤ ʩʙʨʦʩʦʤ 

 

 ʈʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ 

ʧʨʦʮʝʩʩʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʩʠʥʭʨʦʥʥʦʛʦ ʆɿʋ (ʨʠʩ.4.7). ɼʣʷ 

ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʛʘʬʫʥʢʮʠʝʡ LPM_RAM_IO. ɼʣʷ ʪʦʛʦ, 

ʯʪʦ ʙʳ ʆɿʋ ʚʳʧʦʣʥʷʣʦ ʬʫʥʢʮʠʶ ʇɿʋ, ʥʝʦʙʭʦʜʠʤʦ ʩʠʛʥʘʣ 

ʨʘʟʨʝʰʝʥʠʷ ʟʘʧʠʩʠ we ñʧʦʩʘʜʠʪʴò ʥʘ ʟʝʤʣʶ, ʪ.ʢ. ʘʢʪʠʚʥʳʤ 

ʷʚʣʷʝʪʩʷ ʩʠʛʥʘʣ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʘ ʩʠʛʥʘʣ ʨʘʟʨʝʰʝʥʠʷ ʚʳʚʦʜʘ 

outenab ʧʦʜʢʣʶʯʠʪʴ ʢ ʧʠʪʘʥʠʶ. ʅʘ ʨʠʩ.4.8 ʧʦʢʘʟʘʥ ʬʘʡʣ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʆɿʋ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʦʤʘʥʜʳ JMPZ c ʢʦʜʦʤ 

0205H. ʇʦ ʢʦʤʘʥʜʝ 0205H ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʧʦ ʘʜʨʝʩʫ, 

ʟʘʜʘʥʥʦʤʫ ʤʣʘʜʰʠʤ ʙʘʡʪʦʤ ʢʦʤʘʥʜʳ (ʥʘ ʘʜʨʝʩ ʚ ʆɿʋ ʧʦʜ 

ʥʦʤʝʨʦʤ 5, ʛʜʝ ʭʨʘʥʠʪʩʷ ʢʦʤʘʥʜʘ 0403H), ʝʩʣʠ ʩʦʜʝʨʞʠʤʦʝ 

ʨʝʛʠʩʪʨʘ A ʨʘʚʥʦ ʥʫʣʶ. ʏʪʦʙʳ ʩʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩʪʨʘ ɸ 

ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ ʥʫʣʶ, ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʨʝʛʠʩʪʨʦʚʳʤʠ ʢʦʤʘʥʜʘʤʠ 0405H ʠ 0505H, ʜʣʷ ʟʘʛʨʫʟʢʠ ʚ 

ʨʝʛʠʩʪʨʳ ɸ ʠ ɺ ʯʠʩʣʘ 5, ʘ ʟʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ 0605H 

(SUB A,B) ʦʩʫʱʝʩʪʚʠʪʴ ʦʧʝʨʘʮʠʶ A-B (ʨʠʩ.4.9).  

ɼʘʥʥʳʡ ʚʘʨʠʘʥʪ ʧʨʦʮʝʩʩʦʨʘ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʙʘʟʠʩʝ 

ʇʃʀʉ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʢʣʘʩʩʫ RISC-ʧʨʦʮʝʩʩʦʨʦʚ, ʫ ʢʦʪʦʨʳʭ 

ʚʩʝ ʢʦʤʘʥʜʳ ʚʳʧʦʣʥʷʶʪʩʷ ʟʘ ʦʜʠʥ ʪʘʢʪ ʩʠʥʭʨʦʯʘʩʪʦʪʳ.  

 

 



 

 
ʈʠʩ.4.7. ʊʝʩʪʦʚʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʦʨʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʩ 

ʘʩʠʥʭʨʦʥʥʳʤ ʆɿʋ (ʤʝʛʘʬʫʥʢʮʠʷ LPM_RAM_IO) ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ ʉɸʇʈ ʇʃʀʉ 

Quartus II  ʚʝʨʩʠʠ 2.0 
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ʈʠʩ.4.8. ʌʘʡʣ ʢʦʥʬʠʛʫʨʘʮʠʠ ʆɿʋ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʦʤʘʥʜʳ JMPZ 

 

 
ʈʠʩ.4.9. ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʩ ʤʝʛʘʬʫʥʢʮʠʝʡ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʆɿʋ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʢʦʤʘʥʜʳ ʫʩʣʦʚʥʦʛʦ ʧʝʨʝʭʦʜʘ JMPZ 
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ʇʨʦʮʝʩʩʦʨ ʤʦʞʝʪ ʙʳʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʧʫʪʝʤ 

ʥʘʨʘʱʠʚʘʥʠʷ ʙʣʦʢʘ ʨʝʛʠʩʪʨʦʚ, ʜʦʙʘʚʣʝʥʠʝʤ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʝʨʳʚʘʥʠʡ, ʜʦʙʘʚʣʝʥʠʷ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʠ 

ʜʨʫʛʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ. ɺʘʨʠʘʥʪ ʩ ʘʩʠʥʭʨʦʥʥʳʤ ʇɿʋ 

ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʇʃʀʉ APEX20KE EP20K30ETC144-1 

ʟʘʥʠʤʘʝʪ ʚʩʝʛʦ ʣʠʰʴ 13 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʣʦʛʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʩʧʦʩʦʙʝʥ ʨʘʙʦʪʘʪʴ ʥʘ ʯʘʩʪʦʪʝ 60 ʄɻʎ. 

 

 

4.2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʘʤʷʪʠ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʯʝʙʥʦʛʦ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʚ ʙʘʟʠʩʝ ʇʃʀʉ  

 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʧʦʚʪʦʨʥʦ ʧʝʨʝʨʘʙʦʪʘʪʴ ʧʨʦʝʢʪ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʠʟ ʨʘʟʜʝʣʘ 4.1 ʚ ʙʘʟʠʩʝ ʇʃʀʉ 

APEX20KE ʠ Stratix III  ʢʦʤʧʘʥʠʠ Altera ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʉɸʇʈ ʇʃʀʉ Quartus II  ʚʝʨʩʠʠ 8.1, ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʘʤʷʪʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʚʪʦʤʘʪ ʩ 

ʮʠʢʣʦʤ ʨʘʙʦʪʳ ʚ ʜʚʘ ʪʘʢʪʘ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʬʨʦʚʦʡ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʭʨʦʥʥʳʭ 

ʠʥʪʝʨʬʝʡʩʦʚ ʫʩʪʨʦʡʩʪʚ ʨʘʟʥʦʛʦ ʪʠʧʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʘʤʷʪʠ. 

ʇʦʧʳʪʢʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʘʩʠʥʭʨʦʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʤʦʛʫʪ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʧʦʣʫʯʘʪʴ ʩʭʝʤʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʜʝʨʞʢʘʤʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ (çʛʦʥʢʠ ʬʨʦʥʪʦʚè, çʧʝʨʝʢʦʩʳè), 

ʢʦʪʦʨʳʝ ʥʝ ʚʳʷʚʣʷʶʪʩʷ ʩʨʝʜʩʪʚʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʦ 

ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʝʢʪʘ, ʟʘʛʨʫʞʘʝʤʦʛʦ ʚ ʇʃʀʉ, ʚʧʣʦʪʴ ʜʦ 

ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʭʝʤʳ ʠʣʠ ʧʝʨʝʤʝʞʘʶʱʠʭʩʷ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ.  

ʉʝʤʝʡʩʪʚʦ ʇʃʀʉ Stratix III  ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ 

ʦʜʥʦʤ ʢʨʠʩʪʘʣʣʝ ʙʫʣʝʚʳ ʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʡ ʩ ʧʦʤʦʱʴʶ 

ʘʜʘʧʪʠʚʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ, ʙʣʦʢʠ ʧʘʤʷʪʠ, ʧʨʠ ʵʪʦʤ 
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ʧʘʤʷʪʴ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʙʝʟ ʟʘʪʨʘʪ ʦʩʥʦʚʥʦʡ ʣʦʛʠʢʠ ʠ 

ʙʣʦʢʠ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ. ʇʃʀʉ APEX20KE 

ʩʦʜʝʨʞʠʪ ʣʠʰʴ ʚʩʪʨʦʝʥʥʳʝ ʙʣʦʢʠ ʧʘʤʷʪʠ (ʚʩʪʨʦʝʥʥʦʝ 

ʆɿʋ/ʇɿʋ).  

ʇʃʀʉ Stratix ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ ʧʘʤʷʪʠ TriMatrix, 

ʩʦʩʪʘʚʣʝʥʥʫʶ ʠʟ ʚʩʪʨʦʝʥʥʳʭ ʙʣʦʢʦʚ ʧʘʤʷʪʠ RAM ʪʨʝʭ ʚʠʜʦʚ: 

ʙʣʦʢʠ MLAB  (Memory LAB, ʝʤʢʦʩʪʴ ʙʣʦʢʘ 320 ʙʠʪ, ʙʣʦʢ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʧʨʦʩʪʦʝ ʜʚʫʭ ʧʦʨʪʦʚʦʝ ʆɿʋ); 

ʙʣʦʢʠ M9K (ʝʤʢʦʩʪʴ ʙʣʦʢʘ 9216 ʙʠʪ); ʙʣʦʢʠ M144K (ʝʤʢʦʩʪʴ 

147456 ʙʠʪ). ʊʘʢ ʞʝ ʚ ʇʃʀʉ Stratix III  ʚʩʪʨʦʝʥʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʦʙʩʪʚʝʥʥʘʷ ʧʘʤʷʪʴ (ʚʩʪʨʦʝʥʥʦʝ 

ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʦʝ ʆɿʋ). ɹʣʦʢʠ MLAB  ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʩʜʚʠʛʦʚʳʭ ʨʝʛʠʩʪʨʦʚ, ʙʫʬʝʨʦʚ FIFO, ʣʠʥʠʡ 

ʟʘʜʝʨʞʝʢ ʜʣʷ ʮʠʬʨʦʚʳʭ ʬʠʣʴʪʨʦʚ ʠ ʜʨ. ɹʣʦʢʠ M9K 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʙʣʦʢʠ ʧʘʤʷʪʠ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɹʣʦʢʠ 

M144ʂ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʩʧʦʣʥʷʝʤʦʛʦ ʢʦʜʘ 

ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʦʨʥʳʭ ʷʜʝʨ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʫʬʝʨʦʚ 

ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʚ ʟʘʜʘʭ ʚʠʜʝʦʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ. ɺʩʝ ʙʣʦʢʠ 

ʧʘʤʷʪʠ TriMatrix ʧʦʜʜʝʨʞʠʚʘʶʪ ʩʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ. 

ɹʣʦʢʠ M9K ʠ M144K ʚ ʇʃʀʉ Stratix ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʘʩʠʥʭʨʦʥʥʫʶ ʧʘʤʷʪʴ, ʘ ʙʣʦʢ MLAB  ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʦʣʴʢʦ 

ʘʩʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤ ʯʪʝʥʠʷ ʜʘʥʥʳʭ. ʂʘʞʜʳʡ ʠʟ ʙʣʦʢʦʚ ʧʘʤʷʪʠ 

ʩ ʧʦʤʦʱʴʶ ʤʝʛʘʬʫʥʢʮʠʠ altsyncram ʤʦʞʝʪ ʙʳʪʴ 

ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥ ʢʘʢ: RAM: 1 PORT, RAM: 2 PORT, RAM: 3 

PORT, ROM: 1 PORT, ROM: 2 PORT, shift register (RAM-

based), FIFO. 

 ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʦʩʪʨʦʝʥʠʷ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ: ʩ ʘʩʠʥʭʨʦʥʥʳʤ ʇɿʋ (ʨʠʩ.4.10, ʘ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʨʝʚʰʠʭ ʩʝʨʠʡ ʇʃʀʉ, ʥʘʧʨʠʤʝʨ, ʇʃʀʉ 

APEX20KE ʠ ʩʠʥʭʨʦʥʥʳʤ ʇɿʋ (ʨʠʩ.4.10, ʙ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʇʃʀʉ Stratix III. ɺʘʨʠʘʥʪ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʩ 

ʤʝʛʘʬʫʥʢʮʠʝʡ ʘʩʠʥʭʨʦʥʥʦʛʦ ʇɿʋ (LPM_ROM) ʨʘʩʩʤʦʪʨʝʥ ʚ 

ʨʘʟʜʝʣʝ 4.1 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉɸʇʈ ʇʃʀʉ Quartus II  ʚʝʨʩʠʠ 

2.0. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʝʤʢʦʩʪʴ ʇɿʋ 256 ʩʣʦʚ ʥʘ 16 ʙʠʪ, ʪ.ʝ. 
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ʚʭʦʜʥʘʷ ʘʜʨʝʩʥʘʷ ʰʠʥʘ 8-ʤʠ (address[7..0]), ʘ ʚʳʭʦʜʥʘʷ ʰʠʥʘ 

ʜʘʥʥʳʭ (q[15..0]) 16-ʪʠ ʨʘʟʨʷʜʥʘʷ. ʌʘʡʣ ʧʨʦʰʠʚʢʠ ʇɿʋ 

ʧʨʠʚʝʜʝʥ ʥʠʞʝ (mif ï ʬʘʡʣ, ʧʨʠʤʝʨ 1). 

  
-- Quartus II generated Memory Initialization File (.mif) 

WIDTH=16; 

DEPTH=256; 

ADDRESS_RADIX=HEX; 

DATA_RADIX=HEX;  

CONTENT BEGIN 

 000  :   0401; 

 001  :   0511; 

 002  :   0305; 

 003  :   0512; 

 004  :   0402; 

 005  :   0403; 

 006  :   0404; 

 007  :   0604; 

 008  :   0406; 

 009  :   0407; 

 00A  :   0600; 

 [00B..0FF]  :   0000; 

END; 

ʇʨʠʤʝʨ 1. ʌʘʡʣ ʧʨʦʰʠʚʢʠ ʇɿʋ 

 

ʄʝʛʘʬʫʥʢʮʠʷ LPM_ROM ʜʣʷ ʇʃʀʉ Stratix III  ʨʘʙʦʪʘʝʪ 

ʚ ʨʝʞʠʤʝ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ʇʦʵʪʦʤʫ ʚ ʩʣʫʯʘʝ ʧʦʚʪʦʨʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʦʝʢʪʦʚ ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʫʩʪʘʨʝʚʰʠʭ ʩʝʨʠʷʭ 

ʇʃʀʉ, ʥʘʧʨʠʤʝʨ ʥʘ APEX20KE, ʧʨʠ ʩʤʝʥʝ ʩʝʨʠʠ ʇʃʀʉ ʥʘ 

Stratix III  (ʨʠʩ.4.11, ʘ, ʛʘʣʦʯʢʘ Match project/default ʩʥʷʪʘ) 

ʚʦʟʥʠʢʘʝʪ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ, ʯʪʦ ʤʝʛʘʬʫʥʢʮʠʷ LPM_ROM ʙʫʜʝʪ 

ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʘ ʥʘ ʩʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ. ɺʦʟʥʠʢʥʝʪ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʤʝʛʘʬʫʥʢʮʠʠ altsyncram (ROM: 1 PORT). ʌʘʢʪʠʯʝʩʢʠ 

ʧʨʦʠʟʦʡʜʝʪ ʟʘʤʝʱʝʥʠʝ ʤʝʛʘʬʫʥʢʮʠʠ LPM_ROM ʥʘ 

ʤʝʛʘʬʫʥʢʮʠʶ ROM: 1 PORT. 



 

 
ʈʠʩ.4.10. ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʝ ʷʜʨʦ ʩ ʘʩʠʥʭʨʦʥʥʳʤ ʇɿʋ ʚ ʙʘʟʠʩʝ ʇʃʀʉ APEX20KE (ʘ) ʠ 

ʩʠʥʭʨʦʥʥʳʤ (ʙ) ʇɿʋ ʚ ʙʘʟʠʩʝ ʇʃʀʉ Stratix III  (ʉɸʇʈ ʇʃʀʉ Quartus II  ʚʝʨʩʠʠ 8.1) 

 

1
8

4 
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ʘ) 

 
ʙ) 

ʈʠʩ.4.11. ʄʝʥʝʜʞʝʨ ʧʦ ʨʘʙʦʪʝ ʩ ʤʝʛʘʬʫʥʢʮʠʝʡ ʇɿʋ 

LPM_ROM ʇʃʀʉ Quartus II  ʚʝʨʩʠʠ 8.1 ʜʣʷ ʇʃʀʉ Stratix III  ʚ 

ʨʝʞʠʤʝ ʩʦʚʤʝʩʪʠʤʦʩʪʠ: ʘ) ʰʘʛ 1; ʙ) ʰʘʛ 2 
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ʇʨʠ ʥʘʩʪʨʦʡʢʝ ʤʝʛʘʬʫʥʢʮʠʠ ʜʣʷ ʇʃʀʉ ʥʘ Stratix III  

ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʙʨʘʪʴ ʦʜʠʥ ʠʟ ʪʠʧʦʚ 

ʙʣʦʢʦʚ ʧʘʤʷʪʠ ʠʣʠ ʚʳʙʨʘʪʴ ʪʠʧ Auto. ɼʣʷ ʇʃʀʉ APEX20KE 

ʜʦʩʪʫʧʝʥ ʪʦʣʴʢʦ ʪʠʧ Auto (ʤʝʛʘʬʫʥʢʮʠʷ LPM_ROM), ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʘʥʥʦʡ ʇʃʀʉ, ʘ 

ʠʤʝʥʥʦ ʚʩʪʨʦʝʥʥʳʤʠ ʙʣʦʢʘʤʠ ʧʘʤʷʪʠ. ɽʩʣʠ ʚʳʙʨʘʪʴ ʪʠʧ Auto 

ʜʣʷ ʇʃʀʉ Stratix III, ʪʦ ʧʦ ʫʤʦʣʯʘʥʠʶ ʜʦʩʪʫʧʥʳ 4096 ʙʠʪ 

ʧʘʤʷʪʠ (ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʨʷʜʥʦʩʪʠ ʘʜʨʝʩʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʰʠʥʳ 

ʜʘʥʥʳʭ). 

 ɻʘʣʦʯʢʫ ʩ óaddressô input port ʩʥʷʪʴ ʥʝʣʴʟʷ, ʪ.ʝ. ʘʜʨʝʩʥʳʡ 

ʧʦʨʪ ʧʦ ʫʤʦʣʯʘʥʠʶ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʢʘʢ ʨʝʛʠʩʪʝʨʥʳʡ (ʥʘ 

ʫʩʣʦʚʥʦʤ ʦʙʦʟʥʘʯʝʥʠʠ ʧʦʷʚʣʷʝʪʩʷ ʫʢʘʟʘʪʝʣʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʚʭʦʜʘ ï ʪʨʝʫʛʦʣʴʥʠʢ, ʪ.ʝ. ʘʜʨʝʩʘʮʠʷ ʢ ʩʣʦʚʘʤ ʇɿʋ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʝʨʝʜʥʝʤʫ ʬʨʦʥʪʫ ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ inclock, 

ʘ ʚʳʭʦʜʥʦʡ ʧʦʨʪ q ï ʘʩʠʥʭʨʦʥʥʳʡ) (ʨʠʩ.4.11, ʙ, ʤʝʛʘʬʫʥʢʮʠʠ 

LPM_ROM ʜʣʷ ʇʃʀʉ Stratix III, ʰʘʛ 2). ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ ʯʪʦ 

ʇɿʋ ʙʫʜʝʪ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʥʘ ʥʘ ʩʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ. 

ʇʦ ʞʝʣʘʥʠʶ, ʨʘʙʦʪʫ ʚʳʭʦʜʥʦʛʦ ʧʦʨʪʘ q ʤʦʞʥʦ ʪʘʢʞʝ 

ʩʠʥʭʨʦʥʠʟʦʚʘʪʴ ʩʠʛʥʘʣʦʤ outclock, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʨʝʞʠʤ ʜʚʦʡʥʦʛʦ ʪʘʢʪʠʨʦʚʘʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʪʨʠʛʛʝʨʦʚ ʘʜʘʧʪʠʚʥʳʭ 

ʣʦʛʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʚ ʢʘʯʝʩʪʚʝ ʧʘʤʷʪʠ ʇɿʋ ʚ ʤʝʛʘʬʫʥʢʮʠʠ 

ʜʣʷ ʇʃʀʉ ʥʘ Stratix III  ʥʝʜʦʧʫʩʪʠʤʦ, ʧʦʵʪʦʤʫ ʦʧʮʠʷ LC 

(ʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʟʘʜʝʡʩʪʚʫʝʪʩʷ ʦʩʥʦʚʥʘʷ ʣʦʛʠʢʘ: 

ʪʘʙʣʠʮʳ ʧʝʨʝʢʦʜʠʨʦʚʦʢ ʠ ʚʥʫʪʨʝʥʥʠʝ ʪʨʠʛʛʝʨʳ ʣʦʛʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ) ʥʝ ʜʦʩʪʫʧʥʘ. ʆʧʮʠʷ LC ʜʦʩʪʫʧʥʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʆɿʋ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɺ ʩʣʫʯʘʝ ʚʳʙʦʨʘ 

ʦʧʮʠʠ MLAB  ʠ ʨʝʞʠʤʘ Auto ʜʦʩʪʫʧʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʘʤʷʪʠ 20 

ʪʘʙʣʠʮ ʧʝʨʝʢʦʜʠʨʦʚʦʢ (LUT-ʪʘʙʣʠʮʘ, ʪʘʙʣʠʮʘ ʧʝʨʝʢʦʜʠʨʦʚʦʢ 

ʠʣʠ ʣʦʛʠʯʝʩʢʘʷ ʪʘʙʣʠʮʘ, ʩʣʫʞʠʪ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʠ ʤʦʞʝʪ ʙʳʪʴ ʫʧʨʦʱʝʥʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʩʪʦʣʙʝʮ ʆɿʋ ʩ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʤ) + 7 MLAB  

+ 24 ʪʨʠʛʛʝʨʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʛʦ ʠʟ ʪʨʝʭ ʪʠʧʦʚ ʙʣʦʢʦʚ 

ʧʘʤʷʪʠ MLAB , M9K ʠ M144K, ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʝʞʠʤ Auto 
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ʥʘʟʥʘʯʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʫʧʥʳʡ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʙʲʝʤ 

ʧʘʤʷʪʠ. ʏʠʩʣʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʣʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʙʣʦʢʘ ʧʘʤʷʪʠ 

ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ʏʪʦ ʙʳ ʠʟʙʝʞʘʪʴ ʜʘʥʥʦʛʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʧʦʚʪʦʨʥʦ 

ʧʝʨʝʨʘʙʦʪʘʪʴ ʧʨʦʝʢʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʛʘʬʫʥʢʮʠʠ 

ʦʜʥʦʧʦʨʪʦʚʦʛʦ ʇɿʋ (ROM: 1 PORT) ʜʣʷ ʇʃʀʉ Stratix III , 

ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʠʪʴ ʠʟ ʧʨʦʝʢʪʘ ʙʣʦʢ ʧʘʤʷʪʠ ʇɿʋ ʩʦʟʜʘʥʥʳʡ ʩ 

ʧʦʤʦʱʴʶ ʤʝʛʘʬʫʥʢʮʠʠ LPM_ROM ʠ ʟʘʥʦʚʦ ʩ ʧʦʤʦʱʴʶ 

ʤʘʩʪʝʨʘ MegaWizard Plugin ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʙʣʦʢ ʧʘʤʷʪʠ 

(ʨʠʩ.4.12). ʉʤʝʥʠʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚ Assignments/Device ʩʝʨʠʶ 

ʇʃʀʉ APEX20KE ʥʘ Stratix II I.  

 

 
ʈʠʩ.4.12. ʄʝʥʝʜʞʝʨ ʧʦ ʨʘʙʦʪʝ ʩ ʤʝʛʘʬʫʥʢʮʠʝʡ ʦʜʥʦʧʦʨʪʦʚʦʡ 

ʧʘʤʷʪʠ ʇɿʋ LPM_ROM ʇʃʀʉ Quartus II  ʚʝʨʩʠʠ 8.1 ʜʣʷ ʇʃʀʉ 

Stratix III  (ROM: 1 PORT) 

 



 

 

ʈʠʩ.4.13. ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʝ ʷʜʨʦ ʩ ʩʠʥʭʨʦʥʥʳʤ ʇɿʋ (ʩʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤ ʘʜʨʝʩʘʮʠʠ ʠ 

ʘʩʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤ ʯʪʝʥʠʷ) ʚ ʙʘʟʠʩʝ ʇʃʀʉ Stratix III  ʩʦʟʜʘʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʤʝʛʘʬʫʥʢʮʠʠ 

ROM: 1 PORT ʉɸʇʈ ʇʃʀʉ Quartus II  ʚʝʨʩʠʠ 8.1 
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 ʅʘ ʨʠʩ.4.13 ʧʦʢʘʟʘʥʦ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʝ ʷʜʨʦ ʩ 

ʩʠʥʭʨʦʥʥʳʤ ʇɿʋ ʚ ʙʘʟʠʩʝ ʇʃʀʉ Stratix III  ʩʦʟʜʘʥʥʦʝ ʩ 

ʧʦʤʦʱʴʶ ʤʝʛʘʬʫʥʢʮʠʠ ROM: 1 PORT. ʉʨʘʚʥʠʚʘʷ ʨʠʩ.4.11 ʠ 

ʨʠʩ.4.12, ʚʠʜʠʤ, ʯʪʦ ʫʩʣʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʤʝʛʘʬʫʥʢʮʠʠ ROM: 

1 PORT ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʦʟʥʘʯʝʥʠʷ ʤʝʛʘʬʫʥʢʮʠʠ 

LPM_ROM ʚ ʨʝʞʠʤʝ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʩʝ 

ʚʭʦʜʳ ʚ ʧʘʤʷʪʴ ʠ ʚʳʭʦʜʳ ʠʟ ʥʝʝ ʟʘʱʝʣʢʠʚʘʶʪʩʷ ʚ ʨʝʛʠʩʪʨʘʭ. 

ʅʘ ʨʠʩ.4.14 ʠ ʨʠʩ.4.15 ʧʦʢʘʟʘʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠ 

ʚʨʝʤʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʩ 

ʘʩʠʥʭʨʦʥʥʳʤ ʇɿʋ ʚ ʙʘʟʠʩʝ ʇʃʀʉ APEX20KE (ʘ) ʠ 

ʩʠʥʭʨʦʥʥʳʤ (ʙ) ʇɿʋ ʚ ʙʘʟʠʩʝ ʇʃʀʉ Stratix III  ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʛʘʬʫʥʢʮʠʠ ʇɿʋ LPM_ROM ʉɸʇʈ Quartus 

II  ʚʝʨʩʠʠ 8.1. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʥʦʩʠʤʦʩʪʴ ʧʨʦʝʢʪʘ ʩ 

ʦʜʥʦʡ ʩʝʨʠʠ ʇʃʀʉ ʥʘ ʜʨʫʛʫʶ, ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʤʝʛʘʬʫʥʢʮʠʡ, 

ʨʘʩʩʤʦʪʨʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʷʟʳʢʘ VHDL ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʇɿʋ. ʇʨʠʤʝʨ 2 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʇɿʋ ʥʘ ʷʟʳʢʝ VHDL ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ 

ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ (ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʙʩʪʨʘʢʪʥʳʝ 

ʣʦʛʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʪʘʢʠʝ ʢʘʢ ʮʠʢʣʳ ʠ ʧʨʦʮʝʩʩʳ). ʅʘ 

ʨʠʩ.4.16 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʙʘʟʠʩʝ ʇʃʀʉ APEX20KE.  

ʇʨʠʤʝʨ 3 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʥʭʨʦʥʥʦʛʦ 

ʇɿʋ ʥʘ ʷʟʳʢʝ VHDL, ʘ ʥʘ ʨʠʩ.4.17 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʙʘʟʠʩʝ ʇʃʀʉ Stratix III . 

ʇʨʦʝʢʪ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ ʩ ʩʠʥʭʨʦʥʥʳʤ ʇɿʋ ʥʘ ʷʟʳʢʝ VHDL, 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʢʘʢ ʥʘ ʩʪʘʨʳʭ, ʪʘʢ ʠ ʥʘ 

ʥʦʚʳʭ ʩʝʨʠʷʭ ʇʃʀʉ ʬʠʨʤʳ Altera. ʇʨʠʤʝʨ 4 ʧʦʢʘʟʳʚʘʝʪ 

ʦʧʠʩʘʥʠʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʇɿʋ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ 

ʧʦʪʦʢʦʚʦʛʦ ʦʧʠʩʘʥʠʷ (ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʘ ʫʨʦʚʥʝ ʨʝʛʠʩʪʨʦʚʳʭ 

ʧʝʨʝʜʘʯ). ʆʧʝʨʘʪʦʨ case, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʘʨʘʣʣʝʣʴʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʙʦʨʘ ʦʜʥʦʛʦ ʚʘʨʠʘʥʪʘ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ. 



 
ʈʠʩ.4.14. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʩ 

ʘʩʠʥʭʨʦʥʥʳʤ ʇɿʋ ʚ ʙʘʟʠʩʝ ʇʃʀʉ APEX20KE (ʘ) ʠ ʩʠʥʭʨʦʥʥʳʤ (ʙ) ʇɿʋ ʚ ʙʘʟʠʩʝ ʇʃʀʉ 

Stratix III  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʛʘʬʫʥʢʮʠʠ ʇɿʋ LPM_ROM 
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ʈʠʩ.4.15. ɺʨʝʤʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʩ ʘʩʠʥʭʨʦʥʥʳʤ 

ʇɿʋ ʚ ʙʘʟʠʩʝ ʇʃʀʉ APEX20KE (ʘ) ʠ ʩʠʥʭʨʦʥʥʳʤ (ʙ) ʇɿʋ ʚ ʙʘʟʠʩʝ ʇʃʀʉ Stratix III  ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʛʘʬʫʥʢʮʠʠ ʇɿʋ LPM_ROM 
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ʈʠʩ.4.16. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʩ 

ʘʩʠʥʭʨʦʥʥʳʤ ʇɿʋ ʥʘ ʷʟʳʢʝ VHDL (ʇʃʀʉ APEX 20KE) 

 

 

ʈʠʩ.4.17. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʩ 

ʩʠʥʭʨʦʥʥʳʤ ʇɿʋ ʥʘ ʷʟʳʢʝ VHDL (ʇʃʀʉ Stratix III ) 
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LIBRARY ieee; 

USE ieee.std_logic_1164.all; 

USE ieee.numeric_std.all; 

ENTITY rom_syn IS 

    PORT ( 

        clk : IN std_logic;  

        addr : IN std_logic_vector(7 DOWNTO 0); 

        rom_out : OUT std_logic_vector(15 DOWNTO 0)); 

END rom_syn; 

ARCHITECTURE a OF rom_syn IS 

    TYPE T_UFIX_16_256 IS ARRAY (255 DOWNTO 0) of 

unsigned(15 DOWNTO 0); 

BEGIN 

   PROCESS (addr) 

        -- local variables 

        VARIABLE data_temp : T_UFIX_16_256; 

    BEGIN 

        FOR b IN 0 TO 255 LOOP 

            data_temp(b) := to_unsigned(0, 16); 

        END LOOP; 

        data_temp(0) := to_unsigned(1025, 16); 

        data_temp(1) := to_unsigned(1297, 16); 

        data_temp(2) := to_unsigned(773, 16); 

        data_temp(3) := to_unsigned(1298, 16); 

        data_temp(4) := to_unsigned(1026, 16); 

        data_temp(5) := to_unsigned(1027, 16); 

        data_temp(6) := to_unsigned(1028, 16); 

        data_temp(7) := to_unsigned(1540, 16); 

        data_temp(8) := to_unsigned(1030, 16); 

        data_temp(9) := to_unsigned(1031, 16); 

        data_temp(10) := to_unsigned(1536, 16); 

    rom_out <= std_logic_vector(data_temp(to_integer(unsigned(addr)))); 

    END PROCESS; 

END a; 

ʇʨʠʤʝʨ 2. ʆʧʠʩʘʥʠʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʇɿʋ ʥʘ ʷʟʳʢʝ VHDL 
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LIBRARY ieee; 

USE ieee.std_logic_1164.all; 

USE ieee.numeric_std.all; 

ENTITY ozu_sin IS 

    PORT ( 

        clk : IN std_logic;  

        reset : IN std_logic; 

        addr : IN std_logic_vector(7 DOWNTO 0); 

        rom_out : OUT std_logic_vector(15 DOWNTO 0)); 

END ozu_sin; 

ARCHITECTURE a OF ozu_sin IS 

TYPE T_UFIX_16_256 IS ARRAY (255 DOWNTO 0) of unsigned(15 

DOWNTO 0);  

SIGNAL data, data_next: T_UFIX_16_256;  

BEGIN 

   PROCESS (reset, clk) 

        VARIABLE b : INTEGER; 

    BEGIN 

        IF reset = '1' THEN  

            FOR b IN 0 TO 255 LOOP 

                data(b) <= to_unsigned(0, 16); 

            END LOOP; 

        ELSIF clk'EVENT AND clk= '1' THEN 

                FOR b IN 0 TO 255 LOOP 

                    data(b) <= data_next(b); 

                END LOOP; 

        END IF; 

    END PROCESS; 

    PROCESS (addr) 

        -- local variables 

 VARIABLE data_temp : T_UFIX_16_256;  

    BEGIN 

        FOR b IN 0 TO 255 LOOP 

            data_temp(b) := to_unsigned(0, 16); 

        END LOOP; 

        data_temp(0) := to_unsigned(1025, 16); 

        data_temp(1) := to_unsigned(1297, 16); 
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        data_temp(2) := to_unsigned(773, 16); 

        data_temp(3) := to_unsigned(1298, 16); 

        data_temp(4) := to_unsigned(1026, 16); 

        data_temp(5) := to_unsigned(1027, 16); 

        data_temp(6) := to_unsigned(1028, 16); 

        data_temp(7) := to_unsigned(1540, 16); 

        data_temp(8) := to_unsigned(1030, 16); 

        data_temp(9) := to_unsigned(1031, 16); 

        data_temp(10) := to_unsigned(1536, 16); 

        rom_out <= 

std_logic_vector(data_temp(to_integer(unsigned(addr)))); 

        FOR c IN 0 TO 255 LOOP 

            data_next(c) <= data_temp(c); 

        END LOOP; 

    END PROCESS; 

END a; 

ʇʨʠʤʝʨ 3. ʆʧʠʩʘʥʠʝ ʩʠʥʭʨʦʥʥʦʛʦ ʇɿʋ ʥʘ ʷʟʳʢʝ VHDL 

(ʧʦʚʝʜʝʥʯʝʩʢʠʡ ʫʨʦʚʝʥʴ) 

 

LIBRARY IEEE; 

USE IEEE.std_logic_1164.ALL; 

USE IEEE.numeric_std.ALL; 

 

ENTITY ROM IS 

PORT( clk                               :   IN    std_logic; 

        reset                             :   IN    std_logic; 

        addr                              :   IN    std_logic_vector(7 DOWNTO 0);   

        cmd                               :   OUT   std_logic_vector(15 DOWNTO 0)   

        ); 

END ROM; 

ARCHITECTURE rtl OF ROM IS 

  -- Signals 

  SIGNAL s                                : unsigned(7 DOWNTO 0);   

  SIGNAL Lookup_Table_out1                : unsigned(15 DOWNTO 0); 

BEGIN 

  s <= unsigned(addr); 

  PROCESS(s) 
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  BEGIN 

    CASE s IS 

WHEN "00000000" => Lookup_Table_out1 <= "0000010000000001"; 

WHEN "00000001" => Lookup_Table_out1 <= "0000010100010001"; 

WHEN "00000010" => Lookup_Table_out1 <= "0000001100000101"; 

WHEN "00000011" => Lookup_Table_out1 <= "0000010100010010"; 

WHEN "00000100" => Lookup_Table_out1 <= "0000010000000010"; 

WHEN "00000101" => Lookup_Table_out1 <= "0000010000000011"; 

WHEN "00000110" => Lookup_Table_out1 <= "0000010000000100"; 

WHEN "00000111" => Lookup_Table_out1 <= "0000011000000100";  

WHEN "00001000" => Lookup_Table_out1 <= "0000010000000110"; 

WHEN "00001001" => Lookup_Table_out1 <= "0000010000000111"; 

WHEN "00001010" => Lookup_Table_out1 <= "0000011000000000"; 

WHEN OTHERS => Lookup_Table_out1 <= "0000000000000000"; 

END CASE; 

END PROCESS; 

cmd <= std_logic_vector(Lookup_Table_out1); 

END rtl; 

ʇʨʠʤʝʨ 4. ʆʧʠʩʘʥʠʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʇɿʋ ʥʘ ʷʟʳʢʝ VHDL 

(ʫʨʦʚʝʥʴ ʨʝʛʠʩʪʨʦʚʳʭ ʧʝʨʝʜʘʯ) 
 

ʆʪʨʝʜʘʢʪʠʨʫʝʤ ʠʩʭʦʜʥʳʡ ʢʦʜ ʷʟʳʢʘ VHDL 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʚ ʨʘʟʜʝʣʝ 4.1 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʯʠʩʣʠʤʳʭ 

ʪʠʧʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʧʝʨʝʯʠʩʣʠʤʳʭ ʪʠʧʦʚ ʧʨʝʩʣʝʜʫʝʪ ʜʚʝ ʮʝʣʠ: 

ʫʣʫʯʰʝʥʠʝ ʩʤʳʩʣʦʚʦʡ ʯʠʪʘʝʤʦʩʪʠ ʧʨʦʛʨʘʤʤʳ; ʙʦʣʝʝ ʯʝʪʢʠʡ ʠ 

ʧʨʦʩʪʦʡ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʟʥʘʯʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʧʝʨʝʯʠʩʣʠʤʳʡ ʪʠʧ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʦʩʪʦʷʥʠʡ 

ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘʪʦʚ. 

ʇʝʨʝʯʠʩʣʠʤʳʡ ʪʠʧ ʦʙʲʷʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʝʨʝʯʠʩʣʝʥʠʷ 

ʥʘʟʚʘʥʠʡ ʵʣʝʤʝʥʪʦʚ-ʟʥʘʯʝʥʠʡ. ʆʙʲʝʢʪʳ, ʪʠʧ ʢʦʪʦʨʳʭ 

ʦʙʲʷʚʣʝʥ ʢʘʢ ʧʝʨʝʯʠʩʣʠʤʳʡ, ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʪʦʣʴʢʦ ʪʝ 

ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʫʢʘʟʘʥʳ ʧʨʠ ʧʝʨʝʯʠʩʣʝʥʠʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʢʦʣʠʯʝʩʪʚʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʥʝʯʥʦ. ʆʙʲʷʚʣʝʥʠʝ 

ʧʝʨʝʯʠʩʣʠʤʦʛʦ ʪʠʧʘ ʠʤʝʝʪ ʚʠʜ: 
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TYPE ʠʤʷ_ʪʠʧʘ IS ( ʥʘʟʚʘʥʠʝ_ʵʣʝʤʝʥʪʘ [, ʥʘʟʚʘʥʠʝ_ʵʣʝʤʝʥʪʘ] ); 

 

Type State_type IS (stateA, stateB, stateC); 

VARIABLE State : State_type; 

. 

State := stateB; 
 

 ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʦʙʲʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʘʷ State, 

ʜʦʧʫʩʪʠʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ stateA, stateB, 

stateC. ʇʨʠʤʝʨ 4 ʜʝʤʦʥʩʪʨʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʯʠʩʣʠʤʦʛʦ 

ʪʠʧʘ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ. 

 
library ieee; 

use ieee.std_logic_1164.all; 

use ieee.std_logic_arith.all; 

use ieee.std_logic_unsigned.all; 

entity proc is 

port (ip: inout std_logic_vector(7 downto 0); 

 cmd: inout std_logic_vector(15 downto 0); 

 clk,res: in std_logic; 

 a: inout std_logic_vector(7 downto 0); 

 b,r: inout std_logic_vector(7 downto 0)); 

end proc; 

architecture a of proc is 

 

TYPE state_values IS (st0, st1); 

signal state, next_state: state_values;  

 

begin 

process(clk) 

begin 

if (res = '1') then  

  a <="00000000"; 

  b <="00000000"; 

  ip <="00000000"; 

  r <="00000000"; 

elsif clk'event and clk='1' then 
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case state is 

when st0=> next_state <=st1; 

case conv_integer(cmd) is 

when 0=> ip <= ip+1; 

when 256 to 511 =>ip<=cmd(7 downto 0); 

when 512 to 767 =>if conv_integer(a)=0 

      then ip<=cmd(7 downto 0); 

      else ip<=ip+1; 

      end if; 

when 768 to 1023 =>r<=ip; ip<=cmd(7 downto 0); 

when 1024 to 1279 => a<=cmd(7 downto 0); ip<=ip+1; 

when 1280 to 1535 => b<=cmd(7 downto 0); ip<=ip+1; 

when 1536 =>ip<=r+1; 

when 1537=>a<=b; ip<=ip+1; 

when 1538=>b<=a; ip<=ip+1; 

when 1539=>a<=b;b<=a; ip<=ip+1; 

when 1540=>a<=a+b; ip<=ip+1; 

when 1541=>a<=a-b; ip<=ip+1; 

when 1542=>a<=a and b; ip<=ip+1; 

when 1543=>a<=a or b; ip<=ip+1; 

when 1544=>a<=a xor b; ip<=ip+1; 

when 1545=>a<=a-1; ip<=ip+1; 

when others=>ip<=ip+1; 

end case; 

when st1=> next_state<=st0; 

end case; 

end if; 

end process; 

end a; 

ʇʨʠʤʝʨ 5. ʆʧʠʩʘʥʠʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʯʠʩʣʠʤʦʛʦ 

ʪʠʧʘ ʥʘ ʷʟʳʢʝ VHDL ʩ ʮʠʢʣʦʤ ʨʘʙʦʪʳ ʚ ʜʚʘ ʪʘʢʪʘ 

 

ʀʟʫʯʘʷ ʨʠʩ.4.14-4.17, ʚʠʜʠʤ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠ 

ʚʨʝʤʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʙʘʟʠʩʘʭ ʇʃʀʉ 

APEX20KE ʠ Stratix III  ʉɸʇʈ ʇʃʀʉ Quartus II  ʚʝʨʩʠʠ 8.1. 
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ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʘʤʷʪʠ (ʩʠʥʭʨʦʥʥʳʡ ʠʣʠ 

ʘʩʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ) ʧʨʦʮʝʩʩʦʨ ʨʘʙʦʪʘʝʪ ʚ ʜʚʘ ʪʘʢʪʘ. 

ʇʦ ʧʝʨʚʦʤʫ ʪʘʢʪʫ ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ ʧʨʦʠʩʭʦʜʠʪ ʚʳʙʦʨʢʘ ʠ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ ʢʦʤʘʥʜʳ, ʘ ʧʦ ʚʪʦʨʦʤʫ ʪʘʢʪʫ ʧʨʦʠʩʭʦʜʠʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʦʪʨʘʙʦʪʢʘ ʢʦʤʘʥʜʳ, ʥʘʧʨʠʤʝʨ, ʚʳʜʘʯʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʛʠʩʪʨʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠʣʠ ʟʘʛʨʫʟʢʘ ʥʦʚʳʭ 

ʢʦʤʘʥʜ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ ñʧʨʳʞʢʦʚʳʤʠò ʢʦʤʘʥʜʘʤʠ, ʥʘʧʨʠʤʝʨ, 

ʢʦʤʘʥʜʳ CALL ʠʣʠ RET.  

ʊʘʙʣʠʮʘ 4.3 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʨʝʩʫʨʩʳ ʇʃʀʉ Stratix III  EP3SL50F484C2  
ʇʨʦʝʢʪ Logic utilization Total block  

memory 
bits 

Combinationa
l ALUTs 

Dedicated 
logic 

registers 
ʉʠʥʭʨʦʥʥʦʝ ʇɿʋ, 
ʇʃʀʉ Stratix III, 
ʤʝʛʘʬʫʥʢʮʠʷ 
LPM_ROM, ʪʠʧ Auto 

 
109 

 
33 

 
4096 

*ʉʠʥʭʨʦʥʥʦʝ ʇɿʋ, 
ʇʃʀʉ APEX20KE 
EP20K30ETC144, 
ʤʝʛʘʬʫʥʢʮʠʷ 
LPM_ROM, ʪʠʧ Auto 

 
188 LE 

 
4096 

ʉʠʥʭʨʦʥʥʦʝ ʇɿʋ, 
ʇʃʀʉ Stratix III, 
ʤʝʛʘʬʫʥʢʮʠʷ ROM: 1 
PORT, ʪʠʧ Auto 

 
109 

 
33 

 
4096 

ʉʠʥʭʨʦʥʥʦʝ ʇɿʋ, 
ʇʃʀʉ Stratix III , 
ʤʝʛʘʬʫʥʢʮʠʷ ROM: 1 
PORT, ʪʠʧ Auto 
(ʫʧʨʘʚʣʷʶʱʠʡ 
ʘʚʪʦʤʘʪ, ʧʨʠʤʝʨ 5) 

 
94 

 
32 

 
4096 

ɸʩʠʥʭʨʦʥʥʦʝ ʇɿʋ ʥʘ 
ʷʟʳʢʝ VHDL, ʧʨʠʤʝʨ 4 

 
111 

 
33 

 
- 

ʉʠʥʭʨʦʥʥʦʝ ʇɿʋ ʥʘ 
ʷʟʳʢʝ VHDL, 
ʫʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ, 
ʧʨʠʤʝʨ 5 

 
113 

 
33 

 
- 

* ʧʨʠʚʦʜʠʪʩʷ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 
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 ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʷʜʝʨ ʚ ʙʘʟʠʩʝ 

ʇʃʀʉ Stratix III  ʚ ʢʘʯʝʩʪʚʝ ʩʠʥʭʨʦʥʥʦʛʦ ʇɿʋ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʤʝʛʘʬʫʥʢʮʠʶ altsyncram, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʘ ʢʘʢ ROM: 1 PORT 

(ʤʝʛʘʬʫʥʢʮʠʷ altsyncram ʤʦʞʝʪ ʙʳʪʴ ʪʘʢ ʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ 

ʜʣʷ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʆɿʋ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ 

ʧʦ ʯʠʩʣʫ ʠʩʧʦʣʴʟʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʪʘʙʣ.4.3) ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʩʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʇɿʋ. ɽʩʣʠ 

ʫʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ ʠ ʇɿʋ ʙʫʜʫʪ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ VHDL, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʘ ʦʩʥʦʚʥʘʷ ʣʦʛʠʢʘ: ʪʘʙʣʠʮʳ ʧʝʨʝʢʦʜʠʨʦʚʦʢ 

(ALUT) ʠ ʚʥʫʪʨʝʥʥʠʝ ʪʨʠʛʛʝʨʳ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (logic 

registers). ʀʟ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʘʙʣʠʮʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʚ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ, ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ 

ʦʢʘʟʳʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʷʟʳʢʘ VHDL ʘ ʙʣʦʢʠ ʧʘʤʷʪʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʵʬʬʝʢʪʠʚʥʦ. 

 

 

4.3. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʚ ʙʘʟʠʩʝ ʇʃʀʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ Matlab/Simulink  

 

 ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʷʚʣʷʝʪʩʷ ʜʝʤʦʥʩʪʨʘʮʠʷ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʴʥʦ-ʠʤʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ Matlab/Simulink ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʷʜʝʨ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʙʘʟʠʩʝ ʇʃʀʉ 

ʬʠʨʤʳ Altera. 

ʇʨʠ ʢʦʣʠʯʝʩʪʚʝ ʣʦʛʠʯʝʩʢʠʭ ʚʝʥʪʠʣʝʡ ʚ ʧʨʦʝʢʪʝ ʩʚʳʰʝ 

5000, ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʚʳʧʦʣʥʷʝʤʳʝ ʬʫʥʢʮʠʠ ʫʩʪʨʦʡʩʪʚʘ, 

ʢʨʘʡʥʝ ʩʣʦʞʥʦ. ɻʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʚʝʩʴ ʧʨʦʝʢʪ ʤʦʞʥʦ 

ʦʩʦʟʥʘʪʴ, ʪʦʣʴʢʦ ʚʟʛʣʷʥʫʚ ʥʘ ʝʛʦ ʩʭʝʤʫ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦ. 

ʈʘʟʨʘʙʦʪʯʠʢʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʚ ʩʚʦʠʭ ʧʨʦʝʢʪʘʭ 

ʤʝʪʦʜʦʣʦʛʠʶ ʩʠʩʪʝʤʥʦʛʦ ʫʨʦʚʥʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (Electronic 

System Level (ESL) Design - ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʘ ʩʠʩʪʝʤʥʦʤ 
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ʫʨʦʚʥʝ ʠʣʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ñʩʚʝʨʭʫ ʚʥʠʟò), ʧʦʣʫʯʘʪ ʦʯʝʚʠʜʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ. ɺʦ-ʧʝʨʚʳʭ, ʣʶʙʦʡ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʡ 

ʨʘʟʨʘʙʦʪʯʠʢ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʥʦʡ (ʠ 

ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ) ʩʣʦʞʥʦʩʪʠ, ʦʙʨʘʱʘʷʩʴ ʢ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʷʤ ʘʙʩʪʨʘʢʮʠʠ ʠ ʧʝʨʝʜʘʚʘʷ ʨʝʘʣʠʟʘʮʠʶ ʤʝʣʢʠʭ 

ʜʝʪʘʣʝʡ ʧʨʦʝʢʪʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤʫ ʧʨʦʮʝʩʩʫ. ʇʨʦʱʝ ʠ 

ʙʳʩʪʨʝʝ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʦʜʝʣʠ ʩʣʦʞʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ ʘʙʩʪʨʘʢʮʠʠ, ʯʝʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʦʚʥʷ ʨʝʛʠʩʪʨʦʚʳʭ ʧʝʨʝʜʘʯ (RTL-ʫʨʦʚʝʥʴ, 

register transfer level. ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʧʦʥʷʪʴ ʢʦʥʮʝʧʮʠʶ 

RTL-ʦʧʠʩʘʥʠʷ ï ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʦʞʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʝʛʠʩʪʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ 

ʩʦʙʦʡ ʵʣʝʤʝʥʪʘʤʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʣʦʛʠʢʠ ʠ ʫʧʨʘʚʣʷʝʤʳʭ ʩ 

ʧʦʤʦʱʴʶ ʦʙʱʝʛʦ ʩʠʥʭʨʦʩʠʛʥʘʣʘ). ʉʠʤʫʣʷʮʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʧʦʨʷʜʢʠ ʙʳʩʪʨʝʝ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʩʠʤʫʣʠʨʫʶʪʩʷ 

ʥʝʩʫʱʝʩʪʚʝʥʥʳʝ ʜʣʷ ʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʘʙʩʪʨʘʢʮʠʠ ʜʝʪʘʣʠ. 

ɺʦ-ʚʪʦʨʳʭ, ʨʘʟʨʘʙʦʪʯʠʢʠ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ 

ʮʠʢʣ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠʟʜʝʣʠʡ, ʙʣʘʛʦʜʘʨʷ 

ʧʨʦʚʝʨʢʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʝʱʸ ʥʘ ʵʪʘʧʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ ʚʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʩʠʩʪʝʤʳ ʣʝʛʢʦ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʦ.  

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʚ ʧʦʪʦʢʝ ESL-ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʝʢʪʫ. ʊʨʝʙʦʚʘʥʠʷ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʦʥʢʨʝʪʥʳʤ ʟʘʢʘʟʯʠʢʦʤ ʠʣʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʘʣʝʝ ʧʨʦʚʦʜʠʪʩʷ ʩʠʩʪʝʤʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ 

ʚʝʨʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʧʦʤʦʱʴʶ ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ CSystemCʉ //  ʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʚʠʟʫʘʣʴʥʦ-ʠʤʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʠʧʘ MathLab/Simulink ʢʦʤʧʘʥʠʠ The 

MathWorks ʠʣʠ SPW2000 (signal processing worksystem - 

ʨʘʙʦʯʘʷ ʩʨʝʜʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ) ʢʦʤʧʘʥʠʠ Cadence. ʅʘ ʵʪʦʤ 

ʵʪʘʧʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ESL-ʧʨʦʜʫʢʪʳ ʢʦʤʧʘʥʠʠ 

Summit Design, ʪʘʢʠʝ ʢʘʢ Visual Elite, FastC, System Architect ʠ 
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Virtual CPU. ʉ ʧʦʤʦʱʴʶ ʪʝʢʩʪʦʚʳʭ ʠʣʠ ʛʨʘʬʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʩʦʟʜʘʶʪʩʷ ʠʩʧʦʣʥʷʝʤʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʧʝʮʠʬʠʢʘʮʠʠ, 

ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʧʦʚʝʜʝʥʠʝ ʧʨʦʝʢʪʘ ʚ ʨʘʤʢʘʭ ʟʘʜʘʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ 

ʥʝʟʘʚʠʩʠʤʘ. ʊʘʢʦʝ ʦʧʠʩʘʥʠʝ ʣʠʰʝʥʦ ʜʝʪʘʣʝʡ ʨʝʘʣʠʟʘʮʠʠ.  

Simulink ï ʛʨʘʬʠʯʝʩʢʘʷ ʩʨʝʜʘ ʚʠʟʫʘʣʴʥʦ-ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʠ ʜʠʩʢʨʝʪʥʳʭ ʩʠʩʪʝʤ. 

ʇʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʙʣʦʢʦʚ. Simulink ʨʘʙʦʪʘʝʪ ʩ ʣʠʥʝʡʥʳʤʠ, ʥʝʣʠʥʝʡʥʳʤʠ, 

ʥʝʧʨʝʨʳʚʥʳʤʠ, ʜʠʩʢʨʝʪʥʳʤʠ ʠ ʤʥʦʛʦʤʝʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʉʠʩʪʝʤʘ Matlab/Simulink ʩʦʜʝʨʞʠʪ ʚʩʪʨʦʝʥʥʳʡ ʛʝʥʝʨʘʪʦʨ ʢʦʜʘ 

ʷʟʳʢʘ ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ HDL (Simulink HDL 

Coder) ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʧʦʜʜʝʨʞʢʫ ʩʠʤʫʣʷʪʦʨʘ VHDL 

ModelSim. Simulink HDL Coder ï ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʜʣʷ 

ʛʝʥʝʨʘʮʠʠ VHDL-ʢʦʜʘ ʙʝʟ ʧʨʠʚʷʟʢʠ ʢ ʢʦʥʢʨʝʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ 

ʇʃʀʉ ʠ ʧʣʘʪʬʦʨʤʝ ʧʦ Simulink-ʤʦʜʝʣʷʤ. ʉʧʨʘʚʝʜʣʠʚʦʩʪʠ 

ʨʘʜʠ, ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʪʠʣʴ ʢʦʜʠʨʦʚʘʥʠʷ ʤʦʞʝʪ 

ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʦʩʦʙʝʥʥʦ ʥʘ ʇʃʀʉ. ʃʦʛʠʯʝʩʢʠʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ, ʥʦ ʨʘʟʥʳʝ 

RTL-ʦʧʝʨʘʪʦʨʳ ʤʦʛʫʪ ʚʳʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ.  

 ʇʦʢʘʞʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ Matlab/Simulink ʥʘ 

ʵʪʘʧʝ ESL-ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ 

ʷʜʝʨ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʩʠʩʪʝʤʦʡ ʢʦʤʘʥʜ ʩʠʥʭʨʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʦʨʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʘʚʪʦʤʘʪʘ, ʩ ʮʠʢʣʦʤ ʨʘʙʦʪʳ ʚ ʜʚʘ ʪʘʢʪʘ.  

ɼʣʷ ʫʯʝʙʥʳʭ ʮʝʣʝʡ, ʨʘʟʨʘʙʦʪʘʝʤ ʜʚʘ ʧʨʦʝʢʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʩʠʥʭʨʦʥʥʦʛʦ ʠ ʩʠʥʭʨʦʥʥʦʛʦ ʇɿʋ ʥʘ ʷʟʳʢʝ 

VHDL. ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ Simulink HDL Coder. 

 ɿʘʧʫʩʢ ʧʨʦʮʝʩʩʦʨʘ ʚ Simulink ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʣʘʜʯʠʢʘ (Simulink Debugger). ʇʝʨʝʜ 

ʦʪʣʘʜʢʦʡ ʥʝʦʙʭʦʜʠʤʦ ʟʘʡʪʠ ʚ ʤʝʥʶ Simulation/Configuration 

Parameters ʠ ʚʳʙʨʘʪʴ ʜʠʘʣʦʛ Solver (ñʨʝʰʘʪʝʣʠò, ʤʝʪʦʜʳ 
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ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ). ɺ Solver options ʚʳʙʨʘʪʴ Type: 

Fixed-step; Solver: discrete (no continuous state); Fixed step size 

(fundamental sample time) ï 1.0.  
 ʅʘ ʨʠʩ.4.18 ʧʦʢʘʟʘʥʘ ʦʪʣʘʜʢʘ ʧʨʦʮʝʩʩʦʨʘ. ʇʨʦʮʝʩʩʦʨ 
ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʙʣʦʢʦʚ: ROM - ʇɿʋ ʧʨʦʮʝʩʩʦʨʘ; COP ï 
ʙʣʦʢ ʚʳʜʝʣʝʥʠʷ ʧʦʣʝʡ ʢʦʤʘʥʜʳ; ALU ï ɸʃʋ ʧʨʦʮʝʩʩʦʨʘ; RON 
ï ʨʝʛʠʩʪʨʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʝʛʠʩʪʨʳ ɸ ʠ B; RSN ï 
ʨʝʛʠʩʪʨʳ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʨʝʛʠʩʪʨ R ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʢʦʤʘʥʜ ʦʙʨʘʱʝʥʠʷ ʢ ʧʦʜʧʨʦʛʨʘʤʤʘʤ (CALL) ʠ ʚʦʟʚʨʘʪʘ (RET) 
ʠ ʨʝʛʠʩʪʨ-ʩʯʝʪʯʠʢ Ip. ʅʘ ʨʠʩ.4.19 ʧʦʢʘʟʘʥ ʬʘʡʣ ʧʨʦʰʠʚʢʠ 
ʇɿʋ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʇɿʋ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 
ʙʣʦʢ Lookup Table, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪ ʪʘʙʣʠʮʫ, ʚ ʩʪʨʦʢʘʭ 
ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʧʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨʘ (ʘʜʨʝʩʘ) ʢʦʤʘʥʜ. 
ʅʘʧʨʠʤʝʨ, ʩʪʨʦʢʝ 1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʤʘʥʜʘ 1036D 
(ʤʥʝʤʦʥʠʯʝʩʢʠʡ ʢʦʜ MOV A,12). ɸʜʨʝʩʘ ʢʦʤʘʥʜ (ʚʭʦʜʥʦʡ 
ʧʦʨʪ addr), ʚʝʱʝʩʪʚʝʥʥʳʝ ʯʠʩʣʘ (Real World Values) 0,1,2.. 23, 
ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʬʦʨʤʘʪʝ uint8 (Unsigned integer fixed-point 
data type, ʮʝʣʳʝ ʯʠʩʣʘ ʙʝʟ ʟʥʘʢʘ ʚ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 
ʟʘʧʷʪʦʡ, ʩ 8-ʤʠ ʙʠʪʥʦʡ ʪʦʯʥʦʩʪʴʶ), ʘ ʢʦʤʘʥʜʳ (ʚʳʭʦʜʥʦʡ 
ʧʦʨʪ) ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʬʦʨʤʘʪʝ uint16, c 16-ʪʠ ʙʠʪʥʦʡ 
ʪʦʯʥʦʩʪʴʶ. ɺʩʝ ʩʠʛʥʘʣʳ ʚ ʧʨʦʮʝʩʩʦʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʬʦʨʤʘʪʝ 
uint8 ʢʨʦʤʝ ʩʠʛʥʘʣʦʚ cmd ʠ cmdData, ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 
ʬʦʨʤʘʪʝ uint16. 
 ɺ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ ʙʝʟ ʟʥʘʢʘ, 
ʚʝʱʝʩʪʚʝʥʥʦʝ ʯʠʩʣʦ V  ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʙʦʟʥʘʯʝʥʠʝʤ 
ʧʦʣʠʥʦʤʘ: 

1

0

2*
ws

i

i

ibSV , 

ʛʜʝ ib ʜʚʦʠʯʥʦʝ ʯʠʩʣʦ, 0,1ib ; ws ʨʘʟʤʝʨ ʩʣʦʚʘ, 

ʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ ʪʦʯʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʝʩʷʪʠʯʥʳʭ ʯʠʩʝʣ ʩ 

ʟʘʧʷʪʦʡ, ʤʘʢʩʠʤʘʣʴʥʦ 128 ʙʠʪ; S ʤʘʩʰʪʘʙ, ES 2 , E ʯʠʩʣʦ 
ʙʠʪʦʚ ʣʝʚʝʝ ʤʣʘʜʰʝʛʦ ʟʥʘʯʘʱʝʛʦ ʙʠʪʘ (LSB) ʚ ʩʣʦʚʝ, 
ʦʙʦʟʥʘʯʘʶʱʠʝ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦʟʠʮʠʦʥʥʦʡ ʪʦʯʢʠ 
(ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʪʦʯʢʠ ʠʣʠ ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʟʘʧʷʪʦʡ).  



 
ʈʠʩ.4.18. ʆʪʣʘʜʢʘ ʤʦʜʝʣʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʚ ʩʠʩʪʝʤʝ Matlab/Simulink ʠ ʪʝʩʪʦʚʘʷ 

ʧʨʦʛʨʘʤʤʘ (ʬʘʡʣ ʧʨʦʰʠʚʢʠ ʇɿʋ, ʩʦʜʝʨʞʠʤʦʝ ʙʣʦʢʘ ROM) 
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ʈʠʩ.4.19. ʌʘʡʣ ʧʨʦʰʠʚʢʠ ʇɿʋ (ʩʦʜʝʨʞʠʤʦʝ ʙʣʦʢʘ ROM) ʚ 

ʩʠʩʪʝʤʝ Matlab/Simulink ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʙʣʦʢʘ Lookup Table 

 

ɼʣʷ ʮʝʣʳʭ ʯʠʩʝʣ 1S . ʅʘʧʨʠʤʝʨ, ʯʠʩʣʦ 0011.0101 ʧʨʠ ʜʣʠʥʝ 

ʩʣʦʚʘ8ws : 

01234

567

4

2*12*02*12*02*1

2*12*02*0
23125.3 . 

 ɺʳʜʝʣʝʥʠʝ ʧʦʣʝʡ ʢʦʤʘʥʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʙʣʦʢʝ COP 

(ʨʠʩ.4.20). ʉʠʛʥʘʣ OutCmd (uint8) ï 8 ʩʪʘʨʰʠʭ ʙʠʪ 16-ʪʠ 

ʨʘʟʨʷʜʥʦʡ ʢʦʤʘʥʜʳ CmdData (uint16) ʠʟʚʣʝʢʘʝʤʦʡ ʠʟ ʇɿʋ. 

ʉʠʛʥʘʣ OutData (uint8) ï 8 ʤʣʘʜʰʠʭ ʙʠʪ, ʩʦʜʝʨʞʘʱʠʝ ʜʘʥʥʳʝ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ Shift Arithmetic (ʘʨʠʬʤʝʪʠʯʝʩʢʠʡ 

ʩʜʚʠʛ) ʠ Data Type Conversion (ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʠʧʘ ʜʘʥʥʳʭ) 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ OutCmd. ʆʥʠ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʣʦʛʠʯʝʩʢʠʡ ʩʜʚʠʛ ʚʧʨʘʚʦ ʩʠʛʥʘʣʘ CmdData, 

ʤʣʘʜʰʠʤʠ ʙʠʪʘʤʠ ʚʧʝʨʝʜ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ OutData 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʦʛʠʯʝʩʢʠʡ ʩʜʚʠʛ ʚʣʝʚʦ ʩʠʛʥʘʣʘ CmdData, 

ʩʪʘʨʰʠʤʠ ʙʠʪʘʤʠ ʚʧʝʨʝʜ, ʘ ʟʘʪʝʤ ʩʜʚʠʛ ʚʧʨʘʚʦ, ʥʘ 8 ʙʠʪ 

ʚʧʝʨʝʜ.  

 



 

 206 

 
ʈʠʩ.4.20. ɺʳʜʝʣʝʥʠʝ ʧʦʣʝʡ ʢʦʤʘʥʜʳ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʮʠʡ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ 

 

 ɺ ʙʣʦʢʘʭ Display (command, Cmd, Data, RegA, RegB, 

RegR, counter IP) ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʦʜʝʨʞʠʤʦʝ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʦʚ 

ʧʨʦʮʝʩʩʦʨʘ. ʅʘʧʨʠʤʝʨ, ʧʦ ʢʦʤʘʥʜʝ MOV A,12 ʚ ʨʝʛʠʩʪʨ ɸ 

ʟʘʛʨʫʞʘʝʪʩʷ ʯʠʩʣʦ 12, ʧʦ ʢʦʤʘʥʜʝ MOV B,23 ʚ ʨʝʛʠʩʪʨ B 

ʟʘʛʨʫʞʘʝʪʩʷ ʯʠʩʣʦ 23. ɸ ʧʦ ʢʦʤʘʥʜʝ 1540 ʜʦʣʞʥʦ ʧʨʦʠʟʦʡʪʠ 

ʩʣʦʞʝʥʠʝ ʩʦʜʝʨʞʠʤʳʭ ʨʝʛʠʩʪʨʦʚ, ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʘ ʚ 

ʨʝʛʠʩʪʨʝ ɸ. 

 ʅʘ ʨʠʩ.4.21 ʧʦʢʘʟʘʥ ʙʣʦʢ ɸʃʋ. ʇʨʠʤʝʨ 1 ʧʦʢʘʟʳʚʘʝʪ 

M-ʬʘʡʣ ʬʫʥʢʮʠʠ ɸʃʋ ʚ ʩʠʩʪʝʤʝ Matlab/Simulink. ʊʝʢʩʪ 

ʬʫʥʢʮʠʠ ʥʘʯʠʘʝʪʩʷ ʩ ʟʘʛʦʣʦʚʢʘ function, ʠʤʝʶʱʝʛʦ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ: 

 

function [y1, y2, ...]=fname(x1,x2, ...), 

 

ʛʜʝ fname ï ʠʤʷ ʬʫʥʮʠʠ; x1, x2 ʠ ʪ.ʜ. ï ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ; y1, 

y2 ʠ ʪ.ʜ. ï ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɺ ʫʩʣʦʚʥʦʤ ʦʧʝʨʘʪʦʨʝ switch 

ʚʳʙʠʨʘʝʪʩʷ ʦʜʥʘ ʠʟ ʚʦʟʤʦʞʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚ. ɿʘʧʠʩʴ ʦʧʝʨʘʪʦʨʘ 

ʚʳʙʦʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʣʶʯʝʚʳʭ ʩʣʦʚ switch, case, 

otherwise. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʪʦʨʘ switch ʟʥʘʯʝʥʠʝ inCmd 

ʧʦʦʯʝʨʝʜʥʦ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ 1,2,3,é ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʧʝʨʚʦʛʦ 

ʩʦʚʧʘʜʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʦʧʝʨʘʪʦʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʝʪʚʠ, 

ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʭʦʜ ʠʟ ʦʧʝʨʘʪʦʨʘ ʚʳʙʦʨʘ. 

 ʅʘ ʨʠʩ.4.22 ʧʦʢʘʟʘʥʦ ʧʦʩʪʨʦʝʥʠʝ ʨʝʛʠʩʪʨʦʚ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ 
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Memory. ɸʥʘʣʦʛʠʯʥʦ ʬʦʨʤʠʨʫʶʪʩʷ ʠ ʙʣʦʢʠ ʨʝʛʠʩʪʨʦʚ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ.  

 ɼʘʣʝʝ ʩ ʧʦʤʦʱʴʶ Simulink HDL Coder ʩʛʝʥʝʨʠʨʫʝʤ ʢʦʜ 

ʷʟʳʢʘ VHDL ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ 

ʧʨʦʮʝʩʩʦʨʘ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʉɸʇʈ ʇʃʀʉ 

Quartus II  ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʤʧʠʣʷʪʦʨʘʤ-ʩʠʥʪʝʟʘʪʦʨʘʤ ʠ ʠʤʝʝʪ 

ʧʨʠʚʷʟʢʫ ʢ ʢʦʥʢʨʝʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, ʘ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʢʦʜ 

ʷʟʳʢʘ VHDL ʩ ʧʦʤʦʱʴʶ Simulink HDL Coder ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ModelSim SE (Mentor Graphics HDL 

simulator). ʇʦʩʣʝʜʥʷʷ ʚʝʨʩʠʷ ʉɸʇʈ ʇʃʀʉ Quartus II  (ʚʝʨʩʠʷ 

8.1) cʦʜʝʨʞʠʪ ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʩʠʤʫʣʷʪʦʨ ModelSim-Altera. 

  

 
ʈʠʩ.4.21. ɹʣʦʢ ɸʃʋ ʧʨʦʮʝʩʩʦʨʘ 

 
function [outA, outB, outR, outIp] = alu(inCmd,inData,inA,inB,inIp,inR) 

outA = inA; 

outB = inB; 

outR = inR; 

outIp = inIp+1; 

switch inCmd 

    case 0 %NOP 

    case 1 %JMP 

        outIp = inData; 

    case 2 %JMPZ 

        if inA == 0 

            outIp = inData; 
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        end 

    case 3 % CALL 

        outR = inIp+1; 

        outIp = inData; 

    case 4 %MOV A,xx 

        outA = inData; 

    case 5 %MOV B,xx 

        outB = inData; 

    case 6 

            switch inData 

                case 0 %RET 

                    outIp = inR; 

                case 1 %MOV A,B 

                      outA = inB; 

                case 2 %MOV B,A 

                      outB = inA; 

                case 3 %XCHG A,B 

                     X = inB; 

                     outB = inA; 

                     outA = X; 

                case 4 %ADD A,B 

                    outA = inA+inB; 

                case 5 %SUB A,B 

                    outA = inA-inB; 

                case 6 %AND A,B 

                    outA = bitand(inA,inB); 

                case 7 %OR A,B 

                    outA = bitor(inA,inB); 

                case 8 %XOR A,B 

                    outA = bitxor(inA,inB); 

                case 9 %DEC A 

                    outA = inA-1; 

            end 

end 

ʇʨʠʤʝʨ 1. M-ʬʘʡʣ ʬʫʥʢʮʠʠ ɸʃʋ ʚ ʩʠʩʪʝʤʝ Matlab/Simulink 
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ʈʠʩ.4.22. ʈʝʛʠʩʪʨʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʨʦʮʝʩʩʦʨʘ 

 

 ʇʨʠʤʝʨ 2 ʧʦʢʘʟʳʚʘʝʪ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ 

ʧʨʦʰʠʚʢʠ ʇɿʋ ʥʘ ʷʟʳʢʝ VHDL, ʧʨʠʤʝʨ 3 ʚʳʜʝʣʝʥʠʝ ʧʦʣʝʡ 

ʢʦʤʘʥʜʳ, ʧʨʠʤʝʨ 4 ʧʦʚʝʜʝʥʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ɸʃʋ, ʧʨʠʤʝʨ 5 ï 

ʨʝʛʠʩʪʨʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʉ ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ 

ʠʟʙʳʪʦʯʥʦʩʪʠ ʢʦʜʘ, ʚʩʝ ʙʣʦʢʠ ʧʨʦʮʝʩʩʦʨʘ ʧʦʜʚʝʨʛʣʠʩʴ 

ʨʫʯʥʦʤʫ ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ. ʇʨʠ ʛʝʥʝʨʘʮʠʠ ʢʦʜʘ ʷʟʳʢʘ VHDL 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʧʨʦʮʝʩʩʦʨʘ, Simulink HDL Coder 

ʠʩʧʦʣʴʟʫʝʪ ʪʦʣʴʢʦ ʜʚʘ ʧʘʢʝʪʘ std_logic_1164 ʠ numeric_std. ʊʘʢ 

ʢʘʢ ʟʘʨʘʥʝʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʦʮʝʩʩʦʨ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʩ 

ʮʝʣʳʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʜʚʦʠʯʥʳʤʠ ʯʠʩʣʘʤʠ (ʪʠʧ unsigned). 

ɼʦʙʘʚʠʤ ʚ ʢʘʞʜʳʡ ʙʣʦʢ ʩʣʝʜʫʶʱʠʝ ʧʘʢʝʪʳ std_logic_arith ʠ 

std_logic_unsigned. ʂʦʤʧʠʣʷʪʦʨ-ʩʠʥʪʝʟʘʪʦʨ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʦʪʦʙʨʘʞʘʝʪ ʚ ʨʝʩʫʨʩʳ ʇʃʀʉ ʬʫʥʢʮʠʠ (ʥʘʧʨʠʤʝʨ, 

ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ) ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʟ ʧʘʢʝʪʦʚ 

std_logic_1164, numeric_std, std_logic_arith ʠ std_logic_unsigned.  

 

 
LIBRARY IEEE; 

USE IEEE.std_logic_1164.ALL; 

USE IEEE.numeric_std.ALL; 

use ieee.std_logic_arith.all; 

use ieee.std_logic_unsigned.all; 

ENTITY ROM IS 

PORT(  

 addr:   IN    std_logic_vector(7 DOWNTO 0); 

 cmd:   OUT   std_logic_vector(15 DOWNTO 0)); 
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END ROM; 

ARCHITECTURE rtl OF ROM IS 

SIGNAL Lookup_Table_out1: std_logic_vector(15 DOWNTO 0); 

 

BEGIN 

PROCESS(addr) 

BEGIN 

CASE addr IS 

WHEN "00000000" => Lookup_Table_out1 <= "0000010000001100"; 

WHEN "00000001" => Lookup_Table_out1 <= "0000010100010111"; 

WHEN "00000010" => Lookup_Table_out1 <= "0000011000000100"; 

WHEN "00000011" => Lookup_Table_out1 <= "0000011000001001"; 

WHEN "00000100" => Lookup_Table_out1 <= "0000010101001110"; 

WHEN "00000101" => Lookup_Table_out1 <= "0000011000000011"; 

WHEN "00000110" => Lookup_Table_out1 <= "0000011000000101"; 

WHEN "00000111" => Lookup_Table_out1 <= "0000011000001001"; 

WHEN "00001000" => Lookup_Table_out1 <= "0000011000000110"; 

WHEN "00001001" => Lookup_Table_out1 <= "0000001000001011"; 

WHEN "00001010" => Lookup_Table_out1 <= "0000000100000111"; 

WHEN "00001011" => Lookup_Table_out1 <= "0000010000001101"; 

WHEN "00001100" => Lookup_Table_out1 <= "0000010101110101"; 

WHEN "00001101" => Lookup_Table_out1 <= "0000011000000111"; 

WHEN "00001110" => Lookup_Table_out1 <= "0000011000000011"; 

WHEN "00001111" => Lookup_Table_out1 <= "0000011000001000"; 

WHEN "00010000" => Lookup_Table_out1 <= "0000000100010101"; 

WHEN "00010001" => Lookup_Table_out1 <= "0000010001101111"; 

WHEN "00010010" => Lookup_Table_out1 <= "0000010111001000"; 

WHEN "00010011" => Lookup_Table_out1 <= "0000011000000110"; 

WHEN "00010100" => Lookup_Table_out1 <= "0000011000000000"; 

WHEN "00010101" => Lookup_Table_out1 <= "0000001100010001"; 

WHEN "00010110" => Lookup_Table_out1 <= "0000000000000000"; 

WHEN OTHERS => Lookup_Table_out1 <= "0000000000000000"; 

END CASE; 

END PROCESS; 

cmd <=Lookup_Table_out1; 

END rtl; 

ʇʨʠʤʝʨ 2. ʌʘʡʣ ʧʨʦʰʠʚʢʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʇɿʋ ʥʘ ʷʟʳʢʝ VHDL 



 

 211 

library ieee; 
USE IEEE.std_logic_1164.ALL; 
USE IEEE.numeric_std.ALL; 
use ieee.std_logic_arith.all; 
use ieee.std_logic_unsigned.all; 
ENTITY COP IS 
PORT(  
cmdData :   IN    std_logic_vector(15 DOWNTO 0); 
OutData :   OUT   std_logic_vector(7 DOWNTO 0); 
OutCmd  :   OUT   std_logic_vector(7 DOWNTO 0)); 
END COP; 
ARCHITECTURE rtl OF COP IS 
BEGIN 
OutCmd<=cmdData(15 downto 8); 
OutData<=cmdData(7 downto 0); 
END rtl; 

ʇʨʠʤʝʨ 3. ɺʳʜʝʣʝʥʠʝ ʧʦʣʝʡ ʢʦʤʘʥʜʳ ʥʘ ʷʟʳʢʝ VHDL 
 
LIBRARY ieee; 
USE ieee.std_logic_1164.all; 
USE ieee.numeric_std.all; 
use ieee.std_logic_arith.all; 
use ieee.std_logic_unsigned.all; 
ENTITY ALU_entity IS 
PORT ( 
        inCmd : IN std_logic_vector(7 DOWNTO 0); 
        inData : IN std_logic_vector(7 DOWNTO 0); 
        inA : IN std_logic_vector(7 DOWNTO 0); 
        inB : IN std_logic_vector(7 DOWNTO 0); 
        inIp : IN std_logic_vector(7 DOWNTO 0); 
        inR : IN std_logic_vector(7 DOWNTO 0); 
        outA : OUT std_logic_vector(7 DOWNTO 0); 
        outB : OUT std_logic_vector(7 DOWNTO 0); 
        outR : OUT std_logic_vector(7 DOWNTO 0); 
        outIp : OUT std_logic_vector(7 DOWNTO 0)); 
END ALU_entity; 
ARCHITECTURE fsm_SFHDL OF ALU_entity IS 
BEGIN 
PROCESS (inCmd, inData, inA, inB, inIp, inR)   
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    BEGIN 
        outA <= inA; 
        outB <= inB; 
        outR <= inR; 
        outIp <= inIp+1; 
        CASE inCmd IS 
            WHEN "00000000" => 
                --NOP 
                NULL;  
            WHEN "00000001" => 
                --JMP 
                outIp <= inData; 
            WHEN "00000010" => 
                IF inA = 0 THEN  
                    --JMPZ 
                    outIp <= inData; 
                END IF; 
            WHEN "00000011" => 
                -- CALL 
              outR <= inIp+1; 
                outIp <= inData; 
            WHEN "00000100" => 
                --MOV A,xx 
                outA <= inData; 
            WHEN "00000101" => 
                --MOV B,xx 
                outB <= inData; 
            WHEN "00000110" => 
                CASE inData IS 
                    WHEN "00000000" => 
                        --RET 
                        outIp <= inR; 
                    WHEN "00000001" => 
                        --MOV A,B 
                        outA <= inB; 
                    WHEN "00000010" => 
                        --MOV B,A 
                        outB <= inA; 
                    WHEN "00000011" => 
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                        --XCHG A,B 
                        outB <= inA; 
                        outA <= inB; 
                    WHEN "00000100" => 
                        --ADD A,B 
                        outA <= inA + inB; 
                    WHEN "00000101" => 
                        --SUB A,B 
                        outA <= inA - inB; 
                    WHEN "00000110" => 
                        --AND A,B 
                        outA <= inA AND inB; 
                    WHEN "00000111" => 
                        --OR A,B 
                        outA <= inA OR inB; 
                    WHEN "00001000" => 
                        --XOR A,B 
                        outA <= inA XOR inB; 
                    WHEN "00001001" => 
                        --DEC A 
                        outA <= inA - 1; 
                    WHEN OTHERS =>  
                        NULL;  
                END CASE; 
            WHEN OTHERS =>  
                NULL;  
        END CASE; 
    END PROCESS; 
END fsm_SFHDL; 

ʇʨʠʤʝʨ 4. ɸʩʠʥʭʨʦʥʥʦʝ ɸʃʋ ʥʘ ʷʟʳʢʝ VHDL 
 
LIBRARY IEEE; 
USE IEEE.std_logic_1164.ALL; 
USE IEEE.numeric_std.ALL; 
use ieee.std_logic_arith.all; 
use ieee.std_logic_unsigned.all; 
ENTITY RON IS 
PORT( clk :   IN    std_logic; 
        reset :   IN    std_logic; 
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        enb :   IN    std_logic; 
        inA  :   IN    std_logic_vector(7 DOWNTO 0); 
        inB :   IN    std_logic_vector(7 DOWNTO 0);  
        outA :   OUT   std_logic_vector(7 DOWNTO 0); 
        outB :   OUT   std_logic_vector(7 DOWNTO 0)); 
END RON; 
ARCHITECTURE rtl OF RON IS 
BEGIN 
  PROCESS (clk, reset) 
  BEGIN 
    IF reset = '1' THEN 
      outA <= (OTHERS => '0'); 
    ELSIF clk'event AND clk = '1' THEN 
      IF enb = '1' THEN 
       outA <= inA; 
      END IF; 
    END IF;  
  END PROCESS; 
  PROCESS (clk, reset) 
  BEGIN 
    IF reset = '1' THEN 
      outB <= (OTHERS => '0'); 
    ELSIF clk'event AND clk = '1' THEN 
      IF enb = '1' THEN 
        outB <= inB; 
      END IF; 
    END IF;  END PROCESS; END rtl; 

ʇʨʠʤʝʨ 5. ʈʝʛʠʩʪʨʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʈʆʅ) 
 

ʅʘ ʨʠʩ.4.23 ʧʦʢʘʟʘʥʘ ʪʝʩʪʦʚʘʷ ʩʭʝʤʘ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ ʉɸʇʈ 

ʇʃʀʉ Quartus II, ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʤʦʜʝʣʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ 

ʩʠʩʪʝʤʝ Matlab/Simulink ʠ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ 

(ʨʠʩ.4.24). ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʠʭʦʜʠʤ ʢ 

ʚʳʚʦʜʫ, ʯʪʦ ʇɿʋ ʠ ɸʃʋ ʷʚʣʷʶʪʩʷ ʘʩʠʥʭʨʦʥʥʳʤʠ ʙʣʦʢʘʤʠ. 

ʈʝʛʠʩʪʨʳ ʦʙʱʝʛʦ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ 8-ʤʠ ʨʘʟʨʷʜʥʳʝ ʨʝʛʠʩʪʨʳ ʪʘʢʪʠʨʫʝʤʳʝ ʬʨʦʥʪʦʤ 

ʩʠʥʭʨʦʩʠʛʥʘʣʘ, ʩ ʘʩʠʥʭʨʦʥʥʳʤ ʩʙʨʦʩʦʤ reset ʠ ʩʠʥʭʨʦʥʥʳʤ 
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ʩʠʛʥʘʣʦʤ ena. ʅʝʜʦʩʪʘʪʢʦʤ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʢʦʜʘ ʷʟʳʢʘ 

VHDL, ʷʚʣʷʝʪʩʷ ʥʝʪʘʢʪʠʨʫʝʤʦʝ ɸʃʋ ʠ ʇɿʋ.  

 ʉʛʝʥʝʨʠʨʫʝʤ ʬʘʡʣ ʧʨʦʰʠʚʢʠ ʇɿʋ, ʠʩʧʦʣʴʟʫʷ M-ʬʘʡʣ ʠ 

fi-ʦʙʲʝʢʪʳ ʩʠʩʪʝʤʳ Matlab. Fi-ʦʙʲʝʢʪʳ ʧʦʟʚʦʣʷʶʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʯʠʩʣʘ ʚ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ. 

ʅʘʧʨʠʤʝʨ, ʧʦ ʢʦʤʘʥʜʝ ʘ=fi(1536) ʮʝʣʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ 1536 ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʬʦʨʤʘʪʝ M.N, ʛʜʝ 

M - ʦʙʱʝʝ ʯʠʩʣʦ ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʦʚ, N - ʯʠʩʣʦ ʨʘʟʨʷʜʦʚ 

ʜʨʦʙʥʦʡ ʯʘʩʪʠ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʬʦʨʤʘʪ 16.15. 

ʇʷʪʥʘʜʮʘʪʴ ʨʘʟʨʷʜʦʚ ʧʦʩʣʝ ʟʘʧʷʪʦʡ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʜʠʩʢʨʝʪʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʚʥʫʶ 515 10*32 . ɺ ʥʘʰʝʤ 

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʤ ʩʣʝʜʫʶʱʠʡ ʬʦʨʤʘʪ: a = fi (v,s,w,f), ʛʜʝ v - 

ʦʙʲʝʢʪ ʩʦ ʟʥʘʯʝʥʠʝʤ, s ï ʟʥʘʢ (0 (false) ï ʜʣʷ ʯʠʩʝʣ ʙʝʟ ʟʥʘʢʘ ʠ 

1 (true) ï ʜʣʷ ʯʠʩʝʣ ʩʦ ʟʥʘʢʦʤ), w - ʨʘʟʤʝʨ ʩʣʦʚʘ ʚ ʙʠʪʘʭ (ʮʝʣʘʷ 

ʯʘʩʪʴ ʯʠʩʣʘ), f ï ʜʨʦʙʥʘʷ ʯʘʩʪʴ ʯʠʩʣʘ ʚ ʙʠʪʘʭ. ʅʘʧʨʠʤʝʨ, ʧʦ 

ʢʦʤʘʥʜʝ ʘ=fi(1536, 0, 16, 0) ʮʝʣʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʜʝʩʷʪʠʯʥʦʝ 

ʯʠʩʣʦ 1536 ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʬʦʨʤʘʪʝ 16.0. ʇʦ ʢʦʤʘʥʜʝ 

disp(bin(a)) ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ ʚ ʜʚʦʠʯʥʦʡ 

ʬʦʨʤʝ: 0000011000000000. ʇʨʠʤʝʨ 6 ʧʦʢʘʟʳʚʘʝʪ M-ʬʘʡʣ 

ʧʨʦʰʠʚʢʠ ʇɿʋ ʚ ʩʠʩʪʝʤʝ Matlab/Simulink. ɸ ʧʨʠʤʝʨ 7 

ʦʪʨʝʜʘʢʪʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʬʘʡʣʘ 

ʧʨʦʛʨʘʤʤʦʡ Simulink HDL Coder ʚ ʉɸʇʈ Quartus II.  

 ɸʥʘʣʠʟʠʨʫʷ ʢʦʜ (ʧʨʠʤʝʨ 7), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʦ ʩʠʥʭʨʦʥʥʦʝ ʇɿʋ ʩ ʘʩʠʥʭʨʦʥʥʳʤ ʩʙʨʦʩʦʤ, 

ʩʠʥʭʨʦʥʥʳʤ ʩʠʛʥʘʣʦʤ ʨʘʟʨʝʰʝʥʠʷ ʪʘʢʪʠʨʦʚʘʥʠʷ clk_enable. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʤʘʩʩʠʚʘ ʧʘʤʷʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʦʧʝʨʘʪʦʨ for  ... loop, ʚʳʧʦʣʥʷʶʱʠʡ 

ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʦʧʝʨʘʪʦʨʳ. ʆʧʝʨʘʪʦʨ for ... loop ʠʤʝʝʪ ʮʝʣʫʶ 

ʩʭʝʤʫ ʠʪʝʨʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʪʦʨʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʝʣʳʤ ʜʠʘʧʘʟʦʥʦʤ. ʎʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ ʦʜʠʥ ʨʘʟ 

ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʜʠʘʧʘʟʦʥʘ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʫʜʝʪ 

ʜʦʩʪʠʛʥʫʪʦ ʧʦʩʣʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʠʪʝʨʘʮʠʠ, ʮʠʢʣ 

ʧʨʦʧʫʩʢʘʝʪʩʷ, ʠ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʧʨʦʜʦʣʞʘʝʪʩʷ, 

ʥʘʯʠʥʘʷ ʩ ʦʧʝʨʘʪʦʨʘ, ʩʪʦʷʱʝʛʦ ʚʩʣʝʜ ʟʘ ʮʠʢʣʦʤ. 



 
ʈʠʩ.4.23. ʊʝʩʪʦʚʘʷ ʩʭʝʤʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ ʉɸʇʈ ʇʃʀʉ 

Quartus II  ʚʝʨʩʠʠ 8.1, ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʤʦʜʝʣʠ. ʂʦʜ ʷʟʳʢʘ VHDL ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ 

ʤʦʜʝʣʠ ʩʛʝʥʝʨʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʷ Simulink HDL Coder ʩʠʩʪʝʤʳ 

Matlab/Simulink 
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ʈʠʩ.4.24. ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʨʘʙʦʪʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ, ʢʦʜ ʷʟʳʢʘ VHDL 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʢʦʪʦʨʦʛʦ ʩʛʝʥʝʨʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʷ Simulink HDL 

Coder ʩʠʩʪʝʤʳ Matlab/Simulink 
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function rom_out = Memory(addr) 

persistent data; 

data = fi(zeros(1, 256), 0, 16, 0); 

data(1) = fi(1036, 0, 16, 0); 

data(2) = fi(1303, 0, 16, 0); 

data(3) = fi(1540, 0, 16, 0); 

data(4) = fi(1545, 0, 16, 0); 

data(5) = fi(1358, 0, 16, 0); 

data(6) = fi(1539, 0, 16, 0); 

data(7) = fi(1541, 0, 16, 0); 

data(8) = fi(1545, 0, 16, 0); 

data(9) = fi(1542, 0, 16, 0); 

data(10) = fi(523, 0, 16, 0); 

data(11) = fi(263, 0, 16, 0); 

data(12) = fi(1037, 0, 16, 0); 

data(13) = fi(1397, 0, 16, 0); 

data(14) = fi(1543, 0, 16, 0); 

data(15) = fi(1539, 0, 16, 0); 

data(16) = fi(1544, 0, 16, 0); 

data(17) = fi(277, 0, 16, 0); 

data(18) = fi(1135, 0, 16, 0); 

data(19) = fi(1480, 0, 16, 0); 

data(20) = fi(1542, 0, 16, 0); 

data(21) = fi(1536, 0, 16, 0); 

data(22) = fi(785, 0, 16, 0); 

data(23) = fi(0, 0, 16, 0); 

rom_out = data(addr+1); 

ʇʨʠʤʝʨ 6. M-ʬʘʡʣ ʧʨʦʰʠʚʢʠ ʇɿʋ ʚ ʩʠʩʪʝʤʝ Matlab/Simulink 

 
LIBRARY ieee; 

USE ieee.std_logic_1164.all; 

USE ieee.numeric_std.all; 

ENTITY rom_syn IS 

    PORT ( 

        clk : IN std_logic;  

        clk_enable : IN std_logic;  

        reset : IN std_logic; 
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        addr : IN std_logic_vector(7 DOWNTO 0); 

        rom_out : OUT std_logic_vector(15 DOWNTO 0)); 

END rom_syn; 

ARCHITECTURE a OF rom_syn IS 

    TYPE T_UFIX_16_256 IS ARRAY (255 DOWNTO 0) of unsigned(15 

DOWNTO 0); 

    SIGNAL data : T_UFIX_16_256; 

    SIGNAL data_next : T_UFIX_16_256; 

BEGIN 

    PROCESS (reset, clk) 

        -- local variables 

        VARIABLE b : INTEGER; 

    BEGIN 

        IF reset = '1' THEN 

            NULL;  

        ELSIF clk'EVENT AND clk= '1' THEN 

            IF clk_enable= '1' THEN 

                FOR b IN 0 TO 255 LOOP 

                    data(b) <= data_next(b); 

                END LOOP; 

            END IF; 

        END IF; 

    END PROCESS; 

   PROCESS (addr) 

        -- local variables 

        VARIABLE data_temp : T_UFIX_16_256; 

    BEGIN 

        FOR b IN 0 TO 255 LOOP 

            data_temp(b) := to_unsigned(0, 16); 

        END LOOP; 

        data_temp(0) := to_unsigned(1036, 16); 

        data_temp(1) := to_unsigned(1303, 16); 

        data_temp(2) := to_unsigned(1540, 16); 

        data_temp(3) := to_unsigned(1545, 16); 

        data_temp(4) := to_unsigned(1358, 16); 

        data_temp(5) := to_unsigned(1539, 16); 

        data_temp(6) := to_unsigned(1541, 16); 

        data_temp(7) := to_unsigned(1545, 16); 

        data_temp(8) := to_unsigned(1542, 16); 
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        data_temp(9) := to_unsigned(523, 16); 

        data_temp(10) := to_unsigned(263, 16); 

        data_temp(11) := to_unsigned(1037, 16); 

        data_temp(12) := to_unsigned(1397, 16); 

        data_temp(13) := to_unsigned(1543, 16); 

        data_temp(14) := to_unsigned(1539, 16); 

        data_temp(15) := to_unsigned(1544, 16); 

        data_temp(16) := to_unsigned(277, 16); 

        data_temp(17) := to_unsigned(1135, 16); 

        data_temp(18) := to_unsigned(1480, 16); 

        data_temp(19) := to_unsigned(1542, 16); 

        data_temp(20) := to_unsigned(1536, 16); 

        data_temp(21) := to_unsigned(785, 16); 

        data_temp(22) := to_unsigned(0, 16); 

    rom_out <= std_logic_vector(data_temp(to_integer(unsigned(addr)))); 

    END PROCESS; 

END a; 

ʇʨʠʤʝʨ 7. ʌʘʡʣ ʧʨʦʰʠʚʢʠ ʩʠʥʭʨʦʥʥʦʛʦ ʇɿʋ ʥʘ ʷʟʳʢʝ VHDL 

 

 ʉʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʧʨʦ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʠʧʦʚ 

to_integer ʠ to_unsigned ʠʟ ʧʘʢʝʪʘ Numeric_std, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʥʭʨʦʥʥʦʛʦ ʇɿʋ. 

ʌʫʥʢʮʠʷ to_integer ʧʨʝʦʙʨʘʟʫʝʪ ʪʠʧ unsigned ʚ ʧʦʜʪʠʧ natural 

(ʚʩʪʨʦʝʥʥʳʡ ʧʦʜʪʠʧ natural ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ, 

ʥʝ ʜʦʣʞʥʳ ʧʨʠʥʠʤʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ), ʘ ʬʫʥʢʮʠʷ 

to_unsigned ʧʨʝʦʙʨʘʟʫʝʪ ʧʦʜʪʠʧ natural ʚ ʪʠʧ unsigned, ʧʨʠ 

ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʳʚʘʪʴ ʨʘʟʤʝʨ ʞʝʣʘʝʤʦʛʦ ʩʣʦʚʘ. 

 ʅʘ ʨʠʩ.4.25 ʧʦʢʘʟʘʥʳ ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʚʥʝʩʪʠ ʚ ʧʨʦʝʢʪ ʜʣʷ ʇɿʋ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄ-ʬʫʥʢʮʠʠ ʚ 

ʩʠʩʪʝʤʝ Matlab/Simulink (ʨʠʩ.4.25, ʘ) ʠ ʜʣʷ ʩʠʥʭʨʦʥʥʦʛʦ ʇɿʋ ʚ 

ʉɸʇʈ ʇʃʀʉ Quartus II  (ʨʠʩ.4.25, ʙ). ʅʘ ʨʠʩ.4.26 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʨʘʙʦʪʳ ʧʨʦʮʝʩʩʦʨʘ ʩ ʩʠʥʭʨʦʥʥʳʤ ʇɿʋ. 

ʇʨʦʝʢʪ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ ʩ ʩʠʥʭʨʦʥʥʳʤ ʇɿʋ, ʢʦʜ ʷʟʳʢʘ 

VHDL ʢʦʪʦʨʦʛʦ ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Simulink HDL 

Coder, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʢʘʢ ʥʘ ʩʪʘʨʳʭ, 

ʪʘʢ ʠ ʥʘ ʥʦʚʳʭ ʩʝʨʠʷʭ ʇʃʀʉ ʬʠʨʤʳ Altera, ʯʪʦ ʥʝ ʫʜʘʚʘʣʦʩʴ 
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ʦʩʫʱʝʩʪʚʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʦʝʥʥʳʭ ʤʝʛʘʬʫʥʢʮʠʡ ʆɿʋ 

ʠ ʇɿʋ.  

 

 
ʈʠʩ.4.25. ʌʨʘʛʤʝʥʪ ʤʦʜʝʣʠ ʠ ʩʭʝʤʳ ʧʨʦʮʝʩʩʦʨʘ: ʘ ï ʇɿʋ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄ-ʬʫʥʢʮʠʠ ʚ ʩʠʩʪʝʤʝ Matlab/Simulink; ʙ - 

ʩʠʤʚʦʣ ʩʠʥʭʨʦʥʥʦʛʦ ʇɿʋ ʚ ʉɸʇʈ Quartus II  

 

ʅʘ ʨʠʩ.4.27 ʧʦʢʘʟʘʥʘ ʪʝʩʪʦʚʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʦʨʘ ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ ʉɸʇʈ ʇʃʀʉ Quartus II  (ʚʝʨʩʠʷ 8) ʩ 

ʫʧʨʘʚʣʷʶʱʠʤ ʘʚʪʦʤʘʪʦʤ ʩ ʮʠʢʣʦʤ ʨʘʙʦʪʳ ʚ ʜʚʘ ʪʘʢʪʘ (ʧʨʠʤʝʨ 

1, ʨʘʟʜʝʣ 4.1) ʠ ʩʠʥʭʨʦʥʥʳʤ ʇɿʋ ʥʘ ʷʟʳʢʝ VHDL. ʉʨʘʚʥʠʚʘʷ 

ʨʠʩ.4.26 ʠ ʨʠʩ.4.28 ʚʠʜʠʤ, ʯʪʦ ʜʚʘ ʧʨʦʮʝʩʩʦʨʘ ʣʦʛʠʯʝʩʢʠ 

ʨʘʙʦʪʘʶʪ ʦʜʠʥʘʢʦʚʦ.  

ʉʠʩʪʝʤʘ Matlab/simulink c Simulink HDL Coder ʤʦʞʝʪ 

ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʷʜʝʨ. ʇʨʦʝʢʪ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ ʩ ʘʩʠʥʭʨʦʥʥʳʤ ʇɿʋ ʥʘ ʷʟʳʢʝ VHDL ʤʦʞʝʪ 

ʙʳʪʴ ʫʩʧʝʰʥʦ ʨʘʟʤʝʱʝʥ ʚ ʇʃʀʉ APEX20KE 

EP20K30ETC144-1, ʧʨʠ ʵʪʦʤ ʦʙʱʝʝ ʯʠʩʣʦ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ 

ʨʝʩʫʨʩʦʚ ʩʦʩʪʘʚʣʷʝʪ 22 %, ʩ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʦʡ ʜʦ 60 ʄɻʮ.  

ʅʝʜʦʩʪʘʪʢʦʤ ʧʨʦʮʝʩʩʦʨʘ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʩʠʩʪʝʤʝ 

Matlab/simulink ʠ ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʚ ʉɸʇʈ Quartus II, ʷʚʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ.  

 



 

 

 

 
ʈʠʩ.4.26. ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʨʘʙʦʪʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʩ ʩʠʥʭʨʦʥʥʳʤ ʇɿʋ ʥʘ 

ʷʟʳʢʝ VHDL (ʢʦʜ ʷʟʳʢʘ VHDL ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʩʛʝʥʝʨʠʨʦʚʘʥ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʣʦʞʝʥʠʷ Simulink HDL Coder ʩʠʩʪʝʤʳ Matlab/Simulink) 
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ʈʠʩ.4.27. ʊʝʩʪʦʚʘʷ ʩʭʝʤʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ ʉɸʇʈ ʇʃʀʉ 

Quartus II  (ʚʝʨʩʠʷ 8) ʩ ʫʧʨʘʚʣʷʶʱʠʤ ʘʚʪʦʤʘʪʦʤ ʩ ʮʠʢʣʦʤ ʨʘʙʦʪʳ ʚ ʜʚʘ ʪʘʢʪʘ (ʧʨʠʤʝʨ 1, 

ʨʘʟʜʝʣ 4.1) ʠ ʩʠʥʭʨʦʥʥʳʤ ʇɿʋ ʥʘ ʷʟʳʢʝ VHDL, ʢʦʜ ʷʟʳʢʘ ʢʦʪʦʨʦʛʦ ʩʛʝʥʝʨʠʨʦʚʘʥ ʩ 

ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʷ Simulink HDL Coder ʩʠʩʪʝʤʳ Matlab/Simulink 
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ʈʠʩ.4.28. ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʨʘʙʦʪʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʷʜʨʘ ʩ ʫʧʨʘʚʣʷʶʱʠʤ 

ʘʚʪʦʤʘʪʦʤ ʩ ʮʠʢʣʦʤ ʨʘʙʦʪʳ ʚ ʜʚʘ ʪʘʢʪʘ (ʧʨʠʤʝʨ 1, ʨʘʟʜʝʣ 4.1) ʠ ʩʠʥʭʨʦʥʥʳʤ ʇɿʋ ʥʘ 

ʷʟʳʢʝ VHDL 
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4.4. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʟʘʧʷʪʦʡ ʚ ʩʠʩʪʝʤʝ Matlab/Simulink  

 

 ɺ ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʳʭ ʧʨʠʤʝʨʘʭ ʧʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʷʜʝʨ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ 

ʙʘʟʠʩʝ ʇʃʀʉ ʬʠʨʤʳ Altera, ʢʘʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʛʘʬʫʥʢʮʠʡ ʘʩʠʥʭʨʦʥʥʦʛʦ ʆɿʋ/ʇɿʋ ʉɸʇʈ Quartus II, ʪʘʢ ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʥʘ ʷʟʳʢʝ VHDL, 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ Simulink HDL Coder ʩʠʩʪʝʤʳ 

Matlab/Simulink. ʆʙʱʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʚ 

ʩʠʩʪʝʤʝ Matlab/Simulink ʧʨʦʮʝʩʩʦʨ ʩ ʫʧʨʘʚʣʷʶʱʠʤ ʘʚʪʦʤʘʪʦʤ 

ʠ ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʦʚʦʜʠʪʴ ʚʳʯʠʩʣʝʥʠʷ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʟʷʧʷʪʦʡ. ɺʳʧʦʣʥʝʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘʜ 

ʦʧʝʨʘʥʜʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʟʘʧ̫ʪʦʡ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ, 

ʥʦ ʚʦʟʤʦʞʥʦ ʧʝʨʝʧʦʣʥʝʥʠʝ ʨʘʟʨʷʜʥʦʡ ʩʝʪʢʠ ʣʠʙʦ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟ-ʟʘ ʦʢʨʫʛʣʝʥʠʷ. 

 ʅʘ ʨʠʩ.4.29 ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩʦʨ c ʫʧʨʘʚʣʷʶʱʠʤ 

ʘʚʪʦʤʘʪʦʤ ʥʘ ʰʝʩʪʴ ʩʦʩʪʦʷʥʠʡ ʠ ʝʛʦ ʦʪʣʘʜʢʘ ʚ ʩʠʩʪʝʤʝ 

Matlab/Simulink c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʣʘʜʯʠʢʘ (Simulink 

Debugger). ʇʝʨʝʜ ʦʪʣʘʜʢʦʡ ʥʝʦʙʭʦʜʠʤʦ ʚ ʤʝʥʶ 

Simulation/Configuration Parameters ʚʳʙʨʘʪʴ ʜʠʘʣʦʛ Solver 

(ñʨʝʰʘʪʝʣʠò, ʤʝʪʦʜʳ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ). ɺ Solver 

options ʚʳʙʨʘʪʴ Type: Fixed-step; Solver: discrete (no continuous 

state); Fixed step size (fundamental sample time) ï 1.0. 

ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʝ ʢʦʤʘʥʜ MOV A,12; MOV B,23; 

ADD A,B.  

 ʇʨʦʝʢʪʠʨʫʝʤʳʡ ʧʨʦʮʝʩʩʦʨ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʙʣʦʢʦʚ: ʫʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ (ʙʣʦʢ CPU_Controller, ʧʨʠʤʝʨ 

1); ʧʘʤʷʪʴ ʧʨʦʛʨʘʤʤ - ʇɿʋ ʧʨʦʮʝʩʩʦʨʘ (ʙʣʦʢ Memory, ʧʨʠʤʝʨ 

4); ɸʃʋ ʧʨʦʮʝʩʩʦʨʘ (ʙʣʦʢ alu, ʧʨʠʤʝʨ 7); ʜʚʫʭ ʨʝʛʠʩʪʨʦʚ 

ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʈʆʅ, ʙʣʦʢʠ RegisterA, ʧʨʠʤʝʨ 6 ʠ 
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RegisterB); ʨʝʛʠʩʪʨʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʈʉʅ, ʙʣʦʢ 

PC_Inc, ʧʨʠʤʝʨ 2), ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ñʧʨʳʞʢʦʚʳʭò ʢʦʤʘʥʜ, ʪʘʢʠʭ ʢʘʢ JMP, JMPZ, CALL ʠ RET; 

ʩʯʝʪʯʠʢʘ ʢʦʤʘʥʜ (ʙʣʦʢ PC, ʧʨʠʤʝʨ 3); ʨʝʛʠʩʪʨʘ ʠʥʩʪʨʫʢʮʠʡ 

(ʙʣʦʢ Instruction_Reg, ʧʨʠʤʝʨ 5).  

 ʇʨʦʮʝʩʩʦʨ ʨʝʘʣʠʟʦʚʘʥ ʚ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʟʘʧʷʪʦʡ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ fi-ʦʙʲʝʢʪʦʚ ʩʠʩʪʝʤʳ Matlab. ɹʫʜʝʤ 

ʠʩʧʦʣʴʟʫʝʤ ʩʣʝʜʫʶʱʠʡ ʬʦʨʤʘʪ, ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʜʝʩʷʪʠʯʥʳʭ ʯʠʩʝʣ:  

a = fi (v, s, w, f), 

ʛʜʝ v ï ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ, s ï ʟʥʘʢ (0 (false)ï ʜʣʷ ʯʠʩʝʣ ʙʝʟ 

ʟʥʘʢʘ ʠ 1 (true) ï ʜʣʷ ʯʠʩʝʣ ʩʦ ʟʥʘʢʦʤ), w - ʨʘʟʤʝʨ ʩʣʦʚʘ ʚ 

ʙʠʪʘʭ (ʮʝʣʘʷ ʯʘʩʪʴ ʯʠʩʣʘ), f ï ʜʨʦʙʥʘʷ ʯʘʩʪʴ ʯʠʩʣʘ ʚ ʙʠʪʘʭ. ɺʩʝ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʝʩʷʪʠʯʥʳʝ ʯʠʩʣʘ ʚ ʧʨʦʮʝʩʩʦʨʝ ʙʝʟʟʥʘʢʦʚʳʝ 

(ʧʦʣʦʞʠʪʝʣʴʥʳʝ) ʠ ʮʝʣʳʝ. ɺ ʩʠʩʪʝʤʝ Matlab ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʙʝʟʟʥʘʢʦʚʳʝ (ʥʘʧʨʠʤʝʨ, uint8, 

uint16) ʠ ʟʥʘʢʦʚʳʝ ʮʝʣʳʝ ʯʠʩʣʘ (sint), ʩ ʧʦʤʦʱʴʶ ʚʥʫʪʨʝʥʥʠʭ 

ʬʦʨʤʘʪʦʚ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʨʦʚ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʟʘʧʷʪʦʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: ʜʠʘʧʘʟʦʥ 

ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ; ʪʨʝʙʫʝʤʫʶ ʧʦʛʨʝʰʥʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʘ; ʦʰʠʙʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʚʘʥʪʦʚʘʥʠʝʤ; ʘʣʛʦʨʠʪʤ 

ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʝʥʠʡ ʠ ʜʨ.  

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ v 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣʳ: QV m2 , ʛʜʝ 

m ʜʣʠʥʘ ʜʨʦʙʥʦʡ ʯʘʩʪʠ ʯʠʩʣʘ; ʜʣʷ ʙʝʟʟʥʘʢʦʚʳʭ ʯʠʩʝʣ 

i
n

i

iWQ 2
1

0

, iW ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, i2 ʚʝʩʘ ʜʚʦʠʯʥʳʭ 

ʨʘʟʨʷʜʦʚ ʤʘʰʠʥʥʦʛʦ ʩʣʦʚʘ, n ʜʣʠʥʘ ʜʚʦʠʯʥʦʛʦ ʩʣʦʚʘ ʚ ʙʠʪʘʭ. 

ɼʠʘʧʘʟʦʥ ʮʝʣʦʛʦ ʙʝʟʟʥʘʢʦʚʦʛʦ ʯʠʩʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ: 120 nV . 
 



 
ʈʠʩ.4.29. ʄʦʜʝʣʴ ʧʨʦʮʝʩʩʦʨʘ c ʫʧʨʘʚʣʷʶʱʠʤ ʘʚʪʦʤʘʪʦʤ ʚ ʩʠʩʪʝʤʝ Matlab/Simulink. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʢʦʤʘʥʜ MOV A,12; MOV B,23; ADD A,B
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ʕʪʦ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʝʜʫʶʱʝʛʦ 

ʬʦʨʤʘʪʘ: 

a = fi(v, s, w, f, fimath). 
% HDL specific fimath 

hdl_fm = fimath(... 

'RoundMode', 'floor',... 

'OverflowMode', 'wrap',... 

'ProductMode', 'FullPrecision', 'ProductWordLength', 32,... 

'SumMode', 'FullPrecision', 'SumWordLength', 32,... 

'CastBeforeSum', true); 

ɼʘʥʥʳʝ ʥʘʩʪʨʦʡʢʠ ʚʳʯʠʩʣʝʥʠʡ ʚ ʬʦʨʤʘʪʝ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ ʧʨʠʥʷʪʳ ʚ ʩʠʩʪʝʤʝ Simulink ʧʦ 

ʫʤʦʣʯʘʥʠʶ. ʄʦʞʥʦ ʟʘʜʘʪʴ ʨʝʞʠʤ ʦʢʨʫʛʣʝʥʠʷ (Roundmode) ï 

ófloorô ï ʦʢʨʫʛʣʝʥʠʝ ʚʥʠʟ; ʨʝʘʢʮʠʶ ʥʘ ʧʝʨʝʧʦʣʥʝʥʠʝ 

(OverflowMode) ï ówrapô ï ʧʝʨʝʥʦʩ, ʧʨʠ ʚʳʭʦʜʝ ʟʥʘʯʝʥʠʷ v ʠʟ 

ʜʦʧʫʩʪʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ, ñʣʠʰʥʠʝò ʩʪʘʨʰʠʝ ʨʘʟʨʷʜʳ 

ʠʛʥʦʨʠʨʫʶʪʩʷ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʡ ʫʤʥʦʞʝʥʠʷ 

(óProductModeô) ʠ ʩʣʦʞʝʥʠʷ (SumMode), ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ  ʚʳʯʠʩʣʝʥʠʡ (precision) ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʰʠʥʥʦʝ 

ʩʣʦʚʦ ʰʠʨʠʥʦʡ ʚ 32 ʙʠʪʘ. 

 ɼʣʷ ʙʣʦʢʦʚ ʈʆʅ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʠʩʧʦʣʴʟʫʝʤ 

ʬʦʨʤʘʪ a = fi (v, s, w, f, fimath). ʄʦʞʥʦ ʪʘʢʞʝ ʜʦʙʘʚʠʪʴ ʫʯʝʪ 

ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʚ ʜʨʫʛʠʝ M-ʬʘʡʣʳ ʬʫʥʢʮʠʡ 

ʙʣʦʢʦʚ ʧʨʦʮʝʩʩʦʨʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ñʫʧʨʘʚʣʷʪʴò ʚʩʪʨʦʝʥʥʳʤ 

ʛʝʥʝʨʘʪʦʨʦʤ ʢʦʜʘ ʷʟʳʢʘ HDL (Simulink HDL Coder). ɽʩʣʠ 

ʵʪʦʛʦ ʥʝ ʩʜʝʣʘʪʴ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʚʦʜʥʠʢʘ 

ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʠʪʴ ʥʘʩʪʨʦʡʢʠ ʙʣʦʢʦʚ ʧʨʦʮʝʩʩʦʨʘ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʡ ʚ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ (ʨʠʩ.4.30). 

 ʇʨʦʮʝʩʩʦʨ ʠʤʝʝʪ ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. ɺ ʙʣʦʢʘʭ 

alu, RegisterA, RegisterB, PC_Inc ʠ PC, ʠʤʝʝʪʩʷ ʩʚʦʡ ʣʦʢʘʣʴʥʳʡ 

ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ func, ʜʝʰʠʬʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʚʥʫʪʨʠ 

ʙʣʦʢʦʚ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʳʧʦʣʥʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʦʧʝʨʘʮʠʡ, 

ʥʘʧʨʠʤʝʨ, ʢ ʠʟʤʝʥʝʥʠʶ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʜʝʨʞʠʤʦʛʦ ʙʣʦʢʘ ʠʣʠ, 

ʥʘʦʙʦʨʦʪ, ʢ ʝʛʦ ʩʦʭʨʘʥʝʥʠʶ. 

 



 
ʈʠʩ.4.30. ʅʘʩʪʨʦʡʢʘ ʙʣʦʢʦʚ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʦʨʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʚʦʜʥʠʢʘ ʤʦʜʝʣʠ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʡ ʚ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ 
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ʅʘʧʨʠʤʝʨ, ʚ ʙʣʦʢʝ ɸʃʋ ʣʦʢʘʣʴʥʳʡ ʩʠʛʥʘʣ func 4 ï ʭ 

ʨʘʟʨʷʜʥʳʡ, ʜʝʩʷʪʠʯʥʳʝ ʯʠʩʣʘ ʩ 0 ʧʦ 8 ʢʦʜʠʨʫʶʪ ʣʦʛʠʢʦ-

ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʧʨʦʮʝʩʩʦʨʘ, ʪʘʢʠʝ ʢʘʢ ADD A,B; 

SUB A,B; AND A,B; OR A,B; XOR A,B ʠ DEC ʠ ʢʦʤʘʥʜʳ 

ʧʝʨʝʩʳʣʢʠ, ʪʘʢʠʝ ʢʘʢ MOV A,B; MOV B,A; XCHG A,B. ɺ 

ʙʣʦʢʘʭ PC_Inc, PC ʠ Instruction_Reg ʩʠʛʥʘʣ func 2 ï ʭ 

ʨʘʟʨʷʜʥʳʡ, ʘ ʚ ʙʣʦʢʘʭ RegisterA ʠ RegisterB 3 ï ʭ ʨʘʟʨʷʜʥʳʡ. 

 ʇʨʠʤʝʨ 1 ʧʦʢʘʟʳʚʘʝʪ M-ʬʘʡʣ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʘʚʪʦʤʘʪʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ ʚ ʩʠʩʪʝʤʝ Matlab/Simulink (ʙʣʦʢ 

CPU_Controller). ʋʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 6 

ʩʦʩʪʦʷʥʠʡ. ʉʦʩʪʦʷʥʠʷ ʢʦʜʠʨʫʶʪʩʷ ʩʠʛʥʘʣʦʤ CPU_state ʚ 

ʬʦʨʤʘʪʝ uint8 (ʮʝʣʦʝ ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ ʙʝʟ ʟʥʘʢʘ ʩ ʨʘʟʤʝʨʦʤ 

ʩʣʦʚʘ 8 ʙʠʪ). ʇʦ ʩʠʛʥʘʣʫ master_rst (ʣʦʛʠʯʝʩʢʘʷ 1), ʧʨʦʠʩʭʦʜʠʪ 

ʫʩʪʘʥʦʚʢʘ ʘʚʪʦʤʘʪʘ ʚ ʥʫʣʝʚʦʝ ʩʦʩʪʦʷʥʠʝ CPU_state = uint8(0). 

ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘʩʪʨʦʡʢʘ ʙʣʦʢʦʚ ʧʨʦʮʝʩʩʦʨʘ ʩ ʧʦʤʦʱʴʶ 

ʣʦʢʘʣʴʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ func. 
PC_inc_func = fi(0, 0, 2, 0); 

IR_func = fi(3, 0, 2, 0);  

PC_func = fi(3, 0, 2, 0);  

IM_read = fi(0, 0, 1, 0); 

addr_inc = fi(0, 0, 8, 0); 

Reg_OutA = fi(0, 0, 8, 0); 

Reg_OutB = fi(0, 0, 8, 0); 

RegA_func = fi(4, 0, 3, 0);  

RegB_func = fi(4, 0, 3, 0);  

ALU_func = fi(9, 0, 4, 0); 

 ʋʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ ʬʦʨʤʠʨʫʝʪ ʥʘ ʚʳʭʦʜʝ 

PC_inc_func ʜʝʩʷʪʠʯʥʳʡ ʥʦʣʴ, ʧʦ ʢʦʪʦʨʦʤʫ ʚʥʫʪʨʝʥʥʝʝ 

ʩʦʜʝʨʞʠʤʦʝ ʙʣʦʢʘ ʈʉʅ ʙʫʜʝʪ ʩʙʨʦʰʝʥʦ (ʨʘʩʧʦʟʥʘʝʪʩʷ ʙʣʦʢʦʤ 

ʢʘʢ ʩʠʛʥʘʣ ʩʙʨʦʩʘ), ʥʘ ʚʳʭʦʜʘʭ PC_func ʠ IR_func ʬʦʨʤʠʨʫʝʪʩʷ 

ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ 3, ʧʦ ʢʦʪʦʨʦʤʫ ʪʝʢʫʱʝʝ ʩʦʜʝʨʞʠʤʦʝ 

ʩʯʝʪʯʠʢʘ ʢʦʤʘʥʜ ʠ ʨʝʛʠʩʪʨʘ ʠʥʩʪʨʫʢʮʠʡ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. 

ʅʘ ʚʳʭʦʜʘʭ RegA_func ʠ RegB_func ʬʦʨʤʠʨʫʝʪʩʷ 

ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ 4, ʧʦ ʢʦʪʦʨʦʤʫ ʪʝʢʫʱʝʝ ʩʦʜʝʨʞʠʤʦʝ 

ʨʝʛʠʩʪʨʦʚ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʈʆʅ ɸ ʠ ɺ, ʪʘʢʞʝ ʦʩʪʘʝʪʩʷ 



 

 231 

ʥʝʠʟʤʝʥʥʳʤ. ʅʘ ʚʳʭʦʜʝ ALU_func ʬʦʨʤʠʨʫʝʪʩʷ ʜʝʩʷʪʠʯʥʦʝ 

ʯʠʩʣʦ 9, ʧʦ ʢʦʪʦʨʦʤʫ ʚ ʙʣʦʢʝ ɸʃʋ ʧʨʦʠʟʦʡʜʝʪ ʦʙʭʦʜ ʣʦʛʠʢʦ-

ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʢʦʤʘʥʜ ʧʝʨʝʩʳʣʢʠ, ʘ ʟʥʘʯʝʥʠʝ 

ʩʠʛʥʘʣʦʚ ʥʘ ʚʭʦʜʘʭ inA ʠ inB ʙʫʜʫʪ ʧʝʨʝʜʘʥʳ ʥʘ ʚʳʭʦʜ outA ʠ 

outB ʙʝʟ ʠʟʤʝʥʝʥʠʡ. 
outA = fi(inA, 0, 8, 0); 

outB = fi(inB, 0, 8, 0); 

 ʅʘ ʚʳʭʦʜʘʭ IM_read, addr_inc, Reg_OutA, Reg_OutB 

ʘʚʪʦʤʘʪ ʬʦʨʤʠʨʫʝʪ ʜʝʩʷʪʠʯʥʳʝ ʥʫʣʠ. ʅʦʣʴ ʥʘ ʚʳʭʦʜʝ IM_read 

ʟʘʧʨʝʱʘʝʪ ʯʪʝʥʠʝ ʠʟ ʇɿʋ ʧʨʦʛʨʘʤʤ. ɸ ʜʝʩʷʪʠʯʥʳʝ ʥʫʣʠ ʥʘ 

ʚʳʭʦʜʘʭ addr_inc, Reg_OutA ʠ Reg_OutB ʦʟʥʘʯʘʶʪ ʦʙʥʫʣʝʥʠʝ 

ʵʪʠʭ ʚʳʭʦʜʦʚ. 

 ɺ ʥʫʣʝʚʦʤ ʩʦʩʪʦʷʥʠʠ (case 0) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʛʨʫʟʢʘ ʚ 

ʈʆʅ (ʙʣʦʢʠ RegisterA, RegisterB), ʚ ʈʉʅ (ʙʣʦʢ PC_Inc) ʠ ʚ 

ʩʯʝʪʯʠʢ ʢʦʤʘʥʜ (ʙʣʦʢ PC) ʥʫʣʷ (ʜʝʩʷʪʠʯʥʳʡ ʥʫʣʴ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʬʦʨʤʘʪ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ ʩ ʨʘʟʤʝʨʦʤ 

ʩʣʦʚʘ 8 ʙʠʪ), ʘ ʚ ʨʝʛʠʩʪʨ ʠʥʩʪʨʫʢʮʠʡ (Instruction_Reg) ʪʘʢʞʝ 

ʟʘʛʨʫʞʘʝʪʩʷ ʜʝʩʷʪʠʯʥʳʡ ʥʦʣʴ, ʥʦ ʦʥ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʬʦʨʤʘʪ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ ʩ ʨʘʟʤʝʨʦʤ ʩʣʦʚʘ 16 ʙʠʪ. ʕʪʠ 

ʦʧʝʨʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʣʦʢʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ 

ʫʧʨʘʚʣʝʥʠʷ PC_inc_func, PC_func, IR_func, RegA_func, 

RegB_func: 

 
    case 0, 

        PC_inc_func = fi(0, 0, 2, 0); 

        PC_func = fi(0, 0, 2, 0); 

        IR_func = fi(0, 0, 2, 0); 

        RegA_func = fi(0, 0, 3, 0); 

        RegB_func = fi(0, 0, 3, 0); 

        CPU_state = uint8(1); 

 

 ʉʣʝʜʫʶʱʠʤ ʩʦʩʪʦʷʥʠʝʤ ʘʚʪʦʤʘʪʘ ʙʫʜʝʪ CPU_state = 

uint8(1). ɺ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʚ ʜʚʫʭ ʧʦʩʣʝʜʫʶʱʠʭ ʩʦʩʪʦʷʥʠʷʭ 

uint8(2) ʠ uint8(3) ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʧʦʣʝʡ ʢʦʤʘʥʜʳ. ɺ 

ʩʦʩʪʦʷʥʠʠ 1 ʫʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ ʬʦʨʤʠʨʫʝʪ ʩʠʛʘʣ 
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ʨʘʟʨʝʰʝʥʠʷ ʯʪʝʥʠʷ ʢʦʤʘʥʜʳ ʠʟ ʧʘʤʷʪʠ IM_read = fi (1, 0, 1, 0). 

ʇʦʩʢʦʣʴʢʫ ʧʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨʘ ʩʪʨʦʢ ʚ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤ 

ʥʘʯʠʥʘʶʪʩʷ ʩ 1, ʥʘʧʨʠʤʝʨ, data(1) = fi(1036, 0, 16, 0), ʪʦ 

ʩʯʝʪʯʠʢ ʢʦʤʘʥʜ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʥʫʣʝʥ, ʪ.ʝ. 

ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʩʯʝʪʯʠʢʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʨʦʢʫ ʚ ʇɿʋ ʩ 

ʧʦʨʷʜʢʦʚʳʤ ʥʦʤʝʨʦʤ 1.  

 ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʯʝʪʯʠʢ ʢʦʤʘʥʜ ʩʦʜʝʨʞʘʣ ʘʜʨʝʩ 

ʩʣʝʜʫʶʱʝʡ ʢʦʤʘʥʜʳ, ʫʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ ʜʦʣʞʝʥ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʣʦʢʘʣʴʥʳʡ ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʩʯʝʪʯʠʢʦʤ 

PC_func = fi(2, 0, 2, 0), ʪ.ʝ. ʥʘ ʚʳʭʦʜʝ PC_func ʜʦʣʞʥʦ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ 2, ʧʦ ʢʦʪʦʨʦʤʫ ʪʝʢʫʱʝʝ 

ʟʥʘʯʝʥʠʝ ʩʯʝʪʯʠʢʘ ʫʚʝʣʠʯʠʪʩʷ ʥʘ 1. ʇʦʵʪʦʤʫ ʵʪʘ ʩʪʨʦʢʘ ʩʪʦʠʪ 

ʚʪʦʨʦʡ ʚ ʦʧʝʨʘʪʦʨʝ case 1. ʀʟʚʣʝʯʝʥʥʫʶ ʢʦʤʘʥʜʫ (ʚ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʠ ʚ ʧʦʩʣʝʜʫʶʱʠʝ, ʚ ʨʝʛʠʩʪʨʝ 

ʠʥʩʪʨʫʢʮʠʡ ʩʦʭʨʘʥʷʶʪʩʷ ʪʝʢʫʱʠʝ ʢʦʤʘʥʜʳ, ʘ ʥʝ ʩʣʝʜʫʶʱʠʝ, 

ʟʘʛʨʫʞʝʥʥʳʝ ʚ ʩʯʝʪʯʠʢ ʧʦ ʢʦʤʘʥʜʝ PC_func = fi(2, 0, 2, 0)) ʠʟ 

ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤ ʚ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʭʨʘʥʠʪʴ ʚ 

ʨʝʛʠʩʪʨʝ ʠʥʩʪʨʫʢʮʠʡ (16-ʙʠʪʥʳʡ ʨʝʛʠʩʪʨ). ʇʦʵʪʦʤʫ ʘʚʪʦʤʘʪ 

ʩʬʦʨʤʠʨʫʝʪ ʣʦʢʘʣʴʥʳʡ ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ IR_func = fi (1, 0, 2, 

0), ʨʘʟʨʝʰʘʶʱʠʡ ʟʘʧʠʩʴ ʢʦʤʘʥʜʳ ʚ ʨʝʛʠʩʪʨ. ʉʣʝʜʫʶʱʠʤ 

ʩʦʩʪʦʷʥʠʝʤ, ʢʦʪʦʨʦʝ ʧʨʠʤʝʪ ʘʚʪʦʤʘʪ, ʙʫʜʝʪ ʩʦʩʪʦʷʥʠʝ 

CPU_state = uint8(2). 

 
case 1,   

         % Read from IM (ROM) 

        IM_read = fi(1, 0, 1, 0); 

         % PC increment PC+1 

        PC_func = fi(2, 0, 2, 0);  

        % store into IR 

        IR_func = fi(1, 0, 2, 0); 

        CPU_state = uint8(2); 

 ʈʘʩʩʤʦʪʨʠʤ ʩʦʩʪʦʷʥʠʝ 3 (case 3) ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʘʚʪʦʤʘʪʘ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʦʨʘ. ɼʣʷ ʪʦʛʦ, ʯʪʦ ʙʳ ʧʦʥʷʪʴ 

ʢʘʢ ʨʘʙʦʪʘʝʪ ʬʦʨʤʘʪ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʢʦʧʠʨʦʚʘʪʴ ʥʠʞʝ ʧʨʠʚʝʜʝʥʥʳʝ ʩʪʨʦʢʠ 
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ʬʨʘʛʤʝʥʪʘ M-ʬʘʡʣʘ ʠ ʚʩʪʘʚʣʷʪʴ ʠʭ ʚ ʢʦʤʘʥʜʥʫʶ ʩʪʨʦʢʫ 

ʩʠʩʪʝʤʳ Matlab.  

 ʅʘʧʨʠʤʝʨ, ʨʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʢʦʤʘʥʜʘ 

1536 (RET). ʀʟ ʨʝʛʠʩʪʨʘ ʠʥʩʪʨʫʢʮʠʡ ʮʝʣʦʝ ʙʝʟʟʥʘʢʦʚʦʝ 

ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ 1536 (ʨʘʟʤʝʨ ʩʣʦʚʘ 16 ʙʠʪ) ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ 

IR_in ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ CPU Controller ʠ ʧʨʠʩʚʘʠʚʘʝʪʩʷ 

ʧʝʨʝʤʝʥʥʦʡ main_opcode, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 16 ï ʪʠ ʙʠʪʥʫʶ 

ʠʥʩʪʨʫʢʮʠʶ. ʀʟ ʵʪʦʡ ʠʥʩʪʨʫʢʮʠʠ ʚʳʜʝʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʘʷ 

major_opcode ʧʫʪʝʤ ʩʜʚʠʛʘ 16 ï ʪʠ ʙʠʪʥʦʛʦ ʚʝʢʪʦʨʘ ʚʧʨʘʚʦ ʥʘ 8 

ʧʦʟʠʮʠʡ, ʩ ʨʘʟʤʝʨʦʤ ʩʣʦʚʘ ʚ 4 ʙʠʪʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʳ 

ʚʳʜʝʣʷʝʤ, ʙʠʪʳ ʩ 9 ʧʦ 12 ʠʟ 16 ï ʪʠ ʨʘʟʨʷʜʥʦʡ ʠʥʩʪʨʫʢʮʠʠ. ɺ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʢʦʤʘʥʜ ʨʘʟʨʷʜʳ ʩ 13 ʧʦ 16 ʥʫʣʝʚʳʝ, 

ʧʦʵʪʦʤʫ ʚʳʜʝʣʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ minor_opcode ʧʫʪʝʤ 

ʧʦʙʠʪʥʦʛʦ ʀ ʧʝʨʝʤʝʥʥʦʡ major_opcode (4 ʨʘʟʨʷʜʘ) ʠ ʤʘʩʢʠ 

(ʧʝʨʝʤʝʥʥʘʷ mask4, 4 ʨʘʟʨʷʜʘ) ʚ ʧʨʠʥʮʠʧʝ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ, ʥʦ 

ʥʝ ʦʙʭʦʜʠʤʦ ʚ ʩʣʫʯʘʝ ʧʦʩʣʝʜʫʶʱʝʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤʳ 

ʢʦʤʘʥʜ ʧʨʦʮʝʩʩʦʨʘ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʦʧʝʨʘʥʜʘ (ʧʝʨʝʤʝʥʥʘʷ 

address_data) ʠʟ ʠʥʩʪʨʫʢʮʠʠ ʧʦʪʨʝʙʫʝʪʩʷ ʤʘʩʢʘ ʚ 16 ʨʘʟʨʷʜʦʚ. 

ʇʦʙʠʪʥʦʝ ʀ ʩ ʧʝʨʝʤʝʥʥʦʡ IR_in ʠ ʩ ʤʘʩʢʦʡ mask8 

(0000000011111111) ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʧʝʨʝʤʝʥʥʫʶ 

address_data ʩ ʨʘʟʤʝʨʦʤ ʩʣʦʚʘ 8 ʙʠʪ. ɼʣʷ ʢʦʤʘʥʜʳ 1536 

ʧʝʨʝʤʝʥʥʘʷ address_data ʵʪʦ 8 ʥʫʣʝʡ. ʉʣʝʜʫʶʱʠʤ ʩʦʩʪʦʷʥʠʝʤ 

ʢʦʪʦʨʦʝ ʧʨʠʤʝʪ ʘʚʪʦʤʘʪ ʙʫʜʝʪ ʩʦʩʪʦʷʥʠʝ CPU_state = uint8(4). 
 

IR_in=fi(1536,0,16,0); 

main_opcode = fi(IR_in, 0, 16, 0); 

disp(bin(main_opcode)) 

%0000011000000000 

% ʉʜʚʠʛ ʚʝʢʪʦʨʘ ʚ ʧʨʘʚʦ ʥʘ 8 ʧʦʟʠʮʠʡ 

major_opcode= fi(bitsrl(main_opcode, 8), 0, 4, 0); 

disp(bin(major_opcode)) 

%0110 

mask4 = fi(15, 0, 4, 0); 

disp(bin(mask4)) 

%1111 
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% ɺʳʜʝʣʝʥʠʝ ʢʦʤʘʥʜʳ, ʰʠʨʠʥʘ ʧʦʣʷ 4 ʙʠʪʘ 

minor_opcode = fi(bitand(major_opcode, mask4), 0, 4, 0); 

disp(bin(minor_opcode)) 

%0110 

% ɺʳʜʝʣʝʥʠʝ ʠʟ ʢʦʤʘʥʜʳ ʦʧʝʨʘʥʜʘ 

mask8 = fi(255, 0, 16, 0); 

disp(bin(mask8)) 

% 0000000011111111 

address_data = fi(bitand(main_opcode, mask8), 0, 8, 0);  

 ɺ ʩʦʩʪʦʷʥʠʠ 4 (case 4) ʧʨʦʠʩʭʦʜʠʪ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʠ 

ʚʳʧʦʣʥʝʥʠʝ ʠʥʩʪʨʫʢʮʠʠ (case 4). ɼʝʢʦʜʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦ ʩʠʛʥʘʣʫ minor_opcode (ʬʘʢʪʠʯʝʩʢʠ 9, 10 ʠ 11 ʙʠʪʳ ʩʠʛʥʘʣʘ 

IR_in, 12 ʙʠʪ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʪ.ʢ. ʦʥ ʥʫʣʝʚʦʡ). ɼʘʣʝʝ, 

ʜʝʢʦʜʠʨʫʶʪʩʷ 6 ʢʦʤʘʥʜ: NOP, JMP, JMPZ, CAL, MOV A,XX, 

MOV B,XX. ʈʘʩʩʤʦʪʨʠʤ ʢʦʤʘʥʜʫ JMP. ɺʳʜʝʣʝʥʥʳʡ ʦʧʝʨʘʥʜ 

address_data ʠʟ ʠʥʩʪʨʫʢʮʠʠ ʩʦʜʝʨʞʠʪ ʘʜʨʝʩ ʢʦʤʘʥʜʳ ʚ ʇɿʋ ʥʘ 

ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ. ʆʧʝʨʘʥʜ ʧʨʠʩʚʘʝʚʘʝʪʩʷ 

ʧʝʨʝʤʝʥʥʦʡ addr_inc. ɸʚʪʦʤʘʪ ʬʦʨʤʠʨʫʝʪ ʣʦʢʘʣʴʥʳʝ ʩʠʛʥʘʣʳ 

ʫʧʨʘʚʣʝʥʠʷ ʈʉʅ - PC_inc_func (ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ 1) ʠ 

ʩʯʝʪʯʠʢʘ ʢʦʤʘʥʜ - PC_func (ʜʝʩʷʪʠʯʥʦʝ ʯʠʩʣʦ 1). ɼʘʣʝʝ 

ʚʳʜʝʣʝʥʥʳʡ ʦʧʝʨʘʥʜ (ʩʦʜʝʨʞʠʪ ʘʜʨʝʩ ʢʦʤʘʥʜʳ ʥʘ ʢʦʪʦʨʳʡ 

ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ) ʙʫʜʝʪ ʟʘʛʨʫʞʝʥ ʚ ʈʉʅ ʠ ʚ ʩʯʝʪʯʠʢ 

ʢʦʤʘʥʜ. ʇʨʠ ʟʘʛʨʫʟʢʠ ʦʧʝʨʘʥʜʘ ʚ ʈʉʅ, ʩʦʜʝʨʞʠʤʦʝ ʩʯʝʪʯʠʢʘ 

ʢʦʤʘʥʜ ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʧʝʨʝʤʝʥʥʦʡ 

PC_Temp ʜʘʥʥʦʛʦ ʨʝʛʠʩʪʨʘ (ʧʨʠʤʝʨ 2). 

 
    case 4, 

                switch(uint8(minor_opcode)) 

                    case 0,  

                        % NOP   

                      CPU_state = uint8(1); 

                    case 1, 

                       % JMP 

                        temp_addr_data = fi(address_data, 0, 8, 0); 

                        addr_inc = fi(temp_addr_data, 0, 8, 0); 

                        PC_inc_func = fi(1, 0, 2, 0); 
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                        PC_func = fi(1, 0, 2, 0); 

                        CPU_state = uint8(1); 

éééééééééééééé 

éééééééééééééé 

                    case 6, 

                          switch(uint8(address_data)) 

                              case 0,      

                                    %RET 

                                     PC_inc_func = fi(2, 0, 2, 0); 

                                     PC_func = fi(2, 0, 2, 0);  

                                     CPU_state = uint8(5); 

 

 ɽʩʣʠ ʥʠ ʦʜʥʘ ʠʭ ʵʪʠʭ ʢʦʤʘʥʜ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʜʘʣʝʝ 

ʜʝʰʠʬʨʠʨʫʶʪʩʷ ʠ ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ ʢʦʤʘʥʜʘ RET, ʣʦʛʠʢʦ-

ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʢʦʤʘʥʜʳ (ADD A,B, OR A,B, XOR A,B, DEC 

A) ʠ ʢʦʤʘʥʜʳ ʧʝʨʝʩʳʣʢʠ (MOV A,B, MOV B,A, XCHG A,B,). 

ʇʦʩʣʝʜʥʠʤ ʩʦʩʪʦʷʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ case 5. ɺ ʵʪʦʤ 

ʩʦʩʪʦʷʥʠʠ ʦʙʥʦʚʣʷʶʪʩʷ ʨʝʛʠʩʪʨʳ ʈʆʅ A ʠ B, ʟʘʪʝʤ ʙʫʜʝʪ 

ʦʩʫʱʝʪʚʣʝʥ ʧʝʨʝʭʦʜ ʚ ʩʦʩʪʦʷʥʠʝ 1. ʀ ʚʝʩʴ ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ 

ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʢʦʤʘʥʜʳ ʧʦʚʪʦʨʠʪʩʷ ʚʥʦʚʴ ʠ ʪʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʦʪʨʘʙʦʪʘʥʘ ʧʦʩʣʝʜʥʷʷ ʢʦʤʘʥʜʘ ʚ ʧʨʦʛʨʘʤʤʝ. 
function [ALU_func, IR_func, PC_inc_func, PC_func, ... 

    addr_inc, IM_read, RegA_func, RegB_func, ...  

    Reg_OutA, Reg_OutB] = CPU_Controller(master_rst, IR_in, Reg_A) 
  
% CPU Controller 
% 16-bit Instruction Encoding: 
% -------------minor_opcode--------- 
%   NOP:             00000 000 <00000000> 
%   JMP:              00000 001 <8-bit> 
%   JMPZ:            00000 010 <8-bit> 
%   CALL:           00000 011 <8-bit> 
%   MOV A,xx:   00000 100 <8-bit> 
%   MOV B,xx:   00000 101 <8-bit> 
% --------------------------------- 
%   RET:             00000 110 <00000000> 
%   MOV A,B:    00000 110 <00000001> 
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%   MOV B,A:    00000 110 <00000010> 
%   XCHG A,B:  00000 110 <00000011> 
%   ADD A,B:    00000 110 <00000100> 
%   SUB A,B:     00000 110 <00000101> 
%   AND A,B:    00000 110 <00000110> 
%   OR A,B:       00000 110 <00000111> 
%   XOR A,B:    00000 110 <00001000> 
%   DEC A:        00000 110 <00001001> 
  
persistent CPU_state; 
if(isempty(CPU_state)) 
    CPU_state = uint8(0); 
end 
  
if(master_rst) 
    CPU_state = uint8(0); 
end 
  
PC_inc_func = fi(0, 0, 2, 0); 
IR_func = fi(3, 0, 2, 0); % NOP 
PC_func = fi(3, 0, 2, 0); % NOP 
IM_read = fi(0, 0, 1, 0); 
addr_inc = fi(0, 0, 8, 0); 
Reg_OutA = fi(0, 0, 8, 0); 
Reg_OutB = fi(0, 0, 8, 0); 
RegA_func = fi(4, 0, 3, 0); % NOP 
RegB_func = fi(4, 0, 3, 0); % NOP 
ALU_func = fi(9, 0, 4, 0); % NOP 
  
% main_code: <16..1> 
% major_opcode: <16..9> 
% minor_opcode: <12..9> 
% address_data: <8..1> 
  
persistent main_opcode; 
persistent major_opcode; 
persistent minor_opcode; 
persistent address_data; 
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if(isempty(major_opcode)) 
    main_opcode = fi(0, 0, 16, 0); 
    major_opcode = fi(0, 0, 4, 0); 
    minor_opcode = fi(0, 0, 4, 0); 
    address_data = fi(0, 0, 8, 0); 
end 
switch(CPU_state) 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
    %  RESETTING OUTPUTS 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
    case 0, 
        PC_inc_func = fi(0, 0, 2, 0); 
        PC_func = fi(0, 0, 2, 0); 
        IR_func = fi(0, 0, 2, 0); 
        RegA_func = fi(0, 0, 3, 0); 
        RegB_func = fi(0, 0, 3, 0); 
        CPU_state = uint8(1); 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
    %  FETCH 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
    case 1,   
         % Read from IM (ROM) 
        IM_read = fi(1, 0, 1, 0); 
         % PC increment PC+1 
        PC_func = fi(2, 0, 2, 0);  
        % store into IR 
        IR_func = fi(1, 0, 2, 0); 
        CPU_state = uint8(2); 
    case 2,  
        % Read from IR 
        IR_func = fi(2, 0, 2, 0); 
        % Accommodating for the 'unit delay' from IR_out to IR_in 
        CPU_state = uint8(3); 
    case 3, 
        % IR_in <16..1> 
        main_opcode = fi(IR_in, 0, 16, 0); 
        % IR_in <16..9> 
        major_opcode = fi(bitsrl(main_opcode, 8), 0, 4, 0); 
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        % for instructions NOP,JMP,JMPZ,CALL,MOV A,xx MOV 
B,xx,RET 
        % IR_in <12..9> 
        mask4 = fi(15, 0, 4, 0); 
        minor_opcode = fi(bitand(major_opcode, mask4), 0, 4, 0); 
        % IR_in <8..1> 
        mask8 = fi(255, 0, 16, 0); 
        address_data = fi(bitand(main_opcode, mask8), 0, 8, 0); 
        % Go to the decode stage 
        CPU_state = uint8(4); 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
    %  DECODE AND EXECUTE 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
    case 4, 
                switch(uint8(minor_opcode)) 
                    case 0,  
                        % NOP   
                      CPU_state = uint8(1); 
                    case 1, 
                       % JMP 
                        temp_addr_data = fi(address_data, 0, 8, 0); 
                        addr_inc = fi(temp_addr_data, 0, 8, 0); 
                        PC_inc_func = fi(1, 0, 2, 0); 
                        PC_func = fi(1, 0, 2, 0); 
                        CPU_state = uint8(1); 
                    case 2,  
                        %JMPZ 
                        temp_addr_data = fi(address_data, 0, 8, 0); 
                        if fi(Reg_A,0,8,0) == fi(0,0,8,0) 
                        addr_inc = fi(temp_addr_data, 0, 8, 0); 
                        PC_inc_func = fi(1, 0, 2, 0); 
                        PC_func = fi(1, 0, 2, 0);  
                        end 
                        CPU_state = uint8(1); 
                    case 3, 
                      % CALL 
                        temp_addr_data = fi(address_data, 0, 8, 0); 
                        addr_inc = fi(temp_addr_data, 0, 8, 0); 
                        PC_inc_func = fi(1, 0, 2, 0); 
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                        PC_func = fi(1, 0, 2, 0);  
                        CPU_state = uint8(1); 
                    case 4,  
                      %MOV A,xx 
                        temp_addr_data = fi(address_data, 0, 8, 0); 
                        Reg_OutA = fi(temp_addr_data , 0, 8, 0); 
                        RegA_func = fi(1, 0, 3, 0); 
                        CPU_state = uint8(1); 
                    case 5, 
                       %MOV B,xx 
                       temp_addr_data = fi(address_data, 0, 8, 0); 
                        Reg_OutB = fi(temp_addr_data , 0, 8, 0); 
                        RegB_func = fi(1, 0, 3, 0); 
                        CPU_state = uint8(1); 
                    case 6, 
                          switch(uint8(address_data)) 
                              case 0,      
                                    %RET 
                                     PC_inc_func = fi(2, 0, 2, 0); 
                                     PC_func = fi(2, 0, 2, 0);  
                                     CPU_state = uint8(5); 
                              case 1, 
                                    %MOV A,B 
                                    ALU_func = fi(0, 0, 4, 0); 
                                    RegA_func = fi(2, 0, 3, 0); 
                                    RegB_func = fi(2, 0, 3, 0); 
                                    CPU_state = uint8(5); 
                              case 2, 
                                     %MOV B,A 
                                    ALU_func = fi(1, 0, 4, 0); 
                                    RegA_func = fi(2, 0, 3, 0); 
                                    RegB_func = fi(2, 0, 3, 0); 
                                    CPU_state = uint8(5); 
                              case 3,  
                                     %XCHG A,B 
                                    ALU_func = fi(2, 0, 4, 0); 
                                    RegA_func = fi(2, 0, 3, 0); 
                                    RegB_func = fi(2, 0, 3, 0); 
                                    CPU_state = uint8(5);  
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                              case 4, 
                                     %ADD A,B 
                                    ALU_func = fi(3, 0, 4, 0); 
                                    RegA_func = fi(2, 0, 3, 0); 
                                    RegB_func = fi(2, 0, 3, 0); 
                                    CPU_state = uint8(5); 
                              case 5, 
                                  %SUB A,B 
                                    ALU_func = fi(4, 0, 4, 0); 
                                    RegA_func = fi(2, 0, 3, 0); 
                                    RegB_func = fi(2, 0, 3, 0); 
                                    CPU_state = uint8(5); 
                              case 6,  
                                  %AND A,B 
                                    ALU_func = fi(5, 0, 4, 0); 
                                    RegA_func = fi(2, 0, 3, 0); 
                                    RegB_func = fi(2, 0, 3, 0); 
                                    CPU_state = uint8(5); 
                              case 7,  
                                  %OR A,B 
                                    ALU_func = fi(6, 0, 4, 0); 
                                    RegA_func = fi(2, 0, 3, 0); 
                                    RegB_func = fi(2, 0, 3, 0); 
                                    CPU_state = uint8(5); 
                              case 8,  
                                  %XOR A,B 
                                    ALU_func = fi(7, 0, 4, 0); 
                                    RegA_func = fi(2, 0, 3, 0); 
                                    RegB_func = fi(2, 0, 3, 0); 
                                    CPU_state = uint8(5); 
                             case 9,  
                                 %DEC A 
                                    ALU_func = fi(8, 0, 4, 0); 
                                    RegA_func = fi(2, 0, 3, 0); 
                                    CPU_state = uint8(5); 
                          end 
                end 
           case 5, 
                 RegA_func = fi(2, 0, 3, 0); 
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                 RegB_func = fi(2, 0, 3, 0); 
                 CPU_state = uint8(1); 
end 

ʇʨʠʤʝʨ 1. M-ʬʘʡʣ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ 
ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ (CPU_Controller) ʚ ʩʠʩʪʝʤʝ Matlab/Simulink 
 
function [PC_next,Temp] = PC_Inc(func, addr, PC_curr) 
  
% func = 0 => reset PC_Inc 
% func = 1 => store into PC_Inc when JMP, JMPZ, CALL 
% func = 2 => load from PC_Inc when RET  
  
persistent PC_Temp; 
if(isempty(PC_Temp)) 
   PC_Temp = fi(0, 0, 8, 0); 
end 
PC_next = fi(PC_curr, 0, 8, 0); 
Temp = fi(0, 0, 8, 0); 
switch(uint8(func))  
    case 0, 
        % reset PC_Inc 
        PC_next = fi(0, 0, 8, 0); 
    case 1, 
        % store into PC_Inc when JMP, JMPZ, CALL 
          PC_next = fi(addr, 0, 8, 0); 
          PC_Temp = fi(PC_curr, 0, 8, 0); 
          Temp = fi(PC_Temp, 0, 8, 0); 
    case 2, 
        % load from PC_Inc when RET 
        PC_next = fi(PC_Temp, 0, 8, 0); 
end 

ʇʨʠʤʝʨ 2. ʄ-ʬʘʡʣ ʬʫʥʢʮʠʠ ʙʣʦʢʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 
(PC_Inc) ʚ ʩʠʩʪʝʤʝ Matlab/Simulink 
 
 
function addr_out = PC(func, addr_in) 
  
% Program Counter 
% func = 0 => reset PC 
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% func = 1 => load PC 
% func = 2 => increment PC 
  
persistent PC_value; 
if(isempty(PC_value)) 
    PC_value = fi(0, 0, 8, 0); 
end 
addr_out = fi(PC_value, 0, 8, 0); 
switch(uint8(func))  
    case 0, 
        % reset 
        PC_value = fi(0, 0, 8, 0); 
    case 1, 
        % store into PC 
        PC_value = fi(addr_in, 0, 8, 0); 
    case 2, 
        % increment PC 
        PC_value = fi(PC_value + 1, 0, 8, 0); 
end 

ʇʨʠʤʝʨ 3. M-ʬʘʡʣ ʬʫʥʢʮʠʠ ʙʣʦʢʘ ʩʯʝʪʯʠʢʘ ʢʦʤʘʥʜ (PC) ʚ 
ʩʠʩʪʝʤʝ Matlab/Simulink 
 
function instr_out = Memory(addr,read) 
persistent data; 
if(isempty(data)) 
data = fi(zeros(1, 256), 0, 16, 0); 
end 
data(1) = fi(1036, 0, 16, 0); 
data(2) = fi(1303, 0, 16, 0); 
data(3) = fi(1540, 0, 16, 0); 
data(4) = fi(1545, 0, 16, 0); 
data(5) = fi(1358, 0, 16, 0); 
data(6) = fi(1539, 0, 16, 0); 
data(7) = fi(1541, 0, 16, 0); 
data(8) = fi(1545, 0, 16, 0); 
data(9) = fi(1542, 0, 16, 0); 
data(10) = fi(523, 0, 16, 0); 
data(11) = fi(263, 0, 16, 0); 
data(12) = fi(1037, 0, 16, 0); 
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data(13) = fi(1397, 0, 16, 0); 
data(14) = fi(1543, 0, 16, 0); 
data(15) = fi(1539, 0, 16, 0); 
data(16) = fi(1544, 0, 16, 0); 
data(17) = fi(277, 0, 16, 0); 
data(18) = fi(1135, 0, 16, 0); 
data(19) = fi(1480, 0, 16, 0); 
data(20) = fi(1542, 0, 16, 0); 
data(21) = fi(1536, 0, 16, 0); 
data(22) = fi(785, 0, 16, 0); 
data(23) = fi(0, 0, 16, 0); 
if(read == 1) 
    instr_out = data(addr+1); 
else 
    instr_out = fi(0, 0, 16, 0); 
end 

ʇʨʠʤʝʨ 4. M-ʬʘʡʣ ʬʫʥʢʮʠʠ ʙʣʦʢʘ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤ (Memory) 
ʚ ʩʠʩʪʝʤʝ Matlab/Simulink 
 
function IR_out = Instruction_Reg(func, IR_in) 
% A 16-bit Instruction Register with the following func: 
% func == 0 => reset 
% func == 1 => store into IR 
% func == 2 => read from IR 
% otherwise, preserve old value and return 0 
persistent IR_value; 
if(isempty(IR_value)) 
    IR_value = fi(0, 0, 16, 0); 
end 
IR_out = fi(0, 0, 16, 0); 
switch(uint8(func))  
    case 0, 
        % reset 
        IR_value = fi(0, 0, 16, 0); 
    case 1, 
        % store into IR 
        IR_value = fi(IR_in, 0, 16, 0); 
    case 2, 
        % read IR 
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        IR_out = fi(IR_value, 0, 16, 0); 
end 

ʇʨʠʤʝʨ 5. M-ʬʘʡʣ ʬʫʥʢʮʠʠ ʙʣʦʢʘ ʨʝʛʠʩʪʨʘ ʠʥʩʪʨʫʢʮʠʡ 
(Instruction_Reg) ʚ ʩʠʩʪʝʤʝ Matlab/Simulink 
 
function Reg_out_A = RegisterA(func, Reg_in_A_1, Reg_in_A_2) 
% func == 0 => reset; 
% func == 1 => store into RegisterA from port 1; 
% func == 2 => store into RegisterA from port 2; 
% func == 3 => read from RegisterA; 
% HDL specific fimath 
hdl_fm = fimath(... 
'RoundMode', 'floor',... 
'OverflowMode', 'wrap',... 
'ProductMode', 'FullPrecision', 'ProductWordLength', 32,... 
'SumMode', 'FullPrecision', 'SumWordLength', 32,... 
'CastBeforeSum', true); 
persistent Reg_value; 
if(isempty(Reg_value)) 
    Reg_value = fi(0, 0, 8, 0, hdl_fm); 
end 
Reg_out_A = fi(Reg_value, 0, 8, 0, hdl_fm); 
switch(uint8(func))  
    case 0, 
        % reset 
        Reg_value = fi(0, 0, 8, 0, hdl_fm ); 
    case 1, 
        % store into Reg_A from port 1 
        Reg_value = Reg_in_A_1; 
    case 2, 
        % store into Reg_A from port 2 
        Reg_value = Reg_in_A_2; 
    case 3, 
        % read Reg_A 
        Reg_out_A = Reg_value; 
end 

ʇʨʠʤʝʨ 6. M-ʬʘʡʣ ʬʫʥʢʮʠʠ ʙʣʦʢʘ ʨʝʛʠʩʪʨʘ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ 
A (RegisterA) ʚ ʩʠʩʪʝʤʝ Matlab/Simulink 
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function [outA, outB] = alu(func,inA,inB) 
% This 8-bit ALU supports the following operations: 
% MOV, XCHG, ADD, SUB, AND, OR, XOR, DEC 
% func = 0 => MOV A,B 
% func = 1 => MOV B,A 
% func = 2 => XCHG A,B 
% func = 3 => ADD A,B 
% func = 4 => SUB A,B 
% func = 5 => AND A,B 
% func = 6 => OR A,B 
% func = 7 => XOR A,B 
% func = 8 => DEC A 
% Simply pass the inA, when there is no designated func 
outA = fi(inA, 0, 8, 0); 
% Simply pass the inB, when there is no designated func 
outB = fi(inB, 0, 8, 0); 
switch (uint8(func)) 
                case 0, %MOV A,B 
                      outA = fi(inB, 0, 8, 0); 
                case 1, %MOV B,A 
                      outB = fi(inA, 0, 8, 0); 
                case 2, %XCHG A,B 
                     X_temp = fi(inB, 0, 8, 0); 
                     outB = fi(inA, 0, 8, 0); 
                     outA = fi(X_temp, 0, 8, 0); 
                case 3, %ADD A,B 
                     outA = fi(inA + inB, 0, 8, 0); 
                case 4, %SUB A,B 
                     outA = fi(inA - inB, 0, 8, 0); 
                case 5, %AND A,B 
                     outA = fi(bitand(inA,inB), 0, 8, 0); 
                case 6, %OR A,B 
                     outA = fi(bitor(inA,inB), 0, 8, 0); 
                case 7, %XOR A,B 
                     outA = fi(bitxor(inA,inB), 0, 8, 0); 
                case 8, %DEC A 
                     outA = fi(inA - 1, 0, 8, 0); 
end 

ʇʨʠʤʝʨ 7. M-ʬʘʡʣ ʬʫʥʢʮʠʠ ʙʣʦʢʘ ɸʃʋ ʚ ʩʠʩʪʝʤʝ 
Matlab/Simulink 
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 ʅʘ ʨʠʩ.4.31 ʧʦʢʘʟʘʥʳ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ 

ʧʨʦʮʝʩʩʦʨʘ ʩ ʫʧʨʘʚʣʷʶʱʠʤ ʘʚʪʦʤʘʪʦʤ ʚ ʩʠʩʪʝʤʝ 

Matlab/Simulink. ʇʦ ʦʩʠ y ʦʪʢʣʘʜʳʚʘʶʪʩʷ ʮʝʣʳʝ ʙʝʟʟʥʘʢʦʚʳʝ 

ʜʝʩʷʪʠʯʥʳʝ ʯʠʩʣʘ (ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʚʳʯʠʩʣʝʥʠʡ ʚ ʬʦʨʤʘʪ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ), ʘ ʧʦ ʦʩʠ x 

ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʅʘ ʨʠʩ.4.31, ʘ, ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʥʘʢʦʧʣʝʥʥʳʝ 

ʩʯʝʪʯʠʢʦʤ ʢʦʤʘʥʜ ʥʝʧʨʝʨʳʚʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʠ ʪʦʣʴʢʦ ʚ 

ʩʣʫʯʘʝ ʢʦʤʘʥʜʳ JMP 7 (ʢʦʤʘʥʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ 3 

ʨʘʟʘ), ʩʯʝʪʯʠʢ ʠʟʤʝʥʷʝʪ ʩʚʦʝ ʟʥʘʯʝʥʠʝ, ʥʘ ʟʥʘʯʝʥʠʝ ʦʧʝʨʘʥʜʘ, 

ʩʦʜʝʨʞʘʱʝʝʩʷ ʚ ʢʦʤʘʥʜʝ, ʪ.ʝ. ʥʘ 7. ʅʘ ʨʠʩ.4.31, ʙ ʧʦʢʘʟʘʥʦ 

ʩʦʜʝʨʞʠʤʦʝ ʙʣʦʢʘ ʈʉʅ, ʥʘ ʨʠʩ.4.31, ʚ ï ʩʦʜʝʨʞʠʤʦʝ ʧʘʤʷʪʠ 

ʧʨʦʛʨʘʤʤ; ʥʘ ʨʠʩ.4.31, ʛ ï ʩʦʜʝʨʞʠʤʦʝ ʈʆʅ ɸ. 

ɺ ʩʠʩʪʝʤʝ Matlab/Simulink ʨʘʟʨʘʙʦʪʘʥ ʫʯʝʙʥʳʡ ʚʘʨʠʘʥʪ 

8-ʤʠ ʨʘʟʨʷʜʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʚʦʜʠʪʴ 

ʚʳʯʠʩʣʝʥʠʷ ʚ ʬʦʨʤʘʪʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ, ʩ 

ʫʧʨʘʚʣʷʶʱʠʤ ʘʚʪʦʤʘʪʦʤ ʥʘ ʰʝʩʪʴ ʩʦʩʪʦʷʥʠʡ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ 

ʪʘʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʝʝ ʘʜʘʧʪʠʚʥʦʩʪʴ ʢ ʧʦʩʣʝʜʫʶʱʠʤ 

ʤʦʜʠʬʠʢʘʮʠʷʤ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʧʦʪʨʝʙʫʝʪʩʷ ʜʦʙʘʚʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʤʘʥʜʳ. ʅʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʧʘʤʷʪʠ ʜʘʥʥʳʭ, ʧʦʜʜʝʨʞʢʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʢʦʤʘʥʜ, ʘ 

ʪʘʢʞʝ ʪʦ, ʯʪʦ ʧʨʦʮʝʩʩʦʨ ʦʧʝʨʠʨʫʝʪ ʪʦʣʴʢʦ ʩ ʮʝʣʳʤʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʯʠʩʣʘʤʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʚʝʡʝʨʘ ʢʦʤʘʥʜ.  

 

 



 
ʈʠʩ.4.31. ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʧʨʦʮʝʩʩʦʨʘ ʩ ʫʧʨʘʚʣʷʶʱʠʤ ʘʚʪʦʤʘʪʦʤ ʚ ʩʠʩʪʝʤʝ 

Matlab/Simulink: ʘ ï ʩʯʝʪʯʠʢ ʢʦʤʘʥʜ; ʙ ï ʙʣʦʢ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ; ʚ ï ʧʘʤʷʪʴ 

ʧʨʦʛʨʘʤʤ; ʛ ï ʈʆʅ ɸ 
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4.5. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʟʘʧʷʪʦʡ ʚ ʉɸʇʈ ʇʃʀʉ Quartus II  

 

 ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ 

ʢʦʤʘʥʜ ʧʨʦʮʝʩʩʦʨʘ ʩ ʮʠʢʣʦʤ ʨʘʙʦʪʳ ʚ ʜʚʘ ʪʘʢʪʘ ʠ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʦʨʘ ʩ ʫʧʨʘʚʣʷʶʱʠʤ ʘʚʪʦʤʘʪʦʤ ʥʘ ʰʝʩʪʴ 

ʩʦʩʪʦʷʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʦʚʦʜʠʪʴ ʚʳʯʠʩʣʝʥʠʷ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʷʧʷʪʦʡ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʚ ʩʠʩʪʝʤʝ 

Matlab/Simulink (ʨʘʟʜʝʣ 4.4), ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʮʝʩʩʦʨ ʚ ʙʘʟʠʩʝ 

ʇʃʀʉ Stratix III  ʢʦʤʧʘʥʠʠ Altera ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉɸʇʈ 

Quartus II. ʆʩʦʙʝʥʥʦʩʪʴʶ ʚʳʰʝ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʤʦʜʝʣʠ 

ʧʨʦʮʝʩʩʦʨʘ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʙʣʦʢʘʤʠ, ʪ.ʝ. ʢʘʞʜʳʡ ʙʣʦʢ ʠʤʝʝʪ ʩʚʦʡ 

ʣʦʢʘʣʴʥʳʡ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ (ʰʠʥʫ), ʢʦʪʦʨʳʤ ʫʧʨʘʚʣʷʝʪ 

ʮʠʬʨʦʚʦʡ ʘʚʪʦʤʘʪ. ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ 

ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʦʧʠʩʘʥʳ ʥʘ ʷʟʳʢʝ VHDL, ʢʦʜ 

ʷʟʳʢʘ ʢʦʪʦʨʦʛʦ ʙʳʣ ʩʛʝʥʝʨʠʨʦʚʘʥ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ 

ʧʦʤʦʱʴʶ Simulink HDL Coder ʩʠʩʪʝʤʳ Matlab/Simulink. ʅʘ 

ʨʠʩ.4.32 ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʦʨʘ ʚ 

ʉɸʇʈ ʇʃʀʉ Quartus II  ʚʝʨʩʠʠ 8.1. 

 ʇʨʦʝʢʪʠʨʫʝʤʳʡ ʧʨʦʮʝʩʩʦʨ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ (ʨʠʩ.4.32): ʫʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ 

(ʙʣʦʢ CPU_Controller, ʧʨʠʤʝʨ 1); ʨʝʛʠʩʪʨ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ (ʈʉʅ, ʙʣʦʢ PC_Incrementer, ʧʨʠʤʝʨ 2), ʥʝʦʙʭʦʜʠʤ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ñʧʨʳʞʢʦʚʳʭò ʢʦʤʘʥʜ, ʪʘʢʠʭ ʢʘʢ JMP, JMPZ, 

CALL ʠ RET; ʩʯʝʪʯʠʢ ʢʦʤʘʥʜ (ʙʣʦʢ Program_Counter, ʧʨʠʤʝʨ 

3); ʧʘʤʷʪʴ ʧʨʦʛʨʘʤʤ - ʇɿʋ ʧʨʦʮʝʩʩʦʨʘ (ʙʣʦʢ Instruction_ROM, 

ʧʨʠʤʝʨ 4); ʨʝʛʠʩʪʨʘ ʠʥʩʪʨʫʢʮʠʡ (ʙʣʦʢ Instruction_Register, 

ʧʨʠʤʝʨ 5); ʜʚʫʭ ʨʝʛʠʩʪʨʦʚ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʈʆʅ, ʙʣʦʢ 

RegisterA, ʧʨʠʤʝʨ 6); ɸʃʋ ʧʨʦʮʝʩʩʦʨʘ (ʙʣʦʢ ALU, ʧʨʠʤʝʨ 7). 

ʈʝʛʠʩʪʨʳ ʥʘ D-ʪʨʠʛʛʝʨʘʭ (ʯʝʪʳʨʝ 8-ʤʠ (ʙʣʦʢ dff8) ʠ ʦʜʠʥ 16-ʪʠ 

ʨʘʟʨʷʜʥʳʡ (ʙʣʦʢ dff16)), ʪʘʢʪʠʨʫʝʤʳʝ ʬʨʦʥʪʦʤ ʩʠʥʭʨʦʩʠʛʥʘʣʘ 

ʨʘʟʨʘʙʦʪʘʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ (ʩʤ. ʨʘʟʜʝʣ 4.4) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʛʘʬʫʥʢʮʠʠ LPM_FF. 
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 ʅʘ ʨʠʩ.4.33 ʠ ʨʠʩ.4.34 ʧʦʢʘʟʘʥʳ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ 

ʨʘʙʦʪʳ ʧʨʦʮʝʩʩʦʨʘ ʩ ʫʧʨʘʚʣʷʶʱʠʤ ʘʚʪʦʤʘʪʦʤ ʚ ʉɸʇʈ Quartus 

II. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʝ ʢʦʤʘʥʜ MOV A,12; MOV 

B,23; ADD A,B ʠ ʢʦʤʘʥʜ JMPZ11, JMP7. 

ʗʟʳʢ VHDL ʷʚʣʷʝʪʩʷ ʷʟʳʢʦʤ ʩʦ ʩʪʨʦʛʠʤ ʢʦʥʪʨʦʣʝʤ 

ʪʠʧʦʚ. ʇʦʵʪʦʤʫ ʙʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʩʠʛʥʘʣ 

ʦʜʥʦʛʦ ʪʠʧʘ ʚ ʩʠʛʥʘʣ ʜʨʫʛʦʛʦ ʪʠʧʘ. ɼʘʞʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʧʨʦʩʪʳʭ ʜʝʡʩʪʚʠʡ, ʝʩʣʠ ʪʠʧʳ ʦʙʲʝʢʪʦʚ ʥʝ ʩʦʚʧʘʜʘʶʪ, ʤʦʞʝʪ 

ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʦʙʨʘʱʝʥʠʝ ʢ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʠʧʦʚ. 

ʈʘʟʣʠʯʘʶʪ ʜʚʘ ʚʠʜʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʠʧʘ: ʧʝʨʝʭʦʜ ʪʠʧʘ ʠ 

ʚʳʟʦʚ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʠʧʘ. ʇʝʨʝʭʦʜ ʪʠʧʘ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʭ ʪʠʧʦʚ ʠʣʠ 

ʧʦʜʪʠʧʦʚ. ɽʩʣʠ ʪʠʧʳ ʥʝ ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʝ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʠʪʴ ʚʳʟʦʚ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʠʧʘ. 

ʇʘʢʝʪ numeric_std ʩʦʜʝʨʞʠʪ ʩʪʘʥʜʘʨʪʥʳʡ ʥʘʙʦʨ 

ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ, ʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʠ ʬʫʥʢʮʠʡ ʩʨʘʚʥʝʥʠʷ 

ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʠʧʘʤʠ signed, unsigned, integer, std_ulogic, 

std_logic, std_logic_vector. ɺ ʧʘʢʝʪʝ numeric_std ʩʫʱʝʩʪʚʫʝʪ 

ʬʫʥʢʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʪʠʧʘ to_unsigned ʩ 

ʦʧʝʨʘʥʜʘʤʠ arg (ʪʠʧ integer), size (ʪʠʧ natural, ʙʠʪʦʚʘʷ ʰʠʨʠʥʘ) 

ʠ ʪʠʧʦʤ ʨʝʟʫʣʴʪʘʪʘ unsigned. ʊʠʧ unsigned ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ 

ʢʘʢ ʜʚʦʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʯʠʩʣʘ ʙʝʟ ʟʥʘʢʘ, ʘ ʪʠʧ signed 

ʦʙʦʟʥʘʯʘʝʪ ʜʚʦʠʯʥʳʝ ʯʠʩʣʘ ʩʦ ʟʥʘʢʦʤ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʦʜʝ. 

ʅʘʧʨʠʤʝʨ: CPU_state_temp := to_unsigned(3, 8);. ʏʠʩʣʦ 3 ʠʟ 

ʦʜʥʦʤʝʨʥʦʛʦ ʤʘʩʩʠʚʘ ʮʝʣʳʭ ʯʠʩʝʣ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʚʦʩʴʤʠ 

ʨʘʟʨʷʜʥʦʝ ʜʚʦʠʯʥʦʝ ʯʠʩʣʦ ʙʝʟ ʟʥʘʢʘ, ʢʦʪʦʨʦʝ ʧʨʠʩʚʘʠʚʘʝʪʩʷ 

ʧʝʨʝʤʝʥʥʦʡ CPU_state_temp. ɸ ʧʝʨʝʤʝʥʥʘʷ CPU_state_temp 

ʦʙʲʷʚʣʝʥʘ ʢʘʢ ʤʘʩʩʠʚ ʜʚʦʠʯʥʳʭ ʯʠʩʝʣ ʙʝʟ ʟʥʘʢʘ: VARIABLE  

CPU_state_temp: unsigned(7 DOWNTO 0);. ʕʪʦ ʝʩʪʴ ʷʚʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʪʠʧʦʚ. 

 

 



 
ʈʠʩ.4.32. ʉʭʝʤʘ ʧʨʦʮʝʩʩʦʨʘ ʩ ʫʧʨʘʚʣʷʶʱʠʤ ʘʚʪʦʤʘʪʦʤ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ ʚ ʬʦʨʤʘʪʝ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʟʘʧʷʪʦʡ ʚ ʉɸʇʈ Quartus II, ʧʦʩʪʨʦʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʩʠʩʪʝʤʝ Matlab/Simulink 
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