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ɉʋɸύθʐʆɻ ȴήʄʘσɻ 

ΥπɉύɌυνɋ Ɉήλωσɋ : ȣɉɅɄɎώɒɟ ɦəɎ ɉɣɑɄɎ σɚɇɇɖɄɛɡɄς Ʉɚəɢς əɋς ɕəɚɝɎɄɏɢς 

ɉɖɇɄσɣɄς ɏɄɎ ɦəɎ ɏɠɌɉ ɅɔɢɌɉɎɄ əɋɒ ɔɕɔɣɄ ɉɣɝɄ ɇɎɄ əɋɒ ɕɖɔɉəɔɎɑɄσɣɄ əɋς, ɉɣɒɄɎ 

ɕɐɢɖɟς ɄɒɄɇɒɟɖɎσɑɡɒɋ ɏɄɎ ɄɒɄɛɡɖɉəɄɎ σəɋɒ ɕəɚɝɎɄɏɢ ɉɖɇɄσɣɄ. Ȧɕɣσɋς ɡɝɟ 

ɄɒɄɛɡɖɉɎ əɎς ɦɕɔɎɉς ɕɋɇɡς Ʉɕɦ əɎς ɔɕɔɣɉς ɡɏɄɒɄ ɝɖɢσɋ ɈɉɈɔɑɡɒɟɒ, ɎɈɉώɒ ɢ 

ɐɡɓɉɟɒ, ɉɣəɉ Ʉɚəɡς ɄɒɄɛɡɖɔɒəɄɎ ɄɏɖɎɅώς ɉɣəɉ ɕɄɖɄɛɖɄσɑɡɒɉς. Ȧɕɣσɋς ɅɉɅɄɎώɒɟ 

ɦəɎ Ʉɚəɢ ɋ ɕəɚɝɎɄɏɢ ɉɖɇɄσɣɄ ɕɖɔɉəɔɎɑɠσəɋɏɉ Ʉɕɦ ɉɑɡɒɄ ɕɖɔσɟɕɎɏɠ ɉɎɈɎɏɠ ɇɎɄ əɎς 

ɄɕɄɎəɢσɉɎς əɔɚ ɕɖɔɇɖɠɑɑɄəɔς σɕɔɚɈώɒ əɔɚ əɑɢɑɄəɔς ȭɋɝɄɒɎɏώɒ ȱɐɋɖɔɛɔɖɎɏɢς 

ȴ.Ȧ. əɔɚ ȴ.Ȧ.Ȫ. ȫɉɒəɖɎɏɢς ȭɄɏɉɈɔɒɣɄς. 
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ȵʐʖαʌισʏίɸς 

 

ȢɖɝɎɏɠ ɉɚɝɄɖɎσəώ Ɍɉɖɑɠ əɔɒ ɉɕɎɅɐɡɕɔɒəɄ ɏɄɌɋɇɋəɢ ɑɔɚ ȥɖ. ȫɄɐɦɑɔɎɖɔ Ȫɟɠɒɒɋ, 

əɔɚ ɔɕɔɣɔɚ ɋ Ʉɛɔσɣɟσɋ ɏɄɎ əɔ ɕɠɌɔς ɇɎɄ əɋɒ ɉɕɎσəɢɑɋ Ʉɚəɢ, ɑɔɚ ɠɒɔɎɓɉ əɎς ɕɧɐɉς 

ɉɒɦς ɏɦσɑɔɚ σəɔɒ ɔɕɔɣɔ ɅɠɈɎɊɄ σəɎς ɑɧəɉς əɟɒ ɕɔɈɎώɒ ɑɔɚ. 

 

 

ΈɕɉɎəɄ ɉɚɝɄɖɎσəώ əɔɚς ɛɣɐɔɚς ɑɔɚ ȳəɠɌɋ, ȥɋɑɢəɖɋ ɏɄɎ ȤɎώɖɇɔ ɔɎ ɔɕɔɣɔɎ ɑɉ əɎς 

ɇɒώσɉɎς əɔɚς ɏɄɎ əɋɒ ɞɚɝɔɐɔɇɎɏɢ əɔɚς σɚɑɕɄɖɠσəɄσɋ ɑɉ ɔɈɢɇɋσɄɒ σəɔ 

ɉɕɎɌɚɑɋəɦ ɄɕɔəɡɐɉσɑɄ. 

 

 

ȴɡɐɔς ɌɄ ɢɌɉɐɄ ɒɄ ɄɛɎɉɖώσɟ əɋɒ ɕəɚɝɎɄɏɢ Ʉɚəɢ ɉɖɇɄσɣɄ σəɔɚς ɇɔɒɉɣς ɑɔɚ 

Άɇɇɉɐɔ ɏɄɎ ȴɉɖɡσɄ ɔɎ ɔɕɔɣɔɎ, ɑɉ əɋɒ σɚɒɉɝɢ ɚɕɔσəɢɖɎɓɢ əɔɚς ɏɄɎ əɋɒ ɠɒɉɚ ɦɖɟɒ 

Ʉɇɠɕɋ əɔɚς, ɉɣɒɄɎ ɔɎ σɧɑɅɔɚɐɔɎ əɋς ɏɄɌɋɑɉɖɎɒɢς ɑɔɚ Ɋɟɢς ɏɄɎ əɋς σəɄɈɎɔɈɖɔɑɣɄς 

ɑɔɚ. 
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Πɸʌίʄɻʗɻ 

ȳəɋɒ ɕɄɖɔɧσɄ ɕəɚɝɎɄɏɢ ɉɖɇɄσɣɄ ɕɉɖɎɇɖɠɛɉəɄɎ ɋ σɝɉɈɣɄσɋ ɏɄɎ ɚɐɔɕɔɣɋσɋ 

ɑɎɄς σɚσɏɉɚɢς ɞɋɛɎɄɏɢς ɏɄəɄɇɖɄɛɢς ɢɝɔɚ.  ȤɎɄ əɋɒ ɚɐɔɕɔɣɋσɢ əɋς 

ɝɖɋσɎɑɔɕɔɎɢɌɋɏɉ ɔ ɑɎɏɖɔɉɐɉɇɏəɢς PIC16F877 əɋς ɔɎɏɔɇɡɒɉɎɄς ɑɎɏɖɔɉɐɉɇɏəώɒ PIC 

əɋς ɉəɄɎɖɉɣɄς Microchip Technology. ȰɎ ɉɕɎɑɡɖɔɚς ɅɄɌɑɣɈɉς ɉɣɒɄɎ ɋ 

ɈɉɎɇɑɄəɔɐɋɞɣɄ əɔɚ ɢɝɔɚ, ɋ ɄɕɔɌɢɏɉɚσɢ əɔɚ ɏɄɎ ɋ ɄɒɄɕɄɖɄɇɟɇɢ əɔɚ. Ȩ 

ɈɉɎɇɑɄəɔɐɋɞɣɄ ɉɕɎəɚɇɝɠɒɉəɄɎ ɑɡσɟ ɕɚɏɒɟəɎɏɔɧ ɑɎɏɖɔɛώɒɔɚ ɏɄɎ ɑɉəɄəɖɔɕɢ əɔɚ 

ɢɝɔɚ σɉ ɞɋɛɎɄɏɢ ɑɔɖɛɢ, ɏɠɒɔɒəɄς ɝɖɢσɋ əɔɚ ɑɉəɄəɖɔɕɡɄ ɄɒɄɐɔɇɎɏɔɧ σɢɑɄəɔς 

σɉ ɞɋɛɎɄɏɦ (ADC – Analog to Digital ConverterȌ ɕɔɚ ɅɖɣσɏɉəɄɎ ɑɡσɄ σəɔɒ 

ɑɎɏɖɔɉɐɉɇɏəɢ. ȭɉəɡɕɉɎəɄ ɑɡσɟ əɔɚ σɉɎɖɎɄɏɔɧ ɕɖɟəɔɏɦɐɐɔɚ ɉɕɎɏɔɎɒɟɒɣɄς 

σɧɇɝɖɔɒɋς ɑɉəɠɈɔσɋς ɈɉɈɔɑɡɒɟɒ ȋSPI – Serial Peripheral Interface), 

ɄɕɔɌɋɏɉɧɔɚɑɉ əɄ ɈɉɈɔɑɡɒɄ σɉ ɑɣɄ ɏɠɖəɄ ɑɒɢɑɋς əɧɕɔɚ flash (SD - Secure 

Digital). ȭɉ əɋɒ ɔɐɔɏɐɢɖɟσɋ əɋς ɄɕɔɌɢɏɉɚσɋς ɕɉɖɒɠɑɉ σəɔ σəɠɈɎɔ əɋς 

ɄɒɄɕɄɖɄɇɟɇɢς, ɈɎɄɅɠɊɔɒəɄς əɄ ɄɕɔɌɋɏɉɚɑɡɒɄ ɈɉɈɔɑɡɒɄ Ʉɕɦ əɋɒ ɏɠɖəɄ SD. 

ȭɡσɟ əɋς ɅɄɌɑɣɈɄς PWM (Pulse Width Modulation) əɔɚ ɑɎɏɖɔɉɐɉɇɏəɢ ɏɄɎ ɉɒɦς 

ɝɄɑɋɐɔɕɉɖɄəɔɧ ɛɣɐəɖɔɚ, ɉɕɎəɚɇɝɠɒɔɚɑɉ əɋɒ ɑɉəɄəɖɔɕɢ əɔɚ ɞɋɛɎɄɏɔɧ σɢɑɄəɔς 

σɉ ɄɒɄɐɔɇɎɏɦ ȋDAC – Digital to Analog Converter). ȭɉ əɋɒ ɅɔɢɌɉɎɄ ɉɒɦς ɑɎɏɖɔɧ 

ɉɒɎσɝɚəɢ σɢɑɄəɔς ɏɄɎ ɉɒɦς ɑɉɇɄɛώɒɔɚ ɔɐɔɏɐɋɖώɒɉəɄɎ ɋ ɄɒɄɕɄɖɄɇɟɇɢ əɔɚ ɢɝɔɚ. 
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Κɸφάʄαιο ϭο – ȵισαɶʘɶή σʏα ʗɻφιαʃά 
σʐσʏήʅαʏα ήʖοʐ 

ȳəɋɒ ɞɋɛɎɄɏɢ ɉɕɔɝɢ σəɋɒ ɔɕɔɣɄ Ɋɔɧɑɉ ɏɄɎ σəɋɒ əɉɝɒɔɐɔɇɎɏɢ ɉɕɄɒɠσəɄσɋ 

ɕɔɚ ɅɎώσɄɑɉ ɏɄɎ σɚɒɉɝɣɊɔɚɑɉ ɒɄ ɅɎώɒɔɚɑɉ σəɦɝɔς əɔɚ ɄɒɌɖώɕɔɚ ɢəɄɒ ɋ 

ɑɉəɄəɖɔɕɢ əɔɚ ɔɇɏώɈɉς, ɉɒɉɖɇɔɅɦɖɔɚ, ɄɏɖɎɅɔɧ ɏɄɎ σɧɒɌɉəɔɚ ɄɒɄɐɔɇɎɏɔɧ ɏɦσɑɔɚ 

σɉ ɡɒɄɒ ɑɎɏɖɦəɉɖɔ, ɔɎɏɔɒɔɑɎɏɦəɉɖɔ ɏɄɎ Ʉɕɐɔɧσəɉɖɔ ɇɎɄ əɔɒ ɝɖɢσəɋ, ɞɋɛɎɄɏɦ 

ɏɦσɑɔ. ȫɄɎ ɡəσɎ Ʉɕɦ ɐɚɝɒɣɉς ɏɉɒɔɧ ɕɉɖɠσɄɑɉ σɉ əɖɄɒɊɣσəɔɖ, Ʉɕɦ ɈɟɑɄəɣɔɚ 

ɈɎɄσəɠσɉɟɒ ɚɕɔɐɔɇɎσəɡς σɉ ɛɔɖɋəɔɧς ɚɕɔɐɔɇɎσəɡς ȋlaptops), Ʉɕɦ ɇɖɄɑɑɦɛɟɒɄ 

σɉ ɛɔɖɋəɡς σɚσɏɉɚɢς ɄɒɄɕɄɖɄɇɟɇɢς ɢɝɔɚ ȋPMP – Portable Media Player). 

ȥɉɈɔɑɡɒɔɚ ɦəɎ ɔ ɢɝɔς ɢəɄɒ ɏɄɎ σɚɒɉɝɣɊɉɎ ɒɄ ɉɣɒɄɎ ɑɣɄ Ʉɕɦ əɎς ɑɉɇɄɐɧəɉɖɉς 

ɅɎɔɑɋɝɄɒɣɉς ɞɚɝɄɇɟɇɣɄς, Ɉɉɒ ɑɕɔɖɔɧσɉ ɕɄɖɠ ɒɄ ɄɏɔɐɔɚɌɢσɉɎ ɏɄɎ Ʉɚəɦς əɋɒ 

ɞɋɛɎɄɏɢ ɔɈɦ. ΈəσɎ ɑɉ Ʉɖɝɢ əɔ ͥͣ͜͝ ɓɉɏɣɒɋσɉ ɋ ɉɕɄɒɠσəɄσɋ, ɋ ɔɕɔɣɄ 

ɄɒəɎɏɄɌɎσəώɒəɄς əɔɚς ɄɒɄɐɔɇɎɏɔɧς əɖɦɕɔɚς ɄɒɄɕɄɖɄɇɟɇɢς əɔɚ ɢɝɔɚ ȋɈɣσɏɔɚς 

ɅɎɒɚɐɣɔɚ, ɏɄσɡəɉς) ɉɕɡəɖɉɞɉ əɋɒ ɑɉəɠɅɄσɋ σəɔɚς ɞɋɛɎɄɏɢς ɑɔɖɛɢς əɖɦɕɔɚς 

(cdǯs, mp3 players). 

ȸɋɛɎɄɏɦ σɧσəɋɑɄ ɢɝɔɚ ɉɣɒɄɎ ɔɕɔɎɄɈɢɕɔəɉ əɉɝɒɔɐɔɇɎɏɢ σɚσɏɉɚɢ ɋ ɔɕɔɣɄ 

ɑɕɔɖɉɣ ɒɄ ɋɝɔɇɖɄɛɉɣ, ɄɕɔɌɋɏɉɧɉɎ, ɈɋɑɎɔɚɖɇɉɣ, ɉɕɉɓɉɖɇɄσəɉɣ, ɕɄɖɄɕɔɎɢσɉɎ ɏɄɎ ɒɄ 

ɄɒɄɕɄɖɠɇɉɎ ɢɝɔ ɔ ɔɕɔɣɔς ɉɣɒɄɎ ɏɟɈɎɏɔɕɔɎɋɑɡɒɔς σɉ ɞɋɛɎɄɏɢ ɑɔɖɛɢ. ȦɕɎɕɐɡɔɒ 

ɚɕɠɖɝɔɚɒ ɏɄɎ ɕɔɐɚɕɐɔɏɦəɉɖɉς ɑɔɒɠɈɉς ɞɋɛɎɄɏώɒ σɚσəɋɑɠəɟɒ ɢɝɔɚ ɔɎ ɔɕɔɣɉς 

ɑɕɔɖɔɧɒ ɒɄ ɚɐɔɕɔɎɢσɔɚɒ ɏɄɎ ɏɠɕɔɎɉς ɉɕɎɕɐɡɔɒ ɐɉɎəɔɚɖɇɣɉς ɦɕɟς σɚɑɕɣɉσɋ ɏɄɎ 

ɑɉəɠɈɔσɋ. Ȩ ɝɖɢσɋ əɟɒ σɚσəɋɑɠəɟɒ Ʉɚəώɒ ɉɣɒɄɎ ɕɔɐɧ ɈɎɄɈɉɈɔɑɡɒɋ σəɋɒ 

ɏɄɌɋɑɉɖɎɒɦəɋəɠ ɑɄς ɏɄɎ ɇɎɄ əɔɒ ɐɦɇɔ Ʉɚəɦ ɉɣɒɄɎ ɔɐɔɡɒɄ ɑɉɇɄɐɧəɉɖɋ ɋ ɝɖɢσɋ əɔɚς 

ɉɣəɉ ɉɒσɟɑɄəɟɑɡɒɄ σɉ ɠɐɐɄ ɚɕɔɐɔɇɎσəɎɏɠ σɚσəɢɑɄəɄ ȋɕ.ɝ. ɋɐɉɏəɖɔɒɎɏɔɣ 

ɚɕɔɐɔɇɎσəɡς, ɏɎɒɋəɠ əɋɐɡɛɟɒɄȌ ɉɣəɉ ɟς σɚσɏɉɚɡς ɄɕɔɏɐɉɎσəɎɏɠ ɄɛɎɉɖɟɑɡɒɉς 

σəɋɒ ɈɎɄɝɉɣɖɎσɋ əɔɚ ɢɝɔɚ ȋɕ.ɝ. σɚσɏɉɚɡς ɋɝɔɇɖɠɛɋσɋς, mp3 players, ɕɔɐɚɉɛɡ 

ɋɐɉɏəɖɎɏώɒ ɑɔɚσɎɏώɒ ɔɖɇɠɒɟɒȌ. ȳəɋɒ σɚɒɡɝɉɎɄ ɌɄ ɚɕɠɖɓɉɎ ɑɎɄ ɌɉɟɖɋəɎɏɢ 

ɕɖɔσɡɇɇɎσɋ əɟɒ ɈɎɄɛɦɖɟɒ ɅɄɌɑɣɈɟɒ ɏɄɎ ɈɚɒɄəɔəɢəɟɒ ɉɒɦς ɞɋɛɎɄɏɔɧ 

σɚσəɢɑɄəɔς ɢɝɔɚ. ȳəɋɒ ɉɎɏɦɒɄ ͝ ɌɄ ɈɔɌɉɣ ɑɎɄ σɝɋɑɄəɎɏɢ ɄɕɉɎɏɦɒɎσɋ ɉɒɦς əɚɕɎɏɔɧ 

ɞɋɛɎɄɏɔɧ σɚσəɢɑɄəɔς ɢɝɔɚ ɑɉ əɎς ɅɄσɎɏɦəɉɖɉς ɅɄɌɑɣɈɉς. 
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1.1  - Ηʖοɶʌάφηση 

ȴɔ ɕɖώəɔ σəɠɈɎɔ ɉɒɦς ɞɋɛɎɄɏɔɧ σɚσəɢɑɄəɔς ɢɝɔɚ ɉɣɒɄɎ ɋ ɋɝɔɇɖɠɛɋσɋ, 

ɈɋɐɄɈɢ ɢ σɚɐɐɔɇɢ əɔɚ ɄɒɄɐɔɇɎɏɔɧ ɢɝɔɚ ɕɔɚ ɕɄɖɠɇɉəɄɎ Ʉɕɦ ɡɒɄ ɛɚσɎɏɦ ɦɒ 

ȋɠɒɌɖɟɕɔς ɢ ɑɔɚσɎɏɦ ɦɖɇɄɒɔ σəɎς ɕɉɖɎσσɦəɉɖɉς ɕɉɖɎɕəώσɉɎςȌ ɏɄɎ əɋɒ ɉɎσɄɇɟɇɢ 

Ʉɚəɔɧ σəɔ ɞɋɛɎɄɏɦ σɧσəɋɑɄ. Ȩ σɚɐɐɔɇɢ əɔɚ ɢɝɔɚ ɕɖɄɇɑɄəɔɕɔɎɉɣəɄɎ ɕɠɒəɄ ɑɉ 

əɋɒ ɝɖɢσɋ ɑɎɏɖɔɛώɒɔɚ. ȵɕɠɖɝɔɚɒ ɕɠɖɄ ɕɔɐɐɔɣ əɧɕɔɎ ɑɎɏɖɔɛώɒɔɚ ɔɎ ɔɕɔɣɔɎ 

ɉɕɎɐɡɇɔɒəɄɎ ɄɒɠɐɔɇɄ ɑɉ əɋɒ ɉɛɄɖɑɔɇɢ ɕɔɚ Ɍɡɐɔɚɑɉ ɒɄ ɚɐɔɕɔɎɋɌɉɣ. ȴɔ ɕɚɏɒɟəɎɏɦ 

ɑɎɏɖɦɛɟɒɔ ɉɣɒɄɎ ɡɒɄς Ʉɕɦ əɔɚς ɕɎɔ ɏɔɎɒɔɧς əɧɕɔɚς ɑɎɏɖɔɛώɒɔɚ ɕɔɚ 

ɝɖɋσɎɑɔɕɔɎɔɧɒəɄɎ σəɄ ɕɉɖɎσσɦəɉɖɄ ɞɋɛɎɄɏɠ σɚσəɢɑɄəɄ ɢɝɔɚ. Ȱ ɢɝɔς ɐɦɇɟ əɋς 

ɏɚɑɄəɎɏɢς əɔɚ ɛɧσɋς ɇɎɄ ɒɄ ɑɕɔɖɡσɉɎ ɒɄ ɇɣɒɉɎ ɄɒəɎɐɋɕəɦς Ʉɕɦ əɋɒ ɞɋɛɎɄɏɢ 

σɚσɏɉɚɢ ɕɖɡɕɉɎ Ʉɕɦ ɄɒɄɐɔɇɎɏɦς ɕɔɚ ɉɣɒɄɎ ɒɄ ɑɉəɄəɖɄɕɉɣ σɉ ɞɋɛɎɄɏɦ. ȭɉ əɋɒ 

ɝɖɢσɋ əɔɚ ɑɎɏɖɔɛώɒɔɚ ɑɉəɄəɖɡɕɔɚɑɉ əɔɒ ɢɝɔ Ʉɕɦ ɏɧɑɄ σɉ ɋɐɉɏəɖɎɏɦ σɢɑɄ. 

Ȧɛɦσɔɒ ɔ ɢɝɔς ɇɣɒɉɎ ɄɒəɎɐɋɕəɦς Ʉɕɦ əɔ ɑɎɏɖɦɛɟɒɔ σɄɒ ɋɐɉɏəɖɎɏɦ σɢɑɄ 

ɔɈɋɇɉɣəɄɎ, σɉ ɑɣɄ Ʉɕɦ əɎς ɅɄσɎɏɦəɉɖɉς ɑɔɒɠɈɉς ɉɒɦς ɞɋɛɎɄɏɔɧ σɚσəɢɑɄəɔς ɢɝɔɚ, 

σəɔɒ ɑɉəɄəɖɔɕɡɄ ɄɒɄɐɔɇɎɏɔɧ σɢɑɄəɔς σɉ ɞɋɛɎɄɏɦ (ADC) ɇɎɄ əɋɒ ɞɋɛɎɔɕɔɣɋσɋ 

əɔɚ.  

  O ADC (Analog to Digital Converter), σɧɑɛɟɒɄ ɑɉ əɋɒ ɔɒɔɑɄσɣɄ əɔɚ, 

ɄɒɄɐɄɑɅɠɒɉɎ əɋɒ ɕɖɄɇɑɄəɔɕɔɣɋσɋ əɋς ɑɉəɄəɖɔɕɢς əɔɚ ɢɝɔɚ Ʉɕɦ ɄɒɄɐɔɇɎɏɦ σɢɑɄ 

σɉ ɞɋɛɎɄɏɦ. ȵɕɠɖɝɔɚɒ ɕɠɖɄ ɕɔɐɐɡς σɝɉɈɎɄσəɎɏɡς ɉɕɎɐɔɇɡς ɇɎɄ əɔɒ ADC ɄɒɠɐɔɇɄ 

ɑɉ əɋɒ ɕɔɐɚɕɐɔɏɦəɋəɄ ɏɄɎ əɋɒ Ʉɒɠɇɏɋ əɋς ɉɛɄɖɑɔɇɢς. ȳɚɒɢɌɟς əɔɚς 

ɑɉəɄəɖɔɕɉɣς əɔɚς Ʌɖɣσɏɔɚɑɉ σəɋɒ Ʉɇɔɖɠ ɟς ɔɐɔɏɐɋɖɟɑɡɒɄ ɏɚɏɐώɑɄəɄ ɢ 

ɉɒσɟɑɄəɟɑɡɒɔɚς ɑɡσɄ σɉ ɑɎɏɖɔɉɐɉɇɏəɡς. Ȱ ADC ɝɟɖɣɊɉəɄɎ σɉ Ɉɧɔ ɈɎɄɈɎɏɄσɣɉς, 

əɋɒ ɈɉɎɇɑɄəɔɐɋɞɣɄ ɏɄɎ əɋɒ ɏɅɄɒəɔɕɔɣɋσɋ. ȭɉ əɋɒ ɈɉɎɇɑɄəɔɐɋɞɣɄ ɇɣɒɉəɄɎ ɋ 

ɕɉɖɎɔɈɎɏɢ ɑɉəɄəɖɔɕɢ ɉɒɦς σɢɑɄəɔς əɠσɋς ȋσɚɒɠɖəɋσɋ əɔɚ ɝɖɦɒɔɚȌ σɉ σɢɑɄ 

ɈɎɄɏɖɎəɔɧ ɝɖɦɒɔɚ ȋɄɏɔɐɔɚɌɣɄ ɕɖɄɇɑɄəɎɏώɒ ɄɖɎɌɑώɒȌ. ȵɕɠɖɝɉɎ ɡɒɄς ɕɔɐɧ 

σɋɑɄɒəɎɏɦς ɕɄɖɠɇɔɒəɄς ɔ ɔɕɔɣɔς ɕɖɡɕɉɎ ɒɄ ɕɖɔσɉɝɌɉɣ σəɋɒ ɈɎɄɈɎɏɄσɣɄ əɋς 

ɈɉɎɇɑɄəɔɐɋɞɣɄς. Ȱ ɕɄɖɠɇɔɒəɄς Ʉɚəɦς ɉɣɒɄɎ ɢ σɚɝɒɦəɋəɄ ɈɉɎɇɑɄəɔɐɋɞɣɄς, ɈɋɐɄɈɢ 

ɏɠɌɉ ɕɦəɉ ɕɖɡɕɉɎ ɒɄ ɇɣɒɉəɄɎ ɈɉɎɇɑɄəɔɐɋɞɣɄ ɑɣɄς ɒɡɄς əɎɑɢς. Ȩ ɉɕɎɐɔɇɢ əɋς 

σɚɝɒɦəɋəɄς ɑɕɔɖɉɣ ɒɄ ɉɕɋɖɉɠσɉɎ σɉ ɑɉɇɠɐɔ ɅɄɌɑɦ əɋɒ ɐɉɎəɔɚɖɇɣɄ əɔɚ 

ɑɉəɄəɖɔɕɡɄ ɔ ɔɕɔɣɔς ɉɕɋɖɉɠɊɉəɄɎ ɏɄɎ Ʉɕɦ əɔ ɚɐɎσɑɎɏɦ ɕɔɚ ɝɖɋσɎɑɔɕɔɎɉɣəɄɎ.  ȳəɋɒ 

σɚɒɡɝɉɎɄ ɑɉ əɋɒ ɏɅɄɒəɔɕɔɣɋσɋ ɇɣɒɉəɄɎ ɄɒəɎɏɄəɠσəɄσɋ əɔɚ ɏɠɌɉ ɕɖɄɇɑɄəɎɏɔɧ 

ɄɖɎɌɑɔɧ σɉ ɡɒɄ ɕɉɕɉɖɄσɑɡɒɔ σɧɒɔɐɔ ɈɎɄɏɖɎəώɒ əɎɑώɒ ɇɎɄ əɋɒ ɄɕɔɌɢɏɉɚσɋ ɏɄɎ 



8 

 

ɉɕɉɓɉɖɇɄσɣɄ ɑɉ ɝɖɢσɋ ɄɖɎɌɑɋəɎɏώɒ ɑɉɌɦɈɟɒ. Ȣɚəɡς ɔɎ ɈɎɄɏɖɎəɡς əɎɑɡς 

ɄɒɄɕɄɖɎσəɔɧɒəɄɎ ɑɉ ɝɖɢσɋ ɐɡɓɉɟɒ ɕɔɚ ɡɝɔɚɒ σəɄɌɉɖɦ ɑɡɇɉɌɔς. ȴɔ ɑɢɏɔς əɟɒ 

ɐɡɓɉɟɒ Ʉɚəώɒ ɔɒɔɑɠɊɉəɄɎ Ʉɒɠɐɚσɋ ɏɄɎ ɄɒɄɕɄɖɎσəɠ əɔɒ ɄɖɎɌɑɦ əɟɒ ɈɎɄɏɖɎəώɒ 

əɎɑώɒ ɕɔɚ ɕɄɖɠɇɔɒəɄɎ σəɔ σɚɒɔɐɎɏɦ ɉɧɖɔς əɟɒ ɄɒɄɐɔɇɎɏώɒ əɎɑώɒ. ΈəσɎ ɡɒɄς ADC 

ɑɉ Ʉɒɠɐɚσɋ 8-bit ɑɕɔɖɉɣ ɒɄ ɏɟɈɎɏɔɕɔɎɢσɉɎ ɑɎɄ ɄɒɄɐɔɇɎɏɢ ɉɣσɔɈɔ σɉ ɡɒɄ Ʉɕɦ ͞͡6 

ɉɕɣɕɉɈɄ (28 = ͢͞͡Ȍ. ȦɣɒɄɎ ɕɖɔɛɄɒɡς ɦəɎ ɏɠɒɔɒəɄς ɝɖɢσɋ ɉɒɦς ADC ɌɄ ɡɝɔɚɑɉ 

ɕɔσɔσəɠ ɌɔɖɧɅɔɚ σəɔ Ʉɕɔɏəɋɑɡɒɔ ɞɋɛɎɄɏɦ σɢɑɄ, ɐɦɇɟ əɋς ɄɕώɐɉɎɄς 

ɕɐɋɖɔɛɔɖɎώɒ ɕɔɚ ɕɖɔɏɧɕəɉɎ ɏɄəɠ əɋɒ ɈɎɄɈɎɏɄσɣɄ ɏɅɄɒəɔɕɔɣɋσɋς. Ȣɚəɦ ɇɣɒɉəɄɎ 

ɉɕɉɎɈɢ ɔɎ ɈɎɄɏɖɎəɡς əɎɑɡς ɕɔɚ ɕɄɖɠɇɔɚɑɉ ɉɣɒɄɎ ɑɎɄ ɕɖɔσɡɇɇɎσɋ əɟɒ ɄɒɄɐɔɇɎɏώɒ 

σɚɒɉɝώɒ əɎɑώɒ. Ȩ ɑɉɣɟσɋ Ʉɚəɔɧ əɔɚ ɌɔɖɧɅɔɚ ɑɕɔɖɉɣ ɒɄ ɉɐɄəəɟɌɉɣ ɏɠɒɔɒəɄς 

ɝɖɢσɋ ɑɉɇɄɐɧəɉɖɟɒ ɄɒɄɐɧσɉɟɒ ɏɄɎ ɏɄɐɔɧ σɝɉɈɎɄσɑɔɧ ɏɄəɠ əɋɒ ɚɐɔɕɔɣɋσɋ əɟɒ 

ADC. ΈɕɉɎəɄ əɋς ɑɉəɄəɖɔɕɢς əɔɚ ɢɝɔɚ ɔ ADC ɕɄɖɠɇɉɎ ɑɣɄ σɉɎɖɠ ɞɋɛɎɄɏώɒ 

ɐɡɓɉɟɒ ɑɉ ͜ ɏɄɎ ͝ əɄ ɔɕɔɣɄ ɔɈɋɇɔɧɒəɄɎ σəɔ ɄɕɔɌɋɏɉɚəɎɏɦ ɑɡσɔ əɔɚ σɚσəɢɑɄəɔς. 

ȤɎɄ əɋɒ ɖɔɢ ɈɉɈɔɑɡɒɟɒ ɕɔɚ ɕɄɖɠɇɉəɄɎ Ʉɕɦ əɔɒ ADC ɝɖɋσɎɑɔɕɔɎɔɧɑɉ ɑɎɄ ɑɡɌɔɈɔ 

ɈɎɄɑɦɖɛɟσɋς ɕɔɚ ɔɒɔɑɠɊɉəɄɎ PCM (Pulse Code Modulation). ȴɔ ɈɎɄɑɔɖɛɟɑɡɒɔ 

σɢɑɄ PCM ɕɔɚ Ʉɕɔɏəɔɧɑɉ ɉɣɒɄɎ ɑɎɄ ɞɋɛɎɄɏɢ ɄɒɄɕɄɖɠσəɄσɋ əɔɚ ɄɒɄɐɔɇɎɏɔɧ 

σɢɑɄəɔς ɦɕɔɚ əɔ ɕɐɠəɔς əɔɚ σɢɑɄəɔς ɈɉɎɇɑɄəɔɐɋɕəɉɣəɄɎ, ɏɅɄɒəɣɊɉəɄɎ ɏɄɎ 

ɑɉəɄɈɣɈɉəɄɎ ɟς σɚɑɅɔɐɔσɉɎɖɠ ɈɚɄɈɎɏώɒ bit. ȦɣɒɄɎ ɋ ɕɖɦəɚɕɋ ȋstandard) ɑɔɖɛɢ 

ɞɋɛɎɄɏɔɧ ɢɝɔɚ. 

1.2 – Αʋοθήʃɸʐση 

ȳəɄ ɞɋɛɎɄɏɠ σɚσəɢɑɄəɄ ɢɝɔɚ ɋ ɄɕɔɌɢɏɉɚσɋ əɟɒ Ʉɖɝɉɣɟɒ ɢɝɔɚ 

ɕɖɄɇɑɄəɔɕɔɎɉɣəɄɎ ɉɣəɉ  σɉ ɏɠɕɔɎɄ ɉσɟəɉɖɎɏɢ ɑɒɢɑɋ ɕɔɚ əɔ σɧσəɋɑɄ ɡɝɉɎ 

ȋɉσɟəɉɖɎɏɦς ɈɣσɏɔςȌ ɉɣəɉ, σɉ ɑɉɇɄɐɧəɉɖɔ ɅɄɌɑɦ σɉ ɄɛɄɎɖɔɧɑɉɒɔɚς əɖɦɕɔɚς 

ɄɕɔɌɢɏɉɚσɋς ȋσɉ ɑɣɄ ɑɒɢɑɋ USB  ɢ σɉ ɏɠɖəɄς ɑɒɢɑɋς ɦɕɟς ɑɣɄς SD Card). ȳəɋɒ 

ɑɔɚσɎɏɢ ɅɎɔɑɋɝɄɒɣɄ ɔ ɞɋɛɎɄɏɦς ɢɝɔς ɄɕɔɌɋɏɉɧɉəɄɎ ɏɄɎ ɉɑɕɔɖɉɧɉəɄɎ σɉ ɑɔɖɛɢ 

CD (Compact Disk). ȦɕɉɎɈɢ ɦɑɟς ɋ ɝɖɢσɋ əɟɒ CDs ɇɣɒɉəɄɎ ɔɐɔɡɒɄ ɏɄɎ ɑɎɏɖɦəɉɖɋ 

ɏɄɎ ɕɎɄ ɡɝɉɎ ɄɕɔɏəɢσɉɎ ɏɚɖɣɟς σɚɐɐɉɏəɎɏɦ ɝɄɖɄɏəɢɖɄ, ɋ ɑɔɚσɎɏɢ ɅɎɔɑɋɝɄɒɣɄ ɡɝɉɎ 

σəɖɄɛɉɣ σɉ ɑɉɇɠɐɔ ɅɄɌɑɦ ɏɄɎ σəɋɒ ɝɖɢσɋ ɞɋɛɎɄɏώɒ ɚɕɋɖɉσɎώɒ ɑɔɚσɎɏɢς ɦɕɟς 

ɉɣɒɄɎ əɔ iTunes, ɑɡσɟ əɔɚ ɔɕɔɣɔɚ ɄɇɔɖɠɊɔɚɑɉ əɔ ɞɋɛɎɄɏɦ ɕɉɖɎɉɝɦɑɉɒɔ ɏɄɎ əɔ 

Ʉɏɔɧɑɉ ɉɣəɉ σəɔɒ ɚɕɔɐɔɇɎσəɢ ɑɄς ɉɣəɉ σəɋɒ ɏɎɒɋəɢ σɚσɏɉɚɢ ɑɄς. ȦɒɄɐɐɄɏəɎɏɠ 

ɚɕɠɖɝɔɚɒ ɚɕɋɖɉσɣɉς streaming ɦɕɟς əɔ Spotify ɔɎ ɔɕɔɣɉς ɑɄς ɕɄɖɡɝɔɚɒ ɑɎɄ 

ɑɉɇɠɐɋ ɇɏɠɑɄ ɑɔɚσɎɏώɒ ɉɕɎɐɔɇώɒ σəɋɒ ɔɕɔɣɄ ɑɕɔɖɔɧɑɉ ɒɄ ɉɕɎɐɡɓɔɚɑɉ ɦɕɔɎɔ 
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əɖɄɇɔɧɈɎ ɋ ɠɐɑɕɔɚɑ Ɍɡɐɔɚɑɉ ɒɄ Ʉɏɔɧσɔɚɑɉ ɑɉ ɡɒɄ ɑɋɒɎɄɣɔ ɏɦσəɔς. Ȩ ɇɉɒɎɏɦəɉɖɋ 

əɠσɋ ɉɣɒɄɎ ɒɄ ɇɣɒɉɎ ɄɕɄɐɔɎɛɢ əɔɚ ɄɕɔɌɋɏɉɚəɎɏɔɧ ɝώɖɔɚ ɟς ɑɡσɔ ɏɄɎ əɋɒ ɝɖɢσɋ 

online ɄɕɔɌɋɏɉɚəɎɏώɒ ɝώɖɟɒ ȋcloud) ɢ ɚɕɋɖɉσɎώɒ streaming ɇɎɄ əɋɒ 

ɄɒɄɕɄɖɄɇɟɇɢ əɋς ɑɔɚσɎɏɢς. 

ȢɒɠɐɔɇɄ ɑɉ əɔɒ əɧɕɔ ɄɕɔɌɋɏɉɚəɎɏɔɧ ɑɡσɔɚ ɕɔɚ ɉɕɎɐɡɇɉəɄɎ ɚɕɠɖɝɉɎ ɏɄɎ ɋ  

ɄɒəɣσəɔɎɝɋ ɈɎɄɈɎɏɄσɣɄ ɄɖɝɎɏɔɕɔɣɋσɋς ɏɄɎ ɕɖɔɉəɔɎɑɄσɣɄς əɔɚ ɑɡσɔɚ ɄɕɔɌɢɏɉɚσɋς. 

ȵɕɠɖɝɔɚɒ σɚɇɏɉɏɖɎɑɡɒɔɎ ɝɖɦɒɔɎ ɔɎ ɔɕɔɣɔɎ ɕɖɡɕɉɎ ɒɄ əɋɖɋɌɔɧɒ ɇɎɄ əɋɒ ɈɎɄɈɎɏɄσɣɄ 

ɉɇɇɖɄɛɢς ɢ ɇɎɄ əɋɒ ɈɎɄɈɎɏɄσɣɄ Ʉɒɠɇɒɟσɋς. ȴɔ ɑɡɇɉɌɔς əɔɚ ɏɠɌɉ ɑɕɐɔɏ ɑɒɢɑɋς 

ɕɔɚ ɝɖɋσɎɑɔɕɔɎɉɣəɄɎ ɉɣɒɄɎ ɏɄɎ Ʉɚəɦ ɕɄɖɄɑɉəɖɔɕɔɎɢσɎɑɔ. Ȧɕɣσɋς ɑɉɇɠɐɋ σɋɑɄσɣɄ 

ɡɝɉɎ ɑɉ ɕɔɎɄ ɑɡɌɔɈɔ ɌɄ ɇɣɒɉɎ ɋ ɉɕɎɏɔɎɒɟɒɣɄ əɔɚ ɄɕɔɌɋɏɉɚəɎɏɔɧ ɑɡσɔɚ ɑɉ əɔɒ 

ɉɏɠσəɔəɉ ɉɕɉɓɉɖɇɄσəɢ ɢ ɑɎɏɖɔɉɐɉɇɏəɢ əɔɚ ɞɋɛɎɄɏɔɧ σɚσəɢɑɄəɔς. ȤɉɒɎɏɦəɉɖɄ 

ɏɠɌɉ ɉɕɎɐɔɇɢ ɕɔɚ Ʉɛɔɖɠ əɔɒ əɖɦɕɔ ɄɕɔɌɢɏɉɚσɋς ɑɕɔɖɉɣ ɒɄ ɉɕɋɖɉɠσɉɎ σɋɑɄɒəɎɏɠ 

əɋɒ ɦɞɋ ɏɄɎ ɐɉɎəɔɚɖɇɣɄ əɋς σɚσɏɉɚɢς. 

1.3 – ɇʐʅʋίɸση  

Ȩ σɚɑɕɣɉσɋ ɈɉɈɔɑɡɒɟɒ σɉ ɡɒɄ ɞɋɛɎɄɏɦ σɧσəɋɑɄ Ʉɛɔɖɠ əɋɒ ɏɟɈɎɏɔɕɔɣɋσɋ 

əɋς ɕɐɋɖɔɛɔɖɣɄς ɝɖɋσɎɑɔɕɔɎώɒəɄς ɐɎɇɦəɉɖɄ bits σɉ σɝɡσɋ ɑɉ əɋɒ ɄɖɝɎɏɢ ɑɔɖɛɢ 

ɕɔɚ ɐɄɑɅɠɒɔɚɑɉ σəɋɒ ɡɓɔɈɔ əɔɚ ADC. Ȩ ɈɎɄɈɎɏɄσɣɄ əɋς σɚɑɕɣɉσɋς ɇɣɒɉəɄɎ ɑɉ 

σəɦɝɔ əɋɒ ɑɉɣɟσɋ əɔɚ ɄɕɔɌɋɏɉɚəɎɏɔɧ ɝώɖɔɚ ɕɔɚ ɝɖɋσɎɑɔɕɔɎɉɣəɄɎ Ʉɐɐɠ 

əɄɚəɦɝɖɔɒɄ ɏɄɎ əɋɒ ɑɉɣɟσɋ əɟɒ ɄɕɄɎəɔɧɑɉɒɟɒ ɕɦɖɟɒ ɏɄəɠ əɋɒ ɑɉəɠɈɔσɋ əɟɒ 

ɈɉɈɔɑɡɒɟɒ. 

Ȩ σɚɑɕɣɉσɋ ɝɟɖɣɊɉəɄɎ σɉ Ɉɧɔ ɏɄəɋɇɔɖɣɉς. ȴɋɒ ɄɕɟɐɉσəɎɏɢ (lossy) ɏɄɎ ɑɋ 

ɄɕɟɐɉσəɎɏɢ (lossless) σɚɑɕɣɉσɋ. ȭɉ əɋɒ ɑɋ ɄɕɟɐɉσəɎɏɢ σɚɑɕɣɉσɋ ɡɝɔɚɑɉ ɕɐɢɖɋ 

ɄɏɉɖɄɎɦəɋəɄ ɈɉɈɔɑɡɒɟɒ. Ȣɚəɦ σɋɑɄɣɒɉɎ ɕɟς əɄ ɄɖɝɎɏɠ ɈɉɈɔɑɡɒɄ ɏɄɎ əɄ ɈɉɈɔɑɡɒɄ 

ɕɔɚ Ʉɕɔɏəɔɧɑɉ ɑɉəɠ Ʉɕɦ əɋɒ σɚɑɕɣɉσɋ ɏɄɎ əɋɒ Ʉɕɔσɚɑɕɣɉσɋ ɉɣɒɄɎ ɄɏɖɎɅώς əɄ 

ɣɈɎɄ. Ȱ əɧɕɔς əɋς σɚɑɕɣɉσɋς Ʉɚəɦς ɅɄσɣɊɉəɄɎ σəɔ ɇɉɇɔɒɦς ɦəɎ σəɔɒ ɄɒɄɐɔɇɎɏɦ 

ɏɦσɑɔ əɔ ɣɈɎɔ ɛɄɎɒɦɑɉɒɔ ɉɑɛɄɒɣɊɉəɄɎ ɕɔɐɐɄɕɐɡς ɛɔɖɡς σɉ σɉɎɖɠ ɏɄɎ ɑɕɔɖɉɣ ɒɄ 

ɏɟɈɎɏɔɕɔɎɋɌɉɣ ȋɕ.ɝ. əɔ ɣɈɎɔ ɝɖώɑɄ σɉ ɑɎɄ ɛɟəɔɇɖɄɛɣɄ, ɔ ɣɈɎɔς əɦɒɔς σɉ ɡɒɄ 

ɑɔɚσɎɏɦ ɄɕɦσɕɄσɑɄȌ. ȭɉ əɋɒ ɝɖɢσɋ əɋς ɑɋ ɄɕɟɐɉσəɎɏɢς σɚɑɕɣɉσɋς Ɉɉɒ ɝɠɒɔɚɑɉ 

əɋɒ ɕɔɎɦəɋəɄ əɔɚ ɢɝɔɚ Ʉɐɐɠ əɄɚəɦɝɖɔɒɄ ɡɝɔɚɑɉ ɏɄɎ ɑɎɏɖɢ ɑɉɣɟσɋ σəɔɒ 

ɄɕɔɌɋɏɉɚəɎɏɦ ɝώɖɔ. Ȩ ɑɋ ɄɕɟɐɉσəɎɏɢ σɚɑɕɣɉσɋ ɝɖɋσɎɑɔɕɔɎɉɣəɄɎ σɉ ɕɉɖɎɕəώσɉɎς 

σəɎς ɔɕɔɣɉς Ɍɡɐɔɚɑɉ ɒɄ ɉɕɉɓɉɖɇɄσəɔɧɑɉ əɔɒ ɢɝɔ ɝɟɖɣς ɄɕώɐɉɎɄ ɈɉɈɔɑɡɒɟɒ ɑɉ 
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σəɦɝɔ əɋɒ ɉɕɣəɉɚɓɋ Ʉɚɓɋɑɡɒɋς ɕɔɎɦəɋəɄς ɢɝɔɚ (ɕɔɚ ɕɔɐɐɡς ɛɔɖɡς ɄɕɄɎəɉɣəɄɎ) 

Ʉɐɐɠ ɏɄɎ ɇɎɄ əɋɒ ɧɕɄɖɓɋ ɉɒɦς ɕɖɟəɔəɧɕɔɚ ɄɒəɎɇɖɠɛɔɚ ȋɏɚɖɣɟς σəɋɒ ɑɔɚσɎɏɢ 

ɅɎɔɑɋɝɄɒɣɄ ɑɉ əɋɒ ɔɒɔɑɄσɣɄ master records).  

ȭɉ əɋɒ ɄɕɟɐɉσəɎɏɢ σɚɑɕɣɉσɋ ɡɝɔɚɑɉ ɄɕώɐɉɎɄ ɈɉɈɔɑɡɒɟɒ. ȱɖɔɛɄɒώς ɋ 

ɄɕώɐɉɎɄ əɟɒ ɈɉɈɔɑɡɒɟɒ Ʉɚəɢ ɇɣɒɉəɄɎ ɑɉ əɖɦɕɔ ɡəσɎ ώσəɉ ɒɄ ɑɋɒ ɇɣɒɉɎ ɄɒəɎɐɋɕəɢ 

Ʉɕɦ əɔɒ əɉɐɎɏɦ ɝɖɢσəɋ. ȵɐɔɕɔɎɉɣəɄɎ ɏɠɒɔɒəɄς ɝɖɢσɋ ɑɉɌɦɈɟɒ ɞɚɝɔɄɏɔɚσəɎɏɢς 

ɇɎɄ əɋɒ ɄɛɄɣɖɉσɋ əɟɒ σɚɝɒɔəɢəɟɒ ɏɄɎ əɟɒ ɢɝɟɒ ɕɔɚ Ɉɉɒ ɉɣɒɄɎ ɄɒəɎɐɋɕəɔɣ Ʉɕɦ əɔ 

ɄɒɌɖώɕɎɒɔ ɄɏɔɚσəɎɏɦ σɧσəɋɑɄ. ȭɉ əɋɒ ɑɡɌɔɈɔ Ʉɚəɢ ɉɣəɉ ɔɎ ɕɔɐɧ ɚɞɋɐɡς 

σɚɝɒɦəɋəɉς ɉɣəɉ ɢɝɔɎ ɕɔɚ ɕɖɔɏɧɕəɔɚɒ əɄɚəɦɝɖɔɒɄ ɑɉ ɢɝɔɚς ɑɉ ɑɉɇɄɐɧəɉɖɋ 

ɡɒəɄσɋ ɢ ɏɟɈɎɏɔɕɔɎɔɧɒəɄɎ ɑɉ ɑɎɏɖɦəɉɖɋ ɄɏɖɣɅɉɎɄ ɢ Ɉɉɒ ɏɟɈɎɏɔɕɔɎɔɧɒəɄɎ 

ɏɄɌɦɐɔɚ. ȳɚɑɕɉɖɄɣɒɔɚɑɉ ɦəɎ ɋ ɄɕɟɐɉσəɎɏɢ σɚɑɕɣɉσɋ ɉɣɒɄɎ ɑɣɄ ɑɡɌɔɈɔς ɑɉ əɋɒ 

ɔɕɔɣɄ ɡɝɔɚɑɉ ɑɉɇɠɐɋ ɉɓɔɎɏɔɒɦɑɋσɋ əɔɚ ɑɉɇɡɌɔɚς əɟɒ Ʉɖɝɉɣɟɒ ɏɄɎ ɋ ɄɏɔɚσəɎɏɢ 

ɕɔɎɦəɋəɄ ɑɉɎώɒɉəɄɎ ɠɐɐɄ σɉ ɅɄɌɑɦ ɕɔɚ ɉɣɒɄɎ ɄɕɔɈɉɏəɢ Ʉɕɦ əɔɒ ɑɡσɔ ɝɖɢσəɋ. ȥɉɒ 

ɉɣɒɄɎ ɑɎɄ ɑɡɌɔɈɔς ɋ ɔɕɔɣɄ ɑɕɔɖɉɣ ɒɄ ɝɖɋσɎɑɔɕɔɎɋɌɉɣ ɇɎɄ σɏɔɕɔɧς ɕɄɖɄɇɟɇɢς ɋ 

ɉɕɉɓɉɖɇɄσɣɄ əɋς ɑɔɚσɎɏɢς ɇɎɄəɣ ɉɏɉɣ ɉɣɒɄɎ ɄɕɄɖɄɣəɋəɋ ɋ ɧɕɄɖɓɋ ɦɐɟɒ əɟɒ 

ɛɄσɑɠəɟɒ ɇɎɄ ɡɒɄ ɕɔɎɔəɎɏɦ ɄɕɔəɡɐɉσɑɄ.  

ȱɎɔ ɇɒɟσəɔɣ əɧɕɔɎ σɚɑɕɎɉσɑɡɒɟɒ Ʉɖɝɉɣɟɒ ɢɝɔɚ ɇɎɄ əɋɒ ɑɋ ɄɕɟɐɉσəɎɏɢ 

ɑɡɌɔɈɔ ɉɣɒɄɎ əɄ FLAC (Free Lossless Audio Codec) ɏɄɎ əɔ WMAL (Windows 

Media Audio Lossless). Ȧɒώ ɄɒəɣσəɔɎɝɄ ɇɎɄ əɋɒ ɄɕɟɐɉσəɎɏɢ ɑɡɌɔɈɔ ɉɣɒɄɎ əɄ 

ɇɒɟσəɠ σɉ ɦɐɔɚς mp3 (MPEG-1 Layer III) ɏɄɎ əɄ wma (Windows Media Audio). 

Όɕɟς ɕɄɖɄəɋɖɔɧɑɉ ɋ ɄɕɟɐɉσəɎɏɢ ɑɡɌɔɈɔς ɉɣɒɄɎ ɉɚɖɡɟς ɈɎɄɈɉɈɔɑɡɒɋ ɏɄɎ ɐɦɇɟ 

əɔɚ ɝɄɑɋɐɦəɉɖɔɚ ɑɉɇɡɌɔɚς Ʉɖɝɉɣɔɚ ɕɔɚ ɕɖɔσɛɡɖɉɎ Ʉɐɐɠ ɏɄɎ ɐɦɇɔ əɋς 

ɉɚɏɔɐɦəɉɖɋς ɈɎɠɈɔσɢς əɔɚ σəɔ ɈɎɄɈɣɏəɚɔ. ȱɔɐɐɠ ɞɋɛɎɄɏɠ σɚσəɢɑɄəɄ ɢɝɔɚ 

ɕɄɖɡɝɔɚɒ əɋɒ ɈɚɒɄəɦəɋəɄ σɚɑɕɣɉσɋς əɔɚ ɢɝɔɚ σɉ ɡɒɄ σɚɇɏɉɏɖɎɑɡɒɔ əɧɕɔ 

σɚɑɕɣɉσɋς ȋɕ.ɝ. mp3 ɢ wmaȌ ɉɒώ əɄɚəɦɝɖɔɒɄ ɚɕɠɖɝɔɚɒ ɏɄɎ ɕɎɔ ɄɒɉɕəɚɇɑɡɒɄ 

σɚσəɢɑɄəɄ əɄ ɑɉ əɄ ɔɕɔɣɄ ɉɕɎɐɡɇɔɚɑɉ ɉɑɉɣς əɎ ɏɟɈɎɏɔɕɔɣɋσɋ ɌɄ ɝɖɋσɎɑɔɕɔɎɋɌɉɣ 

ɏɄɎ əɎ ɄɏɖɣɅɉɎɄς ɌɄ ɉɣɒɄɎ Ʉɚəɢ.  

1.4 – ȴηʅιοʐʌɶία, ȵʋɸʇɸʌɶασία, Παʌαʋοίηση 

ȴɄ ɞɋɛɎɄɏɠ σɚσəɢɑɄəɄ ɢɝɔɚ ɉɣɒɄɎ, ɦɕɟς ɄɒɄɐɧɌɋɏɉ ɉɚɖɡɟς, ɈɎɄɈɉɈɔɑɡɒɄ 

σəɔɒ əɉɐɎɏɦ ɝɖɢσəɋ ɏɄɎ ɡɝɔɚɒ ɕɠɖɄ ɕɔɐɐɡς ɑɔɖɛɡς ɏɄɎ σɉ Ʉɚəɦɒɔɑɉς σɚσɏɉɚɡς 

Ʉɐɐɠ ɏɄɎ ɟς ɉɒσɟɑɄəɟɑɡɒɉς ɑɔɒɠɈɉς σɉ ɠɐɐɄ ɑɉɇɄɐɧəɉɖɄ ɢ ɑɎɏɖɦəɉɖɄ 
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ɚɕɔɐɔɇɎσəɎɏɠ σɚσəɢɑɄəɄ. ȱɡɖɄ ɦɑɟς Ʉɕɦ əɋɒ ǲɔɎɏɎɄɏɢǳ ɝɖɢσɋ ɕɔɚ ɑɕɔɖɉɣ ɒɄ ɡɝɉɎ 

ɡɒɄ ɞɋɛɎɄɏɦ σɧσəɋɑɄ ɢɝɔɚ ɋ Ʉɒɠɕəɚɓɋ əɋɒ ɔɕɔɣɄ ɉɣɝɉ əɋɒ ɔɛɉɣɐɉɎ σəɎς 

ɉɕɄɇɇɉɐɑɄəɎɏɡς ɉɛɄɖɑɔɇɡς ɏɄɎ ɈɚɒɄəɦəɋəɉς ɕɔɚ ɡɝɉɎ σəɔɒ ɝώɖɔ əɋς ɑɔɚσɎɏɢς  

ɅɎɔɑɋɝɄɒɣɄς ɏɄɎ ɕɄɖɄɇɟɇɢς. 

ȳəɋɒ ɅɎɔɑɋɝɄɒɣɄ əɋς ɑɔɚσɎɏɢς ɉɣɒɄɎ ɕɔɐɧ σɚɒɋɌɎσɑɡɒɔ əɔ ɛɄɎɒɦɑɉɒɔ əɋς 

ɉɕɉɓɉɖɇɄσɣɄς ɏɄɎ ɕɄɖɄɕɔɣɋσɋς əɋς ɑɔɚσɎɏɢς. ȳɚɒɢɌɟς ɕɖɄɇɑɄəɔɕɔɎɉɣəɄɎ ɉɣəɉ ɇɎɄ 

əɋɒ Ʌɉɐəɣɟσɋ əɔɚ ɄɏɔɚσəɎɏɔɧ ɄɕɔəɉɐɡσɑɄəɔς ɉɣəɉ ɇɎɄ əɋɒ ɈɎɦɖɌɟσɋ ɐɄɌώɒ ɕɔɚ 

ɕɖɔɡɏɚɞɄɒ ɏɄəɠ əɋɒ ɈɎɄɈɎɏɄσɣɄ ɋɝɔɇɖɠɛɋσɋς ȋɑɔɚσɎɏώɒ ɏɄɎ əɖɄɇɔɚɈɎσəώɒ). ȴɋɒ 

ɉɕɉɓɉɖɇɄσɣɄ Ʉɚəɢ əɋɒ ɄɒɄɐɄɑɅɠɒɔɚɒ ɉɎɈɎɏɠ ɐɔɇɎσɑɎɏɠ ɕɖɔɇɖɠɑɑɄəɄ σɉ 

σɚɒɈɚɄσɑɦ ɑɉ σɚɇɏɉɏɖɎɑɡɒɔ ɚɐɎσɑɎɏɦ ɕɔɚ ɄɕɔəɉɐɉɣəɄɎ Ʉɕɦ ɉɎɈɎɏɡς ɏɠɖəɉς ɢɝɔɚ, 

ɈɎɠɛɔɖɔɚς ɑɣɏəɉς ɏɄɎ ɎσɔσəɄɌɑɎσəɡς. ȴɄ σɚσəɢɑɄəɄ Ʉɚəɠ ɔɒɔɑɠɊɔɒəɄɎ DAW 

(Digital Audio Workstation – ȳəɄɌɑɦς ɉɖɇɄσɣɄς ɞɋɛɎɄɏɔɧ ɢɝɔɚ). ȫɠɒɔɒəɄς 

ɝɖɢσɋ əɟɒ DAW ɔɎ ɑɔɚσɎɏɔɣ ɕɄɖɄɇɟɇɔɣ ɡɝɔɚɒ əɋɒ ɈɚɒɄəɦəɋəɄ əɋς ɋɝɔɇɖɠɛɋσɋς 

əɔɚ ɏɠɌɉ ɑɔɚσɎɏɔɧ ɔɖɇɠɒɔɚ ɓɉɝɟɖɎσəɠ ɏɄɎ ɑɉəɠ ɑɣɓɋ ɦɐɟɒ σɉ ɡɒɄ ɏɔɑɑɠəɎ. ȭɉ 

Ʉɚəɦɒ əɔɒ əɖɦɕɔ ɑɕɔɖɔɧɒ, ɕɡɖɄ Ʉɕɦ əɔ ɒɄ ɈɎɔɖɌώσɔɚɒ,  ɒɄ ɕɖɔσɌɡσɔɚɒ ɉɎɈɎɏɠ 

ɉɛɡ σəɔɒ ɢɝɔ ɏɄɎ ɒɄ əɔ ɉɑɕɐɔɚəɣɊɔɚɒ ɑɉ ɠɐɐɔɚς ɢɝɔɚς ɕɔɚ ɡɝɔɚɒ ɈɋɑɎɔɚɖɇɋɌɉɣ 

ɞɋɛɎɄɏɠ. ȴɄ ɕɎɔ ɇɒɟσəɠ DAW ɐɔɇɎσɑɎɏɠ ɕɔɚ ɚɕɠɖɝɔɚɒ ɉɣɒɄɎ əɔ FL Studio, əɔ 

Ableton Live, əɔ Pro Tools ɉɒώ əɄɚəɦɝɖɔɒɄ ɚɕɠɖɝɔɚɒ ɏɄɎ ɕɠɖɄ ɕɔɐɐɠ ɠɐɐɄ ɑɉ 

ɄɒəɣσəɔɎɝɉς ɈɚɒɄəɦəɋəɉς. Ȣɚəɠ əɄ ɐɔɇɎσɑɎɏɠ ɝɖɋσɎɑɔɕɔɎɔɧɒəɄɎ ɏɄɎ ɇɎɄ 

ɉɕɄɇɇɉɐɑɄəɎɏɦ σɏɔɕɦ σɉ ɉɎɈɎɏɠ ɈɎɄɑɔɖɛɟɑɡɒɄ studio Ʉɐɐɠ σɉ ɕɔɐɐɡς 

ɕɉɖɎɕəώσɉɎς ɚɕɠɖɝɔɚɒ ɔɎ ɕɎɔ Ʉɕɐɡς ɉɏɈɦσɉɎς ɔɎ ɔɕɔɣɉς ɝɖɋσɎɑɔɕɔɎɔɧɒəɄɎ  ɏɚɖɣɟς 

Ʉɕɦ ɉɖɄσɎəɡɝɒɉς.  

ȱɡɖɄ Ʉɕɦ əɋɒ ɉɕɉɓɉɖɇɄσɣɄ ɏɄɎ ɕɄɖɄɕɔɣɋσɋ əɋς ɑɔɚσɎɏɢς əɄ əɉɐɉɚəɄɣɄ 

ɝɖɦɒɎɄ ɚɕɠɖɝɉɎ ɎɈɎɄɣəɉɖɋ Ʉɒɠɕəɚɓɋ əɋς ɋɐɉɏəɖɔɒɎɏɢς ɑɔɚσɎɏɢς ɏɄɌɎσəώɒəɄς ɡəσɎ 

ɈɚɒɄəɢ əɋɒ ɈɋɑɎɔɚɖɇɣɄ ɑɔɚσɎɏɢς ɑɡσɟ ɉɒɦς ɞɋɛɎɄɏɔɧ σɚσəɢɑɄəɔς. ȦɣɒɄɎ ɡɒɄ 

ɉɣɈɔς ɑɔɚσɎɏɢς əɔ ɔɕɔɣɔ ɕɄɖɠɇɉəɄɎ ɉɓǯ ɔɐɔɏɐɢɖɔɚ ɑɡσɄ σɉ ɏɠɕɔɎɔ studio Ʉɕɦ 

ɑɔɚσɎɏɔɧς ɕɄɖɄɇɟɇɔɧς ɏɠɒɔɒəɄς ɝɖɢσɋ ɕɖɔɋɝɔɇɖɄɛɋɑɡɒɟɒ ɢɝɟɒ ɔɎ ɔɕɔɣɔɎ 

σɚɒɌɡəɔɒəɄɎ ɈɋɑɎɔɚɖɇώɒəɄς ɑɔɚσɎɏɠ ɏɔɑɑɠəɎɄ. ȦɣɒɄɎ ɡɒɄ ɉɣɈɔς ɑɔɚσɎɏɢς əɔ 

ɔɕɔɣɔ, σəɎς ɑɡɖɉς ɑɄς, ɉɣɒɄɎ Ʉɖɏɉəɠ ɈɎɄɈɉɈɔɑɡɒɔ ɏɄɎ ɔ ɐɦɇɔς əɋς ɈɎɠɈɔσɢς əɔɚ 

ɉɣɒɄɎ ɏɚɖɣɟς ɢ ǲɄɕɐɦəɋəɄǳ ɕɄɖɄɇɟɇɢς, ɕɔɚ ɏɄɌɎσəɠ ɈɚɒɄəɦ σəɔɒ ɏɄɌɡɒɄ əɋɒ 

ɈɋɑɎɔɚɖɇɣɄ ɑɔɚσɎɏώɒ ɄɕɔσɕɄσɑɠəɟɒ ɝɟɖɣς əɋɒ ɏɄəɔɝɢ ɎɈɎɄɣəɉɖɋς ɑɔɚσɎɏɢς 

ɇɒώσɋς. 
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1.5 – Αʆαʋαʌαɶʘɶή 

Ȩ ɄɒɄɕɄɖɄɇɟɇɢ ɉɣɒɄɎ əɔ əɉɐɉɚəɄɣɔ ɏɔɑɑɠəɎ σɉ ɡɒɄ ɞɋɛɎɄɏɦ σɧσəɋɑɄ ɢɝɔɚ. 

ȭɉ əɋɒ ɑɉəɠɈɔσɋ əɔɚ ɢɝɔɚ Ʉɕɦ əɔɒ ɝώɖɔ ɄɕɔɌɢɏɉɚσɋς, σəɔɒ ɑɉəɄəɖɔɕɡɄ 

ɞɋɛɎɄɏɔɧ σɢɑɄəɔς σɉ ɄɒɄɐɔɇɎɏɦ (DAC) ɔɐɔɏɐɋɖώɒɉəɄɎ ɋ ɕɔɖɉɣɄ əɔɚ ɢɝɔɚ ɑɡσɄ 

σəɔ ɞɋɛɎɄɏɦ σɧσəɋɑɄ. ȳəɔɒ DAC ɇɣɒɉəɄɎ ɋ ɑɉəɄəɖɔɕɢ əɟɒ ɈɎɄɏɖɎəώɒ əɎɑώɒ ɓɄɒɠ 

σɉ ɄɒɄɐɔɇɎɏɡς əɎɑɡς σɧɑɛɟɒɄ ɑɉ əɄ ɉɕɣɕɉɈɄ ɕɔɚ ɉɣɝɄɒ ɈɋɑɎɔɚɖɇɋɌɉɣ ɇɎɄ əɔ ɏɠɌɉ 

ɞɋɛɎɄɏɦ ɈɉɣɇɑɄ. ȤɎɄ əɋɒ ɔɐɔɏɐɢɖɟσɋ əɋς ɈɎɄɈɎɏɄσɣɄς ɏɄɎ ɇɎɄ ɒɄ Ʉɏɔɧσɔɚɑɉ 

ɉɕɎəɚɝώς əɋɒ ɋɝɔɇɖɠɛɋσɋ ɕɔɚ ɏɠɒɄɑɉ, ɔ ɕɐɡɔɒ ɓɄɒɠ ɄɒɄɐɔɇɎɏɦς ɢɝɔς 

ɛɎɐəɖɠɖɉəɄɎ, ɉɛɦσɔɒ Ʉɚəɦ ɉɣɒɄɎ ɄɕɄɎəɋəɦ ɄɒɠɐɔɇɄ əɋς ɑɉɌɦɈɔɚ ɕɔɚ 

ɝɖɋσɎɑɔɕɔɎɢɌɋɏɉ, ɉɒɎσɝɧɉəɄɎ (ɇɎɄəɣ ɡɕɉɎəɄ əɋς ɑɉəɄəɖɔɕɢς ɡɝɔɚɑɉ ɝɄɑɋɐɦ ɕɐɠəɔς 

σɢɑɄəɔς əɔ ɔɕɔɣɔ Ɉɉɒ ɉɣɒɄɎ Ʉɖɏɉəɦ ɇɎɄ əɋɒ ɄɒɄɕɄɖɄɇɟɇɢȌ ɏɄɎ ɇɣɒɉəɄɎ ɋ ɑɉəɠɈɔσɢ 

əɔɚ σɉ ɋɝɉɣɄ əɄ ɔɕɔɣɄ əɔ ɑɉəɄəɖɡɕɔɚɒ ɓɄɒɠ σɉ ɏɧɑɄ ɇɎɄ ɒɄ ɑɕɔɖɡσɉɎ ɒɄ ɇɣɒɉɎ 

ɄɒəɎɐɋɕəɦ Ʉɕɦ əɔɒ ɠɒɌɖɟɕɔ. 

Όɕɟς ɏɄɎ σəɋɒ ɋɝɔɇɖɠɛɋσɋ ɚɕɠɖɝɉɎ ɔ ADC ɕɔɚ ɔɚσɎɄσəɎɏɠ ɚɐɔɕɔɎɉɣ əɋɒ 

ɈɎɄɈɎɏɄσɣɄ ɞɋɛɎɔɕɔɣɋσɋς ɡəσɎ ɏɄɎ σəɋɒ ɄɒɄɕɄɖɄɇɟɇɢ ɡɝɔɚɑɉ əɔɒ DAC ɔ ɔɕɔɣɔς 

ɚɐɔɕɔɎɉɣ əɋɒ Ʉɒəɣσəɖɔɛɋ ɈɎɄɈɎɏɄσɣɄ. Ȱ DAC (Digital to Analog Converter) σəɄ 

ɞɋɛɎɄɏɠ σɚσəɢɑɄəɄ ɢɝɔɚ ɑɉəɄəɖɡɕɉɎ əɎς ɈɎɄɏɖɎəɡς əɎɑɡς ɕɔɚ ɉɣɒɄɎ ɄɕɔɌɋɏɉɚɑɡɒɉς 

σəɋɒ ɑɒɢɑɋ əɋς σɚσɏɉɚɢς σɉ əɠσɋ ɇɎɄ ɒɄ ɑɕɔɖɡσɉɎ ɡɕɉɎəɄ ɒɄ ɇɣɒɉɎ ɋ 

ɄɒɄɕɄɖɄɇɟɇɢ. Ȩ ɉɕɎɐɔɇɢ əɔɚς ɅɄσɣɊɉəɄɎ, σɉ ɑɉɇɠɐɔ ɅɄɌɑɦ, σɉ əɖɉɎς ɅɄσɎɏɡς 

ɕɄɖɄɑɡəɖɔɚς, əɋɒ Ʉɒɠɐɚσɋ, əɋɒ ɑɡɇɎσəɋ σɚɝɒɦəɋəɄ ɈɉɎɇɑɄəɔɐɋɞɣɄς ɏɄɎ əɋɒ 

ɄɏɖɣɅɉɎɄ. Ȭɦɇɟ əɋς ɕɔɐɚɕɐɔɏɦəɋəɄς ɏɄɎ əɋς Ʉɒɠɇɏɋς ɉɕɎɐɔɇɢς ɅɄɌɑɣɈɟɒ ɔɎ 

ɔɕɔɣɉς əɄɎɖɎɠɊɔɚɒ ɄɕɦɐɚəɄ ɑɉəɄɓɧ əɔɚς əɄ ɕɉɖɎσσɦəɉɖɄ DAC ɉɣɒɄɎ ɚɐɔɕɔɎɋɑɡɒɄ 

ɟς ɔɐɔɏɐɋɖɟɑɡɒɄ ɏɚɏɐώɑɄəɄ. Ȱ əɉɐɎɏɦς σəɦɝɔς əɟɒ DAC ɉɣɒɄɎ ɒɄ 

ɄɒɄɏɄəɄσɏɉɚɠσɔɚɒ əɔ ɄɖɝɎɏɦ σɢɑɄ. ȰɎ DAC ɝɖɋσɎɑɔɕɔɎɔɧɒəɄɎ ɉɚɖɡɟς σəɋɒ 

ɏɄɌɋɑɉɖɎɒɦəɋəɄ ɑɄς ɏɄɎ ɚɕɠɖɝɔɚɒ σəɎς ɕɉɖɎσσɦəɉɖɉς ɞɋɛɎɄɏɡς σɚσɏɉɚɡς. 

ȵɕɠɖɝɔɚɒ ɕɠɖɄ ɕɔɐɐɡς əɉɝɒɎɏɡς ɚɐɔɕɔɣɋσɋς DAC ɄɒɠɐɔɇɄ ɑɉ əɋɒ ɉɛɄɖɑɔɇɢ ɑɉ 

əɋɒ ɔɕɔɣɄ ɅɖɎσɏɦɑɄσəɉ ɄɒəɎɑɡəɟɕɔɎ. ȳɉ ɉɛɄɖɑɔɇɡς ɕɔɚ Ʉɛɔɖɔɧɒ əɋɒ 

ɄɒɄɕɄɖɄɇɟɇɢ ɢɝɔɚ ɑɕɔɖɔɧɑɉ ɒɄ Ʌɖɔɧɑɉ DAC ɑɡσɄ σɉ CD players, σɉ mp3 

players ɏɄɌώς ɏɄɎ σəɎς ɏɠɖəɉς ɢɝɔɚ əɟɒ ɚɕɔɐɔɇɎσəώɒ. ȦɕɎɕɐɡɔɒ ɦəɄɒ ɉɣɒɄɎ 

ɄɕɄɖɄɣəɋəɋ ɑɣɄ Ʉɒώəɉɖɋ ɕɔɎɦəɋəɄ ɢɝɔɚ ɏɄɎ Ʉɚəɦ σɚɑɅɄɣɒɉɎ σɚɒɢɌɟς σəɄ hi-fi 
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σɚσəɢɑɄəɄ ɚɕɠɖɝɔɚɒ ɉɎɈɎɏɠ σɝɉɈɎɄσɑɡɒɔɎ DAC ɔɎ ɔɕɔɣɔɎ ɉɓɔɑɔɎώɒɔɚɒ əɋɒ ɡɓɔɈɔ 

ɕɔɚ ɐɄɑɅɠɒɉəɄɎ Ʉɕɦ əɔ ɋɝɔσɧσəɋɑɄ ɏɄɎ əɋɒ ɉɣσɔɈɔ ɕɔɚ ɄɕɄɎəɉɣəɄɎ ɇɎɄ əɋɒ 

ɔɈɢɇɋσɋ ɕɖɔς əɔɒ ɉɒɎσɝɚəɢ, ɇɎɄ ɒɄ ɕɄɖɡɝɔɚɒ əɋɒ ɑɡɇɎσəɋ ɄɕɦɈɔσɋ ɕɔɎɦəɋəɄς 

ɏɄəɠ əɋɒ ɄɒɄɕɄɖɄɇɟɇɢ əɔɚ ɢɝɔɚ. ȢɒəɣσəɔɎɝɄ ɝɖɢσɋ əɔɚς ɚɕɠɖɝɉɎ ɏɄɎ σəɎς 

ɉɛɄɖɑɔɇɡς VoIP ɦɕɔɚ σəɋɒ ɕɐɉɚɖɠ əɔɚ ɄɕɔɈɡɏəɋ əɋς σɚɒɔɑɎɐɣɄς ɚɕɠɖɝɉɎ ɡɒɄς 

DAC ɔ ɔɕɔɣɔς ɄɒɄɏɄəɄσɏɉɚɠɊɉɎ əɔ ɄɒɄɐɔɇɎɏɦ σɢɑɄ.  

1.6 – Αʌʖιʏɸʃʏοʆιʃή ʏοʐ PIC16F877 

ȳəɋɒ ɏɄɖɈɎɠ əɔɚ ɞɋɛɎɄɏɔɧ σɚσəɢɑɄəɔς ɢɝɔɚ ɕɔɚ ɚɐɔɕɔɎɢɌɋɏɉ ɚɕɠɖɝɉɎ ɔ 

ɑɎɏɖɔɉɐɉɇɏəɢς əɋς ɉəɄɎɖɉɣɄς Microchip Technology PIC16F877. Ȱ ɑɎɏɖɔɉɐɉɇɏəɢς 

Ʉɚəɦς ɏɄəɄəɠσσɉəɄɎ σəɋɒ ɑɉσɄɣɄ ɏɄəɋɇɔɖɣɄ əɋς ɔɎɏɔɇɡɒɉɎɄς ɑɎɏɖɔɉɐɉɇɏəώɒ PIC. 

ȦɣɒɄɎ ɡɒɄς ɕɔɐɧ ɕɖɔɝɟɖɋɑɡɒɔς, σɉ σɝɡσɋ ɑɉ əɔɚς ɕɖɔɇɉɒɡσəɉɖɔɚς, ɑɎɏɖɔɉɐɉɇɏəɢς 

ɔ ɔɕɔɣɔς ɑɉ ͜͠ ɄɏɖɔɈɡɏəɉς, ͟͡ ɉɒəɔɐɡς ɏɄɎ ɡɒɄ Ʉɖɏɉəɠ ɉɏəɉɒɡς ɉɧɖɔς 

ɕɉɖɎɛɉɖɉɎɄɏώɒ, ɏɄɌɎσəɠ əɔɒ ɏɧɏɐɟɑɄ Ʉɚəɦ ɎɈɄɒɎɏɦ σɉ ɉɛɄɖɑɔɇɡς ɅɎɔɑɋɝɄɒɎɏɔɧ 

ɉɐɡɇɝɔɚ ɏɄɌώς ɏɄɎ σɉ σɚσɏɉɚɡς ɏɄɌɋɑɉɖɎɒɢς ɝɖɢσɋς. ΈɝɉɎ ɕɐɡɔɒ ɄɕɔɏəɢσɉɎ ɏɄɎ 

əɔɒ əɣəɐɔ ɉɏɕɄɎɈɉɚəɎɏɔɧ ɑɎɏɖɔɉɐɉɇɏəɢ ɐɦɇɟ əɔɚ σɚɒɈɚɄσɑɔɧ ɚɞɋɐώɒ ɉɕɎɈɦσɉɟɒ, 

ɉɧɏɔɐɔɚ ɕɖɔɇɖɄɑɑɄəɎσɑɔɧ ɏɄɎ ɝɄɑɋɐɔɧ ɏɦσəɔɚς. ȳəɋɒ ɉɎɏɦɒɄ ͞ ɕɄɖɔɚσɎɠɊɔɒəɄɎ 

ɔɎ ɄɏɖɔɈɡɏəɉς ɏɄɎ ɋ ɔɒɔɑɄσɣɄ əɔɚς.  

 

ȵιʃόʆα 2 – Αʃʌοɷέʃʏɸς ʏοʐ ʅιʃʌοɸʄɸɶʃʏή PIC16F877 

ȦɣɒɄɎ ɡɒɄς ɑɎɏɖɔɉɐɉɇɏəɢς ɄɖɝɎəɉɏəɔɒɎɏɢς RISC ɏɄɎ ɄɏɔɐɔɚɌɉɣ əɔ ɑɔɒəɡɐɔ 

ɑɒɢɑɋς Harvard ɈɋɐɄɈɢ ɒɄ ɚɕɠɖɝɉɎ ɈɎɄɝɟɖɎσɑɦς, əɔɚ ɝώɖɔɚ ɄɕɔɌɢɏɉɚσɋς, əɟɒ 

ɈɎɄɧɐɟɒ ɉɕɎɏɔɎɒɟɒɣɄς, əɟɒ ɉɒəɔɐώɒ ɏɄɎ əɟɒ ɈɉɈɔɑɡɒɟɒ. Ȩ Ɉɔɑɢ əɔɚ PIC ɑɕɔɖɉɣ 

ɒɄ ɝɟɖɎσəɉɣ σɉ ͞ ɅɄσɎɏɠ ɑɡɖɋ, əɔɒ ɕɚɖɢɒɄ ɏɄɎ əɎς ɕɉɖɎɛɉɖɉɎɄɏɡς ɑɔɒɠɈɉς. ȳəɔɒ 

ɕɚɖɢɒɄ ɅɖɣσɏɉəɄɎ ɋ CPU, ɋ ɑɒɢɑɋ ɏɄɎ ɔɎ ɐɉɎəɔɚɖɇɣɉς ɈɎɄɏɔɕώɒ. Ȧɒώ σəɎς 
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ɕɉɖɎɛɉɖɉɎɄɏɡς ɑɔɒɠɈɉς ɔɎ ͡ Ɍɧɖɉς ɉɎσɦɈɔɚ - ɉɓɦɈɔɚ ȋəɖɉɣς Ɍɧɖɉς əɟɒ ͤ bit, ɑɣɄ 

ɌɧɖɄ əɟɒ ͢ bit ɏɄɎ ɑɣɄ əɟɒ ͟ bit), ɑɉəɖɋəɡς ɝɖɦɒɔɚ ȋɡɒɄ ɑɉəɖɋəɢς ͢͝ bit ɏɄɎ Ɉɧɔ 

əɟɒ ͤ bit), ɑɉəɄəɖɔɕɡɄς ɄɒɄɐɔɇɎɏɔɧ σɢɑɄəɔς σɉ ɞɋɛɎɄɏɦ, ɑɔɒɠɈɄ ɈɎɄɑɦɖɛɟσɋς 

ɕɐɠəɔɚς, əɖɉɣς Ɍɧɖɉς σɉɎɖɎɄɏɢς ɉɕɎɏɔɎɒɟɒɣɄς, σɚɇɏɖɎəɡς ɏɄɎ ɑɔɒɠɈɄ ɕɄɖɄɇɟɇɢς 

əɠσɋς ɄɒɄɛɔɖɠς. ȯɉɏɎɒώɒəɄς Ʉɕɦ əɔɒ ɕɚɖɢɒɄ ɕɄɖɄəɋɖɔɧɑɉ ɕɟς ɋ CPU 

ɄɕɔəɉɐɉɣəɄɎ Ʉɕɦ əɋɒ ALU (ȢɖɎɌɑɋəɎɏɢ ɏɄɎ ɐɔɇɎɏɢ ɑɔɒɠɈɄ ɉɕɉɓɉɖɇɄσɣɄς – 

Arithmetic Logic UnitȌ ɕɔɚ ɉɏəɉɐɉɣ əɎς ɈɎɠɛɔɖɉς ɄɖɎɌɑɋəɎɏɡς ɏɄɎ ɐɔɇɎɏɡς ɕɖɠɓɉɎς. 

ȭɄɊɣ ɑɉ σɚɇɏɉɏɖɎɑɡɒɔɚς ɏɄəɄɝɟɖɋəɡς ɉɎɈɎɏɢς ɝɖɢσɋς ɚɐɔɕɔɎɉɣəɄɎ ɋ ɉɏəɡɐɉσɋ 

ɉɒəɔɐώɒ ɕɔɚ ɈɎɄɅɠɊɔɒəɄɎ Ʉɕɦ əɋɒ ROM ɑɒɢɑɋ. Ȩ ɑɒɢɑɋ ɝɟɖɣɊɉəɄɎ σɉ əɖɉɣς 

ɈɎɄɛɔɖɉəɎɏɔɧς əɧɕɔɚς, əɋɒ ROM, əɋɒ RAM ɏɄɎ əɋɒ EEPROM. ȳəɋɒ ɑɒɢɑɋ ROM 

ɄɕɔɌɋɏɉɧɉəɄɎ əɔ ɏɚɖɣɟς ɕɖɦɇɖɄɑɑɄ ɕɔɚ ɉɏəɉɐɉɣəɄɎ ɏɄɎ ɇɎɄ Ʉɚəɦ ɏɄɎ ɔɒɔɑɠɊɉəɄɎ 

ɑɒɢɑɋ ɕɖɔɇɖɠɑɑɄəɔς. ΈɝɉɎ ɑɡɇɉɌɔς ͤK (14-bit ɐɡɓɉɟɒȌ ɏɄɎ Ʉɚəɦ ɌɡəɉɎ ɡɒɄ ǲɦɖɎɔǳ 

σəɔ ɑɡɇɉɌɔς ɕɖɔɇɖɠɑɑɄəɔς ɕɔɚ ɕɖɦɏɉɎəɄɎ ɒɄ ɚɐɔɕɔɎɋɌɉɣ. Ȱ ɕɖɔɇɖɄɑɑɄəɎσɑɦς 

əɋς ɑɒɢɑɋς Ʉɚəɢς ɕɖɄɇɑɄəɔɕɔɎɉɣəɄɎ ɑɉ ɝɖɢσɋ ɉɎɈɎɏɔɧ ɕɖɔɇɖɄɑɑɄəɎσəɢ. ȴɄ 

ɈɉɈɔɑɡɒɄ ɕɖɔɛɄɒώς ɏɄɎ ɑɉəɠ əɋɒ ɈɎɄɏɔɕɢ ɕɄɖɔɝɢς ɕɄɖɄɑɡɒɔɚɒ ɄɕɔɌɋɏɉɚɑɡɒɄ. 

Ȱ ɕɖɔɇɖɄɑɑɄəɎσəɢς ɕɔɚ ɝɖɋσɎɑɔɕɔɎɢɌɋɏɉ σəɋɒ ɕɄɖɔɧσɄ ɉɖɇɄσɣɄ, ɔ ɔɕɔɣɔς ɉɣɒɄɎ 

ɏɄɎ ɋ əɉɐɉɚəɄɣɄ ɡɏɈɔσɋ ɕɔɚ ɚɕɠɖɝɉɎ, ɉɣɒɄɎ ɔ PICkit 3 ɉɕɣσɋς əɋς Microchip 

Technologies. ȳəɋɒ ɉɎɏɦɒɄ ͟ ɛɟəɔɇɖɄɛɣɄ əɔɚ ɕɖɔɇɖɄɑɑɄəɎσəɢ. 

 

ȵιʃόʆα 3 – Ο ʋʌοɶʌαʅʅαʏισʏής PICkit 3 
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 H EEPROM ɑɒɢɑɋ ɉɣɒɄɎ ɏɄɎ Ʉɚəɢ ɑɣɄ ɑɒɢɑɋ σəɋɒ ɔɕɔɣɄ əɄ ɈɉɈɔɑɡɒɄ 

ɄɕɔɌɋɏɉɧɔɒəɄɎ ɏɄɎ ɑɉəɠ əɋɒ ɈɎɄɏɔɕɢ əɠσɋς. Ȩ ɑɦɒɋ ɈɎɄɛɔɖɠ ɉɣɒɄɎ ɦəɎ Ʉɚəɢ ɋ 

ɑɒɢɑɋ ɄɕɔɌɋɏɉɧɉɎ ɈɉɈɔɑɡɒɄ əɔɚ ɕɖɔɇɖɠɑɑɄəɔς ɉɒ ώɖɄ ɉɏəɡɐɉσɋς. ȭɉ Ʉɚəɦ əɔɒ 

əɖɦɕɔ ɑɕɔɖɔɧɑɉ ɒɄ ɄɕɔɌɋɏɉɧɔɚɑɉ ɑɉ ɄσɛɠɐɉɎɄ əɄ σɋɑɄɒəɎɏɠ ɈɉɈɔɑɡɒɄ σɉ ɑɣɄ 

ɑɦɒɎɑɋ ɑɒɢɑɋ. ȴɔ ɑɡɇɉɌɔς əɋς ɑɒɢɑɋς Ʉɚəɢς ɉɣɒɄɎ ͢͞͡ byte. ȴɡɐɔς ɚɕɠɖɝɉɎ ɋ RAM 

ɑɒɢɑɋ. ȳəɋɒ ɑɒɢɑɋ Ʉɚəɢ ɦɐɉς ɔɎ əɎɑɡς ɕɔɚ Ɉɣɒɔɚɑɉ σəɔɚς ɏɄəɄɝɟɖɋəɡς ɉɣɒɄɎ 

ɕɖɔσɟɖɎɒɠ ɈɎɄɌɡσɎɑɉς. Ȩ RAM ɝɟɖɣɊɉəɄɎ σɉ Ɉɧɔ ɑɡɖɋ. ȴɔɚς ɏɄəɄɝɟɖɋəɡς ɇɉɒɎɏɔɧ 

σɏɔɕɔɧ (GPR) ɏɄɎ əɔɚς ɏɄəɄɝɟɖɋəɡς ɉɎɈɎɏώɒ ɐɉɎəɔɚɖɇɎώɒ (SFR). ȰɎ ɏɄəɄɝɟɖɋəɡς 

ɇɉɒɎɏɔɧ σɏɔɕɔɧ ɡɝɔɚɒ ɑɡɇɉɌɔς ͤ͟͢ byte. ȷɖɋσɎɑɔɕɔɎɔɧɒəɄɎ ɏɚɖɣɟς ɇɎɄ əɋɒ 

ɄɕɔɌɢɏɉɚσɋ ɕɖɔσɟɖɎɒώɒ Ʉɕɔəɉɐɉσɑɠəɟɒ ɕ.ɝ. Ʉɕɦ ɑɣɄ ɕɖɠɓɋ ɢ ɇɎɄ əɋɒ 

ɄɕɔɌɢɏɉɚσɋ ɏɠɕɔɎɔɚ ɑɉəɖɋəɢ. ȤɉɒɎɏɦəɉɖɄ ɑɕɔɖɔɧɒ ɒɄ ɝɖɋσɎɑɔɕɔɎɋɌɔɧɒ ɑɉ 

ɔɕɔɎɔɈɢɕɔəɉ əɖɦɕɔ. ȰɎ SFR ɄɒəɎɌɡəɟς ɉɣɒɄɎ ɏɄəɄɝɟɖɋəɡς ɔɎ ɔɕɔɣɔɎ, ɑɡσɟ 

ɚɐɎσɑɎɏɔɧ, ɡɝɔɚɒ ɕɖɔɏɄɌɔɖɎσɑɡɒɉς ɐɉɎəɔɚɖɇɣɉς ɏɄɎ σɚɒɈɡɔɒəɄɎ ɠɑɉσɄ ɑɉ 

σɚɇɏɉɏɖɎɑɡɒɉς ɅɄɌɑɣɈɉς σəɔ ɏɧɏɐɟɑɄ. ΈəσɎ, ɄɒɄɐɦɇɟς ɑɉ əɎς əɎɑɡς ɕɔɚ 

ɄɖɝɎɏɔɕɔɎɔɧɒəɄɎ, ɖɚɌɑɣɊɔɚɒ ɄɒɠɐɔɇɄ əɎς ɅɄɌɑɣɈɉς Ʉɚəɡς. Ȩ ɈɎɉɚɏɦɐɚɒσɋ ɕɔɚ ɡɝɉɎ 

ɇɣɒɉɎ ɅɡɅɄɎɄ ɇɎɄ əɔɚς ɏɄəɄɝɟɖɋəɡς ɉɎɈɎɏɔɧ σɏɔɕɔɧ ɉɣɒɄɎ ɦəɎ ɏɄɎ ɔɎ ɣɈɎɔɎ 

ɏɄəɄɝɟɖɋəɡς Ʉɐɐɠ ɏɄɎ əɄ bit, ɡɝɔɚɒ ɔɒɔɑɄσəɉɣ ɏɄɌɎσəώɒəɄς ɉɧɏɔɐɋ əɋɒ 

Ʉɕɔɑɒɋɑɦɒɉɚσɢ əɔɚς ɏɄɎ əɋ ɕɖɔσɕɡɐɄσɢ əɔɚς. Ȩ RAM ɑɒɢɑɋ ɝɟɖɣɊɉəɄɎ σɉ ͠ ɑɡɖɋ 

(banks). ȤɎɄ ɒɄ ɇɣɒɉɎ ɉɇɇɖɄɛɢ ɌɄ ɕɖɡɕɉɎ ɄɖɝɎɏɠ ɒɄ ɔɖɎσəɉɣ σɉ ɕɔɎɔ bank ɏɔɎəɠɑɉ 

ɏɄɎ ɡɕɉɎəɄ ɒɄ ɇɣɒɉɎ ɋ ɄɕɄɖɄɣəɋəɋ ɉɇɇɖɄɛɢ. ȳəɎς ɝɄɑɋɐɡς ɈɎɉɚɌɧɒσɉɎς əɟɒ banks 

Ʌɖɣσɏɔɚɑɉ əɔɚς SFR ɉɒώ σəɎς ɚɕɦɐɔɎɕɉς ɚɕɠɖɝɔɚɒ ɔɎ GPR. ȳəɋɒ ɉɎɏɦɒɄ ͠ 

ɄɕɉɎɏɔɒɣɊɔɒəɄɎ əɄ ͠ banks ɑɒɢɑɋς ɑɉ əɔɚς SFR ɏɄɎ GPR. 
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ȵιʃόʆα 4 – Ɉα ϰ ɷιαφοʌɸʏιʃά ʏʅήʅαʏα (banks) ʏης RAM ʅʆήʅης  

 ȴɡɐɔς ɑɉ əɋɒ ɐɉɎəɔɚɖɇɣɄ ɈɎɄɏɔɕώɒ, ɉɒώ əɖɡɝɉɎ əɔ ɕɖɦɇɖɄɑɑɄ ɏɄɎ ɐɠɅɉɎ ɡɒɄ 

interrupt, σəɄɑɄəɠɉɎ əɋɒ ɉɏəɡɐɉσɋ əɔɚ əɖɡɝɔɒ ɕɖɔɇɖɠɑɑɄəɔς ɏɄɎ σəɡɐɒɉɎ əɋɒ 

Ɍɡσɋ ɑɒɢɑɋς əɔɚ σəɋɒ ɑɒɢɑɋ stack ɦɕɔɚ ɄɕɔɌɋɏɉɧɉəɄɎ. ȱɖɄɇɑɄəɔɕɔɎɉɣəɄɎ ɋ 

ɉɏəɡɐɉσɢ əɔɚ ɏɄɎ ɑɦɐɎς ɔɐɔɏɐɋɖɟɌɉɣ əɦəɉ ɇɣɒɉəɄɎ Ʉɒɠɏəɋσɋ əɋς ɈɎɉɧɌɚɒσɋς 

ɑɒɢɑɋς əɔɚ ɕɖɔɇɖɠɑɑɄəɔς ɕɔɚ ɉɏəɉɐɔɧəɄɒ ɕɖɎɒ Ʉɕɦ əɔ interrupt ɏɄɎ σɚɒɉɝɣɊɉɎ ɋ 

ɖɔɢ əɋς ɉɛɄɖɑɔɇɢς. ȳɉ σɚɒɈɚɄσɑɦ ɑɉ əɎς ɕɉɖɎɛɉɖɉɎɄɏɡς ɑɔɒɠɈɉς ɔ ɑɎɏɖɔɉɐɉɇɏəɢς 

PIC16F877 ɌɡəɉɎ əɋɒ Ʌɠσɋ ɇɎɄ əɋɒ ɚɐɔɕɔɣɋσɋ ɕɔɐɐώɒ ɉɛɄɖɑɔɇώɒ ɏɄɎ ɇɎɄ 

ɉɕɄɇɇɉɐɑɄəɎɏɢ ɝɖɢσɋ Ʉɐɐɠ ɏɄɎ ɇɎɄ ɉɏɕɄɎɈɉɚəɎɏɢ ɏɄɎ ɔɎɏɎɄɏɢ ɝɖɢσɋ.  
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1.7 – Πɸʌιβάʄʄοʆ ʋʌοɶʌαʅʅαʏισʅού MPLAB X IDE 

ȴɔ ɕɉɖɎɅɠɐɐɔɒ ɕɖɔɇɖɄɑɑɄəɎσɑɔɧ MPLAB X IDE ɕɔɚ ɝɖɋσɎɑɔɕɔɎɢɌɋɏɉ ɇɎɄ 

əɔɚς σɏɔɕɔɧς əɋς ɉɖɇɄσɣɄς Ʉɚəɢς ɉɣɒɄɎ ɋ ɕɎɔ ɕɖɦσɛɄəɋ ɡɏɈɔσɋ əɋς σɉɎɖɠς 

MPLAB. Ȩ σɝɉɈɣɄσɢ əɔɚ ɉɣɒɄɎ ɅɄσɎσɑɡɒɋ σəɋɒ, ɄɒɔɎɏəɔɧ ɏώɈɎɏɄ, ɕɐɄəɛɦɖɑɄ 

NetBeans. ȷɠɖɋ σəɋɒ ɝɖɢσɋ Ʉɚəɢς əɋς σɝɉɈɣɄσɋς əɔ MPLAB X ɑɄς ɈɣɒɉɎ ɕɔɐɐɡς 

ɏɄɎ ɒɡɉς ɈɚɒɄəɦəɋəɉς ɉɧɏɔɐɄ ɏɄɎ ɇɖɢɇɔɖɄ. ȭɉ əɋɒ ɝɖɢσɋ əɔɚ MPLAB X ɑɕɔɖɉɣ ɒɄ 

ɇɣɒɉɎ ɉɕɉɓɉɖɇɄσɣɄ, ɄɕɔσɛɄɐɑɠəɟσɋ, ɏɄɎ ɕɖɔɇɖɄɑɑɄəɎσɑɦς ɦɐɟɒ əɟɒ ɔɎɏɔɇɉɒɉɎώɒ 

ɑɎɏɖɔɉɐɉɇɏəώɒ əɋς Microchip. ȭɣɄ Ʉɕɦ əɎς ɅɄσɎɏɦəɉɖɉς ɈɎɄɛɔɖɡς σɉ σɝɡσɋ ɑɉ əɔ 

MPLAB ɉɣɒɄɎ ɦəɎ əɔ MPLAB X ɉɣɒɄɎ cross-platform ɏɄɎ ɚɕɔσəɋɖɣɊɉɎ, ɕɡɖɄ əɟɒ 

Windows, Mac OS ɏɄɎ Linux ɐɉɎəɔɚɖɇɎɏɠ σɚσəɢɑɄəɄ. Ȱ ɑɉəɄɇɐɟəəɎσəɢς ɕɔɚ 

ɝɖɋσɎɑɔɕɔɎɢɌɋɏɉ ɉɣɒɄɎ ɔ MPLABXC8 ɑɉ əɔɒ ɔɕɔɣɔ ɑɕɔɖɉɣ ɒɄ ɇɣɒɉɎ ɚɐɔɕɔɣɋσɋ 

ɕɖɔɇɖɄɑɑɠəɟɒ σɉ ɇɐώσσɄ C ɇɎɄ əɔɚς 8-bit ɑɎɏɖɔɉɐɉɇɏəɡς PIC. ȱɖɔɛɄɒώς ɑɉ əɔɒ 

MPLAB X ɑɕɔɖɉɣ ɒɄ ɇɣɒɉɎ ɏɄɎ ɝɖɢσɋ ɠɐɐɟɒ ɇɐɟσσώɒ ɕɖɔɇɖɄɑɑɄəɎσɑɔɧ ɕɡɖɄ əɋς 

C. ȳəɋɒ ɉɎɏɦɒɄ ͡ Ʌɐɡɕɔɚɑɉ əɔ ɕɉɖɎɅɠɐɐɔɒ ɈɎɉɕɄɛɢς ɑɉ əɔ ɝɖɢσəɋ əɋς ɉɛɄɖɑɔɇɢς 

 

ȵιʃόʆα 5 – ȴιɸʋαφή ʏοʐ MPLAB X 

ȭɉ əɋɒ ɝɖɢσɋ əɔɚ MPLAB X ɑɕɔɖɔɧɑɉ ɒɄ ɚɐɔɕɔɎɢσɔɚɑɉ ɔɐɦɏɐɋɖɄ ɡɖɇɄ 

(Projects) ɇɎɄ əɋɒ ɚɐɔɕɔɣɋσɋ ɉɛɄɖɑɔɇώɒ ɇɎɄ ɝɖɢσɋ ɑɉ əɔɒ ɑɎɏɖɔɉɐɉɇɏəɢ. 
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ȫɠɒɔɒəɄς ɝɖɢσɋ əɔɚ ɏɉɎɑɉɒɔɇɖɠɛɔɚ ɇɖɠɛɔɚɑɉ əɔɒ ɏώɈɎɏɄ ɇɎɄ əɎς ɉɛɄɖɑɔɇɡς ɑɄς 

ɏɄɎ ɑɉ əɔ ɕɄɖɠɌɚɖɔ ɕɐɔɢɇɋσɋς ɑɕɔɖɔɧɑɉ ɒɄ ɔɖɇɄɒώσɔɚɑɉ ɑɉ ɉɚɏɔɐɣɄ əɔ ɡɖɇɔ 

ɑɄς. ȴɡɐɔς σəɔ ɏɠəɟ ɑɡɖɔς ɡɝɔɚɑɉ əɔ ɕɄɖɠɌɚɖɔ Output ɦɕɔɚ ɇɣɒɉəɄɎ ɋ ɉɑɛɠɒɎσɋ 

əɟɒ Ʉɕɔəɉɐɉσɑɠəɟɒ ɡɕɉɎəɄ Ʉɕɦ əɔ build əɋς ɉɛɄɖɑɔɇɢς. ȳəɔ ɕɄɖɠɌɚɖɔ Ʉɚəɦ 

Ʌɐɡɕɔɚɑɉ əɄ σɛɠɐɑɄəɄ ȋerrors) ɏɄɌώς ɏɄɎ əɎς ɕɖɔɉɎɈɔɕɔɎɢσɉɎς ȋwarnings) ɕɔɚ 

ɕɖɔɏɧɕəɔɚɒ. ȦɣɒɄɎ ɡɒɄ ɕɐɢɖɉς ɕɉɖɎɅɠɐɐɔɒ ɕɖɔɇɖɄɑɑɄəɎσɑɔɧ ɎɈɎɄɣəɉɖɄ ɛɎɐɎɏɦ 

ɕɖɔς əɔɒ ɝɖɢσəɋ ɇɎɄ əɋɒ Ʉɒɠɕəɚɓɋ ɉɛɄɖɑɔɇώɒ. 

ȳəɔ σɋɑɉɣɔ Ʉɚəɦ, ɡɝɔɒəɄς ɔɐɔɏɐɋɖώσɉɎ əɋɒ ɉɎσɄɇɟɇɢ σəɄ ɞɋɛɎɄɏɠ 

σɚσəɢɑɄəɄ ɢɝɔɚ, ɌɄ ɄɏɔɐɔɚɌɢσɔɚɒ Ɉɧɔ Ʉɏɦɑɋ ɏɉɛɠɐɄɎɄ ɦɕɔɚ ɄɒɄɐɧɔɒəɄɎ ɏɄɎ 

ɉɕɉɓɋɇɔɧɒəɄɎ əɄ σəɠɈɎɄ Ʉɒɠɕəɚɓɋς əɋς σɚσɏɉɚɢς ɞɋɛɎɄɏɢς ɏɄəɄɇɖɄɛɢς ɏɄɎ 

ɄɒɄɕɄɖɄɇɟɇɢς ɢɝɔɚ. ȳəɔ Ɉɉɧəɉɖɔ ɏɉɛɠɐɄɎɔ ɑɉɐɉəɠəɄɎ əɔ ɋɐɉɏəɖɔɒɎɏɦ ɏɧɏɐɟɑɄ 

ɕɔɚ ɚɐɔɕɔɎɢɌɋɏɉ ɇɎɄ əɎς Ʉɒɠɇɏɉς əɋς ɉɖɇɄσɣɄς ɑɉ ɑɣɄ ɉɏəɉɒɢ ɕɄɖɔɚσɣɄσɋ ɦɐɟɒ 

əɟɒ ɅɄɌɑɣɈɟɒ ɕɔɚ ɕɢɖɄɒ ɑɡɖɔς σəɋɒ ɚɐɔɕɔɣɋσɋ əɔɚ ɞɋɛɎɄɏɔɧ Ʉɚəɔɧ 

σɚσəɢɑɄəɔς. ȳəɔ əɖɣəɔ ɌɄ ɄɒɄɐɚɌɉɣ ɋ Ʉɒɠɕəɚɓɋ əɋς ɉɛɄɖɑɔɇɢς ȋsoftwareȌ ɕɔɚ 

ɚɐɔɕɔɎɢɌɋɏɉ. ȳəɔ ɕɄɖɠɖəɋɑɄ ɌɄ ɄɒɄɖəɋɌɉɣ ɦɐɔς ɔ ɏώɈɎɏɄς ɑɄɊɣ ɑɉ əɄ σɝɦɐɎɠ əɔɚ 

ɉɒώ əɑɢɑɄəɄ əɔɚ ɏώɈɎɏɄ ɌɄ ɄɒɄɖəɔɧɒəɄɎ ɏɄəɠ əɋɒ ɉɕɉɓɢɇɋσɢ ɇɎɄ ɒɄ ɉɣɒɄɎ ɉɧɏɔɐɋ 

ɋ ɄɒɄɛɔɖɠ əɔɚς.  

Ȩ ɉɖɇɄσɣɄ Ʉɚəɢ ɄɒɄɕəɧɝɌɋɏɉ ɑɉ Ɉɧɔ ɅɄσɎɏɡς σɚɒɎσəώσɉς. Ȩ ɕɖώəɋ Ʉɛɔɖɠ əɔ 

ɄɏɄɈɋɑɄϊɏɦ ɏɄɎ ɉɏɕɄɎɈɉɚəɎɏɦ ɉɒɈɎɄɛɡɖɔɒ ɕɔɚ ɕɄɖɔɚσɎɠɊɉɎ, ɈɉɈɔɑɡɒɔɚ ɦəɎ əɔ 

ɕɖώəɔ ɑɡɖɔς əɋς ɉɖɇɄσɣɄς ɢəɄɒ ɔ σɝɉɈɎɄσɑɦς ɏɄɎ ɋ ɚɐɔɕɔɣɋσɋ ɏɠɕɔɎɟɒ Ʉɕɦ əɟɒ 

σɋɑɄɒəɎɏɦəɉɖɟɒ ɏɄɎ ɉɚɖɡɟς ɝɖɋσɎɑɔɕɔɎɢσɎɑɟɒ ɋɐɉɏəɖɔɒɎɏώɒ ɈɎɄəɠɓɉɟɒ ɏɄɎ 

ɕɖɟəɔɏɦɐɐɟɒ ɉɕɎɏɔɎɒɟɒɣɄς ɕɔɚ ɚɕɠɖɝɔɚɒ σəɔɒ ɝώɖɔ əɟɒ ɉɒσɟɑɄəɟɑɡɒɟɒ 

σɚσəɋɑɠəɟɒ ɏɄɎ əɔ Ɉɉɧəɉɖɔ ɑɡɖɔς, σəɔɒ ɕɖɔɇɖɄɑɑɄəɎσɑɦ ɦɐɔɚ Ʉɚəɔɧ əɔɚ 

ɏɚɏɐώɑɄəɔς, ɏɠɒɔɒəɄς ɝɖɢσɋ ɈɎɄɛɦɖɟɒ ɑɉɌɦɈɟɒ ɕɖɔɇɖɄɑɑɄəɎσɑɔɧ ɑɉ σəɦɝɔ əɋɒ 

ɉɒɄɖɑɦɒɎσɋ ɏɄɎ ɔɖɌɢ ɐɉɎəɔɚɖɇɣɄ Ʉɚəɔɧ əɔɚ ɋɐɉɏəɖɔɒɎɏɔɧ ǮǮɔɎɏɔσɚσəɢɑɄəɔςǯǯ. Ȩ 

Ɉɉɧəɉɖɋ σɚɒɎσəώσɄ ɢəɄɒ ɋ ɕɖɦɏɐɋσɋ Ʉɐɐɠ ɏɄɎ əɔ ɖɣσɏɔ ɕɔɚ σɚɒɦɈɉɚɉ əɋɒ 

ɉɖɇɄσɣɄ ɈɋɐɄɈɢ Ʉɒ ɌɄ ɢəɄɒ ɉɛɎɏəɦ ɒɄ ɚɐɔɕɔɎɋɌɉɣ ɋ ɉɖɇɄσɣɄ Ʉɚəɢ ɑɉ ɡɒɄ σɝɉəɎɏɠ 

ɑɉσɄɣɄς ɏɄəɋɇɔɖɣɄς ɑɎɏɖɔɉɐɉɇɏəɢ σɄɒ əɔɒ PIC16F877 ɏɄɎ ɒɄ ɡɝɔɚɑɉ ɡɒɄ ɄɕɔɈɉɏəɦ 

ɄɏɔɚσəɎɏɦ ɄɕɔəɡɐɉσɑɄ.  
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Κɸφάʄαιο Ϯο – Αʆάʄʐσɻ ʏοʐ ʃʐʃʄώʅαʏος 

ȳəɔ ɏɉɛɠɐɄɎɔ Ʉɚəɦ σəɦɝɔς ɉɣɒɄɎ ɒɄ ɇɣɒɉɎ ɈɎɄɝɟɖɎσɑɦς əɟɒ ɈɎɄɛɦɖɟɒ 

ɈɎɄəɠɓɉɟɒ əɔɚ ɏɚɏɐώɑɄəɔς ɏɄɎ Ʉɒɠɐɚσɋ ɏɄɌɉɒɦς ɈɣɒɔɒəɄς ɡɑɛɄσɋ σəɄ 

ɅɄσɎɏɦəɉɖɄ σɋɑɉɣɄ. ȦɕɎɕɐɡɔɒ ɌɄ ɕɖɔσəɉɌɔɧɒ ɏɚɏɐɟɑɄəɎɏɠ σɝɡɈɎɄ ɏɄɌώς ɏɄɎ 

ɛɟəɔɇɖɄɛɣɉς Ʉɕɦ əɋɒ σɚσɏɉɚɢ. ȱɖɎɒ ɓɉɏɎɒɢσɉɎ ɋ Ʉɒɠɐɚσɋ əɟɒ ɏɚɏɐɟɑɠəɟɒ ɌɄ 

ɕɖɔσəɉɌɉɣ σəɋɒ ɉɎɏɦɒɄ 6 ɑɣɄ ɛɟəɔɇɖɄɛɣɄ ɏɄɎ σəɋɒ ɉɎɏɦɒɄ 7 əɔ ɏɚɏɐɟɑɄəɎɏɦ 

σɝɡɈɎɔ ɦɐɔɚ əɔɚ ɏɚɏɐώɑɄəɔς. 

 

ȵιʃόʆα 6 – Φʘʏοɶʌαφία όʄης ʏης σʐσʃɸʐής 
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ȵιʃόʆα 7 – Κʐʃʄʘʅαʏιʃό σʖέɷιο ʏης σʐσʃɸʐής 
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2.1 - Ɉʌοφοɷοσία ʏοʐ ʃʐʃʄώʅαʏος 

ȴɔ ɏɧɏɐɟɑɄ əɖɔɛɔɈɔσɣɄς ɕɔɚ ɚɐɔɕɔɎɢɌɋɏɉ ɄɕɔəɉɐɉɣəɄɎ Ʉɕɦ ɡɒɄɒ 

σəɄɌɉɖɔɕɔɎɋəɢ əɠσɋς ͡V ɏɄɎ σɚɇɏɉɏɖɎɑɡɒɄ əɔɒ L7805. ȳəɔɒ ɕɣɒɄɏɄ 1 

ɕɄɖɔɚσɎɠɊɔɒəɄɎ ɔɎ σɚɒɈɉσɑɔɐɔɇɣɉς ɕɔɚ ɚɐɔɕɔɎɢɌɋɏɄɒ ɑɉəɄɓɧ əɔɚ σəɄɌɉɖɔɕɔɎɋəɢ 

əɠσɋς ɏɄɎ əɔ ɏɧɏɐɟɑɄ. 

Pins 

No 

L7805 

Pins 

Circuit Explanation  

1 Input 

Voltage 

VDD Power Supply Positive Pole  

2 Ground VSS Power Supply Negative Pole/ 

Negative Power Line 

 

3 Output 

Voltage 

Circuit 

Input 

Positive Power Line  

Πίʆαʃας 1 – Πίʆαʃας σʐʆɷɸσʅοʄοɶιώʆ ʏοʐ ʃʐʃʄώʅαʏος ʏʌοφοɷοσίας 

Ȱ ɕɖώəɔς ɄɏɖɔɈɡɏəɋς əɔɚ σəɄɌɉɖɔɕɔɎɋəɢ σɚɒɈɡɉəɄɎ ɑɉ əɔɒ ɌɉəɎɏɦ ɕɦɐɔ əɋς 

əɖɔɛɔɈɔσɣɄς. ȳəɋɒ σɚɇɏɉɏɖɎɑɡɒɋ ɕɉɖɣɕəɟσɋ ɝɖɋσɎɑɔɕɔɎɢɌɋɏɄɒ ͢ ɑɕɄəɄɖɣɉς ȢȢ 

əɟɒ ͝.͡V σɚɒɈɉɈɉɑɡɒɉς σɉ σɉɎɖɠ σɉ ɡɒɄ ɕɄɏɡəɔ ɑɉ ɄɕɔəɡɐɉσɑɄ ɒɄ ɡɝɔɚɑɉ ͥV 

əɠσɋς. ȦɈώ ɌɄ ɕɖɡɕɉɎ ɒɄ ɉɕɎσɋɑɄɒɌɉɣ ɦəɎ ɔɎ σəɄɌɉɖɔɕɔɎɋəɡς əɠσɋς, ɇɎɄ ɒɄ 

ɑɕɔɖɡσɔɚɒ ɒɄ ɄɒəɄɕɉɓɡɐɌɔɚɒ əɋɒ ɔɒɔɑɄσəɎɏɢ əɠσɋ ɕɔɚ ɄɒɄɇɖɠɛɉəɄɎ σəɄ ɛɧɐɐɄ 

ɈɉɈɔɑɡɒɟɒ əɔɚς, ɕɖɡɕɉɎ ɒɄ əɖɔɛɔɈɔəɔɧɒəɄɎ ɑɉ ɑɣɄ ɑɉɇɄɐɧəɉɖɋ əɠσɋ ɇɎɄ ɒɄ 

ɉɕɎəɉɚɝɌɉɣ əɔ ɉɕɎɌɚɑɋəɦ ɄɕɔəɡɐɉσɑɄ. ȤɎɄ əɋɒ σɚɇɏɉɏɖɎɑɡɒɋ ɕɉɖɣɕəɟσɋ ɋ ɉɐɠɝɎσəɋ 

əɠσɋ ɉɎσɦɈɔɚ ɌɄ ɕɖɡɕɉɎ ɒɄ ɉɣɒɄɎ σəɄ ͣ.͡V ɑɡɝɖɎ ɏɄɎ əɋɒ ɑɡɇɎσəɋ ͝͞V ɇɎɄ əɔɒ ɉɒ 

ɐɦɇɟ σəɄɌɉɖɔɕɔɎɋəɢ. ȱɖɔəɎɑɢɌɋɏɉ ɟς əɠσɋ ɉɎσɦɈɔɚ Ʉɚəɢ əɟɒ ͥV ɉɕɉɎɈɢ ɑɉ əɋɒ 

ɉɕɎɐɔɇɢ Ʉɚəɢ ɌɄ ɈɎɄɝɡɉəɄɎ ɐɎɇɦəɉɖɋ ɌɉɖɑɦəɋəɄ σɉ σɧɇɏɖɎσɋ ɑɉ əɋɒ ɉɕɎɐɔɇɢ əɟɒ 

12V ɏɄɎ əɄɚəɦɝɖɔɒɄ ɌɄ ɚɕɠɖɝɉɎ ɑɉɇɄɐɧəɉɖɋ ɈɎɠɖɏɉɎɄ əɟɒ ɑɕɄəɄɖɎώɒ. Ȱ Ɉɉɧəɉɖɔς 

ɄɏɖɔɈɡɏəɋς əɔɚ σəɄɌɉɖɔɕɔɎɋəɢ ɉɣɒɄɎ Ʉɚəɦς ɕɔɚ σɚɒɈɡɉəɄɎ ɑɉ əɔɒ ɄɖɒɋəɎɏɦ ɕɦɐɔ 

əɋς əɖɔɛɔɈɔσɣɄς ɏɄɎ əɄɚəɦɝɖɔɒɄ ɑɉ əɋɒ ɇɖɄɑɑɢ əɖɔɛɔɈɔσɣɄς ɦɕɔɚ ɌɄ ɇɣɒɉəɄɎ ɋ 

ɇɉɣɟσɋ ɦɐɟɒ əɟɒ ɋɐɉɏəɖɔɒɎɏώɒ σəɔɎɝɉɣɟɒ ɏɄɎ ɏɚɏɐɟɑɠəɟɒ ɕɔɚ 

ɝɖɋσɎɑɔɕɔɎɔɧɒəɄɎ σəɔ ɏɧɏɐɟɑɄ. ȴɡɐɔς ɑɉ əɔɒ əɖɣəɔ ɄɏɖɔɈɡɏəɋ ɡɝɔɚɑɉ əɋɒ 

σəɄɌɉɖɔɕɔɎɋɑɡɒɋ əɠσɋ ɉɓɦɈɔɚ σəɄ ͡V ɏɄɎ əɋɒ ɉɎσɠɇɔɚɑɉ σəɋɒ ɇɖɄɑɑɢ 

əɖɔɛɔɈɔσɣɄς ɇɎɄ əɋɒ ɕɐɢɖɋ ɕɄɖɔɝɢ ɦɐɔɚ əɔɚ ɏɚɏɐώɑɄəɔς. ȦɕɎɕɐɡɔɒ ɇɣɒɉəɄɎ ɏɄɎ 

ɝɖɢσɋ ɏɠɕɔɎɟɒ ɕɚɏɒɟəώɒ ɇɎɄ əɋɒ ɔɑɄɐɔɕɔɣɋσɋ əɋς əɠσɋς ɏɄɎ əɋɒ Ʉɕɔɛɚɇɢ 

ɄɎɝɑώɒ ɏɄɎ ɑɎɄς led ɐɚɝɒɣɄς ɇɎɄ əɋɒ ɔɕəɎɏɢ ɉɕɎɅɉɅɄɣɟσɋ ɐɉɎəɔɚɖɇɣɄς əɔɚ 

ɏɚɏɐώɑɄəɔς əɖɔɛɔɈɔσɣɄς. 
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ȳəɔ σɋɑɉɣɔ Ʉɚəɦ ɌɄ ɇɣɒɉɎ ɑɎɄ ɄɒɄɛɔɖɠ ɇɎɄ əɋɒ ɉɕɎɐɔɇɢ ɝɖɢσɋς əɋς ɑɕɄəɄɖɣɄς 

ɇɎɄ əɋɒ əɖɔɛɔɈɔσɣɄ əɔɚ ɏɚɏɐώɑɄəɔς ɏɄɎ ɦɝɎ ɏɠɕɔɎɔɚ əɖɔɛɔɈɔəɎɏɔɧ əɔɚ 

ɉɑɕɔɖɣɔɚ. ΈɇɎɒɉ ɝɖɢσɋ ɈɎɄɛɦɖɟɒ əɖɔɛɔɈɔəɎɏώɒ əɔɚ ɉɑɕɔɖɣɔɚ ɑɉ ɄɕɔəɡɐɉσɑɄ ɒɄ 

ɚɕɠɖɝɉɎ σɚɒɉɝώς σəɄəɎɏɦς ɋɐɉɏəɖɎσɑɦς σəɔ ɏɧɏɐɟɑɄ ɔ ɔɕɔɣɔς ɕɖɔɏɄɐɔɧσɉ 

ɈɚσɐɉɎəɔɚɖɇɣɄ əɔɚ ɏɚɏɐώɑɄəɔς ɏɄɎ ɏɄəǯ ɉɕɡɏəɄσɋ ɌɄ ɑɕɔɖɔɧσɉ ɒɄ ɏɄəɄσəɖɡɞɉɎ 

ɏɠɕɔɎɔ Ʉɕɦ əɄ ɏɚɏɐώɑɄəɄ. Ȣɚəɦ ɔɛɉɎɐɦəɄɒ ɏɚɖɣɟς Ʉɕɦ əɋɒ ɏɄəɄσɏɉɚɢ əɟɒ 

əɖɔɛɔɈɔəɎɏώɒ ɑɉəɄɅɐɋəɢς əɠσɋς ɔɎ ɔɕɔɣɔɎ ɕɖɔɏɄɐɔɧɒ ɄɖɑɔɒɎɏɔɧς ɏɄɎ ɉɣɒɄɎ ɋ 

ɖɚɕɔɇɦɒɄ ɕɋɇɢ ɕɔɚ ɉɕɎɈɖɠ ɄɖɒɋəɎɏɠ σəɋɒ ɕɔɎɦəɋəɄ əɋς ɋɐɉɏəɖɎɏɢς ɉɒɡɖɇɉɎɄς. 

ȢɒəɎɌɡəɟς ɋ ɑɕɄəɄɖɣɄ, ɕɄɖɠ əɔ ɑɉɇɠɐɔ ɏɦσəɔς, ɉɣɒɄɎ ɋ ɕɎɔ ɏɄɌɄɖɢ ɑɔɖɛɢ 

ɉɒɡɖɇɉɎɄς ɏɄɎ Ɉɉɒ ɕɖɔɏɄɐɉɣ ɏɄɑɣɄ Ʉɕɔɐɧəɟς ɈɚσɐɉɎəɔɚɖɇɣɄ σəɔ ɏɧɏɐɟɑɄ. 

ȦɕɎɕɐɡɔɒ ɕɖɔσɛɡɖɉɎ əɋɒ ǲɛɔɖɋəɢ ɄɣσɌɋσɋǳ ɕɔɚ ɄɖɑɦɊɉɎ σɉ ɑɣɄ σɚσɏɉɚɢ 

ɋɝɔɇɖɠɛɋσɋς ɏɄɎ ɄɒɄɕɄɖɄɇɟɇɢς ɢɝɔɚ. ȳəɋɒ ɉɎɏɦɒɄ 8 ɌɄ ɕɖɔσəɉɌɉɣ ɑɣɄ 

ɛɟəɔɇɖɄɛɣɄ əɔɚ əɖɔɛɔɈɔəɎɏɔɧ ɏɄɎ σəɋɒ ɉɎɏɦɒɄ 9 əɔ ɏɚɏɐɟɑɄəɎɏɦ σɝɡɈɎɔ. 

 

ȵιʃόʆα 8 – Φʘʏοɶʌαφία ʏοʐ ʃʐʃʄώʅαʏος ʏʌοφοɷοσίας 
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ȵιʃόʆα 9 – Κʐʃʄʘʅαʏιʃό σʖέɷιο ʏοʐ ʃʐʃʄώʅαʏος ʏʌοφοɷοσίας 

2.2 – Μιʃʌόφʘʆο ʃαι ʋʌοɸʆισʖʐʏής ʅιʃʌοφώʆοʐ  

ȭɣɄ Ʉɕɦ əɎς ɅɄσɎɏɦəɉɖɉς ɈɎɄəɠɓɉɎς əɔɚ ɏɚɏɐώɑɄəɔς ɢəɄɒ Ʉɚəɢ əɔɚ 

ɑɎɏɖɔɛώɒɔɚ ɏɄɎ əɔɚ ɕɖɔɉɒɎσɝɚəɢ əɔɚ. ȵɐɔɕɔɎɢɌɋɏɉ ɑɉ σəɦɝɔ əɋɒ ɉɒɣσɝɚσɋ əɋς 

əɠσɋς ɉɎσɦɈɔɚ əɔɚ ɑɎɏɖɔɛώɒɔɚ ɇɎɄ ɒɄ ɑɕɔɖɡσɉɎ ɒɄ ɇɣɒɉɎ ɄɒəɎɐɋɕəɢ Ʉɕɦ əɔɒ 

ɑɎɏɖɔɉɐɉɇɏəɢ. ȳəɋɒ ɉɎɏɦɒɄ 10 ɌɄ ɕɖɔσəɉɌɉɣ ɑɣɄ ɛɟəɔɇɖɄɛɣɄ əɔɚ ɏɚɏɐώɑɄəɔς 

ɕɖɔɉɒɣσɝɚσɋς ɑɎɏɖɔɛώɒɔɚ. 

 

ȵιʃόʆα 10 – Φʘʏοɶʌαφία ʏοʐ ʋʌοɸʆισʖʐʏή  ʅιʃʌοφώʆοʐ 
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Ȩ σɚɐɐɔɇɢ əɔɚ ɢɝɔɚ ɕɖɄɇɑɄəɔɕɔɎɉɣəɄɎ ɑɉ ɡɒɄ ɕɚɏɒɟəɎɏɦ ɑɎɏɖɦɛɟɒɔ əɔ 

ɔɕɔɣɔ, σɧɑɛɟɒɄ ɑɉ əɎς ɑɉəɄɅɔɐɡς ɕɣɉσɋς ɕɔɚ ɕɖɔɏɄɐɔɧɒəɄɎ Ʉɕɦ əɄ ɋɝɋəɎɏɠ 

ɏɧɑɄəɄ, ɑɉəɄɅɠɐɉɎ əɋɒ ɝɟɖɋəɎɏɦəɋəɄ əɔɚ ɉɒσɟɑɄəɟɑɡɒɔɚ ɕɚɏɒɟəɢ ɕɔɚ 

ɉɑɕɉɖɎɡɝɉɎ.  ȭɉ Ʉɚəɦɒ əɔɒ əɖɦɕɔ ɇɣɒɉəɄɎ ɋ ɑɉəɄəɖɔɕɢ əɟɒ ɋɝɋəɎɏώɒ ɏɚɑɠəɟɒ σɉ 

ɋɐɉɏəɖɎɏɡς əɄɐɄɒəώσɉɎς. Ȩ ɉɕɎɐɔɇɢ Ʉɚəɔɧ əɔɚ əɧɕɔɚ ɑɎɏɖɔɛώɒɔɚ ɡɇɎɒɉ ɇɎɄ əɔɚς 

ɉɓɢς ɅɄσɎɏɔɧς ɐɦɇɔɚς. ȱɖώəɔɒ, ɡɝɉɎ ɑɎɏɖɦ ɑɡɇɉɌɔς ɏɄɎ ɉɧɏɔɐɄ ɑɕɔɖɉɣ ɒɄ 

əɔɕɔɌɉəɋɌɉɣ ɕɠɒɟ σəɔ ɖɠσəɉɖ Ɉɉɧəɉɖɔɒ, ɈɡɝɉəɄɎ əɄ ɋɝɋəɎɏɠ ɏɧɑɄəɄ Ʉɕɦ ɕɔɐɐɡς 

ɏɄəɉɚɌɧɒσɉɎς ɝɟɖɣς əɋɒ Ʉɒɠɇɏɋ ɒɄ ɑɎɐɠɑɉ ɄɕɉɚɌɉɣɄς σɉ Ʉɚəɦ əɖɣəɔɒ, ɉɣɒɄɎ Ʉɖɏɉəɠ 

ɉɚɄɣσɌɋəɔ, ɕɔɎɔəɎɏɦ ɏɄɎ ɉɕɎɕɐɡɔɒ ɕɔɐɧ ɔɎɏɔɒɔɑɎɏɦ. Ȩ əɠσɋ ɕɔɚ ɕɄɖɠɇɉɎ ɡɒɄ 

ɕɚɏɒɟəɎɏɦ ɑɎɏɖɦɛɟɒɔ ɉɣɒɄɎ ɎɈɎɄɣəɉɖɄ ɑɎɏɖɢ (max. : 25mV), əɠσɋ ɋ ɔɕɔɣɄ Ɉɉɒ 

ɑɕɔɖɉɣ ɒɄ ɇɣɒɉɎ ɄɒəɎɐɋɕəɢ Ʉɕɦ əɔɒ ɑɎɏɖɔɉɐɉɇɏəɢ. ȤɎɄ əɔɒ ɐɦɇɔ Ʉɚəɦ ɇɣɒɉəɄɎ ɝɖɢσɋ 

əɔɚ ɕɖɔɉɒɎσɝɚəɢ ɑɎɏɖɔɛώɒɔɚ. ȱɖɎɒ əɋɒ Ʉɒɠɐɚσɋ əɔɚ ɏɚɏɐώɑɄəɔς σəɋɒ ɉɎɏɦɒɄ 11 

ɌɄ ɕɖɔσəɉɌɉɣ əɔ ɏɚɏɐɟɑɄəɎɏɦ σɝɡɈɎɔ əɔɚ ɕɖɔɉɒɎσɝɚəɢ ɑɎɏɖɔɛώɒɔɚ. 

 

ȵιʃόʆα 11 – Κʐʃʄʘʅαʏιʃό σʖέɷιο ʏοʐ ʋʌοɸʆισʖʐʏή ʅιʃʌοφώʆοʐ 

Ȱ ɕɖɔɉɒɎσɝɚəɢς ɑɎɏɖɔɛώɒɔɚ ɕɔɚ ɝɖɋσɎɑɔɕɔɎɢɌɋɏɉ ɉɣɒɄɎ ɡɒɄς ɉɒɎσɝɚəɢς 

ɏɔɎɒɔɧ ɉɏɕɔɑɕɔɧ ȋCE – Common Emitter) ɕɔɚ ɉɒɎσɝɧɉɎ ɑɎɏɖɠ σɢɑɄəɄ ɑɉ σəɦɝɔ  

əɋɒ ɉɣσɔɈɦ əɔɚς σɉ ɠɐɐɉς ɅɄɌɑɣɈɉς. ȤɎɄ əɋɒ ɚɐɔɕɔɣɋσɋ əɔɚ ɕɖɔɉɒɎσɝɚəɢ Ʉɚəɔɧ 

ɝɖɋσɎɑɔɕɔɎɢɌɋɏɉ ɡɒɄ əɖɄɒɊɣσəɔɖ (BC5ͣ͠Ȍ, ɄɒəɎσəɠσɉɎς ɏɄɎ ɕɚɏɒɟəɡς. ȴɔ BC547 

ɉɣɒɄɎ ɡɒɄ NPN ɈɎɕɔɐɎɏɦ əɖɄɒɊɣσəɔɖ σɉ σɚɒɈɉσɑɔɐɔɇɣɄ ɏɔɎɒɔɧ ɉɏɕɔɑɕɔɧ. ȴɄ NPN 

əɖɄɒɊɣσəɔɖ σɉ σɚɒɈɉσɑɔɐɔɇɣɄ ɏɔɎɒɔɧ ɉɏɕɔɑɕɔɧ ɑɕɔɖɔɧɒ ɉɛɦσɔɒ 

ɝɖɋσɎɑɔɕɔɎɋɌɔɧɒ σəɋɒ ɉɒɉɖɇɦ ɕɉɖɎɔɝɢ ɒɄ ɐɉɎəɔɚɖɇɢσɔɚɒ ɟς ɉɒɎσɝɚəɡς σɢɑɄəɔς. 
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ΈəσɎ ɔɕɔɎɔɈɢɕɔəɉ ɑɎɏɖɦ σɢɑɄ ɉɛɄɖɑɔσəɉɣ σəɋɒ Ʌɠσɋ ɑɕɔɖɉɣ ɒɄ ɉɒɎσɝɚɌɉɣ ɡɝɔɒəɄς 

əɔɒ ɉɏɕɔɑɕɦ ɇɉɎɟɑɡɒɔ. ȤɎɄ ɒɄ ɐɉɎəɔɚɖɇɢσɉɎ əɔ əɖɄɒɊɣσəɔɖ σəɋɒ ɉɒɉɖɇɦ ɕɉɖɎɔɝɢ 

ɕɖɡɕɉɎ ɋ ɉɕɄɛɢ Ʌɠσɋς ɉɏɕɔɑɕɔɧ ɒɄ ɉɣɒɄɎ ɕɔɐɟɑɡɒɋ ɔɖɌɠ ɉɒώ ɋ ɉɕɄɛɢ Ʌɠσɋς 

σɚɐɐɡɏəɋ ɒɄ ɉɣɒɄɎ ɕɔɐɟɑɡɒɋ ɄɒɠσəɖɔɛɄ.  

ȳəɔ ɏɧɏɐɟɑɄ ɇɣɒɉəɄɎ ɋ σɧɒɈɉσɋ əɔɚ ɉɒɦς ɠɏɖɔɚ əɔɚ ɑɎɏɖɔɛώɒɔɚ ɑɉ əɋɒ 

ɇɉɣɟσɋ ɉɒώ əɔ ɠɐɐɔ σɚɒɈɡɉəɄɎ ɑɉ ɑɣɄ ɄɒəɣσəɄσɋ σəɄ ͡V. Ȩ ɝɖɢσɋ əɋς ɄɒəɣσəɄσɋ 

ɇɣɒɉəɄɎ ɇɎɄ ɒɄ ɉɣɒɄɎ ɉɛɎɏəɢ ɋ σəɄɈɎɄɏɢ ɛɦɖəɎσɋ əɔɚ ɕɚɏɒɟəɢ σəɔ ɑɎɏɖɦɛɟɒɔ ɏɄɎ 

ɦɝɎ ɠɑɉσɄ. ȴɔ ɣɈɎɔ ɠɏɖɔ əɔɚ ɑɎɏɖɔɛώɒɔɚ əɔ σɚɒɈɡɔɚɑɉ ɏɄɎ σəɋɒ Ʌɠσɋ əɔɚ 

əɖɄɒɊɣσəɔɖ ɏɠɒɔɒəɄς ɝɖɢσɋ ɉɒɦς ɕɚɏɒɟəɢ ɟς AC σɧɊɉɚɓɋ ɇɎɄ ɒɄ ɡɝɔɚɑɉ σəɋɒ 

ɉɣσɔɈɔ əɋς Ʌɠσɋς əɋɒ ɕɖɄɇɑɄəɎɏɢ ɏɚɑɄəɔɑɔɖɛɢ. Ȱ ɉɏɕɔɑɕɦς əɔɚ əɖɄɒɊɣσəɔɖ 

σɚɒɈɡɉəɄɎ σəɋɒ ɇɉɣɟσɋ ɉɒώ ɔ σɚɐɐɡɏəɋς ɑɡσɟ ɑɎɄ ɄɒəɣσəɄσɋς σɚɒɈɡɉəɄɎ ɑɉ əɄ ͡V. 

ȭɉ əɔɒ əɖɦɕɔ Ʉɚəɦ ɔ σɚɐɐɡɏəɋς ɏɠɒɉɎ pull-up əɋɒ əɠσɋ ɉɒώ ɑɉ əɔɒ ɉɏɕɔɑɕɦ 

ɇɉɎɟɑɡɒɔ ɉɕɎəɚɇɝɠɒɔɚɑɉ əɔ pull-down əɋς əɠσɋς. Ȣɚəɦ ɦɑɟς Ɉɉɒ ɉɣɒɄɎ Ʉɖɏɉəɦ 

ɉɕɉɎɈɢ σəɋɒ Ʌɠσɋ ɡɝɔɚɑɉ əɔ AC σɢɑɄ əɔ ɔɕɔɣɔ ɉɠɒ əɔ ɉɒɎσɝɧσɔɚɑɉ ɑɉ Ʉɚəɦɒ əɔɒ 

əɖɦɕɔ ɌɄ ǲɏɦɅɄɑɉǳ əɋɒ ɏɚɑɄəɔɑɔɖɛɢ ɏɄɎ ɌɄ ɉɒɎσɝɧɔɒəɄɒ ɑɦɒɔ ɔɎ əɎɑɡς ɕɠɒɟ Ʉɕɦ 

əɔ ɑɋɈɡɒ ɏɄɎ ɦɝɎ Ʉɚəɡς ɏɠəɟ Ʉɕɦ əɔ ɑɋɈɡɒ. ȤɎɄ əɔɒ ɐɦɇɔ Ʉɚəɦ ɕɖɔσɌɡəɔɚɑɉ ɑɣɄ 

ɄɒəɣσəɄσɋ ɑɉəɄɓɧ əɋς Ʌɠσɋς ɏɄɎ əɔɚ σɚɐɐɡɏəɋ ɇɎɄ ɒɄ ɑɕɔɖɡσɉɎ ɒɄ ɇɣɒɉɎ 

ɑɉəɄəɦɕɎσɋ əɔɚ σɢɑɄəɔς ɕɠɒɟ Ʉɕɦ əɔɒ ɠɓɔɒɄ əɔɚ ɝ ɏɄɎ ɒɄ ɇɣɒɉɎ ɉɒɣσɝɚσɋ ɦɐɋς 

əɋς ɏɚɑɄəɔɑɔɖɛɢς. ȳɚɒɉɕώς ɚɐɔɕɔɎώɒəɄς Ʉɚəɢ əɋɒ σɚɒɈɉσɑɔɐɔɇɣɄ 

ɉɕɎəɚɇɝɠɒɉəɄɎ ɋ ɉɒɣσɝɚσɋ əɔɚ σɢɑɄəɔς. ȱɖɎɒ σɚɒɈɡσɔɚɑɉ əɋɒ ɡɓɔɈɔ əɔɚ 

ɕɖɔɉɒɎσɝɚəɢ ɑɉ əɋɒ ɉɣσɔɈɔ əɔɚ ɑɎɏɖɔɉɐɉɇɏəɢ ɕɖɔσɌɡəɔɚɑɉ ɡɒɄ ɕɚɏɒɟəɢ ɇɎɄ ɒɄ 

ɡɝɔɚɑɉ ɡɒɄ ɏɄɌɄɖɦ σɢɑɄ ɇɧɖɟ Ʉɕɦ əɔ ɑɋɈɡɒ.  

ȴɔ əɉɐɎɏɦ ɄɕɔəɡɐɉσɑɄ əɔɚ ɕɖɔɉɒɎσɝɚəɢ ɕɔɚ σɝɉɈɎɠσɄɑɉ ɉɣɒɄɎ ɎɏɄɒɔɕɔɎɋəɎɏɦ 

ɇɎɄ əɎς Ʉɒɠɇɏɉς əɋς ɉɖɇɄσɣɄς Ʉɚəɢς. ΈɕɉɎəɄ Ʉɕɦ ɑɉəɖɢσɉɎς ɕɔɚ ɡɇɎɒɄɒ σəɔɒ 

ɕɄɐɑɔɇɖɠɛɔ, ɑɉəɖɢɌɋɏɉ əɠσɋ ɉɎσɦɈɔɚ ɕɉɖɣɕɔɚ σəɄ ͜͞mV ɏɄɎ σəɋɒ ɡɓɔɈɔ ɉɣɝɄɑɉ 

ɉɒɎσɝɚɑɡɒɋ əɠσɋ σəɄ ͝,͞V. O ɐɦɇɔς əɠσɋς ɉɓɦɈɔɚ/ɉɎσɦɈɔɚ ɉɣɒɄɎ VOUT/VIN = 62.5 

ɏɄɎ ɋ ɄɕɔɐɄɅɢ əɔɚ ɏɚɏɐώɑɄəɔς ɚɕɔɐɔɇɣɊɔɒəɠς əɋɒ ɑɉ əɔɒ əɧɕɔ 20 logଵ଴ ቀ𝑉ೀೆ೅𝑉𝐼ಿ ቁ 

ɉɣɒɄɎ ͟͢dB. ȭɉ əɋɒ ɉɒɣσɝɚσɋ Ʉɚəɢ əɔ σɢɑɄ ɑɄς ɔɈɋɇɉɣəɄɎ σəɋ ɉɣσɔɈɔ əɔɚ 

ɑɎɏɖɔɉɐɉɇɏəɢ, ɉɣɒɄɎ Ʉɖɏɉəɠ Ɏσɝɚɖɦ ɏɄɎ ɏɄɌɣσəɄəɄɎ ɈɚɒɄəɢ ɋ ɈɉɎɇɑɄəɔɐɋɞɣɄ əɔɚ. 

ȳəɔɒ ɕɣɒɄɏɄ ͞ ɄɕɔəɚɕώɒɉəɄɎ ɋ ɄɕɔɐɄɅɢ əɔɚ ɕɖɔɉɒɎσɝɚəɢ σɉ σɝɡσɋ ɑɉ 

σɚɇɏɉɏɖɎɑɡɒɉς σɚɝɒɦəɋəɉς ɕɔɚ ɉɕɎɐɡɝɌɋɏɄɒ. ȳəɋɒ ɉɎɏɦɒɄ ͝͞ ɇɖɠɛɋɑɄ əɔɚ ɕɣɒɄɏɄ 

Ʉɚəɔɧ. 
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Frequency in KHz Gain in dB 

1 35,9176 

2 38,97695 

3 36,56636 

6 37,32213 

Πίʆαʃας 2 – Αʋοʄαβή ʋʌοɸʆισʖʐʏή  

 

 

ȵιʃόʆα 12 – ȳʌάφηʅα αʋοʄαβής ɸʆισʖʐʏή 

2.3 – ɇύʆɷɸση ʅιʃʌοɸʄɸɶʃʏή ʅɸ οθόʆη  LCD 

ȳəɔ σɋɑɉɣɔ Ʉɚəɦ ɌɄ ɄɒɄɐɧσɔɚɑɉ əɋɒ σɧɒɈɉσɋ əɔɚ ɑɎɏɖɔɉɐɉɇɏəɢ ɑɉ əɋɒ ɔɌɦɒɋ, 

σəɋɒ ɔɕɔɣɄ ɌɄ ɡɝɔɚɑɉ əɋɒ ɈɚɒɄəɦəɋəɄ ɒɄ ɕɄɖɄɏɔɐɔɚɌɔɧɑɉ əɋɒ ɏɄəɠσəɄσɋ əɋς 

σɚσɏɉɚɢς ɋɝɔɇɖɠɛɋσɋς. ȤɎɄ əɋɒ ɕɐɢɖɋ ɏɄəɄɒɦɋσɋ əɋς σɚɒɈɉσɑɔɐɔɇɣɄς ɌɄ 

ɕɖɡɕɉɎ ɒɄ ɄɒɄɛɉɖɌɔɧɒ ɏɠɕɔɎɄ ɅɄσɎɏɠ əɉɝɒɎɏɠ ɝɄɖɄɏəɋɖɎσəɎɏɠ əɟɒ ɔɌɔɒώɒ LCD 

(Liquid Crystal DisplayȌ ɉɑɕɐɔɚəɎσɑɡɒɄ  ɑɉ əɋɒ ɉɎɏɦɒɄ əɔɚ ɏɚɏɐɟɑɄəɎɏɔɧ σɝɉɈɣɔɚ 

əɋς ɈɎɄσɧɒɈɉσɋς əɔɚ ɑɎɏɖɔɉɐɉɇɏəɢ ɑɉ əɋɒ ɔɌɦɒɋ. ȳəɋɒ ɉɎɏɦɒɄ 13 ɑɣɄ ɛɟəɔɇɖɄɛɣɄ 

əɋς LCD. 
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ȵιʃόʆα 13 – Φʘʏοɶʌαφία ʏης οθόʆης LCD 

Ȩ ɔɌɦɒɋ LCD 16x2 ɕɔɚ ɌɄ ɝɖɋσɎɑɔɕɔɎɢσɔɚɑɉ ɉɣɒɄɎ ɑɣɄ ɔɌɦɒɋ ɚɇɖώɒ 

ɏɖɚσəɠɐɐɟɒ ɑɉ ͢͝ ɝɄɖɄɏəɢɖɉς ɑɢɏɔς ɏɄɎ ͞ ɇɖɄɑɑɡς. ȵɕɠɖɝɔɚɒ ͞ ɅɄσɎɏɔɣ əɖɦɕɔɎ 

σɚɒɈɉσɑɔɐɔɇɣɄς əɋς ɔɌɦɒɋς ɑɉ əɔɒ ɑɎɏɖɔɉɐɉɇɏəɢ ɏɄɎ Ʉɚəɔɣ ɉɣɒɄɎ ɋ ͠-bit 

ɈɎɄɑɦɖɛɟσɋ ɏɄɎ ɋ ͤ-bit ɈɎɄɑɦɖɛɟσɋ. Ȩ ɅɄσɎɏɢ ɈɎɄɛɔɖɠ σəɔɚς Ɉɧɔ Ʉɚəɔɧς 

əɖɦɕɔɚς σɚɒɈɉσɑɔɐɔɇɣɄς ɉɣɒɄɎ ɦəɎ ɋ ͠-bit ɈɎɄɑɦɖɛɟσɋ ɝɖɋσɎɑɔɕɔɎɉɣ ͠ 

ɄɏɖɔɈɡɏəɉς ɇɎɄ əɋɒ ɑɉəɄɛɔɖɠ əɟɒ ɈɉɈɔɑɡɒɟɒ ɉɒώ ɋ 8-bit ɈɎɄɑɦɖɛɟσɋ 

ɝɖɋσɎɑɔɕɔɎɉɣ ɏɄɎ əɔɚς ͤ ɄɏɖɔɈɡɏəɉς əɋς ɔɌɦɒɋς. ȣɡɅɄɎɄ ɋ 4-bit ɈɎɄɑɦɖɛɟσɋ 

ɝɖɉɎɠɊɉəɄɎ ɒɄ ɏɠɒɉɎ Ɉɧɔ ɑɉəɄɛɔɖɡς ɇɎɄ əɋɒ ɉɑɛɠɒɎσɋ ɉɒɦς ɝɄɖɄɏəɢɖɄ ɢ əɋɒ 

Ʉɕɔσəɔɐɢ ɑɣɄς ɉɒəɔɐɢς, ɉɒώ σəɋɒ ͤ-bit ɈɎɄɑɦɖɛɟσɋ ɝɖɉɎɠɊɉəɄɎ ɑɦɒɔ ɑɣɄ. Ȣɚəɦ 

ɡɝɉɎ ɏɄɎ ɟς ɄɕɔəɡɐɉσɑɄ ɋ ɈɎɄɑɦɖɛɟσɋ ͠-bit ɒɄ ɝɖɉɎɠɊɉəɄɎ ɈɎɕɐɠσɎɔ ɝɖɦɒɔ ɇɎɄ əɋɒ 

ɉɏəɡɐɉσɋ ɑɎɄς ɉɒəɔɐɢς. ȳəɋɒ ɕɄɖɔɧσɄ ɉɖɇɄσɣɄ ɌɄ Ɉɔɧɑɉ əɋɒ ɚɐɔɕɔɣɋσɋ əɋς 4-bit 

ɈɎɄɑɦɖɛɟσɋς ɏɚɖɣɟς ɉɕɉɎɈɢ ɔɎ Ʉɒɠɇɏɉς ɑɄς ɇɎɄ əɄɝɧəɋəɄ ɔɚσɎɄσəɎɏɠ ɉɣɒɄɎ 

ɑɋɈɄɑɎɒɡς ɉɒώ əɄɚəɦɝɖɔɒɄ ɔ σɏɔɕɦς əɋς ɔɌɦɒɋς ɉɣɒɄɎ ɄɕɔɏɐɉɎσəɎɏɠ ɒɄ ɑɄς ɈɣɒɉɎ 

ɔɕəɎɏɢ ɄɒɄɛɔɖɠ əɋς ɏɄəɠσəɄσɋς əɋς σɚσɏɉɚɢς. ȴɡɐɔς ɑɉ əɋɒ ɉɕɎɐɔɇɢ Ʉɚəɢ 

ɑɉɎώɌɋɏɉ ɋ ɕɔɐɚɕɐɔɏɦəɋəɄ əɔɚ ɏɚɏɐώɑɄəɔς ɐɦɇɟ əɋς ɝɖɢσɋς ɑɦɒɔ əɟɒ 

əɉσσɠɖɟɒ ɏɄɐɟɈɣɟɒ ɇɎɄ əɋɒ ɑɉəɄɛɔɖɠ ɈɉɈɔɑɡɒɟɒ ɏɄɎ ɉɒəɔɐώɒ.  

ȳəɔɒ ɕɣɒɄɏɄ 3 ɄɕɔəɚɕώɒɔɒəɄɎ ɔɎ σɚɒɈɉσɑɔɐɔɇɣɉς ɕɔɚ ɚɐɔɕɔɎɢɌɋɏɄɒ ɑɉəɄɓɧ 

əɔɚ ɑɎɏɖɔɉɐɉɇɏəɢ ɏɄɎ əɋς ɔɌɦɒɋς LCD.  
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Pins 

No 

LCD 

Pins 

Circuit Explanation 

1 VSS Gnd Ground 

2 VDD 5V VDD 

3 VE Pot Contrast 

4 RS RB2 Register 

Select 

5 R/W Gnd Read/Write 

LCD 

6 EN RB1 Execute 

11 DB4 RD0 Data Pin4 

12 DB5 RD1 Data Pin5 

13 DB6 RD2 Data Pin6 

14 DB7 RD3 Data Pin7 

15 LED+ 5V BackLight + 

16 LED- Gnd BackLight - 

Πίʆαʃας 3 – Πίʆαʃας σʐʆɷɸσʅοʄοɶιώʆ ʏης LCD 

Ȩ ɕɖώəɋ ɕɄɖɄəɢɖɋσɋ ɉɣɒɄɎ ɦəɎ ɇɎɄ ɈɉɈɔɑɡɒɄ ɝɖɋσɎɑɔɕɔɎɔɧɑɉ ɑɦɒɔ əɔɚς 

əɡσσɉɖɎς ɄɏɖɔɈɡɏəɉς 11 - 14 (DB4 – DB7) Ʉɕɦ əɔɚς ɔɏəώ ɦɕɟς ɡɇɎɒɉ Ʉɒɠɐɚσɋ σəɋɒ 

ɕɖɔɋɇɔɧɑɉɒɋ ɕɄɖɠɇɖɄɛɔ ɏɄɎ əɄ σɚɒɈɡɔɚɑɉ σəɔɚς ɄɏɖɔɈɡɏəɉς 19 – 22 (RD0 – 

RD3) əɔɚ ɑɎɏɖɔɉɐɉɇɏəɢ ɦɕɔɚ Ʉɕɦ ɉɏɉɣ ɋ LCD ɌɄ ɐɄɑɅɠɒɉɎ əɄ ɈɉɈɔɑɡɒɄ ɏɄɎ əɎς 

ɉɒəɔɐɡς. ȰɎ ɄɏɖɔɈɡɏəɉς ɑɉ ɒɔɧɑɉɖɔ 2 ɏɄɎ ͝͡ σɚɒɈɡɔɒəɄɎ σəɄ ͡v ɏɄɎ Ʉɛɔɖɔɧɒ əɋɒ 

ɕɄɖɔɝɢ əɠσɋς σəɋɒ ɔɌɦɒɋ ȋVDD) ɏɄɎ ɕɣσɟ ɛɟəɎσɑɦς ȋLED+) ɉɒώ ɔɎ ɄɏɖɔɈɡɏəɉς 1 

(VSS) ɏɄɎ ͢͝ (LED-) ɇɉɎώɒɔɒəɄɎ. Ȱ σəɦɝɔς əɔɚ ɄɏɖɔɈɡɏəɋ ɑɉ ɒɔɧɑɉɖɔ ͟ (VE) ɉɣɒɄɎ, 

ɑɉ ɝɖɢσɋ əɔɚ ɕɔəɉɒσɎɦɑɉəɖɔɚ ɑɉ əɔ ɔɕɔɣɔ əɔ ɡɝɔɚɑɉ σɚɒɈɡσɉɎ, ɋ ɖɧɌɑɎσɋ əɋς 

ɄɒəɣɌɉσɋς əɋς ɔɌɦɒɋς ɈɋɐɄɈɢ əɔ ɕɦσɔ ɡɒəɔɒɄ ɌɄ ɉɣɒɄɎ əɄ ɇɖɠɑɑɄəɄ ɕɔɚ ɌɄ 

ɉɑɛɄɒɣɊɔɒəɄɎ σɉ σɝɡσɋ ɑɉ əɔɒ ɕɣσɟ ɛɟəɎσɑɦ. ȤɎɄ əɋɒ ɉɕɉɓɢɇɋσɋ əɔɚ ɄɏɖɔɈɡɏəɋ 

ɑɉ ɒɔɧɑɉɖɔ ͠ (RS) ɕɖɡɕɉɎ ɒɄ ɉɕɎσɋɑɠɒɔɚɑɉ ɦəɎ ɋ LCD ɡɝɉɎ ͞ ɏɄəɄɝɟɖɋəɡς. ȦɣɒɄɎ ɔ 

ɏɄəɄɝɟɖɋəɢς ɉɒəɔɐώɒ ȋCommand Register) ɏɄɎ ɔ ɏɄəɄɝɟɖɋəɢς ɈɉɈɔɑɡɒɟɒ ȋData 

Register). ΌəɄɒ σəɡɐɒɔɚɑɉ əɎς ɈɎɠɛɔɖɉς ɉɒəɔɐɡς ɇɎɄ əɋɒ ɕɄɖɄɑɉəɖɔɕɔɣɋσɋ əɋς 

ɔɌɦɒɋς  Ʉɚəɡς ɏɄəɉɚɌɧɒɔɒəɄɎ σəɔɒ ɏɄəɄɝɟɖɋəɢ ɉɒəɔɐώɒ ɦɕɔɚ ɉɕɉɓɉɖɇɠɊɔɒəɄɎ ɇɎɄ 

ɒɄ ɕɖɄɇɑɄəɔɕɔɎɋɌɉɣ ɡɕɉɎəɄ ɋ ɉɏəɡɐɉσɢ əɔɚς. ȳəɔɒ ɏɄəɄɝɟɖɋəɢ ɈɉɈɔɑɡɒɟɒ 

σəɡɐɒɔɚɑɉ əɄ ɈɉɈɔɑɡɒɄ, ɔɚσɎɄσəɎɏɠ Ʉɚəɦ ɕɔɚ Ɍɡɐɔɚɑɉ ɒɄ ɄɕɔəɚɕɟɌɉɣ σəɋɒ 

ɔɌɦɒɋ. Ȱ ɄɏɖɔɈɡɏəɋς ɑɉ ɒɔɧɑɉɖɔ ͠ ɉɣɒɄɎ Ʉɚəɦς ɔ ɔɕɔɣɔς ɏɄɌɔɖɣɊɉɎ Ʉɒ ɌɄ 

ɉɕɎɐɉɝɌɉɣ ɔ ɏɄəɄɝɟɖɋəɢς ɉɒəɔɐώɒ ɢ Ʉɒ ɌɄ ɉɕɎɐɉɝɌɉɣ ɔ ɏɄəɄɝɟɖɋəɢς ɈɉɈɔɑɡɒɟɒ. 

ΌəɄɒ ɔ ɄɏɖɔɈɡɏəɋς RS ɉɣɒɄɎ ɣσɔς ɑɉ əɔ ɐɔɇɎɏɦ ɑɋɈɡɒ ȋRS = 0) əɦəɉ ɌɄ ɉɕɎɐɉɝɌɉɣ ɔ 

ɏɄəɄɝɟɖɋəɢς ɉɒəɔɐώɒ ɉɒώ ɦəɄɒ ɉɣɒɄɎ ɣσɔς ɑɉ əɔ ɐɔɇɎɏɦ ɡɒɄ ȋRS = 1) əɦəɉ ɌɄ 

ɉɕɎɐɉɝɌɉɣ ɔ ɏɄəɄɝɟɖɋəɢς ɈɉɈɔɑɡɒɟɒ. Ȩ ɉɕɎɐɔɇɢ əɋς əɎɑɢς Ʉɚəɔɧ əɔɚ ɏɄəɄɝɟɖɋəɢ 
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ɌɄ ɇɣɒɉɎ ɑɡσɟ ɏώɈɎɏɄ əɔɚ ɔɕɔɣɔɚ ɋ ɕɐɢɖɋς Ʉɒɠɐɚσɋ ɕɖɄɇɑɄəɔɕɔɎɉɣəɄɎ σəɔ 

ɉɕɦɑɉɒɔ ɏɉɛɠɐɄɎɔ. Ȱ ɄɏɖɔɈɡɏəɋς  ɒɔɧɑɉɖɔ ͡ ȋR/W) ɉɣɒɄɎ Ʉɚəɦς ɕɔɚ ɏɄɌɔɖɣɊɉɎ Ʉɒ 

ɌɄ ɇɖɠɞɔɚɑɉ ɈɉɈɔɑɡɒɄ σəɋɒ LCD ɢ Ʉɒ ɌɄ ɈɎɄɅɠσɔɚɑɉ Ʉɕɦ Ʉɚəɢ. ΌəɄɒ ɔ 

ɄɏɖɔɈɡɏəɋς RW ɉɣɒɄɎ ɣσɔς ɑɉ ɐɔɇɎɏɦ ɑɋɈɡɒ ȋRS = 0) əɦəɉ Ɉɣɒɔɚɑɉ ɉɒəɔɐɢ ɦəɎ 

Ɍɡɐɔɚɑɉ ɒɄ ɇɖɠɞɔɚɑɉ ɈɉɈɔɑɡɒɄ σəɋɒ ɔɌɦɒɋ ɉɒώ Ʉɒ ɔ RS ɉɣɒɄɎ ɣσɔς ɑɉ əɔ ɐɔɇɎɏɦ 

ɡɒɄ ȋRS = 1) əɦəɉ Ʉɚəɦ σɋɑɄɣɒɉɎ ɦəɎ ɌɄ ɈɎɄɅɠσɔɚɑɉ ɈɉɈɔɑɡɒɄ Ʉɕɦ əɋɒ LCD. ȳəɔ 

ɕɄɖɦɒ project ɉɕɉɎɈɢ ɋ ɝɖɢσɋ əɋς LCD ɉɣɒɄɎ ɄɕɔɏɐɉɎσəɎɏɠ ɇɎɄ əɋɒ ɔɕəɎɏɔɕɔɣɋσɋ 

əɋς ɏɄəɠσəɄσɋς σəɋɒ ɔɕɔɣɄ ɅɖɣσɏɉəɄɎ σɉ ɏɠɌɉ σəɎɇɑɢ ɋ σɚσɏɉɚɢ, ɇɉɎώɒɔɚɑɉ əɔɒ 

ɄɏɖɔɈɡɏəɋ ɒɔɧɑɉɖɔ ͡ ɏɠɒɔɒəɄς əɋɒ LCD ɄɕɔɏɐɉɎσəɎɏɠ ɄɕɔɈɡɏəɋ ɈɉɈɔɑɡɒɟɒ. Ȩ 

ɝɖɢσɋ əɔɚ ɄɏɖɔɈɡɏəɋ ɒɔɧɑɉɖɔ ͢ ȋEN) Ʉɛɔɖɠ, ɉɛɦσɔɒ ɡɝɔɚɑɉ ɈώσɉɎ əɎɑɡς σəɔɚς 

ɏɄəɄɝɟɖɋəɡς ȋCommand & Data Registers) ɏɄɎ ɡɝɔɚɑɉ ɈώσɉɎ əɋɒ ɄɕɄɖɄɣəɋəɋ 

əɎɑɢ σəɔɒ ɄɏɖɔɈɡɏəɋ 5 (R/WȌ, əɋɒ Ʉɕɔσəɔɐɢ əɟɒ ɉɒəɔɐώɒ ɢ ɈɉɈɔɑɡɒɟɒ  ɕɔɚ 

σəɡɐɒɔɚɑɉ σəɋɒ LCD. ȤɎɄ ɒɄ ɇɣɒɉɎ ɋ Ʉɕɔσəɔɐɢ əɟɒ ɉɒəɔɐώɒ ɋ ɈɉɈɔɑɡɒɟɒ ɕɔɚ 

ɅɖɣσɏɔɒəɄɎ σəɋɒ ɇɖɄɑɑɢ ɈɉɈɔɑɡɒɟɒ ȋdata line) ɄɖɝɎɏɠ ɔɖɣɊɉəɄɎ ɔ ɄɏɖɔɈɡɏəɋς 6 

ɣσɔς ɑɉ əɔ ɐɔɇɎɏɦ ɑɋɈɡɒ ȋEN = 0) ɏɄɎ ɑɦɐɎς ɕɖɡɕɉɎ ɒɄ ɇɣɒɉɎ ɋ ɉɏəɡɐɉσɋ əɋς ɉɒəɔɐɢς 

əɔɒ ɏɠɒɔɚɑɉ ɣσɔ ɑɉ əɔ ɐɔɇɎɏɦ ɡɒɄ ȋEN = ͝Ȍ ɇɎɄ ɑɉɖɎɏɠ ɝɎɐɎɔσəɠ əɔɚ Ɉɉɚəɉɖɔɐɡɕəɔɚ 

(ms). ȭɉəɠ ɉɕɎσəɖɡɛɔɚɑɉ σəɋɒ ɄɖɝɎɏɢ ɏɄəɠσəɄσɋ ȋɈɐɈ. EN = 0). ȳəɋɒ ɉɎɏɦɒɄ 14 

ɡɝɔɚɑɉ əɔ ɏɚɏɐɟɑɄəɎɏɦ σɝɡɈɎɔ ɕɔɚ ɄɕɉɎɏɔɒɣɊɉɎ əɎς σɚɒɈɉσɑɔɐɔɇɣɉς əɔɚ 

ɑɎɏɖɔɉɐɉɇɏəɢ ɑɉ əɋɒ LCD ȳəɔ 3ɔ ɏɉɛɠɐɄɎɔ ɌɄ ɇɣɒɉɎ ɉɏ ɒɡɔɚ ɄɒɄɛɔɖɠ σəɋɒ 

ɈɎɄɈɎɏɄσɣɄ ɉɏəɡɐɉσɋς ɐɦɇɟ əɋς ɧɕɄɖɓɋς ɚɕɔɖɔɚəɣɒɄς ɕɔɚ Ʉɕɔσɏɔɕɉɣ σəɋɒ 

ɚɐɔɕɔɣɋσɋ Ʉɚəɢς əɋς ɈɎɄɈɎɏɄσɣɄς.  
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ȵιʃόʆα 14 – Κʐʃʄʘʅαʏιʃό σʖέɷιο ʏης οθόʆης LCD 

2.4 - ɇύʆɷɸση ʅιʃʌοɸʄɸɶʃʏή ʅɸ Κάʌʏα SD 

ȳəɔ σɋɑɉɣɔ Ʉɚəɦ ɌɄ ɄɒɄɐɚɌɉɣ, ɉɠɒ ɦɝɎ ɋ σɋɑɄɒəɎɏɦəɉɖɋ, ɑɣɄ Ʉɕɦ əɎς 

σɋɑɄɒəɎɏɦəɉɖɉς ɅɄɌɑɣɈɉς ɕɔɚ ɚɐɔɕɔɎɢɌɋɏɄɒ, ɈɋɐɄɈɢ ɋ σɧɒɈɉσɋ əɔɚ 

ɑɎɏɖɔɉɐɉɇɏəɢ ɑɉ əɋɒ ɏɠɖəɄ SD. ȤɎɄ ɒɄ ɚɐɔɕɔɎɋɌɉɣ ɋ ɅɄɌɑɣɈɄ Ʉɚəɢ ɡɇɎɒɉ ɝɖɢσɋ 

ɉɒɦς ɚɕɔɈɔɝɡɄ ɏɠɖəɄς SD ɔ ɔɕɔɣɔς ɑɡσɟ əɔɚ ɕɖɟəɔɏɦɐɐɔɚ SPI ɉɕɎɏɔɎɒɟɒɉɣ ɑɉ 

əɔɒ ɑɎɏɖɔɉɐɉɇɏəɢ. ȳəɋɒ ɉɎɏɦɒɄ 15 ɑɣɄ ɛɟəɔɇɖɄɛɣɄ əɔɚ ɚɕɔɈɔɝɡɄ ɏɄɎ əɔɚ 

ɏɚɏɐώɑɄəɔς əɋς ɏɠɖəɄς SD. 

 

ȵιʃόʆα 15 – Φʘʏοɶʌαφία ʏοʐ ʐʋοɷοʖέα ʃάʌʏα SD 
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ȴɔ SPI (Serial Peripheral Interface) ɉɣɒɄɎ ɡɒɄ Ʉɕɦ əɄ ɕɎɔ ɉɚɖɡɟς 

ɝɖɋσɎɑɔɕɔɎɢσɎɑɄ ɕɖɟəɦɏɔɐɐɄ ɉɕɎɏɔɎɒɟɒɣɄς ɇɎɄ əɋɒ ɈɎɄσɧɒɈɉσɋ ɕɉɖɎɛɉɖɉɎɄɏώɒ 

ɑɔɒɠɈɟɒ ɏɄɎ ɑɎɏɖɔɉɐɉɇɏəώɒ ɑɉəɄɓɧ əɔɚς. ȦɣɒɄɎ ɡɒɄ σɧɇɝɖɔɒɔ σɉɎɖɎɄɏɦ 

ɕɖɟəɦɏɔɐɐɔ ɉɕɎɏɔɎɒɟɒɣɄς ɑɉəɄɓɧ ɔɐɔɏɐɋɖɟɑɡɒɟɒ ɑɉ əɋɒ ɈɚɒɄəɦəɋəɄ 

əɄɚəɦɝɖɔɒɋς ɑɉəɠɈɔσɋς ɏɄɎ ɐɢɞɋς ɈɉɈɔɑɡɒɟɒ. ȷɖɋσɎɑɔɕɔɎɉɣəɄɎ ɏɄɎ ɚɐɔɕɔɎɉɣəɄɎ 

σɉ ɉɛɄɖɑɔɇɡς ɕɔɚ ɏɠɒɔɚɒ ɝɖɢσɋ ɉɒσɟɑɄəɟɑɡɒɟɒ σɚσəɋɑɠəɟɒ. ȥɧɔ ɉɣɈɋ 

σɚσɏɉɚώɒ ɑɕɔɖɔɧɒ ɒɄ σɚɒɈɉɌɔɧɒ σəɔ SPI, ɑɣɄ Master ɏɄɎ ɑɣɄ ɢ ɕɉɖɎσσɦəɉɖɉς 

Slave σɚσɏɉɚɡς. ȤɎɄ əɋɒ ɚɐɔɕɔɣɋσɋ əɔɚ ɕɖɟəɔɏɦɐɐɔɚ ɏɠɒɔɚɑɉ ɝɖɢσɋ əɉσσɠɖɟɒ 

ɈɎɄɧɐɟɒ (four-wire serial bus). ȰɎ əɖɉɎς ɈɣɄɚɐɔɎ ɉɕɎɏɔɎɒɟɒɣɄς ɉɣɒɄɎ ɏɔɎɒɔɣ ɇɎɄ ɦɐɉς 

əɎς slave σɚσɏɉɚɡς ɏɄɎ ɑɦɒɔ ɔ əɡəɄɖəɔς ɉɣɒɄɎ ɓɉɝɟɖɎσəɦς ɇɎɄ əɋɒ ɏɠɌɉ σɚσɏɉɚɢ.  

ȰɎ əɖɉɎς ɈɣɄɚɐɔɎ ɉɣɒɄɎ : 

 MOSI (Master Out Slave In) – Ʉɛɔɖɠ əɋɒ ɑɉəɠɈɔσɋ ɈɉɈɔɑɡɒɟɒ Ʉɕɦ əɔɒ 

Master σəɔɒ Slave  

 MISO (Master In Slave Out) – Ʉɛɔɖɠ əɋɒ ɑɉəɠɈɔσɋ əɟɒ ɈɉɈɔɑɡɒɟɒ Ʉɕɦ 

əɔɒ Slave σəɔɒ Master 

 SCLK (Serial CLocK) – Ʉɕɔəɉɐɉɣ əɋɒ ɇɖɄɑɑɢ ɝɖɔɒɎσɑɔɧ əɟɒ ɈɎɄɧɐɟɒ 

MOSI ɏɄɎ MISO 

 Ȱ əɡəɄɖəɔς ɈɣɄɚɐɔς SS (Slave SelectȌ ɉɣɒɄɎ Ʉɚəɦς ɑɉ əɔɒ ɔɕɔɣɔ ɔ Master ɉɕɎɐɡɇɉɎ 

ɑɉ ɕɔɎɠ σɚσɏɉɚɢ ɌɡɐɉɎ ɒɄ ɉɕɎɏɔɎɒɟɒɢσɉɎ ɏɠɌɉ ɛɔɖɠ. Ȩ ɉɕɎɏɔɎɒɟɒɣɄ ɉɐɡɇɝɉəɄɎ Ʉɕɦ 

əɋɒ σɚσɏɉɚɢ Master ɋ ɔɕɔɣɄ ɕɖɡɕɉɎ ɒɄ ɖɚɌɑɎσəɉɣ ɏɄəɠɐɐɋɐɄ σɉ ɑɣɄ σɚɝɒɦəɋəɄ 

ɕɔɚ Ɉɉɒ ɓɉɕɉɖɒɠ əɋɒ σɚɝɒɦəɋəɄ ɐɉɎəɔɚɖɇɣɄς əɟɒ σɚσɏɉɚώɒ Slave.  ȫɠɌɉ ɛɔɖɠ ɕɔɚ 

ɕɄɖɠɇɉəɄɎ ɡɒɄ σɢɑɄ ɝɖɔɒɎσɑɔɧ σəɋɒ SCLK əɦəɉ ɇɣɒɉəɄɎ ɑɣɄ əɄɚəɦɝɖɔɒɋ ɉɏɕɔɑɕɢ 

ɏɄɎ ɐɢɞɋ ɈɉɈɔɑɡɒɟɒ ɑɉəɄɓɧ əɋς Master ɏɄɎ Slave σɚσɏɉɚɢς. ȰɚσɎɄσəɎɏɠ əɄ 

ɈɉɈɔɑɡɒɄ ɔɐɎσɌɄɣɒɔɚɒ ɕɠɒɟ σəɎς ɇɖɄɑɑɡς MOSI ɏɄɎ MISO σɉ ɏɠɌɉ ɕəώσɋ ɢ 

ɠɒɔɈɔ əɔɚ ɕɄɐɑɔɧ əɔɚ ɖɔɐɔɇɎɔɧ. Ȣɚəɢ ɋ ɄɑɛɣɈɖɔɑɋ ɉɕɎɏɔɎɒɟɒɣɄ ɐɄɑɅɠɒɉɎ ɑɡɖɔς 

Ʉɏɦɑɋ ɏɄɎ σəɋɒ ɕɉɖɣɕəɟσɋ ɕɔɚ ɋ ɉɛɄɖɑɔɇɢ ɑɄς ɄɕɄɎəɉɣ ɄɕɔɏɐɉɎσəɎɏɠ ɑɔɒɦɈɖɔɑɋ 

ɑɉəɄɛɔɖɠ ɈɉɈɔɑɡɒɟɒ.  

ȭɉ əɋɒ ɔɐɔɏɐɢɖɟσɋ əɋς ɌɉɟɖɋəɎɏɢ ɕɖɔσɡɇɇɎσɋς əɔɚ ɕɖɟəɔɏɦɐɐɔɚ SPI ɌɄ 

ɄɒɄɛɉɖɌɔɧɑɉ σɚɇɏɉɏɖɎɑɡɒɄ σəɔ ɏɧɏɐɟɑɄ ɕɔɚ ɚɐɔɕɔɎɢɌɋɏɉ. Ȱ ɑɎɏɖɔɉɐɉɇɏəɢς 

σəɋɒ ɐɉɎəɔɚɖɇɣɄ SPI ɑɕɔɖɉɣ ɒɄ ɏɠɒɉɎ əɄɚəɦɝɖɔɒɋ ɉɏɕɔɑɕɢ ɏɄɎ ɐɢɞɋ ͤ-bit 
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ɈɉɈɔɑɡɒɟɒ. ȤɎɄ əɋɒ ɐɉɎəɔɚɖɇɣɄ əɔɚ SPI ɚɕɠɖɝɔɚɒ əɡσσɉɖɉɎς ɏɄəɄɝɟɖɋəɡς. ȰɎ 

ɏɄəɄɝɟɖɋəɡς Ʉɚəɔɣ ɉɣɒɄɎ ɔɎ :  

 MSSP Control Register (SSPCON) – ɏɄəɄɝɟɖɋəɢς ɉɐɡɇɝɔɚ σəɋɒ 

ɐɉɎəɔɚɖɇɣɄ SPI 

 MSSP Status Register (SSPSTAT) – ɏɄəɄɝɟɖɋəɢς ɏɄəɠσəɄσɋς σəɋɒ 

ɐɉɎəɔɚɖɇɣɄ SPI 

 Serial Receive/Transmit Buffer Register (SSPBUF) – ɏɄəɄɝɟɖɋəɢς 

ɉɇɇɖɄɛɢς ɢ Ʉɒɠɇɒɟσɋς ɈɉɈɔɑɡɒɟɒ 

 MSSP Shift Register (SSPSR) – ɏɄəɄɝɟɖɋəɢς ɇɎɄ əɋɒ ɔɐɣσɌɋσɋ 

ɈɉɈɔɑɡɒɟɒ ɉɣəɉ ɉɒəɦς əɔɚ ɑɎɏɖɔɉɐɉɇɏəɢ ɉɣəɉ ɉɏəɦς 

ȤɎɄ əɋɒ ɔɖɌɢ ɐɉɎəɔɚɖɇɣɄ əɔɚ SPI ɕɖɡɕɉɎ ɒɄ ɄɖɝɎɏɔɕɔɎɋɌɔɧɒ əɄ ɈɎɠɛɔɖɄ bit Ʉɚəώɒ 

əɟɒ ɏɄəɄɝɟɖɋəώɒ ɇɎɄ ɒɄ ɑɕɔɖɡσɉɎ ɒɄ ɉɕɎəɉɚɝɌɉɣ ɋ σɟσəɢ ɉɕɎɏɔɎɒɟɒɣɄ əɟɒ 

σɚσɏɉɚώɒ ɑɉəɄɓɧ əɔɚς. ȩɄ ɇɣɒɉɎ Ʉɒɠɐɚσɋ əɟɒ ɄɖɝɎɏɔɕɔɎɢσɉɟɒ əɔɚ ɑɎɏɖɔɉɐɉɇɏəɢ 

σəɔ ɏɉɛɠɐɄɎɔ ɑɉ əɔɒ ɏώɈɎɏɄ ɦɕɔɚ ɔɖɣɊɔɒəɄɎ ɔɎ əɎɑɡς əɟɒ ɏɄəɄɝɟɖɋəώɒ. 

ȳəɔɒ ɕɣɒɄɏɄ 4 ɈɣɒɔɒəɄɎ ɔɎ σɚɒɈɉσɑɔɐɔɇɣɉς ɕɔɚ ɚɐɔɕɔɎɢɌɋɏɄɒ ɑɉəɄɓɧ əɔɚ 

ɑɎɏɖɔɉɐɉɇɏəɢ ɏɄɎ əɋς ɏɠɖəɄς SD. 

SD Pins Circuit Explanation 

VSS Gnd Ground 

VDD 5V VDD 

SS RC2 (CS) Chip Select 

CLK RC3 (CLK) Serial Clock 

MISO RC4 (SDI) Master In Slave 

Out 

MOSI RC5 (SDO) Master Out Slave 

In 

Πίʆαʃας 4 – Πίʆαʃας σʐʆɷɸσʅοʄοɶιώʆ ʏης ʃάʌʏας SD 

ȰɎ σɚɒɈɡσɉɎς ɕɔɚ ɇɣɒɔɒəɄɎ ɉɣɒɄɎ Ʉɖɏɉəɠ ɏɄəɄɒɔɋəɡς ɉɕɉɎɈɢ ɔ ɑɎɏɖɔɉɐɉɇɏəɢς 

ɐɦɇɟ əɋς ɈɎɄəɎɌɡɑɉɒɋς ɄɖɝɎəɉɏəɔɒɎɏɢς, ɡɝɉɎ ɢɈɋ ɄɒɄɌɡσɉɎ əɎς əɖɉɎς ɅɄσɎɏɡς 

ɇɖɄɑɑɡς (SCLK, MISO,MOSI) σəɔɚς əɖɉɎς ɄɏɖɔɈɡɏəɉς ȋPin 18, Pin 23, Pin24) əɋς 

PORTC, ɠɖɄ əɄ RC3, RC4 ɏɄɎ RC5 σɚɒɈɡɔɒəɄɎ ɑɉ əɔɚς ɄɏɖɔɈɡɏəɉς əɋς ɏɠɖəɄς SD 

CLK, MISO ɏɄɎ MOSI ɄɒəɣσəɔɎɝɄ. ȷɖɋσɎɑɔɕɔɎɉɣəɄɎ ɔ ɄɏɖɔɈɡɏəɋς RC2 (Pin 17) ɟς 

ɉɕɎɐɔɇɡɄς σɚσɏɉɚɢς SS (Slave Select) ɏɄɎ əɔ σɚɒɈɡɔɚɑɉ ɑɉ əɔ ɄɒəɣσəɔɎɝɔ 

ɄɏɖɔɈɡɏəɋ əɋς ɏɠɖəɄς SD CS (Chip Select). ȳɉ Ʉɚəɦ əɔ σɋɑɉɣɔ ɕɖɡɕɉɎ ɒɄ 

əɔɒɣσɔɚɑɉ ɦəɎ ɋ ɏɠɖəɄ SD ɐɉɎəɔɚɖɇɉɣ σəɋɒ əɠσɋ ͟.6V ɉɒώ ɔ ɑɎɏɖɔɉɐɉɇɏəɢς σəɄ ͡V. 
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ȤɎɄ əɔɒ ɐɦɇɔ Ʉɚəɦ ɚɕɠɖɝɉɎ ɋ Ʉɒɠɇɏɋ ɧɕɄɖɓɋς ɉɒɦς ɈɎɄɎɖɡəɋ əɠσɋς, ɔ ɔɕɔɣɔς 

ɚɐɔɕɔɎɉɣəɄɎ ɑɉ ɄɒəɎσəɠσɉɎς, ɇɎɄ ɒɄ ɉɓɔɑɄɐɧɒɉɎ əɋɒ ɈɎɄɛɔɖɠ Ʉɚəɢ. Ȱ ɈɎɄɎɖɡəɋς 

əɠσɋς ɌɄ əɔɕɔɌɉəɋɌɉɣ σəɔɚς ɄɏɖɔɈɡɏəɉς CS, CLK ɏɄɎ MOSI əɟɒ ɔɕɔɣɟɒ ɋ əɠσɋ 

ɕɖɡɕɉɎ ɒɄ ɉɓɔɑɄɐɚɒɌɉɣ. Ȱ ɄɏɖɔɈɡɏəɋς MISO σɚɒɈɡɉəɄɎ ɄɕɉɚɌɉɣɄς ɑɉ əɋɒ ɏɠɖəɄ 

SD. ȳəɔɒ ɕɣɒɄɏɄ ɕɄɖɄəɋɖɔɧɑɉ ɦəɎ əɔ VDD əɋς ɏɠɖəɄς σɚɒɈɡɉəɄɎ ɑɉ əɄ ͡V əɔɚ 

ɏɚɏɐώɑɄəɔς ɏɠəɎ əɔ ɔɕɔɣɔ ɡɖɝɉəɄɎ σɉ ɄɒəɎɕɄɖɠɌɉσɋ ɑɉ əɋɒ ɑɡɇɎσəɋ əɠσɋ ɕɔɚ 

ɈɡɝɉəɄɎ ɋ ɏɠɖəɄ SD (3.6V). ȳəɋɒ σɚɇɏɉɏɖɎɑɡɒɋ ɕɉɖɣɕəɟσɋ ɕɖɡɕɉɎ ɒɄ əɔɒɎσɌɉɣ ɦəɎ 

əɔ ɔɐɔɏɐɋɖɟɑɡɒɔ ɕɔɚ ɝɖɋσɎɑɔɕɔɎɔɧɑɉ ɇɎɄ əɋɒ Ʉɒɠɇɒɟσɋ əɋς ɏɠɖəɄς SD ɡɝɉɎ ɏɄɎ 

Ʉɚəɦ ɈɎɄɎɖɡəɋ əɠσɋς σəɔ ɏɧɏɐɟɑɄ əɖɔɛɔɈɔσɣɄς əɔɚ. Ȧɠɒ Ɉɉɒ ɚɕɢɖɝɉ ɈɎɄɎɖɡəɋς 

əɠσɋς ɑɡσɄ σəɔ ɔɐɔɏɐɋɖɟɑɡɒɔ ɌɄ ɡɕɖɉɕɉ ɏɄɎ σəɋɒ əɖɔɛɔɈɔσɣɄ əɋς ɏɠɖəɄς SD 

ɒɄ ɇɣɒɉɎ ɚɐɔɕɔɣɋσɋ ɉɒɦς ɄɒəɣσəɔɎɝɔɚ ɏɚɏɐώɑɄəɔς. ȳəɋɒ ɉɎɏɦɒɄ ͝6 əɔ ɏɚɏɐɟɑɄəɎɏɦ 

σɝɡɈɎɔ əɋς ɏɠɖəɄς SD ɏɄɎ əɋɒ ɈɎɄσɧɒɈɉσɢ əɋς ɑɉ əɔɒ ɑɎɏɖɔɉɐɉɇɏəɢ. 

 

ȵιʃόʆα 16 – Κʐʃʄʘʅαʏιʃό σʖέɷιο ʏης ʃάʌʏας SD 
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2.5 – Παʌαɶʘɶή PWM ʅɸ ʅιʃʌοɸʄɸɶʃʏή  

ȤɎɄ ɒɄ ɔɈɋɇɋɌɉɣ ɔ ɢɝɔς ɕɖɔς əɔɒ ɉɒɎσɝɚəɢ ɄɏɔɚσəɎɏɔɧ σɢɑɄəɔς ɕɖɡɕɉɎ ɕɖώəɄ 

əɄ ɄɕɔɌɋɏɉɚɑɡɒɄ ɈɉɈɔɑɡɒɄ σəɋɒ ɏɠɖəɄ SD Ʉɕɦ ɞɋɛɎɄɏɠ ɒɄ ɑɉəɄəɖɄɕɔɧɒ σɉ 

ɄɒɄɐɔɇɎɏɠ. ȤɎɄ ɒɄ ɉɕɎəɉɚɝɌɉɣ Ʉɚəɦ ɉɣɒɄɎ ɄɕɄɖɄɣəɋəɋ ɋ ɧɕɄɖɓɋ ɉɒɦς ɑɉəɄəɖɔɕɡɄ 

ɞɋɛɎɄɏɔɧ σɢɑɄəɔς σɉ ɄɒɄɐɔɇɎɏɦ ȋDAC – Digital to Analog Conversion). ȳəɔɒ 

ɑɎɏɖɔɉɐɉɇɏəɢ PIC16F877 Ɉɉɒ ɚɕɠɖɝɉɎ ɚɐɔɕɔɎɋɑɡɒɋ ɑɡσɄ σəɔ ɏɧɏɐɟɑɄ ɏɠɕɔɎɄ 

ɅɄɌɑɣɈɄ DAC ɋ ɔɕɔɣɄ ɒɄ ɉɣɒɄɎ σɝɉɈɎɄσɑɡɒɋ ɄɕɔɏɐɉɎσəɎɏɠ ɇɎɄ Ʉɚəɦ əɔ σɏɔɕɦ. ȭɣɄ 

ɐɧσɋ ɌɄ ɢəɄɒ ɒɄ ɄɇɔɖɄσəɉɣ ɑɣɄ ɠɐɐɋ ɈɎɠəɄɓɋ DAC əɔɚ ɉɑɕɔɖɣɔɚ ɏɄɎ ɒɄ σɚɒɈɉɌɉɣ 

ɑɉ əɔɒ ɑɎɏɖɔɉɐɉɇɏəɢ. Ȣɚəɦ ɅɡɅɄɎɄ ɌɄ ɄɕɄɎəɔɧσɉ ɒɄ Ɉɉσɑɉɚəɔɧɒ ɠɐɐɔɎ ͟-4 

ɄɏɖɔɈɡɏəɉς ɇɎɄ ɒɄ ɇɣɒɉɎ ɋ σɧɒɈɉσɋ ɑɡσɟ SPI ɏɄɎ ɒɄ ɇɖɄɛəɔɧɒ ɉɕɎɕɐɉɦɒ ɖɔɚəɣɒɉς 

ɏώɈɎɏɄ ɇɎɄ əɋɒ ɉɕɣəɉɚɓɋ əɋς ɉɕɎɏɔɎɒɟɒɣɄς. ȤɎɄ əɔɒ ɐɦɇɔ Ʉɚəɦ ɉɕɎɐɡɝɌɋɏɉ ɒɄ ɇɣɒɉɎ 

ɝɖɢσɋ əɔɚ PWM (Pulse Width Modulation) ɕɔɚ ɉɣɒɄɎ ɢɈɋ σɝɉɈɎɄσɑɡɒɔς ɑɡσɄ σəɔ 

ɑɎɏɖɔɉɐɉɇɏəɢ ɑɄς. ΈəσɎ ɑɉ əɋɒ ɝɖɢσɋ əɔɚ PWM ɏɄɎ ɉɒɦς ɝɄɑɋɐɔɕɉɖɄəɔɧ 

ɛɣɐəɖɔɚ, ɇɣɒɉəɄɎ ɚɐɔɕɔɣɋσɋ ɉɒɦς DAC ɑɉ əɔɒ ɔɕɔɣɔ ɇɣɒɉəɄɎ ɉɕɣəɉɚɓɋ əɔɚ 

ɉɕɎɌɚɑɋəɔɧ ɄɕɔəɉɐɡσɑɄəɔς. ȳəɋɒ ɉɎɏɦɒɄ ͝7 ɑɣɄ ɛɟəɔɇɖɄɛɣɄ əɔɚ ɛɣɐəɖɔɚ ɕɔɚ 

ɚɐɔɕɔɎɢɌɋɏɉ. 

 

ȵιʃόʆα 17 – Φʘʏοɶʌαφία ʏοʐ φίʄʏʌοʐ RC 

H PWM ȋȥɎɄɑɦɖɛɟσɋ ɉɧɖɔɚς ɕɄɐɑώɒȌ ɉɣɒɄɎ ɑɣɄ əɉɝɒɎɏɢ ɈɎɄɑɦɖɛɟσɋς ɕɔɚ 

ɝɖɋσɎɑɔɕɔɎɉɣəɄɎ ɇɎɄ əɋɒ ɏɟɈɎɏɔɕɔɣɋσɋ ɈɉɈɔɑɡɒɟɒ ɇɎɄ ɑɉəɠɈɔσɋ. ȷɖɋσɎɑɔɕɔɎɉɣəɄɎ 

ɏɄɌɋɑɉɖɎɒɠ σɉ ɕɠɖɄ ɕɔɐɐɡς ɉɛɄɖɑɔɇɡς ɏɚɖɣɟς σɉ ɉɛɄɖɑɔɇɡς ɕɔɚ Ʉɛɔɖɔɧɒ əɔɒ 
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ɡɐɉɇɝɔ əɋς Ɏσɝɧɔς ɕɔɚ ɕɄɖɡɝɉəɄɎ σɉ ɋɐɉɏəɖɎɏɡς σɚσɏɉɚɡς ȋɕ.ɝ. ɏɚɖɣɟς σɉ ɑɔəɡɖȌ. 

ȳəɔ ɕɄɖɦɒ project ɌɄ ɉɏɑɉəɄɐɐɉɚəɉɣ ɋ ɈɚɒɄəɦəɋəɄ Ʉɚəɢς əɋς əɉɝɒɎɏɢς 

ɈɎɄɑɦɖɛɟσɋς ɕɄɖɠɇɔɒəɄς əɔ ɄɒɄɐɔɇɎɏɦ σɢɑɄ ɕɔɚ ɉɕɎɌɚɑɉɣəɄɎ, ɈɎɄɑɔɖɛώɒɔɒəɄς 

əɔ ɞɋɛɎɄɏɦ σɢɑɄ ɏɄɎ ɉɏɕɡɑɕɔɒəɠς əɔ ɕɐɡɔɒ ɒɡɔ ɈɎɄɑɔɖɛɟɑɡɒɔ σɢɑɄ σɉ ɡɒɄ 

ɝɄɑɋɐɔɕɉɖɄəɦ ɛɣɐəɖɔ ɇɎɄ əɋɒ ɄɛɄɣɖɉσɋ əɟɒ ɄɖɑɔɒɎɏώɒ ɕɔɚ ɕɄɖɠɇɔɒəɄɎ ɏɄəɠ əɋɒ 

ɈɎɄɈɎɏɄσɣɄ ɈɎɄɑɦɖɛɟσɋς. ȳəɋɒ əɉɝɒɎɏɢ PWM ɚɕɠɖɝɉɎ ɕɠɒəɄ ɑɣɄ σəɄɌɉɖɢ ɕɉɖɣɔɈɔ 

σəɋɒ ɔɕɔɣɄ ɉɒɄɐɐɠσσɉəɄɎ ɔ ɝɖɦɒɔς əɋς ɉɒɉɖɇɢς ɏɄəɠσəɄσɋς σɉ σɝɡσɋ ɑɉ əɔɒ 

ɝɖɦɒɔ əɋς Ʉɒɉɒɉɖɇɢς ɏɄəɠσəɄσɋς. Ȣɚəɦ ɕɔɚ ɉɣɒɄɎ σɋɑɄɒəɎɏɦ ɦɑɟς Ɉɉɒ ɉɣɒɄɎ ɔɎ 

Ʉɕɦɐɚəɉς əɎɑɡς əɟɒ Ɉɧɔ ɏɄəɄσəɠσɉɟɒ Ʉɐɐɠ ɋ σɝɡσɋ ɕɔɚ ɚɕɠɖɝɉɎ ɑɉəɄɓɧ əɔɚς. Ȩ 

σɝɡσɋ Ʉɚəɢ ɐɡɇɉəɄɎ duty cycle (ɏɧɏɐɔς ɏɄɌɋɏɦɒəɟɒȌ. ȵɕɔɌɡəɔɒəɄς ɦəɎ ɔ duty 

cycle ɉɣɒɄɎ əɔɚ ɕɔσɔσəɔɧ ͜͡%, ɈɋɐɄɈɢ ɇɎɄ əɋɒ ɑɎσɢ ɕɉɖɣɔɈɔ σəɋɒ ɉɒɉɖɇɢ 

ɏɄəɠσəɄσɋ ɏɄɎ əɋɒ ɠɐɐɋ ɑɎσɢ ɕɉɖɣɔɈɔ σəɋɒ Ʉɒɉɒɉɖɇɢ ɏɄəɠσəɄσɋ, ɡɝɔɒəɄς əɠσɋ 

ɉɎσɦɈɔɚ 5V əɦəɉ σəɋɒ ɡɓɔɈɔ ɌɄ ɚɕɠɖɝɉɎ ɑɎɄ ɔɑɄɐɔɕɔɎɋɑɡɒɋ ͞.͡V əɠσɋ. ȭɉ əɔɒ 

əɖɦɕɔ Ʉɚəɦ əɄ ɞɋɛɎɄɏɠ ɄɕɔɌɋɏɉɚɑɡɒɄ ɈɉɈɔɑɡɒɄ ɑɉəɄəɖɡɕɔɒəɄɎ σɉ ɄɒɄɐɔɇɎɏɢ 

ɑɔɖɛɢ ɡɝɔɒəɄς ɕɐɡɔɒ əɋɒ ɈɚɒɄəɦəɋəɄ ɒɄ ɇɣɒɉɎ ɄɒɄɕɄɖɄɇɟɇɢ əɔɚ ɄɕɔɌɋɏɉɚɑɡɒɔɚ 

ɢɝɔɚ.  

Όσɔɒ Ʉɛɔɖɠ əɔ ɏɧɏɐɟɑɄ, Ʉɐɐɠ ɏɄɎ ɇɎɄ əɔɒ ɏώɈɎɏɄ ɕɔɚ ɌɄ ɄɒɄɐɚɌɉɣ σəɔ 

ɉɕɦɑɉɒɔ ɏɉɛɠɐɄɎɔ, ɇɎɄ əɋɒ ɐɉɎəɔɚɖɇɣɄ əɔɚ DAC Ɉɉɒ ɕɖɄɇɑɄəɔɕɔɎɉɣəɄɎ ɏɠɕɔɎɄ 

ɎɈɎɄɣəɉɖɋ σɚɒɈɉσɑɔɐɔɇɣɄ. Όɐɋ ɋ ɈɎɄɈɎɏɄσɣɄ ɇɣɒɉəɄɎ σəɔɒ ɑɎɏɖɔɉɐɉɇɏəɢ ɏɄɎ əɔ 

ɈɎɄɑɔɖɛɟɑɡɒɔ ɏɄəɠ PWM σɢɑɄ ɐɄɑɅɠɒɉəɄɎ σəɔɒ ɄɏɖɔɈɡɏəɋ ͢͝. ΈɕɉɎəɄ ɔɈɋɇɉɣəɄɎ 

σɉ ɡɒɄ ɝɄɑɋɐɔɕɉɖɄəɦ ɛɣɐəɖɔ RC. Ȩ ɄɒəɣσəɄσɋ (R) əɔɚ RC ɛɣɐəɖɔɚ ɉɣɒɄɎ 

σɚɒɈɉɈɉɑɡɒɋ σɉ σɉɎɖɠ ɑɉ əɋɒ ɡɓɔɈɔ ɉɒώ ɔ ɕɚɏɒɟəɢς (C) ɕɄɖɠɐɐɋɐɄ σɉ σɝɡσɋ ɑɉ 

əɋɒ ɡɓɔɈɔ. Ȱ ɕɚɏɒɟəɢς ɈɖɄ σɄɒ ɄɒəɣσəɄσɋ ɇɎɄ əɋɒ ɝɄɑɋɐɡς σɚɝɒɦəɋəɉς ɏɄɎ əɎς 

ɔɈɋɇɉɣ σəɋɒ ɡɓɔɈɔ. ȳəɎς ɚɞɋɐɦəɉɖɉς σɚɝɒɦəɋəɉς ɋ ɄɒəɣσəɄσɋ əɔɚ ɕɚɏɒɟəɢ 

σəɄɑɄəɠ ɒɄ ɚɛɣσəɄəɄɎ ɏɄɎ ɡəσɎ ɐɉɎəɔɚɖɇɉɣ σɄɒ ɅɖɄɝɚɏɧɏɐɟɑɄ ɏɄɎ ɔɈɋɇɉɣ əɎς 

σɚɝɒɦəɋəɉς σəɋɒ ɇɉɣɟσɋ ɄɕɔɏɦɅɔɒəɄς əɉς. ȤɎɄ əɋɒ ɚɐɔɕɔɣɋσɋ əɔɚ RC ɛɣɐəɖɔɚ 

ɏɠɒɄɑɉ ɝɖɢσɋ ɑɣɄς ɄɒəɣσəɄσɋς ͠,ͣk ɏɄɎ ɉɒɦς ɕɚɏɒɟəɢ ͜͜͝pf. ȭɉ əɎς əɎɑɡς Ʉɚəɡς 

ɡɝɔɚɑɉ ɡɒɄ ɎɏɄɒɔɕɔɎɋəɎɏɦ ɄɏɔɚσəɎɏɦ ɄɕɔəɡɐɉσɑɄ. ȳəɋɒ ɉɎɏɦɒɄ Ʌɐɡɕɔɚɑɉ 18 əɔ 

ɏɚɏɐɟɑɄəɎɏɦ σɝɡɈɎɔ əɔɚ ɛɣɐəɖɔɚ RC ɕɔɚ ɚɐɔɕɔɎɢɌɋɏɉ ɇɎɄ əɋɒ ɐɉɎəɔɚɖɇɣɄ əɋς 

σɚσɏɉɚɢς. 
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ȵιʃόʆα 18 – Κʐʃʄʘʅαʏιʃό σʖέɷιο ʏοʐ φίʄʏʌοʐ RC 

2.6 – Αʃοʐσʏιʃός ɸʆισʖʐʏής 

ȳəɔ əɉɐɉɚəɄɣɔ ɑɡɖɔς əɔɚ ɏɉɛɄɐɄɣɔɚ Ʉɚəɔɧ ɌɄ ɇɣɒɉɎ ɉɕɉɓɢɇɋσɋ əɔɚ 

ɄɏɔɚσəɎɏɔɧ ɉɒɎσɝɚəɢ ɕɔɚ ɝɖɋσɎɑɔɕɔɎɢɌɋɏɉ ɇɎɄ əɋɒ ɉɒɣσɝɚσɋ əɔɚ ɢɝɔɚ ɏɄɎ əɋɒ 

ɔɈɢɇɋσɢ əɔɚ σəɔ ɑɉɇɠɛɟɒɔ. ȤɎɄ əɋɒ ɚɐɔɕɔɣɋσɢ əɔɚ ɝɖɋσɎɑɔɕɔɎɢɌɋɏɉ əɔ 

ɔɐɔɏɐɋɖɟɑɡɒɔ ɏɧɏɐɟɑɄ ɉɒɣσɝɚσɋς σɢɑɄəɔς TDA7052. ȦɕɎɐɡɝɌɋɏɉ əɔ 

σɚɇɏɉɏɖɎɑɡɒɔ ɔɐɔɏɐɋɖɟɑɡɒɔ ɏɄɎ ɐɦɇɟ əɋς Ʉɕɐɦəɋəɠς əɔɚ σəɋɒ σɚɒɈɉσɑɔɐɔɇɣɄ  

Ʉɐɐɠ ɏɄɎ ɐɦɇɟ əɋς ɕɔɐɧ ɏɄɐɢς ɉɒɣσɝɚσɋς ɕɔɚ ɡɝɉɎ σəɋɒ ɡɓɔɈɦ əɔɚ. ȳəɋɒ ɉɎɏɦɒɄ ͝9 

ɄɕɉɎɏɔɒɣɊɉəɄɎ əɔ ɏɧɏɐɟɑɄ əɔɚ ɄɏɔɚσəɎɏɔɧ ɉɒɎσɝɚəɢ. 

 

ȵιʃόʆα 19 – Φʘʏοɶʌαφία ʏοʐ αʃοʐσʏιʃού ɸʆισʖʐʏή 

ȳəɔɒ ɕɣɒɄɏɄ 5 ɄɕɔəɚɕώɒɔɒəɄɎ ɔɎ σɚɒɈɉσɑɔɐɔɇɣɉς ɕɔɚ ɚɐɔɕɔɎɢɌɋɏɄɒ ɇɎɄ əɋɒ 

σɟσəɢ ɐɉɎəɔɚɖɇɣɄ əɔɚ ɉɒɎσɝɚəɢ. 

PIC16F877

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20 21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

100pF

4.7kΩ To amplifier



37 

 

Pins 

No 

TDA7052 

Pins 

Circuit Explanation 

1 VDD 5V VDD 

2 IN RC Filter 

Output 

Signal Input 

3 GND1 Gnd Ground 

4 N.C. N.C. Not Connected 

5 OUT1 Pot to SPKR Potentiometer to Speaker 

6 GND2 Gnd Ground 

7 N.C. N.C. Not Connected 

8 OUT2 SPKR Speaker 

Πίʆαʃας 5 – Πίʆαʃας σʐʆɷɸσʅοʄοɶιώʆ αʃοʐσʏιʃού ɸʆισʖʐʏή 

Ȩ σɚɒɈɉσɑɔɐɔɇɣɄ əɔɚ TDAͣ͜͡͞, ɏɄəɠ ɏɧɖɎɔ ɐɦɇɔ, ɡɇɎɒɉ ɄɏɔɐɔɚɌώɒəɄς əɔ 

ɛɧɐɐɔ ɈɉɈɔɑɡɒɟɒ ɦɕɔɚ ɚɕɠɖɝɉɎ ɄɒəɣσəɔɎɝɔ ɏɚɏɐɟɑɄəɎɏɦ σɝɡɈɎɔ əɋς ɉɎɏɦɒɄς 20. 

Ȱ ɄɏɖɔɈɡɏəɋς ɑɉ ɒɔɧɑɉɖɔ ͝ σɚɒɈɡɉəɄɎ ɑɉ əɋɒ əɖɔɛɔɈɔσɣɄ ɉɒώ ɔɎ ɄɏɖɔɈɡɏəɉς ɑɉ 

ɒɔɧɑɉɖɔ ͟ ɏɄɎ 6 σɚɒɈɡɔɒəɄɎ ɑɉ əɋɒ ɇɉɣɟσɋ. ȰɎ ɄɏɖɔɈɡɏəɉς ɒɔɧɑɉɖɔ ͠ ɏɄɎ ͣ Ɉɉɒ 

ɉɣɒɄɎ σɚɒɈɉɈɉɑɡɒɔɎ ɉσɟəɉɖɎɏɠ σəɔ ɔɐɔɏɐɋɖɟɑɡɒɔ, σɚɒɉɕώς Ɉɉɒ ɌɄ σɚɒɈɉɌɔɧɒ 

ɕɔɚɌɉɒɠ. Ȱ ɄɏɖɔɈɡɏəɋς ɑɉ ɒɔɧɑɉɖɔ ͞ ɉɣɒɄɎ Ʉɚəɦς σəɔɒ ɔɕɔɣɔ ɔɈɋɇɔɧɑɉ əɔ 

ɛɎɐəɖɄɖɎσɑɡɒɔ ɄɏɔɚσəɎɏɦ σɢɑɄ. ȱɖɎɒ əɔ ɉɎσɠɇɔɚɑɉ σəɔɒ ɉɒɎσɝɚəɢ əɔɕɔɌɉəɔɧɑɉ 

ɡɒɄ ɕɚɏɒɟəɢ ɇɎɄ ɒɄ ɑɉɎώσɔɚɑɉ əɔɒ ɌɦɖɚɅɔ ɕɔɚ ɕɖɔɏɄɐɉɣəɄɎ Ʉɕɦ əɔ DC σɢɑɄ. ȰɎ 

ɄɏɖɔɈɡɏəɉς ɒɔɧɑɉɖɔ ͡ ɏɄɎ ͤ σɚɒɈɡɔɒəɄɎ ɑɉ əɔ ɋɝɉɣɔ əɟɒ ͤOhm. ȳəɔɒ ɄɏɖɔɈɡɏəɋ 

ɑɉ ɄɖɎɌɑɦ ͡ ɕɖɔσɌɡσɄɑɉ ɉɕɎɕɐɡɔɒ ɡɒɄ ɐɔɇɄɖɎɌɑɎɏɦ ɕɔəɉɒσɎɦɑɉəɖɔ ɑɉ əɔ ɔɕɔɣɔ 

ɏɠɒɔɚɑɉ əɔɒ ɡɐɉɇɝɔ əɋς ɡɒəɄσɋς əɔɚ ɢɝɔɚ.  

Ȱ ɑɔɒɔɛɟɒɎɏɦς ɉɒɎσɝɚəɢς TDA7052 ɉɣɒɄɎ ɉɎɈɎɏɠ σɝɉɈɎɄσɑɡɒɔς ɇɎɄ ɉɛɄɖɑɔɇɡς 

ɕɔɚ ɝɖɋσɎɑɔɕɔɎɔɧɒ ɑɕɄəɄɖɣɉς ɏɄɎ ɉɕɎɕɐɡɔɒ σəɋɒ ɡɓɔɈɦ əɔɚ ɈɣɒɉɎ ͝Watt Ɏσɝɧ əɔ 

ɔɕɔɣɔ ɉɣɒɄɎ ɕɔɐɧ ɎɏɄɒɔɕɔɎɋəɎɏɦ ɇɎɄ ɡɒɄɒ ɉɒɎσɝɚəɢ əɦσɔ ɑɎɏɖɔɧ ɑɉɇɡɌɔɚς ɏɄɎ 

Ʉɕɐɢς ɚɐɔɕɔɣɋσɋς.    
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ȵιʃόʆα 20 – Κʐʃʄʘʅαʏιʃό σʖέɷιο ʏοʐ αʃοʐσʏιʃού ɸʆισʖʐʏή 
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Κɸφάʄαιο ϯο – Αʆάʄʐσɻ ʏοʐ ʃώɷιʃα 

ȳəɔ ɏɉɛɠɐɄɎɔ Ʉɚəɦ ɌɄ ɄɒɄɐɚɌɉɣ ɔ ɏώɈɎɏɄς ɕɔɚ σɚɇɇɖɠɛɋɏɉ ɇɎɄ əɋɒ ɔɖɌɢ 

ɐɉɎəɔɚɖɇɣɄ əɋς σɚσɏɉɚɢς ɏɄɎ ɌɄ ɈɔɌɉɣ ɡɒɄ ɈɎɠɇɖɄɑɑɄ ɖɔɢς əɔɚ ɕɖɔɇɖɠɑɑɄəɔς. Ȱ 

ɏώɈɎɏɄς ɕɔɚ σɚɇɇɖɠɛɋɏɉ ɄɕɔəɉɐɉɣəɄɎ ɄɕɔɏɐɉɎσəɎɏɠ Ʉɕɦ σɚɒɄɖəɢσɉɎς Ʉɕɦ əɎς 

ɔɕɔɣɉς ɋ ɏɠɌɉ ɑɣɄ ɉɏəɉɐɉɣ ɑɎɄ σɚɇɏɉɏɖɎɑɡɒɋ ɈɎɄɈɎɏɄσɣɄ. ȳəɋɒ ɉɎɏɦɒɄ ͞͝ Ʌɐɡɕɔɚɑɉ 

əɔ ɈɎɠɇɖɄɑɑɄ ɖɔɢς əɔɚ ɕɖɔɇɖɠɑɑɄəɔς ɑɉ əɎς ɅɄσɎɏɡς ɐɉɎəɔɚɖɇɣɉς əɋς ɉɛɄɖɑɔɇɢς. 
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3.1 – ADC (Analog to Digital Converter – 

Μɸʏαʏʌοʋέας αʆαʄοɶιʃού σήʅαʏος σɸ ʗηφιαʃό) 

ȳəɋɒ σɚɇɏɉɏɖɎɑɡɒɋ ɉɖɇɄσɣɄ ɏɠɒɔɚɑɉ ɝɖɢσɋ əɔɚ ɉɒσɟɑɄəɟɑɡɒɔɚ ADC ɕɔɚ 

ɈɎɄɌɡəɉɎ ɔ PIC16F877 ɏɄɎ ɝɖɋσɎɑɔɕɔɎɔɧɑɉ ͤ Ʉɕɦ əɄ ͜͝ bit ɕɔɚ ɑɄς ɕɖɔσɛɡɖɉɎ. 

ȷɖɋσɎɑɔɕɔɎɔɧɑɉ Ʉɚəɢ əɋɒ ɚɐɔɕɔɣɋσɋ ɏɄɎ ɇɎɄ əɋɒ Ʉɕɐɔɕɔɣɋσɋ əɋς ɉɛɄɖɑɔɇɢς ɏɄɎ 

ɐɦɇɟ əɟɒ ɦɝɎ ɎɈɎɄɎəɡɖɟɒ ɄɕɄɎəɔɧɑɉɒɟɒ ɕɖɔɈɎɄɇɖɄɛώɒ ɕɔɚ ɡɝɉɎ ɋ σɚσɏɉɚɢ. ȹς 

əɠσɋ ɄɒɄɛɔɖɠς Ɉɋɐώɒɔɚɑɉ ɟς Vref+ əɋɒ əɠσɋ əɖɔɛɔɈɔσɣɄς əɔɚ ɉɕɉɓɉɖɇɄσəɢ 

ɈɋɐɄɈɢ əɄ ͡V ɏɄɎ ɟς Vref- əɋɒ ɇɉɣɟσɋ. Ȣɚəɦ σɋɑɄɣɒɉɎ ɦəɎ ɌɄ ɚɕɠɖɝɔɚɒ ͢͞͡ 

ɈɎɄɏɖɎəɠ ɉɕɣɕɉɈɄ σəɔ ɉɧɖɔς əɟɒ ͡V əɠσɋς. ΆɖɄ ɋ Ʉɒɠɐɚσɋ ɌɄ ɉɣɒɄɎ 

5V/255=0.01960V. Ȧɕɣσɋς σɋɑɄɒəɎɏɦ ɏɔɑɑɠəɎ σɉ ɡɒɄɒ ADC ɉɣɒɄɎ ɔ ɝɖɦɒɔς 

ɈɉɎɇɑɄəɔɐɋɞɣɄς. Ȱ ɝɖɦɒɔς ɈɉɎɇɑɄəɔɐɋɞɣɄς σəɔɒ PIC16F877 ɉɣɒɄɎ əɔ ɠɌɖɔɎσɑɄ əɔɚ 

ɝɖɦɒɔɚ Ʉɕɦɏəɋσɋς ɏɄɎ əɔɚ ɝɖɦɒɔɚ ɑɉəɄəɖɔɕɢς (Acquisition Time + A/D  

Conversion Time). Ȱ ɝɖɦɒɔς Ʉɕɦɏəɋσɋς ȋTACQ) ɈɣɒɉəɄɎ σəɔ ɛɧɐɐɔ ɈɉɈɔɑɡɒɟɒ əɔɚ 

PIC ɏɄɎ ɉɣɒɄɎ ͥ͝,ͣ͞ɑs. ȳəɔ ɛɧɐɐɔ ɈɉɈɔɑɡɒɟɒ ɚɕɠɖɝɉɎ ɋ σɋɑɉɣɟσɋ ɕɟς ɔ ɝɖɦɒɔς 

ɑɉəɄəɖɔɕɢς ȋTAD) ɕɖɡɕɉɎ ɒɄ ɉɣɒɄɎ əɔɚɐɠɝɎσəɔɒ ͝͞TAD ɇɎɄ ɒɄ ɇɣɒɉɎ ɑɎɄ ɕɐɢɖɋ 

ɑɉəɄəɖɔɕɢ. ȤɎɄ əɔɒ ɚɕɔɐɔɇɎσɑɦ əɔɚ TAD σəɔ ɛɧɐɐɔ ɈɉɈɔɑɡɒɟɒ ɑɄς ɈɣɒɉəɄɎ ɡɒɄς 

ɕɣɒɄɏɄς σəɔɒ ɔɕɔɣɔ, σɧɑɛɟɒɄ ɑɉ əɔ ɏɖɧσəɄɐɐɔ ɕɔɚ ɡɝɔɚɑɉ ȋσəɋɒ ɕɄɖɔɧσɄ 

ɉɖɇɄσɣɄ ͜͞MȨz), ɉɕɎɐɡɇɔɚɑɉ əɔ Ʉɒɠɐɔɇɔ TAD ȋσɧɑɛɟɒɄ ɑɉ əɔɒ ɕɣɒɄɏɄ TAD = 

32TOSC ɇɎɄ ͜͞MHz ɏɖɧσəɄɐɐɔ) ɑɉ σəɦɝɔ ɡɒɄ ɉɐɠɝɎσəɔ ɝɖɦɒɔ TAD = ͝,͢ɑs. Ȱ TOSC 

ɉɣɒɄɎ ɉɧɏɔɐɄ ɚɕɔɐɔɇɣσɎɑɔς ɡɝɔɒəɄς ɚɕɦɞɋ ɕɟς ɔ TOSC= 1/FOSC = 1/20MHz = 

0.05ɑs. Ȣɚəɦ ɑɄς ɈɣɒɉɎ Ʉɚəɔɑɠəɟς əɔɒ TAD = 32TOSC = 32*͜.͜͡ɑs = 1.6ɑs ɕɔɚ ɉɣɒɄɎ 

ɏɄɎ ɔ ɉɕɎɌɚɑɋəɦς ɉɐɠɝɎσəɔς TAD ɝɖɦɒɔς. ȫɠɒɔɒəɄς ɏɄɎ əɔɒ ɕɔɐɐɄɕɐɄσɎɄσɑɦ 

ɡɝɔɚɑɉ ɡɒɄ σɚɒɔɐɎɏɦ ɝɖɦɒɔ ɑɉəɄəɖɔɕɢς ͝͞TAD = ͝͞*͝,͢ɑs = 19.2ɑs. 

ȰɐɔɏɐɋɖώɒɔɒəɄς ɚɕɔɐɔɇɣɊɔɚɑɉ əɔɒ σɚɒɔɐɎɏɦ ɝɖɦɒɔ ɈɉɎɇɑɄəɔɐɋɞɣɄς TACQ + 12TAD 

= 19.72ɑs + 19.2ɑs = 38.92ɑs ≈ 39ɑs.  

ȤɎɄ əɔɒ ɕɖɔɇɖɄɑɑɄəɎσɑɦ ɏɄɎ əɔɒ ɡɐɉɇɝɔ əɔɚ ADC, ɕɔɚ ɑɄς ɕɄɖɡɝɉɎ ɔ 

PIC16F877, ɚɕɠɖɝɔɚɒ ͠ ɏɄəɄɝɟɖɋəɡς.  ȰɎ 2 Ʉɕɦ əɔɚς ͠ ɉɣɒɄɎ ɏɄəɄɝɟɖɋəɡς 

ɉɐɡɇɝɔɚ. Ȱ ADCON0 ɏɄɎ ɔ ADCON1 ɉɣɒɄɎ ɔɎ ɏɄəɄɝɟɖɋəɡς ɑɉ əɔɚς ɔɕɔɣɔɚς 

ɖɚɌɑɣɊɔɚɑɉ əɔɒ ɝɖɦɒɔ ɑɉəɄəɖɔɕɢς ɕɔɚ ɄɒɄɐɧσɄɑɉ ɕɎɔ ɕɠɒɟ, əɋɒ ɉɕɎɐɔɇɢ əɟɒ 

ɄɒɄɐɔɇɎɏώɒ ɏɄɒɄɐɎώɒ, əɋɒ ɖɧɌɑɎσɋ əɟɒ bit əɟɒ ɏɄəɄɝɟɖɋəώɒ ɏɄɌώς ɏɄɎ əɔɒ 

ɡɐɉɇɝɔ əɋς ɑɉəɄəɖɔɕɢς ɏɄɎ ɉɒɉɖɇɔɕɔɣɋσɋς əɔɚ ɑɉəɄəɖɔɕɡɄ. ΈɕɉɎəɄ ɚɕɠɖɝɔɚɒ ɔɎ 

ɠɐɐɔɎ ͞ ɏɄəɄɝɟɖɋəɡς ɔ ADRESH ɏɄɎ ɔ ADRESL ɦɕɔɚ ɄɕɔɌɋɏɉɧɉəɄɎ əɔ 
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ɄɕɔəɡɐɉσɑɄ əɋς ɑɉəɄəɖɔɕɢς. ȦɕɉɎɈɢ ɔ ADC ɕɔɚ σɝɉɈɎɠσɌɋɏɉ ɇɎɄ əɔɒ σɏɔɕɦ əɋς 

ɉɖɇɄσɣɄς Ʉɚəɢς ɉɣɒɄɎ ͤ-bit, ɇɣɒɉəɄɎ ɝɖɢσɋ ɑɦɒɔ əɔɚ ADRESL. Ȩ Ʉɖɝɢ ɏɄɎ əɔ əɡɐɔς 

əɋς ɑɉəɄəɖɔɕɢς ɉɐɡɇɝɉəɄɎ ɏɄɎ ɈɎɄɝɉɎɖɣɊɉəɄɎ Ʉɕɦ əɔ ͟ɔ bit əɔɚ ADCON0 

GO/ DONE  . ΌəɄɒ ɋ əɎɑɢ əɔɚ əɣɌɉəɄɎ ɣσɋ ɑɉ əɔ ɐɔɇɎɏɦ ɡɒɄ ȋGO = 1) 

ɉɒɉɖɇɔɕɔɎɉɣəɄɎ ɋ ɑɉəɄəɖɔɕɢ, ɡɕɉɎəɄ ɑɉ əɋɒ ɔɐɔɏɐɢɖɟσɢ əɋς ɇɣɒɉəɄɎ ɄɚəɦɑɄəɄ ɋ 

Ʉɕɉɒɉɖɇɔɕɔɣɋσɋ Ʉɕɦ əɔ ɚɐɎσɑɎɏɦ ȋGO = 0). ȦɐɡɇɝɔɒəɄς σɚɒɉɝώς əɔ bit Ʉɚəɦ 

ɉɐɡɇɝɉəɄɎ ɑɉ ɉɚɏɔɐɣɄ ɏɄɎ ɋ ɏɄəɠσəɄσɋ əɋς ɑɉəɄəɖɔɕɢς.  

ȢɖɝɎɏɠ ɄɒɄɐɧɉəɄɎ ɋ ɚɕɔɖɔɚəɣɒɄ ɖɧɌɑɎσɋς əɔɚ ADC, ɋ setup_adc();. 

/** 
 * Sets up the ADC 
 */ 
void setup_adc() {  
     
    TRISA0 = 1;          // PORTA0 Input 
    ADCON0 = 0b10000001; // Fosc/32 ADC On 
    ADCON1 = 0b10001110; // Port A0 Analog Input Right justified 
} 

 

ȳɉ Ʉɚəɢ əɋɒ ɚɕɔɖɔɚəɣɒɄ ɇɣɒɉəɄɎ ɋ ɖɧɌɑɎσɋ ɦɐɟɒ əɟɒ ɕɄɖɄɑɡəɖɟɒ ɇɎɄ əɋɒ 

σɟσəɢ ɐɉɎəɔɚɖɇɣɄ əɔɚ A/D ɑɉəɄəɖɔɕɡɄ. ȢɖɝɎɏɠ ɈɋɐώɒɉəɄɎ ɦəɎ əɔ 1ɔ pin əɋς 

PORTA ɌɄ ɉɣɒɄɎ ɉɣσɔɈɔς ɏɄɎ σɚɇɏɉɏɖɎɑɡɒɄ ɉɣɒɄɎ ɋ ɉɣσɔɈɔς ɇɎɄ əɔ ɑɎɏɖɦɛɟɒɔ. 

ȰəɎɈɢɕɔəɉ ɌɄ ɏɄəɄɇɖɠɛɉɎ əɔ ɑɎɏɖɦɛɟɒɔ ɌɄ ɉɎσɠɇɉəɄɎ σəɔɒ ɑɎɏɖɔɉɐɉɇɏəɢ ɑɡσɟ 

əɔɚ pin Ʉɚəɔɧ. ΈɕɉɎəɄ ɑɉ əɔɒ ADCON0 ɏɄɎ əɔɒ ADCON1 ɕɖɄɇɑɄəɔɕɔɎɉɣəɄɎ ɋ 

ɖɧɌɑɎσɋ əɔɚ A/D ɑɉəɄəɖɔɕɡɄ. Όɕɟς  ɕɉɖɎɇɖɠɛɋɏɉ, ɉɕɎɐɡɇɉəɄɎ ɟς ɝɖɦɒɔς 

ɑɉəɄəɖɔɕɢς əɔ Fosc/32. Ȩ ɉɕɎɐɔɇɢ Ʉɚəɢ ɇɣɒɉəɄɎ ɑɉ əɔɒ σɚɒɈɚɄσɑɦ əɔɚ ADCON0 

ɏɄɎ ADCON1. ΈɕɉɎəɄ σəɔɒ ADCON0 ɉɕɎɐɡɇɉəɄɎ əɔ ɕɖώəɔ ɄɒɄɐɔɇɎɏɦ ɏɄɒɠɐɎ Ʉɕɦ 

əɄ ɔɏəώ ɏɄɒɠɐɎɄ ɕɔɚ ɕɄɖɡɝɉɎ ɔ ɑɎɏɖɔɉɐɉɇɏəɢς ɏɄɎ əɄɚəɦɝɖɔɒɄ ɉɒɉɖɇɔɕɔɎɉɣəɄɎ əɔ 

A/D module. ȳəɔɒ ADCON1 ɉɕɎɐɡɇɉəɄɎ əɋɒ ɖɧɌɑɎσɋ right justified ɈɋɐɄɈɢ ɦəɎ əɄ 

6 MSB (Most Significant Bits) əɔɚ ADRESH ɌɄ ɈɎɄɅɄσəɔɧɒ ɟς ɑɋɈɡɒ. Ȣɚəɢ ɋ 

ɉɕɎɐɔɇɢ ɇɣɒɉəɄɎ ɉɕɉɎɈɢ ɝɖɋσɎɑɔɕɔɎɉɣəɄɎ ɄɕɔɏɐɉɎσəɎɏɠ ɔ ADRESL ɦɕɔɚ 

ɄɕɔɌɋɏɉɧɉəɄɎ əɔ ɄɕɔəɡɐɉσɑɄ əɋς ɑɉəɄəɖɔɕɢς. ȴɡɐɔς ɔɖɣɊɉəɄɎ ɕɦσɉς ɄɒɄɐɔɇɎɏɡς 

ɉɎσɦɈɔɚς ɌɄ ɡɝɉɎ ɔ ɑɉəɄəɖɔɕɡɄς ɏɄɎ əɄɚəɦɝɖɔɒɄ ɇɣɒɉəɄɎ ɋ ɉɕɎɐɔɇɢ əɋς əɠσɋς 

ɄɒɄɛɔɖɠς. ΆɖɄ əɣɌɉəɄɎ ɟς ɄɒɄɐɔɇɎɏɢ ɉɣσɔɈɔς ɋ AN0 ɏɄɎ əɠσɋ ɄɒɄɛɔɖɠς 

Vref+=VDD ɏɄɎ Vref-=VSS. ȭɉ Ʉɚəɡς əɎς ɖɚɌɑɣσɉɎς ɔɐɔɏɐɋɖώɒɉəɄɎ ɋ 

ɄɖɝɎɏɔɕɔɣɋσɋ əɔɚ A/D ɑɉəɄəɖɔɕɡɄ.  
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Ȩ σɚɒɠɖəɋσɋ ɑɉ ɔɒɔɑɄσɣɄ read_from_adc(); ɉɒɉɖɇɔɕɔɎɉɣ əɋɒ ɈɎɄɈɎɏɄσɣɄ 

ɑɉəɄəɖɔɕɢς. 

/** 
 * Reads from ADC  
 */ 
unsigned char read_from_adc() { 
    GO = 1;         // When GO=1 starts A/D conversion   
    while(GO);      // Wait until conversion is complete (bit cleared 
by hardware when conversion complete) 
     
    return ADRESL;  // Return converted data 
} 

 

ȳəɔɒ PIC16Fͤͣͣ ɋ A/D ɑɉəɄəɖɔɕɢ ɉɕɎəɚɇɝɠɒɉəɄɎ ɦɕɟς ɄɒɄɐɧɌɋɏɉ ɑɉ əɋɒ 

ɉɒɉɖɇɔɕɔɣɋσɋ əɔɚ GO/ DONE  bit. ΆɖɄ σəɋɒ ɕɖώəɋ ɇɖɄɑɑɢ ɏώɈɎɏɄ ɇɣɒɉəɄɎ 

ɉɒɉɖɇɔɕɔɣɋσɋ əɋς A/D ɑɉəɄəɖɔɕɢς ɏɄɎ ɑɉəɠ ɝɖɋσɎɑɔɕɔɎɉɣəɄɎ ɑɎɄ while ɑɡɝɖɎ ɒɄ 

ɔɐɔɏɐɋɖɟɌɉɣ ɋ ɈɎɄɈɎɏɄσɣɄ Ʉɚəɢ. ȭɉ əɋɒ ɔɐɔɏɐɢɖɟσɋ əɋς ɑɉəɄəɖɔɕɢς ɇɣɒɉəɄɎ 

ɉɕɎσəɖɔɛɢ əɔɚ ɄɕɔəɉɐɡσɑɄəɦς əɋς, ɕɔɚ ɅɖɣσɏɉəɄɎ σəɔɒ ɏɄəɄɝɟɖɋəɢ ADRESL, 

σəɋɒ ɏɄɐɔɧσɄ σɚɒɠɖəɋσɋ. ΈəσɎ ɉɕɎəɚɇɝɠɒɉəɄɎ ɋ σɚɐɐɔɇɢ əɋς ɏɠɌɉ ɑɉəɄəɖɔɕɢς.  

3.2 – LCD (Liquid Crystal Display – Οθόʆη ʐɶʌώʆ 

ʃʌʐσʏάʄʄʘʆ) 

ȤɎɄ ɒɄ ɚɕɠɖɝɉɎ ɑɣɄ ɔɕəɎɏɢ ɉɕɎɏɔɎɒɟɒɣɄ ɑɉ əɔɒ ɑɎɏɖɔɉɐɉɇɏəɢ, ɕɖɔσəɡɌɋɏɉ σəɔ 

ɏɧɏɐɟɑɄ ɑɎɄ ɔɌɦɒɋ LCD. Ȩ ɐɉɎəɔɚɖɇɣɄ əɋς ɉɣɒɄɎ ɄɕɔɏɐɉɎσəɎɏɠ ɇɎɄ əɋɒ 

ɉɕɎɏɔɎɒɟɒɣɄ əɔɚ ɑɎɏɖɔɉɐɉɇɏəɢ ɕɖɔς əɔɒ ɝɖɢσəɋ. ȳɉ Ʉɚəɦ əɔ ɚɕɔɏɉɛɠɐɄɎɔ ɌɄ 

ɄɒɄɐɚɌɔɧɒ ɔɎ ɉɒəɔɐɡς ɏɄɎ ɔɎ σɚɒɄɖəɢσɉɎς ɕɔɚ ɝɖɋσɎɑɔɕɔɎɢɌɋɏɄɒ ɇɎɄ əɔɒ ɡɐɉɇɝɔ 

əɋς LCD ɔɌɦɒɋς. ȳəɔɒ ɕɣɒɄɏɄ ͢ ɌɄ ɈɔɌɔɧɒ ɔɎ ɅɄσɎɏɦəɉɖɉς ɉɒəɔɐɡς ɕɔɚ 

ɝɖɋσɎɑɔɕɔɎɢɌɋɏɄɒ σɉ Ʉɚəɢɒ əɋɒ ɉɖɇɄσɣɄ ɇɎɄ əɔɒ ɡɐɉɇɝɔ əɋς ɔɌɦɒɋς LCD.  

Commands 

No 

Commands  Hex 

Value 

Decimal 

Value 

1 Function Set: 8-bit, 1 Line, 5x7 Dots 0x30 48 

2 Function Set: 8-bit, 2 Line, 5x7 Dots 0x38 56 

3 Function Set: 4-bit, 1 Line, 5x7 Dots 0x20 32 

4 Function Set: 4-bit, 2 Line, 5x7 Dots 0x28 40 

5 Entry Mode 0x06 6 

6 Display off Cursor off (clearing display 

without clearing DDRAM content) 

0x08 8 

7 Display on Cursor on 0x0E 14 

8 Display on Cursor off 0x0C 12 

9 Display on Cursor blinking 0x0F 15 
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10 Shift entire display left 0x18 24 

11 Shift entire display right 0x1C 30 

12 Move cursor left by one character 0x10 16 

13 Move cursor right by one character 0x14 20 

14 Clear Display (also clear DDRAM content) 0x01 1 

Πίʆαʃας 6 – Πίʆαʃας ɸʆʏοʄώʆ LCD 

ȰɎ ɉɒəɔɐɡς ɕɔɚ ɝɖɋσɎɑɔɕɔɎɔɧɒəɄɎ, ɄɕɔσəɡɐɐɔɒəɄɎ σəɔɒ ɉɐɉɇɏəɢ əɋς ɔɌɦɒɋς 

σɉ ͢͝ɄɈɎɏɢ ɑɔɖɛɢ. ȢɖɝɎɏɠ, ɦɕɟς ɄɒɄɐɧɌɋɏɉ σəɔ Ɉɉɧəɉɖɔ ɏɉɛɠɐɄɎɔ, ɇɣɒɉəɄɎ ɋ 

ɄɖɝɎɏɔɕɔɣɋσɋ əɋς ɔɌɦɒɋς σəɡɐɒɔɒəɄς əɋɒ ɉɒəɔɐɢ ɑɉ ɄɖɎɌɑɦ ͠. ȭɉ əɋɒ ɉɒəɔɐɢ 

Ʉɚəɢ ɖɚɌɑɣɊɉəɄɎ ɋ ɈɎɄɑɦɖɛɟσɋ əɟɒ ͠-bit 2 ɇɖɄɑɑώɒ. Ȧɒ σɚɒɉɝɉɣɄ ɑɉ əɋɒ ɉɒəɔɐɢ ͤ 

ɔɖɣɊɔɚɑɉ ɕɟς Ɉɉɒ ɉɕɎɌɚɑɉɣəɄɎ ɋ ɧɕɄɖɓɋ ɏɡɖσɔɖɄ σəɋɒ ɔɌɦɒɋ ɏɄɎ 

ɕɖɄɇɑɄəɔɕɔɎɉɣəɄɎ ɏɄɌɄɖɎσɑɦς əɋς ɔɌɦɒɋς ɑɉ əɋɒ ɉɒəɔɐɢ ͝͠ ȋɄɕɦ əɚɝɦɒ 

ɕɖɔɋɇɔɧɑɉɒɄ ɈɉɈɔɑɡɒɄ ɕɔɚ ɚɕɠɖɝɔɚɒȌ. ȴɡɐɔς σəɋɒ ɄɖɝɎɏɔɕɔɣɋσɋ σəɡɐɒɉəɄɎ ɋ 

ɉɒəɔɐɢ ɑɉ ɒɔɧɑɉɖɔ ͢. Ȩ ɉɒəɔɐɢ Ʉɚəɢ ɉɣɒɄɎ σɋɑɄɒəɎɏɢ ɉɕɉɎɈɢ ɑɉ Ʉɚəɢɒ ɏɄɌɔɖɣɊɉəɄɎ 

ɑɉ ɕɔɎɄ ɏɄəɉɧɌɚɒσɋ ɌɄ ɉɑɛɄɒɣɊɔɒəɄɎ ɔɎ ɝɄɖɄɏəɢɖɉς σəɋɒ ɔɌɦɒɋ, ɏɄɌώς ɏɄɎ Ʉɒ ɌɄ 

ɚɕɠɖɝɉɎ ɔɐɣσɌɋσɋ əɟɒ ɝɄɖɄɏəɢɖɟɒ σəɋɒ ɔɌɦɒɋ. ȦɕɎɐɡɝɌɋɏɉ ɒɄ ɑɋɒ ɚɕɠɖɝɉɎ 

ɔɐɣσɌɋσɋ əɟɒ ɇɖɄɑɑɠəɟɒ ɏɄɎ ɒɄ ɄɚɓɠɒɉəɄɎ ɔ ɏɡɖσɔɖɄς ɏɄəɠ ɑɣɄ Ɍɡσɋ ɏɠɌɉ ɛɔɖɠ 

ɕɔɚ ɇɣɒɉəɄɎ ɕɖɔσɌɢɏɋ ɉɒɦς ɝɄɖɄɏəɢɖɄ. Ȣɚəɡς ɉɣɒɄɎ ɔɎ ɏɧɖɎɉς ɉɒəɔɐɡς ɕɔɚ 

ɝɖɋσɎɑɔɕɔɎɢɌɋɏɄɒ ɇɎɄ əɋɒ ɄɖɝɎɏɔɕɔɣɋσɋ əɋς ɔɌɦɒɋς. ȤɎɄ əɋɒ ɝɖɢσɋ əɋς LCD 

ɕɖɄɇɑɄəɔɕɔɎɢɌɋɏɄɒ ɕɡɒəɉ σɚɒɄɖəɢσɉɎς. Ȩ setup_lcd(); ɉɣɒɄɎ Ʉɚəɢ ɑɉ əɋɒ ɔɕɔɣɄ 

ɇɣɒɉəɄɎ ɄɖɝɎɏɔɕɔɣɋσɋ əɟɒ ɏɄəɄɝɟɖɋəώɒ ɕɔɚ ɝɖɋσɎɑɔɕɔɎɔɧɒəɄɎ ɏɄɌώς ɏɄɎ əɋ 

ɖɧɌɑɎσɋ əɋς LCD ɑɉ əɋɒ Ʉɕɔσəɔɐɢ əɟɒ ɄɕɄɖɄɣəɋəɟɒ ɉɒəɔɐώɒ (commands) ɇɎɄ 

əɋɒ ɔɖɌɢ ɐɉɎəɔɚɖɇɣɄ əɋς.  

/** 
 * Sets up the LCD 
 */ 
void setup_lcd(){ 
  
   TRISD=0;     // PORTD as output 
   TRISB2=0;    // PORTB2 pin as output 
   TRISB1=0;    // PORTB1 pin as output 
   PORTD=0;     // PORTD zero value 
   __delay_ms(20); 
   lcd_command(LCD_COMMAND_4BITS_2LINES);   // Command instruction set 
4bits 2 lines mode   
   __delay_ms(20); 
   lcd_command(LCD_COMMAND_4BITS_2LINES);    
   __delay_ms(20); 
   lcd_command(LCD_COMMAND_4BITS_2LINES); 
   __delay_ms(20); 
   lcd_command(LCD_COMMAND_CURSOR_OFF);     // Command instruction set 
cursor off  
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   lcd_command(LCD_COMMAND_CLEAR);          // Command instruction 
clear screen 
   lcd_command(LCD_COMMAND_ENTRY_MODE);     // Command instruction set 
entry mode Display Shift off -> 
} 

 

ȳəɎς ɕɖώəɉς ɇɖɄɑɑɡς ɚɕɠɖɝɉɎ ɄɖɝɎɏɔɕɔɣɋσɋ əɟɒ ɏɄəɄɝɟɖɋəώɒ əɔɚ 

ɑɎɏɖɔɉɐɉɇɏəɢ ɕɔɚ ɖɚɌɑɣɊɔɚɒ əɋɒ σɚɑɕɉɖɎɛɔɖɠ əɟɒ ɄɏɖɔɈɉɏəώɒ ɕɔɚ ɌɄ 

σɚɒɈɉɌɔɧɒ ɑɉ əɋɒ LCD. ȰɎ ɄɏɖɔɈɡɏəɉς əɋς PORTD əɔɚ ɑɎɏɖɔɉɐɉɇɏəɢ ɔɖɣɊɔɒəɄɎ 

ɟς ɄɏɖɔɈɡɏəɉς ɉɓɦɈɔɚ ɏɄɎ ɉɣɒɄɎ Ʉɚəɔɣ ɕɔɚ σɚɒɈɡɔɒəɄɎ ɑɉ əɔɚς ɄɏɖɔɈɡɏəɉς 

ɈɉɈɔɑɡɒɟɒ əɋς LCD.  ȹς ɄɏɖɔɈɡɏəɉς ɉɓɦɈɔɚ ɈɋɐώɒɔɒəɄɎ ɉɕɣσɋς ɔɎ Pin 1 ɏɄɎ Pin 2 

əɋς PORTB ɔɎ ɔɕɔɣɔɎ ɌɄ ɉɣɒɄɎ əɔ Enable (EN) ɏɄɎ əɔ Register Select (RS) 

ɄɒəɣσəɔɎɝɄ. ΈɕɉɎəɄ ɄɖɝɎɏɔɕɔɎɉɣəɄɎ ɋ PORTD ɇɎɄ əɋɒ Ʉɕɔɛɚɇɢ ɕɖɔɋɇɔɧɑɉɒɟɒ ɑɋ 

ɉɕɎɌɚɑɋəώɒ əɎɑώɒ. ȳəɎς ɉɕɦɑɉɒɉς ɇɖɄɑɑɡς ɏώɈɎɏɄ ɇɣɒɉəɄɎ ɋ ɄɖɝɎɏɔɕɔɣɋσɋ əɋς 

LCD. ȳəɔɚς ɏɄəɄɝɟɖɋəɡς əɋς LCD ɄɕɔσəɡɐɐɔɒəɄɎ : ɋ ɉɒəɔɐɢ ɇɎɄ əɋɒ ɈɎɄɑɦɖɛɟσɋ 

4-bit ͞ ɇɖɄɑɑώɒ, ɋ ɉɒəɔɐɢ ɇɎɄ əɋɒ Ʉɕɉɒɉɖɇɔɕɔɣɋσɋ əɔɚ ɏɡɖσɔɖɄ, ɋ ɉɒəɔɐɢ ɇɎɄ əɔɒ 

ɏɄɌɄɖɎσɑɦ əɋς ɔɌɦɒɋς ɏɄɎ əɋɒ ɏɄəɉɧɌɚɒσɋ əɟɒ ɝɄɖɄɏəɢɖɟɒ. Ȩ ɄɖɝɎɏɔɕɔɣɋσɋ 

ɇɣɒɉəɄɎ ɑɉ ɏɐɢσɋ əɋς σɚɒɠɖəɋσɋς lcd_command();. ȴɔ ɑɦɒɔ ɕɔɚ ɕɖɡɕɉɎ ɒɄ 

əɔɒɎσɌɉɣ, σəɔ σɋɑɉɣɔ Ʉɚəɦ, ɉɣɒɄɎ ɕɟς ɇɎɄ ɒɄ ɇɣɒɉɎ ɉɕɎəɚɝώς ɋ ɄɖɝɎɏɢ ɈɎɄɑɦɖɛɟσɋ 

(ɔɕɔɎɄɈɢɕɔəɉ əɧɕɔɚ ɏɄɎ Ʉɒ ɉɣɒɄɎ Ʉɚəɢ ɉɣəɉ 4-bit 2 ɇɖɄɑɑώɒ ɉɣəɉ 8-bit 2 ɇɖɄɑɑώɒȌ 

ɕɖɡɕɉɎ ɋ ɉɒəɔɐɢ ɄɖɝɎɏɔɕɔɣɋσɋς ɒɄ σəɄɐɉɣ ͟ ɛɔɖɡς ɇɎɄəɣ ɈɎɄɛɔɖɉəɎɏɠ ɋ 

ɄɖɝɎɏɔɕɔɣɋσɋ Ɉɉɒ ɉɕɎəɚɇɝɠɒɉəɄɎ.  

Ȩ ɉɕɦɑɉɒɋ σɚɒɠɖəɋσɋ ɉɣɒɄɎ ɋ lcd_strobe();. 

/** 
* Execution of the instructions 
*/  
void lcd_strobe(){  
     
    EN = 1;         // To execute instructions set EN=1... 
    __delay_us(1);  // ... wait for execution... 
    EN = 0;         // ... and set EN=0 
} 

 

 ȭɉ əɋɒ σɚɒɠɖəɋσɋ Ʉɚəɢ ɉɕɎəɚɇɝɠɒɉəɄɎ ɋ Ʉɕɔσəɔɐɢ ɦɐɟɒ əɟɒ ɉɒəɔɐώɒ ɏɄɎ 

ɈɉɈɔɑɡɒɟɒ σəɋɒ ɔɌɦɒɋ ɏɠɒɔɒəɄς ɝɖɢσɋ əɔɚ bit ȦȮ ɦɕɟς ɄɒɄɐɧɌɋɏɉ σəɔ Ɉɉɧəɉɖɔ 

ɏɉɛɠɐɄɎɔ.   
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Ȩ əɖɣəɋ σɚɒɠɖəɋσɋ ɋ ɔɕɔɣɄ ɌɄ ɄɒɄɐɚɌɉɣ ɉɣɒɄɎ ɋ lcd_command (unsigned 

charȌ; . ȭɉ əɋɒ σɚɒɠɖəɋσɋ Ʉɚəɢ ɇɣɒɉəɄɎ ɋ Ʉɕɔσəɔɐɢ əɟɒ ɉɒəɔɐώɒ σəɋɒ ɔɌɦɒɋ. 

/** 
 * Sends the command to the Lcd 
 *  
 * @param {unsigned char} command    The command passed to the lcd 
 */ 
void lcd_command(unsigned char command){ 
     
    RS = 0;                     // When RS = 0 sends command  
    __delay_us(1); 
    PORTD = (command >> 4);     // First 4 bits to PORTD 
    lcd_strobe(); 
    PORTD = command;            // Last 4 bits to PORTD 
    lcd_strobe(); 
} 

 

ȢɖɝɎɏɠ ɕɄɖɄəɋɖɔɧɑɉ ɦəɎ ɋ σɚɒɠɖəɋσɋ Ʉɚəɢ ɡɝɉɎ ɕɄɖɠɑɉəɖɔ. Ȩ ɕɄɖɠɑɉəɖɔς 

əɋς σɚɒɠɖəɋσɋς ɉɣɒɄɎ ɋ ɉɒəɔɐɢ ɢ ɔ ͢͝ɄɈɎɏɢς ɑɔɖɛɢς ɄɖɎɌɑɦς ɕɔɚ ɄɒəɎσəɔɎɝɉɣ σəɋɒ 

ɉɒəɔɐɢ, ɑɉ σəɦɝɔ əɋɒ Ʉɕɔσəɔɐɢ əɋς σəɋɒ LCD. ȳəɋɒ ɕɖώəɋ ɇɖɄɑɑɢ ɔɖɣɊɉəɄɎ əɔ 

RS=0 ɇɎɄ ɒɄ ɈɋɐɟɌɉɣ ɦəɎ σəɡɐɒɔɒəɄɎ ɉɒəɔɐɡς ȋcommands). ΈɕɉɎəɄ ɉɓɠɇɔɒəɄɎ σəɋɒ 

PORTD əɄ ͠ MSB ɞɋɛɣɄ ɏɄɎ ɑɉ əɋɒ lcd_strobe(); σəɡɐɒɔɒəɄɎ σəɋɒ LCD. ȴɔ ɣɈɎɔ 

ɚɐɔɕɔɎɉɣəɄɎ ɏɄɎ ɑɉ əɄ ͠ LSB ɞɋɛɣɄ ɏɄɎ ɕɠɐɎ ɑɉ əɋɒ lcd_strobe(); ɄɕɔσəɡɐɐɔɒəɄɎ. 

ȭɉ əɋɒ ɈɎɄɈɎɏɄσɣɄ Ʉɚəɢ ɔɐɔɏɐɋɖώɒɉəɄɎ ɋ Ʉɕɔσəɔɐɢ əɟɒ ɉɒəɔɐώɒ σəɋɒ LCD. H 

Ʉɕɔσəɔɐɢ əɟɒ ɈɉɈɔɑɡɒɟɒ σəɋɒ ɔɌɦɒɋ ɇɣɒɉəɄɎ ɑɉ əɋɒ σɚɒɠɖəɋσɋ 

lcd_data(unsigned char);.  

/** 
 * Sends the data to the Lcd 
 *  
 * @param {unsigned char} data    The data passed to the lcd 
 */ 
void lcd_data(unsigned char data){ 
     
    RS = 1;              // When RS = 1 sends data  
    __delay_ms(80); 
    PORTD = (data >> 4); // First 4 bits to PORTD 
    lcd_strobe(); 
    PORTD = data;        // Last 4 bits to PORTD  
    lcd_strobe();    
} 

 

Ȩ σɚɒɠɖəɋσɋ Ʉɚəɢ ɐɉɎəɔɚɖɇɉɣ ɄɏɖɎɅώς ɑɉ əɋɒ ɣɈɎɄ ɐɔɇɎɏɢ əɋς 

lcd_command(unsigned char);. ȰɎ ɑɦɒɉς ɈɎɄɛɔɖɡς ɉɣɒɄɎ ɦəɎ σəɋɒ ɕɄɖɠɑɉəɖɔ 

σəɡɐɒɔɚɑɉ əɄ ɈɉɈɔɑɡɒɄ ɕɖɔς ɉɏəɧɕɟσɋ ɏɄɎ ɦəɎ əɔ RS əɣɌɉəɄɎ ɣσɔ ɑɉ əɔ ɐɔɇɎɏɦ ɡɒɄ 
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(RS=1) ɇɎɄ ɒɄ ɄɒɄɇɒɟɖɎσɌɔɧɒ Ʉɕɦ əɋɒ LCD ɟς ɈɉɈɔɑɡɒɄ ɕɖɔς ɉɏəɧɕɟσɋ. ȴɔ 

ɚɕɦɐɔɎɕɔ ɏɔɑɑɠəɎ əɋς σɚɒɠɖəɋσɋς ɉɣɒɄɎ ɄɏɖɎɅώς əɔ ɣɈɎɔ. Ȩ əɉɐɉɚəɄɣɄ σɚɒɠɖəɋσɋ 

ɕɔɚ ɝɖɋσɎɑɔɕɔɎɉɣəɄɎ ɇɎɄ əɋɒ ɈɎɄɝɉɣɖɎσɋ əɋς LCD ɉɣɒɄɎ ɋ print_to_lcd(const 

char*);. 

/** 
 * Prints a string to the LCD  
 *  
 * @param {const char *} string    String to be printed 
 */ 
void print_to_lcd(const char *string) {      
     
    lcd_command(LCD_COMMAND_CLEAR);  // Clear LCD  
 
    while (*string) {                // Sends the string to the LCD 
character by character 
        lcd_data(*string++);         // It makes the string point to 
the next memory address 
    } 
} 

 

ȳəɋɒ σɚɒɠɖəɋσɋ Ʉɚəɢ ɟς ɕɄɖɠɑɉəɖɔ ɡɝɔɚɑɉ əɋɒ ɈɎɉɧɌɚɒσɋ əɔɚ ɕɖώəɔɚ 

ɝɄɖɄɏəɢɖɄ σəɋɒ σəɔɎɝɉɎɔσɉɎɖɠ ȋstring) ɝɄɖɄɏəɢɖɟɒ ɕɔɚ ɌɄ ɉɏəɚɕɟɌɉɣ σəɋɒ 

ɔɌɦɒɋ. ΈəσɎ ɋ σɚɒɠɖəɋσɋ ɓɡɖɉɎ σɉ ɕɔɎɔ σɋɑɉɣɔ ɌɄ ɅɖɉɎ əɔɒ ɕɖώəɔ ɝɄɖɄɏəɢɖɄ ɕɔɚ 

ɌɄ ɉɏəɚɕώσɉɎ σəɋɒ ɔɌɦɒɋ. ȳəɋɒ ɕɖώəɋ ɇɖɄɑɑɢ ɕɖɄɇɑɄəɔɕɔɎɉɣəɄɎ ɔ ɏɄɌɄɖɎσɑɦς 

əɋς ɔɌɦɒɋς. Ȧɒ σɚɒɉɝɉɣɄ ɓɉɏɎɒɠɉɎ ɑɎɄ while ɑɉ əɋɒ ɔɕɔɣɄ ɚɐɔɕɔɎɉɣəɄɎ ɋ ɉɏəɧɕɟσɋ 

əɋς σəɔɎɝɉɎɔσɉɎɖɠς ɕɔɚ σəɡɐɒɉəɄɎ. ȳəɋɒ σɚɒɌɢɏɋ əɋς while ɄɒɄɛɡɖɉəɄɎ ɦəɎ ɦσɔ 

ɚɕɠɖɝɉɎ əɎɑɢ ɕɔɚ ɄɒəɎσəɔɎɝɉɣ σəɔɒ ɕɣɒɄɏɄ ASCII əɔ statement əɋς while ɉɣɒɄɎ true. 

ȥɋɐɄɈɢ ɦσɔ ɚɕɠɖɝɉɎ ɝɄɖɄɏəɢɖɄς ɕɔɚ ɄɒəɎσəɔɎɝɉɣ σəɔɒ ASCII ɕɣɒɄɏɄ əɔ 

ɄɕɔəɡɐɉσɑɄ əɋς while ɉɣɒɄɎ true ɏɄɎ ɕɠɒəɔəɉ ɉɏəɉɐɉɣəɄɎ. ȭɉ əɋɒ ɉɏəɡɐɉσɋ əɋς 

while ɇɣɒɉəɄɎ ɋ ɉɏəɧɕɟσɋ əɋς əɎɑɢς σəɋɒ ɔɕɔɣɄ ɈɉɣɝɒɉɎ ɔ Ɉɉɣɏəɋς σəɋɒ əɖɡɝɔɚσɄ 

ɉɕɄɒɠɐɋɞɋ ɏɄɎ ɑɉ əɋɒ ɔɐɔɏɐɢɖɟσɋ əɋς ɉɏəɧɕɟσɋς, ɝɖɋσɎɑɔɕɔɎώɒəɄς əɔɒ 

əɉɐɉσəɢ ++, ɋ ɑɉəɄɅɐɋəɢ string ɈɉɣɝɒɉɎ σəɋɒ ɉɕɦɑɉɒɋ ɈɎɉɧɌɚɒσɋ ɑɒɢɑɋς ɡəσɎ 

ώσəɉ, ɦəɄɒ ɌɄ ɓɄɒɄɑɕɉɣ σəɋɒ while, ɌɄ ɉɏəɚɕɟɌɉɣ ɔ ɉɕɦɑɉɒɔς ɝɄɖɄɏəɢɖɄς. ΌəɄɒ 

ɡɖɌɉɎ ɔ ɝɄɖɄɏəɢɖɄς Ǯ\͜ǯ ɕɔɚ ɄɒəɎσəɔɎɝɉɣ σəɔ əɡɐɔς əɋς σəɔɎɝɉɎɔσɉɎɖɠς əɦəɉ əɔ 

statement ɉɣɒɄɎ false ɏɄɎ σəɄɑɄəɠɉɎ ɋ ɉɏəɡɐɉσɋ  əɋς while. Ȣɚəɦ ɕɖɔɏɧɕəɉɎ ɇɎɄəɣ 

σəɋɒ ɇɐώσσɄ ɕɖɔɇɖɄɑɑɄəɎσɑɔɧ C ɔ ɝɄɖɄɏəɢɖɄς əɡɐɔɚς Ǯ\͜ǯ ɉɣɒɄɎ false. ΈəσɎ 

ɉɕɎəɚɇɝɠɒɔɚɑɉ əɋɒ ɉɏəɧɕɟσɋ əɋς σəɔɎɝɉɎɔσɉɎɖɠς σəɋɒ LCD. ȭɉ əɎς σɚɒɄɖəɢσɉɎς 

Ʉɚəɡς ɏɄɎ əɎς ɏɄəɠɐɐɋɐɉς σɚɒɈɉσɑɔɐɔɇɣɉς ɇɣɒɉəɄɎ ɉɛɎɏəɢ ɋ ɝɖɢσɋ əɋς LCD 

ɔɌɦɒɋς σəɋɒ ɉɖɇɄσɣɄ Ʉɚəɢ.  
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3.3 – SPI (Serial Peripheral Interface)  

Ȩ ɉɕɎɏɔɎɒɟɒɣɄ ɑɉ əɋɒ ɏɠɖəɄ SD ɇɎɄ əɋɒ ɚɐɔɕɔɣɋσɋ əɋς ɉɇɇɖɄɛɢς ɏɄɎ 

Ʉɒɠɇɒɟσɋς əɟɒ ɈɉɈɔɑɡɒɟɒ ɉɕɎəɚɇɝɠɒɉəɄɎ ɏɠɒɔɒəɄς ɝɖɢσɋ əɔɚ ɕɖɟəɔɏɦɐɐɔɚ SPI. 

Όɕɟς ɕɉɖɎɇɖɠɛɋɏɉ σəɔ ͞ɔ ɏɉɛɠɐɄɎɔ ɋ ɉɕɎɏɔɎɒɟɒɣɄ ɚɐɔɕɔɎɉɣəɄɎ ɑɉ ɝɖɢσɋ 

əɉσσɠɖɟɒ ɈɎɄɧɐɟɒ. ȰɎ ͞ ɉɣɒɄɎ ɔɎ ɈɣɄɚɐɔɎ ɈɉɈɔɑɡɒɟɒ ɡɒɄς Ʉɕɦ əɔɒ ɑɎɏɖɔɉɐɉɇɏəɢ 

ɕɖɔς əɋɒ ɏɠɖəɄ ɏɄɎ ɡɒɄς Ʉɕɦ əɋɒ ɏɠɖəɄ ɕɖɔς əɔɒ ɑɎɏɖɔɉɐɉɇɏəɢ (MOSI ɏɄɎ MISO 

ɄɒəɣσəɔɎɝɄȌ. Ȱ ɡɒɄς Ʉɕɦ əɔɚς ɠɐɐɔɚς Ɉɧɔ ɉɣɒɄɎ ɔ ɈɣɄɚɐɔς ɝɖɔɒɎσɑɔɧ (SCLK) ɏɄɎ ɔ 

əɉɐɉɚəɄɣɔς Ʉɛɔɖɠ ɕɔɎɠ slave (SS) σɚσɏɉɚɢ ɉɣɒɄɎ ɉɕɎɐɉɇɑɡɒɋ ɏɠɌɉ ɛɔɖɠ. ȤɎɄ əɔɒ 

ɉɕɎəɚɝɢ ɡɐɉɇɝɔ əɔɚ SPI ɚɐɔɕɔɎɢɌɋɏɄɒ əɖɉɣς σɚɒɄɖəɢσɉɎς. Ȩ ɕɖώəɋ ɕɔɚ ɌɄ 

ɄɒɄɐɚɌɉɣ ɉɣɒɄɎ ɋ setup_spi();.  

/** 
 * Sets up the SPI 
 */ 
void setup_spi(){ 
     
    TRISC4 = 1;                     // PORTC4 4bit input 
    CS     = 1;                     // Chip Select is high 
    RC3    = 0;                     // Clock is low 
    RC5    = 0;                     // Data out low 
    TRISC2 = TRISC3 = TRISC5 = 0;   // PORTC 2,3,5 bit output 
    SSPCON = 0b00100010;            // SPI Master Mode Fosc/64, Clock 
Polarity idle state=low level 
    SSPEN  = 1;                     // Configuration of SCK,SDO,SDI, 
!SS as serial port pins  
    SMP    = 1;                     // SSPSTAT 7bit input data sampled 
at end of data output time 
    CKE    = 1;                     // SSPSTAT 6bit transmit from 
transition high -> low 
    CKP    = 0;                     // Idle state for clock is a low 
level 
     
} 

 

Ȩ σɚɒɠɖəɋσɋ Ʉɚəɢ ɦɕɟς ɦɐɉς əɎς setup σɚɒɄɖəɢσɉɎς ɄɖɝɎɏɔɕɔɎɉɣ ɏɄɎ ɖɚɌɑɣɊɉɎ 

əɔɚς ɏɄəɄɝɟɖɋəɡς ɇɎɄ əɋɒ σɟσəɢ ɐɉɎəɔɚɖɇɣɄ əɔɚ SPI. ȢɖɝɎɏɠ əɣɌɉəɄɎ ɦəɎ əɔ 

PORTC4 ɉɣɒɄɎ bit ɉɎσɦɈɔɚ ɈɋɐɄɈɢ ɌɄ ɈɡɝɉəɄɎ ɈɉɈɔɑɡɒɄ ɏɄɎ ɄɒəɎσəɔɎɝɉɣ ɑɉ əɋɒ 

MISO ɇɖɄɑɑɢ əɔɚ SPI. ΈɕɉɎəɄ ɔɖɣɊɉəɄɎ ɦəɎ əɄ PORTC2,3,5 ɌɄ ɉɣɒɄɎ bit ɉɓɦɈɔɚ ɏɄɎ 

ɄɒəɎσəɔɎɝɔɧɒ ɑɉ əɋɒ SS ɇɖɄɑɑɢ, əɋɒ SCLK ɏɄɎ əɋɒ MOSI ɇɖɄɑɑɢ. ȢɖɝɎɏɔɕɔɎɔɧɒəɄɎ 

ɔɎ ɏɄəɄɝɟɖɋəɡς ɉɓɦɈɔɚ ɑɉ low state ɇɎɄ əɋɒ SCLK ɏɄɎ MOSI ɇɖɄɑɑɢ ɉɒώ əɔ SS=1 

ɇɎɄ ɒɄ ɇɣɒɉɎ ɉɕɎɐɔɇɢ əɋς ɑɔɒɄɈɎɏɢς slave σɚσɏɉɚɢς ɕɔɚ ɈɎɄɌɡəɔɚɑɉ. ȭɉ əɋɒ 

ɄɖɝɎɏɔɕɔɣɋσɋ əɔɚ SSPCON=0b00100010 ɉɕɎɐɡɇɉəɄɎ ɋ ɐɉɎəɔɚɖɇɣɄ Master ɈɋɐɄɈɢ 

ɦəɎ ɔ ɝɖɔɒɎσɑɦς ɉɐɡɇɝɉəɄɎ Ʉɕɦ əɔɒ ɑɎɏɖɔɉɐɉɇɏəɢ ɏɄɎ ɋ ɑɉəɄɛɔɖɠ ɑɕɔɖɉɣ ɒɄ ɇɣɒɉɎ 



49 

 

ɔɕɔɎɄɈɢɕɔəɉ σəɎɇɑɢ ɄɕɄɎəɋɌɉɣ Ʉɕɦ Ʉɚəɦɒ. ȦɕɎɕɐɡɔɒ ɔɖɣɊɔɚɑɉ Fosc/64 ɕɔɚ ɉɣɒɄɎ ɋ 

σɚɝɒɦəɋəɄ SPI ɕɔɚ ɝɖɋσɎɑɔɕɔɎɔɧɑɉ ɇɎɄ əɋɒ ɄɖɝɎɏɔɕɔɣɋσɋ əɋς ɏɠɖəɄς SD. ȤɎɄ əɔɒ 

ɕɖɔɇɖɄɑɑɄəɎσɑɦ əɔɚ SPI ɕɖɡɕɉɎ ɒɄ ɇɣɒɉɎ ɉɕɎɐɔɇɢ əɋς SPI ɐɉɎəɔɚɖɇɣɄ ɑɉəɄɛɔɖɠς 

(SPI transfer modeȌ. Ȩ ɉɕɎɐɔɇɢ əɋς σɝɉəɣɊɉəɄɎ ɑɉ əɔ ɝɖɔɒɎɏɦ ɈɎɠσəɋɑɄ əɋς 

ɑɉəɠɈɔσɋς ɢ əɋς σɚɐɐɔɇɢς əɟɒ ɈɉɈɔɑɡɒɟɒ, ɉɣəɉ σəɔɒ ɠɒɔɈɔ ɕɖɔς ɏɠɌɔɈɔ ɕɄɐɑɦ 

ɉɣəɉ ɄɒəɣσəɖɔɛɄ. ȳɚɇɏɉɏɖɎɑɡɒɄ ɚɕɠɖɝɔɚɒ ͠ transfer mode əɟɒ ɔɕɔɣɟɒ ɔɎ 

ɐɉɎəɔɚɖɇɣɉς ɄɒɄɐɧɔɒəɄɎ σəɔɒ ɕɣɒɄɏɄ ͣ. 

SPI 

Mode 

CPOL 

(Clock 

Polarity) 

CPHA 

(Clock 

Phase) 

CKP(CPOL in 

PIC) 

CKE(NotCPHA 

in PIC) 
Explanation 

0 0 0 0 1 

Base Value of the clock is zero, 

Data captured from low to high 

transition and transmission from 

high to low transition 

1 0 1 0 0 

Base Value of the clock is zero, 

Data captured from high to low 

transition and transmission from 

low to high transition 

2 1 0 1 1 

Base Value of the clock is one, 

Data captured from low to high 

transition and transmission from 

high to low transition 

3 1 1 1 0 

Base Value of the clock is one, 

Data captured from low to high 

transition and transmission from 

high to low transition 

Πίʆαʃας 7 – SPI Modes 

  ȭɉ əɋɒ ɉɕɎɐɔɇɢ əɔɚ CKE=1 ɏɄɎ CKP=0 ɉɒɉɖɇɔɕɔɎɢɌɋɏɉ əɔ SPI Mode 0 ɦɕɔɚ 

ɋ əɎɑɢ əɔɚ ɕɄɐɑɔɧ ɖɔɐɔɇɎɔɧ ɉɣɒɄɎ ɑɋɈɡɒ ɉɒώ ɋ σɚɐɐɔɇɢ əɟɒ ɈɉɈɔɑɡɒɟɒ ɇɣɒɉəɄɎ 

Ʉɕɦ əɋɒ ɏɠɌɔɈɔ ɕɖɔς əɋɒ ɠɒɔɈɔ əɔɚ ɕɄɐɑɔɧ ɏɄɎ ɋ ɑɉəɠɈɔσɋ əɟɒ ɈɉɈɔɑɡɒɟɒ Ʉɕɦ 

əɋɒ ɠɒɔɈɔ ɕɖɔς əɋɒ ɏɠɌɔɈɔ əɔɚ ɕɄɐɑɔɧ. ȴɡɐɔς ɑɉ əɋɒ ɖɧɌɑɎσɋ SSPEN=1 ɇɣɒɉəɄɎ 

ɉɒɉɖɇɔɕɔɣɋσɋ əɟɒ SCK, SDO, SDI, ɏɄɎ SS ɟς ɄɏɖɔɈɡɏəɉς ɇɎɄ əɋɒ σɉɎɖɎɄɏɢ 

ɑɉəɄɛɔɖɠ, ɉɒώ ɑɉ əɋɒ SMP=1 ɔɖɣɊɉəɄɎ ɦəɎ ɋ ɈɉɎɇɑɄəɔɐɋɞɣɄ əɟɒ ɈɉɈɔɑɡɒɟɒ 

ɉɎσɦɈɔɚ ɌɄ ɇɣɒɉəɄɎ σəɔ əɡɐɔς əɟɒ ɈɉɈɔɑɡɒɟɒ ɉɓɦɈɔɚ. ȭɉ əɋɒ ɖɧɌɑɎσɋ əɟɒ 
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ɏɄəɄɝɟɖɋəώɒ Ʉɚəώɒ ɡɝɔɚɑɉ ɉəɔɎɑɠσɉɎ əɔɒ ɑɎɏɖɔɉɐɉɇɏəɢ ɑɄς ɇɎɄ əɋɒ ɉɕɎɏɔɎɒɟɒɣɄ 

ɑɡσɟ SPI. 

Ȩ ɉɕɎɏɔɎɒɟɒɣɄ ɇɣɒɉəɄɎ ɏɠɒɔɒəɄς ɉɇɇɖɄɛɢ ɏɄɎ Ʉɒɠɇɒɟσɋ əɔɚ ɈɎɄɧɐɔɚ SPI. ΈɝɉɎ 

ɇɣɒɉɎ ɚɐɔɕɔɣɋσɋ ͞ σɚɒɄɖəɢσɉɟɒ ɑɣɄ ɇɎɄ əɋɒ ɏɠɌɉ ɐɉɎəɔɚɖɇɣɄ. H 

write_to_spi(unsigned char); ɏɠɒɉɎ əɋɒ ɉɇɇɖɄɛɢ σəɔɒ ɈɣɄɚɐɔ. 

void write_to_spi(unsigned char data) {  
     
    SSPBUF = data;   // Send the data to SSPBUF 
    while (BF == 0); // Wait until receive of data is complete 
} 

 

ȹς ɕɄɖɠɑɉəɖɔ σəɡɐɒɔɒəɄɎ əɄ ɉɕɎɌɚɑɋəɠ ɈɉɈɔɑɡɒɄ ɇɎɄ əɋɒ ɉɇɇɖɄɛɢ əɔɚς σəɔɒ 

ɈɣɄɚɐɔ. ȳəɔɒ ɏɄəɄɝɟɖɋəɢ SSPBUF ɄɕɔɌɋɏɉɧɔɒəɄɎ əɄ ɈɉɈɔɑɡɒɄ ɏɄɎ ɑɉ əɋɒ ɝɖɢσɋ 

ɑɎɄς while ɏɄɎ əɔɚ BF bit ɄɒɄɑɡɒɉəɄɎ ɑɡɝɖɎ ɒɄ ɇɉɑɣσɉɎ ɔ SSPBUF ɑɉ əɄ ɈɉɈɔɑɡɒɄ 

ɕɔɚ ɄɕɔσəɠɐɌɋɏɄɒ. 

Ȩ read_from_spi(); ɏɠɒɉɎ əɋɒ ɈɎɄɈɎɏɄσɣɄ Ʉɒɠɇɒɟσɋς Ʉɕɦ əɔɒ ɈɣɄɚɐɔ SPI.  

/** 
 * Reads data from SPI bus  
 */ 
unsigned char read_from_spi() {      
    SSPBUF = SPI_DUMMY_CLOCK; // Send dummy data to slave 
    while (BF == 0);          // Wait that data is received 
    return SSPBUF;            // Read the data that slave has sent 
back 
} 

 

ȳəɋɒ ɉɕɎɏɔɎɒɟɒɣɄ ɑɡσɟ SPI ɕɠɒəɄ ɕɖɡɕɉɎ ɒɄ ɇɣɒɉəɄɎ ɄɑɛɣɈɖɔɑɋ ɉɕɎɏɔɎɒɟɒɣɄ 

ɑɉəɄɓɧ master ɏɄɎ slave. Ȣɚəɦ σɋɑɄɣɒɉɎ ɦəɎ ɇɎɄ ɒɄ ɚɐɔɕɔɎɋɌɉɣ ɋ ɈɎɄɈɎɏɄσɣɄ 

Ʉɒɠɇɒɟσɋς ɈɉɈɔɑɡɒɟɒ ɕɖɡɕɉɎ ɒɄ ɇɣɒɉɎ ɚɕɔɝɖɉɟəɎɏɠ ɑɎɄ ɉɇɇɖɄɛɢ. ȤɎɄ əɔɒ ɐɦɇɔ 

Ʉɚəɦ ɕɖɄɇɑɄəɔɕɔɎɉɣəɄɎ, σəɋɒ ɕɖώəɋ ɇɖɄɑɑɢ əɋς σɚɒɠɖəɋσɋς, ɑɎɄ ɉɇɇɖɄɛɢ 

dummy ɈɉɈɔɑɡɒɟɒ σəɔɒ MOSI ɈɣɄɚɐɔ ɑɉ σəɦɝɔ əɋɒ Ʉɒɠɇɒɟσɢ əɔɚς Ʉɕɦ əɔɒ 

MISO ɈɣɄɚɐɔ ȋəɋς ɏɠɖəɄς SD). ΈɕɉɎəɄ ɝɖɋσɎɑɔɕɔɎώɒəɄς ɉɏ ɒɡɔɚ əɔ bit BF 

ɄɒɄɑɡɒɉəɄɎ ɋ ɔɐɔɏɐɢɖɟσɋ əɋς ɐɢɞɋς əɟɒ ɈɉɈɔɑɡɒɟɒ ɕɔɚ ɈɎɄɅɠσəɋɏɄɒ Ʉɕɦ əɔɒ 

ɈɣɄɚɐɔ SPI, əɄ ɔɕɔɣɄ ɉɕɎσəɖɡɛɔɒəɄɎ σəɋɒ ɏɄɐɔɧσɄ σɚɒɠɖəɋσɋ ɉɕɎəɖɡɕɔɒəɄς əɋɒ 

ɉɕɎɏɔɎɒɟɒɣɄ ɑɉəɄɓɧ ɑɎɏɖɔɉɐɉɇɏəɢ ɏɄɎ ɏɠɖəɄς SD ɑɡσɟ ɕɖɟəɔɏɦɐɐɔɚ SPI.  
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3.4 – SD Card (Secure Digital Card) 

Ȩ SD Card ɢ ɉɒ σɚɒəɔɑɣɄ SDC ɉɣɒɄɎ ɡɒɄς əɧɕɔς ɄɕɔɌɋɏɉɚəɎɏɔɧ ɝώɖɔɚ ɔ 

ɔɕɔɣɔς ɄɒɄɕəɧɝɌɋɏɉ ɇɎɄ ɝɖɢσɋ σəɋɒ ɏɎɒɋəɢ əɋɐɉɛɟɒɣɄ. ȥɉɒ ɉɣɒɄɎ əɚɝɄɣɔ ɇɉɇɔɒɦς 

ɕɟς ɏɠɌɉ ɏɎɒɋəɢ σɚσɏɉɚɢ ȋɉɏəɦς ɐɣɇɟɒ ɉɓɄɎɖɡσɉɟɒȌ ɛɡɖɒɉɎ Ɍɢɏɋ ɇɎɄ əɋɒ 

əɔɕɔɌɡəɋσɋ Micro SDC. Ȭɦɇɟ əɔɚ ɑɎɏɖɔɧ əɋς ɑɉɇɡɌɔɚς σɉ σɝɡσɋ ɑɉ əɔɒ 

ɄɕɔɌɋɏɉɚəɎɏɦ ɝώɖɔ ɕɔɚ ɕɖɔσɛɡɖɉɎ ɡɝɉɎ ɇɣɒɉɎ ɕɔɐɧ ɈɋɑɔɛɎɐɢς σɉ ɕɠɖɄ ɕɔɐɐɡς 

σɚσɏɉɚɡς ɏɄɎ ɇɎɄ əɔɒ ɐɦɇɔ Ʉɚəɦ ɡɝɉɎ ɕɔɐɧ ɑɉɇɠɐɋ ɚɕɔσəɢɖɎɓɋ σɄɒ ɄɕɔɌɋɏɉɚəɎɏɦ 

ɑɡσɔ ɏɄɎ σəɋɒ ɝɖɢσɋ əɋς σəɄ ɉɒσɟɑɄəɟɑɡɒɄ σɚσəɢɑɄəɄ. ȱɖɦɇɔɒɔς əɋς SDC ɢəɄɒ 

ɋ MMC ɏɄɎ əώɖɄ ɏɚɏɐɔɛɔɖɔɧɒ ɏɚɖɣɟς ɔɎ Micro SDC ɇɎɄəɣ ɕɖɔσɛɡɖɔɚɒ əɎς ɣɈɎɉς 

ɈɚɒɄəɦəɋəɉς σɉ ɕɔɐɧ ɑɎɏɖɦəɉɖɔ ɝώɖɔ. ȱɖɔσɔɝɢ ɄɕɄɎəɉɣ ɋ ɝɖɢσɋ əɔɚς ɉɕɉɎɈɢ əɔ 

ɉɧɖɔς əɠσɋς σəɔ ɔɕɔɣɔ ɐɉɎəɔɚɖɇɔɧɒ ɉɣɒɄɎ Ʉɕɦ əɄ ͞.ͣV ɡɟς əɄ ͟.͢V, ɕɖɠɇɑɄ ɕɔɚ 

Ʉɕɔəɉɐɉɣ ɏɣɒɈɚɒɔ ɇɎɄəɣ Ʉɒ əɖɔɛɔɈɔəɋɌɔɧɒ ɑɉ 5V ɌɄ ɏɄəɄσəɖɄɛɔɧɒ ɠɑɉσɄ.  

ȤɎɄ ɒɄ ɇɣɒɉɎ ɉɛɎɏəɦς ɔ ɡɐɉɇɝɔς əɋς SDC ɝɖɋσɎɑɔɕɔɎɉɣəɄɎ əɔ ɕɖɟəɦɏɔɐɐɔ SPI 

əɔɚ ɔɕɔɣɔɚ ɋ ɐɉɎəɔɚɖɇɣɄ ɄɒɄɐɧɌɋɏɉ σəɔ Ɉɉɧəɉɖɔ ɏɉɛɠɐɄɎɔ. ȳɉ Ʉɚəɦ əɔ σɋɑɉɣɔ ɌɄ 

ɄɒɄɐɚɌɉɣ ɋ ɉɕɎɏɔɎɒɟɒɣɄ ɑɉ əɋɒ SDC ɏɄɎ ɌɄ ɇɣɒɉɎ ɄɒɄɛɔɖɠ σəɎς ɉɒəɔɐɡς ɕɔɚ 

ɝɖɋσɎɑɔɕɔɎɢɌɋɏɄɒ ɇɎɄ əɋɒ ɐɉɎəɔɚɖɇɣɄ Ʉɚəɢ. ȤɎɄ əɋɒ ɉɕɎɏɔɎɒɟɒɣɄ 

ɝɖɋσɎɑɔɕɔɎɔɧɒəɄɎ ɉɒəɔɐɡς, σɉ ɏɠɌɉ ɄɕɉσəɄɐɑɡɒɋ ɉɒəɔɐɢ ɚɕɠɖɝɉɎ ɏɄɎ ɋ ɄɒəɣσəɔɎɝɋ 

ɄɕɦɏɖɎσɋ. ȰɎ ɉɒəɔɐɡς ɉɣɒɄɎ σɚɒəɔɑɔɇɖɄɛɋɑɡɒɉς ɄɒɠɐɔɇɄ ɑɉ əɋɒ ɐɉɎəɔɚɖɇɣɄ əɔɚς 

ɇɎɄ ɒɄ ɉɣɒɄɎ ɉɧɏɔɐɄ ɄɒɄɇɒɟɖɣσɎɑɉς. Ȩ ɏɠɌɉ ɉɒəɔɐɢ ɡɝɉɎ ɏɄɎ ɡɒɄɒ ɏɟɈɎɏɦ ɔ ɔɕɔɣɔς 

ɉɣɒɄɎ CMD<n> (ɦɕɔɚ CMD ɉɣɒɄɎ σɚɒəɔɑɔɇɖɄɛɣɄ əɔɚ Command, ɏɄɎ ɦɕɔɚ <n> 

ɉɣɒɄɎ ɡɒɄς ɄɖɎɌɑɦς Ʉɕɦ əɔ ͜ ɡɟς əɔ ͢͟). ȰɎ ɄɕɄɒəɢσɉɎς ɕɔɚ ɕɄɣɖɒɔɚɑɉ Ʉɕɦ əɋɒ 

ɏɠɖəɄ SD ɉɣɒɄɎ ɑɔɖɛɢς R1, R1b, R3, R7. ȳəɔɒ ɕɣɒɄɏɄ ͤ ɌɄ ɄɒɄɖəɋɌɉɣ ɔ ɕɣɒɄɏɄς ɑɉ 

əɎς ɅɄσɎɏɦəɉɖɉς ɉɒəɔɐɡς ɇɉɒɎɏɔɧ əɧɕɔɚ ɕɔɚ Ʉɛɔɖɔɧɒ əɋɒ ɉɕɎɏɔɎɒɟɒɣɄ ɑɉ əɋɒ SDC 

ɦɕɟς ɄɖɝɎɏɔɕɔɣɋσɋ, ɉɇɇɖɄɛɢ, Ʉɒɠɇɒɟσɋ ɕɔɚ ɝɖɋσɎɑɔɕɔɎɔɧɒəɄɎ σəɋɒ ɕɄɖɔɧσɄ 

ɉɖɇɄσɣɄ. 

Command 

Index 

Argument Response Data Abbreviation Description 

CMD0 None(0) R1 No GO_IDLE_STATE Software reset. 

CMD1 None(0) R1 No SEND_OP_COND Initiate initialization 

process. 

ACMD41(*1) *2 R1 No APP_SEND_OP_COND For only SDC. 

Initiate initialization 

process. 
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CMD8 *3 R7 No SEND_IF_COND For only SDC V2. 

Check voltage 

range. 

CMD9 None(0) R1 Yes SEND_CSD Read CSD register. 

CMD10 None(0) R1 Yes SEND_CID Read CID register. 

CMD12 None(0) R1b No STOP_TRANSMISSION Stop to read data. 

CMD16 Block 

length[31:0] 

R1 No SET_BLOCKLEN Change R/W block 

size. 

CMD17 Address[31:0] R1 Yes READ_SINGLE_BLOCK Read a block. 

CMD18 Address[31:0] R1 Yes READ_MULTIPLE_BLOCK Read multiple 

blocks. 

CMD23 Number of 

blocks[15:0] 

R1 No SET_BLOCK_COUNT For only MMC. 

Define number of 

blocks to transfer 

with next multi-

block read/write 

command. 

ACMD23(*1) Number of 

blocks[22:0] 

R1 No SET_WR_BLOCK_ERASE_COUNT For only SDC. 

Define number of 

blocks to pre-erase 

with next multi-

block write 

command. 

CMD24 Address[31:0] R1 Yes WRITE_BLOCK Write a block. 

CMD25 Address[31:0] R1 Yes WRITE_MULTIPLE_BLOCK Write multiple 

blocks. 

CMD55(*1) None(0) R1 No APP_CMD Leading command 

of ACMD<n> 

command. 

CMD58 None(0) R3 No READ_OCR Read OCR. 

*1: ACMD<n> means a command sequence of CMD55-CMD<n>. 

*2: Rsv(0)[31], HCS[30], Rsv(0)[29:0] 

*3: Rsv(0)[31:12], Supply Voltage(1)[11:8], Check Pattern(0xAA)[7:0] 

Πίʆαʃας 8 - Πίʆαʃας ɸʆʏοʄώʆ ʃάʌʏας SD 

ȰɎ ɕɉɖɎσσɦəɉɖɉς ɉɒəɔɐɡς ɦɕɟς ɄɒɄɇɖɠɛɉəɄɎ σəɔɒ ɕɣɒɄɏɄ ɈɡɝɔɒəɄɎ ɟς 

ɄɕɄɒəɢσɉɎς əɔ R͝. Ȩ Ʉɒɠɐɚσɋ əɟɒ bit əɔɚ R1 ɄɕɉɎɏɔɒɣɊɉəɄɎ σəɋɒ ɉɎɏɦɒɄ 22. Ȧɠɒ əɔ 

R1 = 0x00 Ʉɚəɦ σɋɑɄɣɒɉɎ ɕɟς ɋ ɉɒəɔɐɢ ɕɔɚ σəɠɐɌɋɏɉ ɉɏəɉɐɡσəɋɏɉ ɉɕɎəɚɝώς. 

ȰɕɔɎɔɈɢɕɔəɉ ɐɠɌɔς ɕɄɖɔɚσɎɄσəɉɣ σəɋɒ ɉɒəɔɐɢ ɌɄ ɑɄς ɉɕɎσəɖɄɛɉɣ σəɋɒ ɄɕɦɏɖɎσɋ 

ɑɉ ɄɕɔəɡɐɉσɑɄ ɈɎɠɛɔɖɔ əɔɚ ͜x00 ɏɄɎ ɡɒɄ ɢ ɕɉɖɎσσɦəɉɖɄ bit əɔɚ R1 ɌɄ ɡɝɔɚɒ 

ɄɐɐɠɓɉɎ əɎɑɢ Ʉɕɦ ɐɔɇɎɏɦ ɑɋɈɡɒ σɉ ɐɔɇɎɏɦ ɡɒɄ. ȵɕɠɖɝɔɚɒ ɠɐɐɔɎ ͟ əɧɕɔɎ 

Ʉɕɔɏɖɣσɉɟɒ. ȰɎ R3 ɏɄɎ R7 Ʉɛɔɖɔɧɒ ɄɕɔɏɖɣσɉɎς  Ɉɧɔ ɄɕɔɏɐɉɎσəɎɏώɒ ɉɒəɔɐώɒ, əɋɒ 

CMD58 ɏɄɎ əɋɒ CMD8, ɏɄɎ ɡɝɔɚɒ ɟς ɄɕɦɏɖɎσɋ əɋɒ R1+OCR (32bit). Ȱ OCR 

(Operating Conditions Register) ɉɣɒɄɎ ɏɄəɄɝɟɖɋəɢς ɕɔɚ ɈɣɒɉɎ əɋɒ ɏɄəɠσəɄσɋ 
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ɐɉɎəɔɚɖɇɣɄς əɋς ɏɠɖəɄς. H R1b ɄɕɦɏɖɎσɋ Ʉɛɔɖɠ ɏɠɕɔɎɉς ɉɒəɔɐɡς ɔɎ ɔɕɔɣɉς 

ɄɕɄɎəɔɧɒ ɕɉɖɎσσɦəɉɖɔ ɝɖɦɒɔ ɇɎɄ ɒɄ ɉɑɛɄɒɎσəɔɧɒ. ȤɎɄ əɔɒ ɐɦɇɔ Ʉɚəɦ ɚɕɠɖɝɉɎ R1b 

ɕɔɚ ɉɣɒɄɎ ɑɎɄ R1 ɄɕɦɏɖɎσɋ ɑɉ əɋɒ ɄɏɔɐɔɚɌɣɄ ɉɒɦς busy flag ɇɎɄ əɔɒ ɔɕɔɣɔ 

ɄɒɄɑɡɒɔɚɑɉ ɑɡɝɖɎ ɒɄ ɔɐɔɏɐɋɖɟɌɉɣ ɋ ɈɎɄɈɎɏɄσɣɄ.  

 

ȵιʃόʆα 22 – Αʆάʄʐση αʋοʃʌίσɸʘʆ ɸʆʏοʄώʆ ʃάʌʏας SD 

ȳəɔ σɋɑɉɣɔ Ʉɚəɦ ɌɄ ɇɣɒɉɎ ɄɒɄɛɔɖɠ σəɎς ɉɒəɔɐɡς ɕɔɚ ɝɖɋσɎɑɔɕɔɎɔɧɒəɄɎ σəɋɒ 

ɉɖɇɄσɣɄ Ʉɚəɢ. ȰɎ ɉɒəɔɐɡς ɕɔɚ σəɡɐɒɔɚɑɉ σəɋɒ SDC ɡɝɔɚɒ ɡɒɄ σɚɇɏɉɏɖɎɑɡɒɔ 

ɕɐɄɣσɎɔ əɔ ɔɕɔɣɔ ɕɖɡɕɉɎ ɒɄ əɋɖɋɌɉɣ ɇɎɄ ɒɄ ɄɕɔσəɄɐɔɧɒ ɑɉ ɉɕɎəɚɝɣɄ. ȴɔ ɕɐɄɣσɎɔ 

Ʉɚəɦ ɄɕɔəɉɐɉɣəɄɎ Ʉɕɦ əɖɣɄ ɑɡɖɋ. ȴɔɒ ɏɟɈɎɏɦ ɉɒəɔɐɢς, əɔ ɔɖɎσɑɦ əɋς ɉɒəɔɐɢς ɏɄɎ 

əɡɐɔς əɔ CRC (Cyclic Redundancy Code) ɕɔɚ ɉɣɒɄɎ ɑɣɄ ɑɡɌɔɈɔς Ʉɒɣɝɒɉɚσɋς ɏɄɎ 

ɈɎɦɖɌɟσɋς ɐɠɌɔɚς. ȳəɋɒ ɉɎɏɦɒɄ 23 ɉɑɛɄɒɣɊɉəɄɎ ɏɄɎ σɝɋɑɄəɎɏɠ əɔ ɕɐɄɣσɎɔ ɑɡσɄ 

əɔɚ ɔɕɔɣɔɚ ɇɣɒɉəɄɎ ɋ Ʉɕɔσəɔɐɢ ɉɒəɔɐώɒ. 

 

ȵιʃόʆα 23 – Πʄαίσιο ɸʆʏοʄώʆ ʃάʌʏας SD 

ȤɎɄ ɒɄ ɇɣɒɉɎ Ʉɕɔσəɔɐɢ əɟɒ ɉɒəɔɐώɒ σəɋɒ ɏɠɖəɄ SD ɡɇɎɒɉ σɚɇɇɖɄɛɢ əɋς 

σɚɒɠɖəɋσɋς sd_command(unsigned char, unsigned long int, unsigned charȌ;. ȭɉ 

əɋɒ σɚɒɠɖəɋσɋ Ʉɚəɢ ɔɚσɎɄσəɎɏɠ ɚɐɔɕɔɎɔɧɑɉ əɔ ɕɐɄɣσɎɔ ɉɒəɔɐώɒ əɋς ɉɎɏɦɒɄς 23 

ɇɎɄ ɒɄ ɇɣɒɉɎ ɄɒɄɇɒώɖɎσɢ əɔɚ Ʉɕɦ əɋɒ  SDC.  

/** 
 * Sends a command to the SD Card 
 * @param {unsigned char}       command      Command Code 
 * @param {unsigned long int}   argument     Argument of the Command 
 * @param {unsigned char}       crc          CRC Value  
 */ 
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void sd_command(unsigned char command, unsigned long int argument, 
unsigned char crc) { 
     
    write_to_spi(SPI_DUMMY_CLOCK); 
    write_to_spi(0b01000000 | command);             // OR the command 
because Bits 7-8 are always 01 
    write_to_spi((unsigned char) (argument >> 24)); // send the four-
byte argument in byte chunks 
    write_to_spi((unsigned char) (argument >> 16)); 
    write_to_spi((unsigned char) (argument >>  8)); 
    write_to_spi((unsigned char) (argument)); 
    write_to_spi(crc); 
} 

 

ȳəɋɒ σɚɒɠɖəɋσɋ Ʉɚəɢ ɕɄɖɄəɋɖɉɣəɄɎ ɋ ɕɄɖɔɚσɣɄ əɖɎώɒ ɕɄɖɄɑɡəɖɟɒ. 

ȱɖɔɛɄɒώς ɔɎ ɕɄɖɠɑɉəɖɔɎ Ʉɚəɔɣ Ɉɉɒ ɉɣɒɄɎ ɠɐɐɔɎ ɕɄɖɠ əɄ əɖɣɄ ɑɡɖɋ əɔɚ ɕɐɄɎσɣɔɚ 

ɉɒəɔɐώɒ ɈɋɐɄɈɢ ɔ ɏɟɈɎɏɦς ɉɒəɔɐɢς, ɔ ɔɖɎσɑɦς əɋς ɉɒəɔɐɢς ɏɄɎ əɔ CRC. ȳəɋɒ 

ɕɖώəɋ ɇɖɄɑɑɢ σəɡɐɒɉəɄɎ ɡɒɄ dummy clock ɇɎɄ ɒɄ ɓɉɏɎɒɢσɉɎ ɋ ɈɎɄɈɎɏɄσɣɄ. ȢɖɝɎɏɠ 

ɄɕɔσəɡɐɐɉəɄɎ ɔ ɏɟɈɎɏɦς əɋς ɉɒəɔɐɢς. Ȱ ɏɟɈɎɏɦς ɉɒəɔɐɢς ɡɝɉɎ ɑɡɇɉɌɔς ͢ bit. ȤɎɄ 

əɔɒ ɐɦɇɔ Ʉɚəɦ σəɔ ɕɐɄɣσɎɔ ɉɒəɔɐώɒ əɄ ɕɖώəɄ ͞ bit ɉɣɒɄɎ ɕɠɒəɄ ǲ01ǳ ɇɎɄ ɒɄ 

ɄɏɔɐɔɚɌɢσɉɎ ɔ ͢-bit ɏɟɈɎɏɦς. ȳəɡɐɒɉəɄɎ σəɋ SDC, ɏɠɒɔɒəɄς əɋɒ ɝɖɢσɋ ɑɎɄς OR, 

ɕɖώəɄ əɔ ǲ01ǳ ɏɄɎ ɑɉəɠ əɔ command ɕɔɚ ɡɖɝɉəɄɎ ɑɡσɟ əɋς ɕɄɖɄɑɡəɖɔɚ. ȳəɋɒ 

σɚɒɡɝɉɎɄ σəɡɐɒɉəɄɎ ɔ 32-bit ɔɖɎσɑɦς əɋς ɉɒəɔɐɢς ȋɈɋɐɄɈɢ ͠ byte) ɝɟɖɎσɑɡɒɔ σɉ ͠ 

ɏɔɑɑɠəɎɄ (byte chunks) ɑɎɄς ɏɄɎ ɑɉ əɔ SPI ɉɣɒɄɎ ɉɛɎɏəɢ ɋ ɉɇɇɖɄɛɢ ɑɦɒɔ ͝ byte əɋɒ 

ɛɔɖɠ. ΆɖɄ ɄɖɝɎɏɠ σəɡɐɒɔɒəɄɎ əɄ MSB bits ɛəɠɒɔɒəɄς əɉɐɎɏώς σəɄ LSB bits. ȳəɔ 

əɡɐɔς ɏɠɒɔɚɑɉ əɋɒ ɉɇɇɖɄɛɢ əɔɚ CRC ɇɎɄ ɒɄ ɔɐɔɏɐɋɖɟɌɉɣ əɔ ɕɐɄɣσɎɔ əɋς ɉɒəɔɐɢς. 

ȭɎɄ σɋɑɉɣɟσɋ ɕɟς σəɔ SPI mode əɋς ɏɠɖəɄς SD əɔ CRC Ɉɉɒ ɉɐɡɇɝɉəɄɎ ɏɄɎ ɇɎɄ əɔɒ 

ɐɦɇɔ Ʉɚəɦ əɎς ɕɉɖɎσσɦəɉɖɉς ɛɔɖɡς ɄɕɔσəɡɐɐɉəɄɎ ɑɎɄ ɔɕɔɎɄɈɢɕɔəɉ əɎɑɢ ɉɏəɦς ɉɠɒ 

ɝɖɉɎɄσəɉɣ ɒɄ σəɄɐɉɣ ɏɠəɎ σɚɇɏɉɏɖɎɑɡɒɔ. 

Ȩ ɏɠɖəɄ SD ɦəɄɒ ɉɒɉɖɇɔɕɔɎɉɣəɄɎ ɏɠɒɉɎ boot σəɔ SD mode. ȳəɄ ɕɐɄɣσɎɄ əɟɒ 

ɄɒɄɇɏώɒ əɔɚ project Ʉɚəɔɧ ɕɖɡɕɉɎ ɒɄ ɄɖɝɎɏɔɕɔɎɋɌɉɣ ɏɄəɠɐɐɋɐɄ ɇɎɄ ɒɄ 

ɐɉɎəɔɚɖɇɢσɉɎ σəɔ SPI mode. ȤɎɄ əɋɒ ɄɖɝɎɏɔɕɔɣɋσɋ ɕɖɡɕɉɎ ɒɄ ɄɏɔɐɔɚɌɋɌɔɧɒ 

σɚɇɏɉɏɖɎɑɡɒɄ ɅɢɑɄəɄ. ȢɖɝɎɏɠ ɌɄ ɕɖɡɕɉɎ ɒɄ ɇɣɒɔɚɒ ͣ͠ ɢ ɕɉɖɎσσɦəɉɖɔɎ ɕɄɐɑɔɣ 

ɖɔɐɔɇɎɔɧ σəɋɒ ɏɠɖəɄ ɇɎɄ ɒɄ ɑɕɉɎ σəɋɒ ɅɄσɎɏɢ ɐɉɎəɔɚɖɇɣɄ ɉɏɏɣɒɋσɋς. Ȩ ɕɖώəɋ 

ɉɒɡɖɇɉɎɄ ɉɣɒɄɎ ɒɄ σəɄɐɉɣ ɋ CMD0 ɉɒəɔɐɢ ɑɉ əɋɒ ɔɕɔɣɄ ɇɣɒɉəɄɎ ɉɕɄɒɄɛɔɖɠ ȋreset) 

əɋς SDC ɏɄɎ ɉɣσɔɈɦς əɋς σəɋɒ ɏɄəɠσəɄσɋ ɄɈɖɠɒɉɎɄς (idle mode) ɉɒώ əɄɚəɦɝɖɔɒɄ 

əɣɌɉəɄɎ əɔ CS ɣσɔ ɑɉ əɔ ɐɔɇɎɏɦ ɑɋɈɡɒ ȋCS=0) ɇɎɄ ɒɄ ɐɉɎəɔɚɖɇɢσɉɎ ɋ ɏɠɖəɄ σəɋɒ 

ɐɉɎəɔɚɖɇɣɄ SPI. ȳəɋɒ ɏɄəɠσəɄσɋ ɄɈɖɠɒɉɎɄς ɋ SDC ɑɕɔɖɉɣ ɒɄ ɈɉɝɌɉɣ ɑɦɒɔ 
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σɚɇɏɉɏɖɎɑɡɒɉς ɉɒəɔɐɡς. ȤɎɄ ɒɄ ɇɣɒɉɎ ɋ ɄɖɝɎɏɔɕɔɣɋσɋ əɋς ɏɠɖəɄς ɕɖɡɕɉɎ ɒɄ σəɄɐɉɣ 

ɋ ɉɒəɔɐɢ ɄɖɝɎɏɔɕɔɣɋσɋς ɕɔɚ ɉɣɒɄɎ əɔ CMD1. ȭɉ əɋɒ ɄɕɔɈɔɝɢ əɋς ɉɒəɔɐɢς Ʉɚəɢς ɋ 

ɏɠɖəɄ ɉɣɒɄɎ ɡəɔɎɑɋ ɒɄ ɈɉɝɌɉɣ ɔɕɔɎɄɈɢɕɔəɉ ɠɐɐɋ ɉɒəɔɐɢ ɉɣəɉ ɇɎɄ ɉɇɇɖɄɛɢ ɉɣəɉ ɇɎɄ 

Ʉɒɠɇɒɟσɋ. Ȩ əɖɣəɋ ɏɄɎ əɉɐɉɚəɄɣɄ ɉɒəɔɐɢ ɕɔɚ ɝɖɋσɎɑɔɕɔɎɉɣəɄɎ, ɦɒəɄς ɏɄɎ Ʉɚəɢ 

ɑɡɖɔς əɋς ɈɎɄɈɎɏɄσɣɄς ɄɖɝɎɏɔɕɔɣɋσɋς, ɉɣɒɄɎ ɋ CMD16 ɑɉ əɋɒ ɔɕɔɣɄ ɔɖɣɊɉəɄɎ əɔ 

block size (ɑɕɐɔɏ ɑɡɇɉɌɔςȌ əɟɒ ɈɉɈɔɑɡɒɟɒ σəɋɒ əɎɑɢ əɟɒ 512 byte əɔ ɔɕɔɣɔ ɉɣɒɄɎ 

ɡɒɄ Ʉɕɦ əɄ ɕɎɔ ɉɚɖɡɟς ɝɖɋσɎɑɔɕɔɎɋɑɡɒɄ block size σəɎς SDC. ȳəɔ σɋɑɉɣɔ Ʉɚəɦ 

ɕɖɡɕɉɎ ɒɄ əɔɒɎσɌɉɣ, ɦɕɟς ɄɒɄɛɡɖɌɋɏɉ ɏɄɎ σəɔ Ɉɉɧəɉɖɔ ɏɉɛɠɐɄɎɔ, ɕɟς σəɋɒ 

ɉɖɇɄσɣɄ Ʉɚəɢ Ɉɉɒ ɝɖɋσɎɑɔɕɔɎɉɣəɄɎ ɏɠɕɔɎɔ file system (σɧσəɋɑɄ ɄɖɝɉɣɟɒȌ ɦɕɟς 

FAT16, FAT32, NTFS ɏəɐ. Ȧɕɣσɋς əɄ ɈɉɈɔɑɡɒɄ ɕɔɚ ɄɕɔɌɋɏɉɧɔɒəɄɎ σəɋɒ ɏɠɖəɄ 

ɉɣɒɄɎ ɑɔɖɛɢς raw (ɄɏɄəɡɖɇɄσəɄȌ ɏɄɎ Ɉɉɒ ɡɝɔɚɒ ɚɕɔσəɉɣ ɏɄɒɡɒɄ ɉɣɈɔς σɚɑɕɣɉσɋς, 

ɦɕɟς mp͟ ɢ wma, ɑɉ ɄɕɔəɡɐɉσɑɄ ɋ ɄɒɄɕɄɖɄɇɟɇɢ ɒɄ ɚɐɔɕɔɎɉɣəɄɎ ɑɦɒɔ σəɋɒ ɣɈɎɄ 

əɋɒ σɚσɏɉɚɢ ɏɄɎ ɦɝɎ σɉ ɏɠɕɔɎɄ ɠɐɐɋ. 

Ȩ σɚɒɠɖəɋσɋ setup_sd(); ɉɣɒɄɎ ɋ ɚɐɔɕɔɣɋσɋ əɋς ɄɖɝɎɏɔɕɔɣɋσɋς ɕɔɚ ɑɦɐɎς 

ɄɒɄɐɧɌɋɏɉ. 

/** 
 * Sets up the SD Card  
 */ 
void setup_sd() { 
     
    unsigned char received_data; 
    unsigned int counter = 0; 
    CS = 1;  
     
    for (unsigned int i = 0; i < 74; i++) {              // Apply 74 
clock pulses to SD Card 
        write_to_spi(SPI_DUMMY_CLOCK); 
    } 
     
    CS = 0; 
    __delay_ms(1); 
    sd_command(SD_COMMAND_GO_IDLE_STATE, SD_START_ADDRESS, 0x95); // 
Software Reset 
    received_data = read_from_spi();  
     
    while ((received_data != 1) && (counter < 1000)) {   // Reads from 
SPI until received data = 1 
        received_data = read_from_spi(); 
        counter++; 
    } 
    if (counter >= 1000) {                               // If 
received data != 1 command fails 
        print_to_lcd("Cmd 0 failed"); 
        while(1);  
    } 
    sd_command(SD_COMMAND_INIT, SD_START_ADDRESS, 0xff); // 
Initialization process 
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    received_data = read_from_spi(); 
     
    counter = 0; 
    while((received_data != 0) && (counter < 1000)) {    // Reads from 
SPI until received data = 0 
        received_data = read_from_spi(); 
        sd_command(SD_COMMAND_INIT, SD_START_ADDRESS, 0xff); 
        received_data = read_from_spi(); 
        received_data = read_from_spi(); 
        counter++; 
    } 
    if (counter >= 1000){ 
        print_to_lcd("Cmd 1 failed");                   // If received 
data != 0 command fails 
        while(1);  
    } 
    sd_command(SD_COMMAND_SETBLOCKLEN, BLOCKLEN, 0xff); // Set block 
size 
    received_data = read_from_spi(); 
    counter = 0; 
    while ((received_data != 0) && (counter < 1000)) {  // Reads from 
SPI until received data = 0 
        received_data = read_from_spi(); 
        counter++; 
    } 
    if (counter >= 1000) {  
        print_to_lcd("Cmd 16 failed");                  // If received 
data != 0 command fails 
        while(1);  
    }    
    print_to_lcd("SD Card is A-OK"); 
    __delay_ms(1000); 
    SSPCON = 0b00100001;                                // Set Fosc/16 
for reading process 
} 

 

ȳəɋɒ Ʉɖɝɢ ɇɣɒɉəɄɎ Ɉɢɐɟσɋ ͞ ɑɉəɄɅɐɋəώɒ ɕɔɚ ɌɄ ɝɖɋσɎɑɔɕɔɎɋɌɔɧɒ Ʉɕɦ əɋɒ 

σɚɒɠɖəɋσɋ σəɋɒ σɚɒɡɝɉɎɄ, ɋ ɕɖώəɋ ɇɎɄ əɋɒ ɄɕɔɌɢɏɉɚσɋ ɈɉɈɔɑɡɒɟɒ 

(received_data) ɏɄɎ ɋ Ɉɉɧəɉɖɋ ɇɎɄ əɋɒ ɝɖɢσɋ σəɎς Ɉɔɑɡς ɉɕɄɒɠɐɋɞɋς (counter). 

ΈɕɉɎəɄ əɣɌɉəɄɎ əɔ CS=1 ɏɄɎ ɄɖɝɣɊɉɎ  ɋ Ʉɕɔσəɔɐɢ əɟɒ ͣ͠ ɕɄɐɑώɒ, ɉɕɎəɖɡɕɔɒəɄς əɋɒ 

ɏɠɖəɄ ɒɄ ɑɕɉɎ σəɋɒ ɅɄσɎɏɢ ɐɉɎəɔɚɖɇɣɄ ɉɏɏɣɒɋσɋς. Ȧɒ σɚɒɉɝɉɣɄ əɣɌɉəɄɎ əɔ CS=0 ɏɄɎ 

σəɡɐɒɉəɄɎ əɔ CMD0 (Go Idle State). Ȩ ɏɠɖəɄ ɄɖɝɎɏɔɕɔɎɉɣəɄɎ ɉɕɎəɚɝώς σəɋɒ 

ɐɉɎəɔɚɖɇɣɄ SPI ɏɄɎ ɉɛɦσɔɒ ɉɒɉɖɇɔɕɔɎɋɌɉɣ σəɡɐɒɉɎ ɟς ɄɕɦɏɖɎσɋ əɔ R1 = 0x01 əɔ 

ɔɕɔɣɔ ɉɣɒɄɎ əɔ bit ɄɕɦɏɖɎσɋς σəɋɒ ɅɄσɎɏɢ ɐɉɎəɔɚɖɇɣɄ (idle state). Ȣɒ Ɉɉɒ ɇɣɒɉɎ 

σɟσəɠ ɋ ɄɖɝɎɏɔɕɔɣɋσɋ ɏɄɎ Ɉɉɒ ɐɋɛɌɉɣ σəɔ ɝɖɔɒɎɏɦ ɈɎɠσəɋɑɄ ɕɔɚ ɔɖɣσəɋɏɉ, ɑɉ 

əɋɒ ɝɖɢσɋ əɔɚ counter, əɦəɉ σəɋɒ ɔɌɦɒɋ ɉɑɛɄɒɣɊɉəɄɎ əɔ ɑɢɒɚɑɄ ɐɠɌɔɚς ɕɔɚ ɑɄς 

ɉɒɋɑɉɖώɒɉɎ ɦəɎ ɋ ɉɒəɔɐɢ CMD0 Ʉɕɡəɚɝɉ ɏɄɎ σəɄɑɄəɠɉɎ ɋ ɉɏəɡɐɉσɋ əɔɚ 

ɕɖɔɇɖɠɑɑɄəɔς. Ȩ ɏɠɖəɄ σəɔ σɋɑɉɣɔ Ʉɚəɦ ɅɖɣσɏɉəɄɎ σəɔ idle state ɏɄɎ ɇɎɄ əɔɒ 

ɐɦɇɔ Ʉɚəɦ Ɉɉɒ ɑɕɔɖɉɣ ɒɄ ɈɉɝɌɉɣ ɦɐɉς əɎς ɉɒəɔɐɡς. ȤɎɄ ɒɄ ɑɕɔɖɡσɉɎ ɒɄ Ɉɉɝəɉɣ əɎς 
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ɉɒəɔɐɡς ɉɇɇɖɄɛɢς ɏɄɎ Ʉɒɠɇɒɟσɋς ɕɖɡɕɉɎ ɒɄ σəɄɐɉɣ ɋ CMD1 (SD Command Init) 

ɑɉ əɋɒ ɔɕɔɣɄ ɓɉɏɎɒɠɉɎ ɋ ɈɎɄɈɎɏɄσɣɄ ɄɖɝɎɏɔɕɔɣɋσɋς. ȭɉ əɋɒ ɣɈɎɄ ɐɔɇɎɏɢ, ɦɕɟς ɏɄɎ 

ɑɉ əɋɒ CMD0, σəɡɐɒɉəɄɎ ɋ CMD1 σəɋɒ SDC ɏɄɎ ɇɣɒɉəɄɎ ɡɐɉɇɝɔς Ʉɒ əɔ R1=0 σəɔ 

ɝɖɔɒɎɏɦ ɕɐɄɣσɎɔ ɕɔɚ ɡɝɉɎ ɔɖɎσəɉɣ. Ȧɛɦσɔɒ əɔ R1=0 əɦəɉ σɋɑɄɣɒɉɎ ɦəɎ ɋ ɈɎɄɈɎɏɄσɣɄ 

ɄɖɝɎɏɔɕɔɣɋσɋς ɔɐɔɏɐɋɖώɌɋɏɉ ɏɄɎ ɋ ɏɠɖəɄ ɉɣɒɄɎ ɡəɔɎɑɋ ɒɄ ɈɉɝɌɉɣ ɔɕɔɎɄɈɢɕɔəɉ 

ɉɒəɔɐɢ. ȳɉ ɄɒəɣɌɉəɋ ɕɉɖɣɕəɟσɋ ɉɑɛɄɒɣɊɉəɄɎ ɏɄɎ ɕɠɐɎ ɑɢɒɚɑɄ ɑɉ əɋɒ ɡɒɈɉɎɓɋ ɦəɎ ɋ 

ɉɒəɔɐɢ CMD1 Ʉɕɡəɚɝɉ ɏɄɎ σəɄɑɄəɠɉɎ ɋ ɉɏəɡɐɉσɋ əɔɚ ɕɖɔɇɖɠɑɑɄəɔς. Ȩ əɉɐɉɚəɄɣɄ 

ɉɒəɔɐɢ ɕɔɚ ɄɕɔσəɡɐɐɉəɄɎ ɇɎɄ əɋɒ ɄɖɝɎɏɔɕɔɣɋσɋ əɋς SD ɉɣɒɄɎ ɋ CMD16 (Set Block 

Length) ɑɉ əɋɒ ɔɕɔɣɄ ɔɖɣɊɉəɄɎ əɔ ɑɕɐɔɏ ɑɡɇɉɌɔς əɟɒ ɈɉɈɔɑɡɒɟɒ. ȳəɋɒ ɕɄɖɔɧσɄ 

ɉɖɇɄσɣɄ ɏɠɒɔɚɑɉ ɝɖɢσɋ block size 512 byte. ȭɉ ɕɄɖɦɑɔɎɔ əɖɦɕɔ σəɡɐɒɉəɄɎ σəɋɒ 

SDC ɋ CMD16, ɉɐɡɇɝɉəɄɎ ɉɠɒ ɋ ɄɕɦɏɖɎσɋ ɉɣɒɄɎ  R1=0 ɑɡσɄ σəɔ ɝɖɔɒɎɏɦ ɕɐɄɣσɎɔ 

ɕɔɚ ɡɝɉɎ ɔɖɎσəɉɣ ɏɄɎ ɉɛɦσɔɒ ɋ ɈɎɄɈɎɏɄσɣɄ ɔɐɔɏɐɋɖɟɌɉɣ ɉɕɎəɚɝώς əɦəɉ ɉɑɛɄɒɣɊɉəɄɎ 

σəɋɒ ɔɌɦɒɋ ɑɢɒɚɑɄ ɉɕɎɅɉɅɄɣɟσɋς ɏɄɎ ɖɚɌɑɣɊɉəɄɎ Fosc/16 ɕɔɚ ɉɣɒɄɎ ɋ σɚɝɒɦəɋəɄ 

SPI ɇɎɄ əɋɒ ɈɎɄɈɎɏɄσɣɄ Ʉɒɠɇɒɟσɋς ɕɔɚ ɄɏɔɐɔɚɌɉɣ. ȳɉ ɄɒəɣɌɉəɋ ɕɉɖɣɕəɟσɋ 

ɉɑɛɄɒɣɊɉəɄɎ əɔ ɑɢɒɚɑɄ ɄɕɔəɚɝɣɄς ɇɎɄ əɋɒ CMD16 ɏɄɎ σəɄɑɄəɠɉɎ ɋ ɉɏəɡɐɉσɋ əɔɚ 

ɕɖɔɇɖɠɑɑɄəɔς. Ȩ σɋɑɄσɣɄ Ʉɚəɢς əɋς σɚɒɠɖəɋσɋς ɉɣɒɄɎ ɑɉɇɠɐɋ ɈɉɈɔɑɡɒɔɚ ɦəɎ 

ɉɛɦσɔɒ ɉɏəɉɐɉσəɉɣ, σɋɑɄɣɒɉɎ ɦəɎ ɋ ɏɠɖəɄ ɉɣɒɄɎ ɡəɔɎɑɋ ɇɎɄ ɉɇɇɖɄɛɢ, Ʉɒɠɇɒɟσɋ ɏɄɎ 

əɄɚəɦɝɖɔɒɄ ɦəɎ Ɉɉɒ ɡɝɉɎ ɏɠɕɔɎɔ ɐɉɎəɔɚɖɇɎɏɦ ɕɖɦɅɐɋɑɄ.  

Ȩ σɚɒɠɖəɋσɋ handle_sd_command_response(unsigned char); ɕɔɚ ɌɄ 

ɄɒɄɐɚɌɉɣ ɉɣɒɄɎ Ʉɚəɢ ɕɔɚ ɝɖɋσɎɑɔɕɔɎɉɣəɄɎ ɇɎɄ əɋɒ ɈɎɄɝɉɣɖɎσɋ əɟɒ ɄɕɄɒəɢσɉɟɒ ɕɔɚ 

ɈɉɝɦɑɄσəɉ Ʉɕɦ əɋɒ SDC. Ȩ ɝɖɢσɋ əɋς σɚɒɠɖəɋσɋς Ʉɚəɢς Ʉɕɔəɉɐɉɣ ɉɕɎɅɉɅɄɣɟσɋ  

ɦəɎ ɋ ɉɏəɡɐɉσɋ əɟɒ ɉɒəɔɐώɒ ɔɐɔɏɐɋɖώɌɋɏɉ ɉɕɎəɚɝώς, ɉɐɡɇɝɔɒəɄς əɋɒ ɄɕɦɏɖɎσɋ 

ɕɔɚ ɈɉɝɦɑɄσəɉ Ʉɕɦ əɋɒ SDC.  

/** 
 * SD command response handler 
 *  
 * @param {unsigned char}  command    Command Code   
 */ 
void handle_sd_command_response(unsigned char command) { 
     
    unsigned char received_data; 
    switch(command) { 
        case SD_COMMAND_READ_MULTIPLE_BLOCKS:       // For read case 
        case SD_COMMAND_WRITE_MULTIPLE_BLOCKS:      // For write case  
            received_data = read_from_spi();  
            while (received_data != SD_COMMAND_RESPONSE_SUCCESS) { // 
If received data not succesful read again 
                received_data = read_from_spi(); 
            }  
            break; 
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        case SD_COMMAND_STOP_TRANSMISSION:              // For stop 
tran case 
            received_data = read_from_spi();            // Stuff byte 
has to be ignored 
            received_data = read_from_spi();            // Previously 
stuff byte so read again 
            while (received_data != SD_COMMAND_RESPONSE_SUCCESS) { // 
If received data not succesful read again 
                received_data = read_from_spi(); 
            } 
             
            received_data = read_from_spi(); 
            while (received_data != DATA_TOKEN_BUSY) {  // Wait until 
data out bus goes high for end of the process 
                received_data = read_from_spi(); 
            } 
            break; 
    } 
} 

 

Ȩ σɚɒɠɖəɋσɋ Ʉɚəɢ ɈɡɝɉəɄɎ ɕɄɖɠɑɉəɖɔ. ȴɔ ɦɖɎσɑɄ əɋς ɕɄɖɄɑɡəɖɔɚ ɉɣɒɄɎ ɔ 

ɏɟɈɎɏɦς ɉɒəɔɐɢς ɇɎɄ əɋɒ ɔɕɔɣɄ ɕɖɡɕɉɎ ɒɄ ɇɣɒɉɎ ɡɐɉɇɝɔς ɄɕɦɏɖɎσɋς. ȳəɋɒ Ʉɖɝɢ əɔɚ 

ɏώɈɎɏɄ ɈɋɐώɒɉəɄɎ ɑɣɄ ɑɉəɄɅɐɋəɢ ɋ ɔɕɔɣɄ ɌɄ ɄɕɔɌɋɏɉɧɉɎ əɄ ɈɉɈɔɑɡɒɄ. ΈɕɉɎəɄ 

ɇɣɒɉəɄɎ ɚɐɔɕɔɣɋσɋ ɑɎɄς switch case ɑɉ əɋɒ ɔɕɔɣɄ ɄɒɠɐɔɇɄ ɑɉ əɔɒ ɏɟɈɎɏɦ ɉɒəɔɐɢς 

ɕɔɚ ɐɄɑɅɠɒɉəɄɎ, əɖɡɝɉɎ əɔ ɄɒəɣσəɔɎɝɔ ɏɔɑɑɠəɎ ɏώɈɎɏɄ. Όɕɟς ɕɄɖɄəɋɖɉɣəɄɎ ɇɎɄ 

əɋɒ ɈɎɄɈɎɏɄσɣɄ ɕɔɐɐɄɕɐɢς ɉɇɇɖɄɛɢς (Write Multiple Blocks, CMD25) ɏɄɎ 

ɕɔɐɐɄɕɐɢς Ʉɒɠɇɒɟσɋς (Read Multiple Blocks, CMD18) ɔ ɡɐɉɇɝɔς ɉɣɒɄɎ ɔ ɣɈɎɔς 

ɉɕɉɎɈɢ ɋ ɄɕɦɏɖɎσɋ ɇɎɄ Ʉɚəɡς əɎς Ɉɧɔ ɉɒəɔɐɡς ɉɣɒɄɎ ɋ ɣɈɎɄ ȋɈɋɐɄɈɢ R1). ȢɖɝɎɏɠ 

ɇɣɒɉəɄɎ Ʉɒɠɇɒɟσɋ əɟɒ ɈɉɈɔɑɡɒɟɒ ɏɄɎ ɑɉəɠ ɉɐɡɇɝɉəɄɎ Ʉɒ əɔ ɄɕɔəɡɐɉσɑɄ ɉɣɒɄɎ 

R1=0x00. Ȧɛɦσɔɒ ɋ Ʉɕɠɒəɋσɋ ɉɣɒɄɎ ɔɖɌɢ əɦəɉ σəɄɑɄəɠɉɎ ɔ ɡɐɉɇɝɔς, σəɄɑɄəɠɉɎ əɔ 

case əɋς switch ɏɄɎ əɉɐɉɎώɒɉɎ ɋ ɉɏəɡɐɉσɋ əɋς σɚɒɠɖəɋσɋς. Ȧɛɦσɔɒ ɋ əɎɑɢ əɔɚ R1 

ɉɣɒɄɎ ɈɎɄɛɔɖɉəɎɏɢ əɦəɉ ɇɣɒɉəɄɎ σɚɒɉɝώς Ʉɒɠɇɒɟσɋ ɑɡɝɖɎ ɒɄ ɔɐɔɏɐɋɖɟɌɉɣ ɋ 

Ʉɕɔσəɔɐɢ əɋς ɉɒəɔɐɢς ɏɄɎ ɒɄ ɐɋɛɌɉɣ ɋ σɟσəɢ ɄɕɦɏɖɎσɋ Ʉɕɦ əɋɒ SDC. ȵɕɠɖɝɉɎ 

ɏɄɎ ɑɣɄ ɠɐɐɋ ɉɒəɔɐɢ ɕɔɚ σəɡɐɒɉəɄɎ σəɋɒ SD ɏɄɎ ɉɣɒɄɎ Ʉɚəɢ əɋς ɈɎɄɏɔɕɢς 

Ʉɒɠɇɒɟσɋς ȋStop Tran, CMD12). Ȩ ɉɒəɔɐɢ Ʉɚəɢ σəɡɐɒɉəɄɎ σəɋɒ SDC ɦəɄɒ 

Ɍɡɐɔɚɑɉ ɒɄ əɉɖɑɄəɣσɔɚɑɉ əɋɒ Ʉɒɠɇɒɟσɋ. Όɕɟς ɄɒɄɐɧɌɋɏɉ ɒɟɖɣəɉɖɄ ɋ CMD12 

ɡɝɉɎ ɟς ɄɕɦɏɖɎσɋ ɦɝɎ əɔ R1 Ʉɐɐɠ əɔ R1b. ȳəɔ σɋɑɉɣɔ Ʉɚəɦ ɌɄ ɕɖɡɕɉɎ ɒɄ ɇɣɒɉɎ 

ɡɐɉɇɝɔς ɦəɎ əɔ R1=0x00 ɏɄɎ σəɋɒ σɚɒɡɝɉɎɄ ɕɖɡɕɉɎ ɒɄ ɄɒɄɑɡɒɉəɄɎ ɋ ɔɐɔɏɐɢɖɟσɋ 

əɋς ɈɎɄɈɎɏɄσɣɄ, ɉɐɡɇɝɔɑəɄς ɕɦəɉ ɋ MISO ɇɖɄɑɑɢ ɇɣɒɉɎ 0xff. ȱɄɖɄəɋɖɉɣəɄɎ ɦəɎ 

ɇɣɒɔɒəɄɎ Ɉɧɔ ɄɒɄɇɒώσɉɎς, Ʉɚəɦ ɕɖɔɏɧɕəɉɎ Ʉɕɦ əɔ ɇɉɇɔɒɦς ɦəɎ σəɋɒ CMD12 ɉɒəɔɐɢ 

əɔ ɕɖώəɔ byte ɕɔɚ ɐɄɑɅɠɒɉəɄɎ ɄɕɔəɉɐɉɣəɄɎ Ʉɕɦ ɐɠɌɔς ɈɉɈɔɑɡɒɄ ɏɄɎ əɔ 
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ɛɄɎɒɦɑɉɒɔ Ʉɚəɦ ɔɒɔɑɠɊɉəɄɎ stuff byte. ȤɎɄ əɔɒ ɐɦɇɔ Ʉɚəɦ ɕɖɄɇɑɄəɔɕɔɎɉɣəɄɎ ɝɟɖɣς 

ɡɐɉɇɝɔ ɑɣɄ Ʉɏɦɑɋ Ʉɒɠɇɒɟσɋ ɇɎɄ ɒɄ ɄɕɔɏəɋɌɉɣ ɋ σɟσəɢ əɎɑɢ. ȳɚɒɉɝɣɊɔɒəɄς əɋɒ 

ɉɏəɡɐɉσɋ ɇɣɒɉəɄɎ ɔ ɡɐɉɇɝɔς ɇɎɄ əɔ R1 ɏɄɎ ɦɕɟς σəɔ ɕɖɔɋɇɔɧɑɉɒɔ case ɄɒɄɑɡɒɉəɄɎ 

ɑɡɝɖɎ ɒɄ ɉɑɛɄɒɎσəɉɣ ɋ əɎɑɢ R1=0x00 ɇɎɄ ɒɄ σɚɒɉɝɣσɉɎ ɋ ɉɏəɡɐɉσɋ. ȭɉ əɋɒ 

Ʉɒɠɇɒɟσɋ əɋς əɎɑɢς Ʉɚəɢς ɕɉɖɒɠɑɉ σəɔɒ ɡɐɉɇɝɔ əɔɚ busy flag. ȤɣɒɉəɄɎ ɏɄɎ ɕɠɐɎ 

Ʉɒɠɇɒɟσɋ əɟɒ ɈɉɈɔɑɡɒɟɒ ɏɄɎ ɡɐɉɇɝɔς ɇɎɄ əɔ ɕɦəɉ ɌɄ ɉɑɛɄɒɎσəɉɣ σəɋɒ DO ɇɖɄɑɑɢ 

əɋς SD ɋ əɎɑɢ 0xff ɕɔɚ σɋɑɄəɔɈɔəɉɣ əɔ əɡɐɔς əɔɚ busy flag. ȴɡɐɔς ɇɣɒɉəɄɎ 

ɔɐɔɏɐɢɖɟσɋ əɋς ɉɏəɡɐɉσɋς əɋς switch ɏɄɎ ɉɕɎσəɖɡɛɉɎ ɋ ɉɏəɡɐɉσɋ σəɋɒ ɏɄɐɔɧσɄ 

σɚɒɠɖəɋσɋ.  

ȤɎɄ əɋɒ ɉɕɣəɉɚɓɋ ɉɣəɉ ɉɇɇɖɄɛɢς ɉɣəɉ Ʉɒɠɇɒɟσɋς σəɋɒ SDC ɕɖɡɕɉɎ ɒɄ ɓɡɖɔɚɑɉ 

ɕɡɖɄ Ʉɕɦ əɎς ɄɕɄɒəɢσɉɎς ɕɔɚ Ɉɣɒɔɚɒ ɔɎ ɉɒəɔɐɡς ɏɄɎ əɎς ɄɕɔɏɖɣσɉɎς Ʉɕɦ əɄ ɕɐɄɣσɎɄ 

əɟɒ ɕɄɏɡəɟɒ ɈɉɈɔɑɡɒɟɒ ɕɔɚ ɕɖɡɕɉɎ ɒɄ σəɄɐɔɧɒ ɢ ɒɄ ɐɋɛɌɔɧɒ. ȳəɋɒ ɉɎɏɦɒɄ 24 

ɄɕɉɎɏɔɒɣɊɔɒəɄɎ σɝɋɑɄəɎɏɠ. ȫɄɎ əɔ ɕɄɏɡəɔ ɈɉɈɔɑɡɒɟɒ ɄɕɔəɉɐɉɣəɄɎ Ʉɕɦ əɖɣɄ ɑɡɖɋ. 

ȴɔ ɕɖώəɔ ɑɡɖɔς ɄɕɔəɉɐɉɣəɄɎ Ʉɕɦ əɋɒ ɏɉɛɄɐɣɈɄ (data token) əɟɒ ɈɉɈɔɑɡɒɟɒ 

ɑɉɇɡɌɔɚς ͝byte.  ȵɕɠɖɝɔɚɒ ͟ ɈɎɄɛɔɖɉəɎɏɠ data token ɇɎɄ əɎς ɈɎɠɛɔɖɉς ɉɒəɔɐɡς ɕɔɚ 

ɄɕɔσəɡɐɐɔɒəɄɎ σəɋɒ ɏɠɖəɄ. ȴɔ ɕɖώəɔ σɚɒɈɡɉəɄɎ ɑɉ əɋɒ ɉɒəɔɐɢ CMD18 ɕɔɚ 

Ʉɛɔɖɠ əɋɒ Ʉɒɠɇɒɟσɋς əɋς SDC, əɔ Ɉɉɧəɉɖɔ ɏɄɎ əɔ əɖɣəɔ σɚɒɈɡɔɒəɄɎ ɑɉ əɋɒ ɉɒəɔɐɢ 

CMD25 ɕɔɚ Ʉɛɔɖɠ əɋɒ ɉɇɇɖɄɛɢ σəɋɒ ɏɠɖəɄ SD. ΈɕɉɎəɄ ɚɕɠɖɝɉɎ əɔ ɑɕɐɔɏ 

ɈɉɈɔɑɡɒɟɒ ɏɄɎ σəɔ əɡɐɔς əɔ CRC ɑɉɇɡɌɔɚς ͞byte.  ȦɈώ ɌɉɟɖɉɣəɄɎ ɄɒɄɇɏɄɣɔ ɒɄ 

əɔɒɎσəɉɣ ɕɟς σəɋɒ ɉɎɏɦɒɄ ɄɒɄɇɖɠɛɉəɄɎ ɦəɎ əɔ ɕɄɏɡəɔ ɈɉɈɔɑɡɒɟɒ ɉɣɒɄɎ ͤ͜͞͠byte, 

ɉɒώ ɏɄəɠ əɋɒ ɄɖɝɎɏɔɕɔɣɋσɋ əɡɌɋɏɄɒ ɟς ɑɡɇɉɌɔς ɑɕɐɔɏ ɈɉɈɔɑɡɒɟɒ əɄ ͡͝͞byte. 

 

ȵιʃόʆα 24 – Αʆάʄʐση ʃɸφαʄίɷʘʆ ʃαι αʋόʃʌιση ʏʘʆ ʋαʃέʏʘʆ ɷɸɷοʅέʆʘʆ 
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H ɄɕɦɏɖɎσɋ ɈɉɈɔɑɡɒɟɒ ȋData Response) ɕɔɚ ɐɄɑɅɠɒɉəɄɎ Ʉɛɔɖɠ ɑɦɒɔ əɋɒ 

ɈɎɄɈɎɏɄσɣɄ ɉɇɇɖɄɛɢς ɏɄɎ ɕɖɡɕɉɎ ɒɄ ɉɣɒɄɎ ɕɠɒəɄ əɎɑɢς 0x05 (0b00000101) ɇɎɄ ɒɄ 

ɅɉɅɄɎɟɌɉɣ ɦəɎ əɄ ɈɉɈɔɑɡɒɄ ɡɇɎɒɄɒ ɄɕɔɈɉɏəɠ Ʉɕɦ əɋɒ ɏɠɖəɄ. ȳɉ ɈɎɄɛɔɖɉəɎɏɢ 

ɕɉɖɣɕəɟσɋ ɚɕɠɖɝɔɚɒ ɠɐɐɉς əɎɑɡς ɄɒɠɐɔɇɄ ɑɉ əɔ ɐɠɌɔς ɕɔɚ ɕɖɔɡɏɚɞɉ. 

ȩɄ ɔɐɔɏɐɋɖɟɌɉɣ ɋ ɌɉɟɖɋəɎɏɢ ɕɖɔσɡɇɇɎσɋ əɋς SDC ɏɄɎ əɟɒ ɉɒəɔɐώɒ əɋς 

ɕɉɖɎɇɖɠɛɔɒəɄς əɋɒ ɐɉɎəɔɚɖɇɣɄ Ʉɒɠɇɒɟσɋς ɏɄɎ əɋɒ ɐɉɎəɔɚɖɇɣɄ ɉɇɇɖɄɛɢς. ȳəɋɒ 

ɉɎɏɦɒɄ 25 ɚɕɠɖɝɉɎ ɋ σɝɋɑɄəɎɏɢ Ʉɒɠɐɚσɋ əɋς ɕɔɐɐɄɕɐɢς Ʉɒɠɇɒɟσɋς Ʉɖɝɉɣɟɒ. Ȩ 

ɉɒəɔɐɢ CMD18 ɉɣɒɄɎ ɋ ɉɒəɔɐɢ ɕɔɚ ɑɄς ɉɕɎəɖɡɕɉɎ əɋɒ Ʉɒɠɇɒɟσɋ ɕɔɐɐɄɕɐώɒ 

ɕɄɏɡəɟɒ ɈɉɈɔɑɡɒɟɒ Ʉɕɦ ɑɎɄ σɚɇɏɉɏɖɎɑɡɒɋ ɈɎɉɧɌɚɒσɋ. Ȩ ɈɎɉɧɌɚɒσɋ ɔɖɣɊɉəɄɎ σəɄ 

ɈɉɈɔɑɡɒɄ əɋς ɉɒəɔɐɢς. ȭɦɐɎς ɋ ɏɠɖəɄ ɈɉɝɌɉɣ əɋɒ ɉɒəɔɐɢ σəɔ ɈɣɄɚɐɔ DI (Data In) 

əɦəɉ σəɔɒ ɈɣɄɚɐɔ DO (Data Out) ɉɑɛɄɒɣɊɉəɄɎ ɋ ɄɕɦɏɖɎσɋ əɋς ɉɒəɔɐɢς. 

ȥɎɄɅɠɊɔɒəɄɎ ɕɔɐɐɄɕɐɠ ɕɄɏɡəɄ ɡɟς ɦəɔɚ σəɔɒ ɈɣɄɚɐɔ DI ɉɑɛɄɒɎσəɉɣ ɋ ɉɒəɔɐɢ 

CMD12 ɋ ɔɕɔɣɄ ɄɎəɉɣəɄɎ Ʉɕɦ əɋɒ ɏɠɖəɄ əɋɒ ɕɄɧσɋ Ʉɕɔσəɔɐɢς ɕɄɏɡəɟɒ. Ȧɛɦσɔɒ ɋ 

ɉɒəɔɐɢ Ʉɚəɢ ɇɣɒɉɎ ɄɕɔɈɉɏəɢ σəɄɑɄəɠɉɎ ɋ Ʉɕɔσəɔɐɢ ɕɄɏɡəɟɒ.  

 

ȵιʃόʆα 25 – Αʆάʄʐση ʋοʄʄαʋʄής αʆάɶʆʘσης ʋαʃέʏʘʆ ʃάʌʏας SD 

ȭɉ ɄɒəɣσəɔɎɝɔ σɏɉɐɉəɦ σɄɒ Ʉɚəɦ əɋς ɉɎɏɦɒɄς 25 ɚɐɔɕɔɎɢɌɋɏɉ ɋ σɚɒɠɖəɋσɋ 

read_from_sd(); ɑɉ əɋɒ ɔɕɔɣɄ ɕɖɄɇɑɄəɔɕɔɎɉɣəɄɎ ɋ ɈɎɄɈɎɏɄσɣɄ Ʉɒɠɇɒɟσɋς Ʉɕɦ əɋɒ 

ɏɠɖəɄ SD.  

/** 
 * Read from SD 
 */ 
void read_from_sd() { 
    SSPCON =0b00100001;                                         // Set 
Fosc/16 for reading process 
    print_to_lcd("Listening...");                               // LCD 
prints "Listening" 
    unsigned char received_data;                                 
    sd_command(SD_COMMAND_READ_MULTIPLE_BLOCKS, SD_START_ADDRESS, 
0xff); // Send command Command 18 for multiple read 
    handle_sd_command_response(SD_COMMAND_READ_MULTIPLE_BLOCKS);         
// Handling the command response 
         
    while (!RECORD_INTERRUPT) {                                 // 
While button is not pressed enter loop 
        received_data = read_from_spi();                        // 
Read first appeared data from spi 
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        while (received_data != DATA_TOKEN_READ) {              // 
Read continuously data until read data token appears 
            received_data = read_from_spi(); 
        } 
             
        for (unsigned int i = 0; i < BLOCKLEN; i++) {           // For 
every data block 
            received_data = read_from_spi();                    // 
Read the data from sdc 
 
            __delay_us(16.5); 
            CCPR2L = received_data;                             // And 
send them to the PWM for reproduction  
        } 
         
        write_to_spi(SPI_DUMMY_CLOCK);                          // 1st 
CRC byte 
        write_to_spi(SPI_DUMMY_CLOCK);                          // 2nd 
CRC byte 
    } 
     
    sd_command(SD_COMMAND_STOP_TRANSMISSION, 0, 0xff);          // 
Button was pressed so send stop transmission command 
    handle_sd_command_response(SD_COMMAND_STOP_TRANSMISSION);   // 
Handling the command response 
     
    start_recording();                                          // 
Start the recording process 
} 

ȢɖɝɎɏɠ ɖɚɌɑɣɊɉəɄɎ ɋ σɚɝɒɦəɋəɄς SPI ɇɎɄ əɋɒ ɈɎɄɈɎɏɄσɣɄ Ʉɒɠɇɒɟσɋς, ɡɕɉɎəɄ 

ɉɏəɚɕώɒɉəɄɎ σəɋɒ ɔɌɦɒɋ əɔ ɑɢɒɚɑɄ ɦəɎ ɓɉɏɎɒɠɉɎ ɋ ɄɒɄɕɄɖɄɇɟɇɢ əɋς ɉɇɇɖɄɛɢς. 

ȥɋɐώɒɉəɄɎ ɋ ɑɉəɄɅɐɋəɢ σəɋɒ ɔɕɔɣɄ ɌɄ ɄɕɔɌɋɏɉɧɔɒəɄɎ əɄ ɈɉɈɔɑɡɒɄ. Ȩ ɈɎɄɈɎɏɄσɣɄ 

Ʉɒɠɇɒɟσɋς ɓɉɏɎɒɠɉɎ σəɡɐɒɔɒəɄς əɋɒ ɉɒəɔɐɢ CMD18 σəɋɒ ɏɠɖəɄ SD ɏɄɎ ɏɄɐώɒəɄς 

əɋɒ handle_sd_command_response ɉɐɡɇɝɉəɄɎ ɋ ɄɕɦɏɖɎσɋ Ʉɕɦ əɋɒ SDC. Ȧɛɦσɔɒ 

ɋ ɉɒəɔɐɢ ɇɣɒɉɎ Ɉɉɏəɢ ɓɉɏɎɒɠɉɎ ɋ Ʉɒɠɇɒɟσɋ. ȵɐɔɕɔɎɉɣəɄɎ ɑɎɄ while σəɋɒ ɔɕɔɣɄ 

ɉɐɡɇɝɉəɄɎ ɉɠɒ ɡɝɉɎ ɕɄəɋɌɉɣ əɔ ɕɐɢɏəɖɔ ɕɔɚ ɓɉɏɎɒɠɉɎ əɋɒ ɈɎɄɈɎɏɄσɣɄ ɉɇɇɖɄɛɢς. 

Όσɔ əɔ ɕɐɢɏəɖɔ Ɉɉɒ ɡɝɉɎ ɕɄəɋɌɉɣ ɉɏəɉɐɉɣəɄɎ ɔ ɏώɈɎɏɄς əɋς while. ȭɡσɄ σəɋɒ 

while ɇɣɒɉəɄɎ Ʉɒɠɇɒɟσɋ əɟɒ ɈɉɈɔɑɡɒɟɒ ɏɄɎ ɡɐɉɇɝɔς ɑɡɝɖɎ ɒɄ ɉɑɛɄɒɎσəɉɣ σəɔɒ 

ɈɣɄɚɐɔ əɔ data token read (0b11111110) əɋς ɉɒəɔɐɢς CMD18. ΈɕɉɎəɄ ɇɣɒɉəɄɎ 

Ʉɕɔσəɔɐɢ əɟɒ ɈɉɈɔɑɡɒɟɒ σəo PWM ɑɡσɟ əɔɚ ɏɄəɄɝɟɖɋəɢ CCPR2L ɈɎɄɅɠɊɔɒəɄς 

σɚɒɉɝɦɑɉɒɄ block Ʉɕɦ əɋɒ ɏɠɖəɄ. ȴɡɐɔς ɇɎɄ ɒɄ ɔɐɔɏɐɋɖɟɌɉɣ əɔ ɕɐɄɣσɎɔ 

ɈɉɈɔɑɡɒɟɒ ɕɖɔσɌɡəɔɚɑɉ ɏɄɎ əɄ ͞ byte əɔɚ CRC. Ȣɚəɢ ɋ ɈɎɄɈɎɏɄσɣɄ σɚɒɉɝɣɊɉɎ ɑɡɝɖɎ 

ɒɄ ɕɄəɋɌɉɣ əɔ ɕɐɢɏəɖɔ ɕɔɚ σɋɑɄəɔɈɔəɉɣ əɋɒ Ʉɖɝɢ əɋς ɉɇɇɖɄɛɢς. ȭɉ əɔ ɕɠəɋɑɄ 

əɔɚ ɕɐɢɏəɖɔɚ σəɡɐɒɉəɄɎ ɠɑɉσɄ σəɋɒ SD ɑɣɄ CMD12 ɇɎɄ ɒɄ σəɄɑɄəɢσɉɎ ɒɄ ɑɄς 

ɄɕɔσəɡɐɐɉɎ ɈɉɈɔɑɡɒɄ, ɇɣɒɉəɄɎ ɔ ɡɐɉɇɝɔς əɋς ɄɕɦɏɖɎσɋς ɑɡσɟ əɋς 

handle_sd_command_response ɏɄɎ ɏɄɐɉɣəɄɎ ɋ σɚɒɠɖəɋσɋ ɕɔɚ ɄɒɄɐɄɑɅɠɒɉɎ əɋɒ 

ɈɎɄɈɎɏɄσɣɄ ɉɇɇɖɄɛɢς. ȭɉ əɔɒ əɖɦɕɔ Ʉɚəɦ ɉɕɎəɚɇɝɠɒɉəɄɎ ɋ Ʉɒɠɇɒɟσɋ əɋς SDC. 
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ΊɈɎɄ ɐɔɇɎɏɢ əɋς CMD18 ɄɏɔɐɔɚɌɉɣəɄɎ ɏɄɎ ɑɉ  əɋɒ ɉɒəɔɐɢ  CMD25 ɋ ɔɕɔɣɄ 

ɑɦɐɎς ɉɑɛɄɒɎσəɉɣ σəɔɒ DI ɈɣɄɚɐɔ ɏɄɎ ɇɣɒɉɎ ɉɕɎəɚɝώς Ɉɉɏəɢ Ʉɕɦ əɋɒ ɄɕɦɏɖɎσɋ ɕɔɚ 

ɉɑɛɄɒɣɊɉəɄɎ σəɔ DO ɈɣɄɚɐɔ, ɄɖɝɣɊɉɎ əɋɒ ɉɇɇɖɄɛɢ əɟɒ ɈɉɈɔɑɡɒɟɒ. Ȩ ɉɇɇɖɄɛɢ əɟɒ 

ɈɉɈɔɑɡɒɟɒ ɇɣɒɉəɄɎ σəɔ ɈɣɄɚɐɔ DI ɏɄɎ σɉ ɏɠɌɉ əɡɐɔς ɕɄɏɡəɔɚ ȋɑɉɇɡɌɔɚς ͡͝͞byte 

ɦɕɟς ɡɝɉɎ ɔɖɎσəɉɣȌ ɉɑɛɄɒɣɊɉəɄɎ σəɔɒ ɈɣɄɚɐɔ DO ɋ ɄɕɦɏɖɎσɋ əɔɚ ɕɄɏɡəɔɚ 

ɈɉɈɔɑɡɒɟɒ. ȦɐɡɇɝɉəɄɎ ɦəɎ ɋ ɉɇɇɖɄɛɢ ɡɝɉɎ ɇɣɒɉɎ σɟσəɠ ɏɠɒɔɒəɄς əɔɚ ɄɕɄɖɄɣəɋəɔɚς 

ɉɐɡɇɝɔɚς ɏɄɎ σɚɒɉɝɣɊɉɎ ɋ ɉɇɇɖɄɛɢ əɟɒ ɉɕɎɌɚɑɋəώɒ ɕɄɏɡəɟɒ ɈɉɈɔɑɡɒɟɒ. ȤɎɄ əɋɒ 

ɕɄɧσɋ Ʉɕɔσəɔɐɢς əɟɒ ɈɉɈɔɑɡɒɟɒ σəɡɐɒɉəɄɎ əɔ STOP TRAN TOKEN ɑɉ əɔ ɔɕɔɣɔ 

ɉɒɋɑɉɖώɒɉəɄɎ ɋ SDC ɦəɎ Ɉɉɒ ɌɄ ɈɉɝɌɉɣ ɠɐɐɄ ɈɉɈɔɑɡɒɄ. Ȧɛɦσɔɒ əɔ STOP TRAN 

TOKEN ɇɣɒɉɎ Ɉɉɏəɦ əɦəɉ σəɄɑɄəɠɉɎ ɋ ɈɎɄɈɎɏɄσɣɄ ɉɇɇɖɄɛɢς ɈɉɈɔɑɡɒɟɒ. ȳəɋɒ 

ɉɎɏɦɒɄ 26 ɇɣɒɉəɄɎ ɋ σɝɋɑɄəɎɏɢ ɄɒɄɕɄɖɠσəɄσɋ əɋς ɈɎɄɈɎɏɄσɣɄς Ʉɚəɢς. 

 

ȵιʃόʆα 26 - Αʆάʄʐση ʋοʄʄαʋʄής ɸɶɶʌαφής ʋαʃέʏʘʆ ʃάʌʏας SD 

ȭɉ əɋɒ σɚɒɠɖəɋσɋ write_to_sdȋ); ɇɣɒɉəɄɎ ɋ ɉɇɇɖɄɛɢ əɟɒ ɈɉɈɔɑɡɒɟɒ σəɋɒ 

SDC ɦɕɟς ɛɄɣɒɉəɄɎ ɏɄɎ σəɋɒ ɉɎɏɦɒɄ 26.  

/** 
 * Write to SD 
 */ 
void write_to_sd() { 
     
    SSPCON = 0b00100000;                // Set Fosc/4 for writing 
process 
    print_to_lcd("Recording...");       // LCD prints "Recording"  
    unsigned char received_data;             
    sd_command(SD_COMMAND_WRITE_MULTIPLE_BLOCKS, SD_START_ADDRESS, 
0xff); // Send command Command 25 for multiple write 
    handle_sd_command_response(SD_COMMAND_WRITE_MULTIPLE_BLOCKS);         
// Handling the command response   
    write_to_spi(SPI_DUMMY_CLOCK);                          // Dummy 
clocks before sending data packet 
    write_to_spi(SPI_DUMMY_CLOCK); 
     
    while (!RECORD_INTERRUPT) {                             // While 
button is not pressed enter loop 
        write_to_spi(DATA_TOKEN_WRITE);                     // Send 
the data token for the data packet 
         
        for (unsigned int i = 0; i < BLOCKLEN; i++) {       // For 
every data block 
            unsigned char adc_data = read_from_adc(); 
            write_to_spi(adc_data);                         // write 
the result of the adc to the sdc 
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        } 
         
        write_to_spi(SPI_DUMMY_CLOCK);                      // 1st CRC 
byte 
        write_to_spi(SPI_DUMMY_CLOCK);                      // 2nd CRC 
byte 
        received_data = read_from_spi();                    // Read 
data response after first block sent 
         
        while ((received_data & 0b00011111) != DATA_TOKEN_ACCEPTED ) {    
// Check continuously that data was accepted 
            received_data = read_from_spi(); 
        } 
         
        while (received_data != DATA_TOKEN_BUSY){           // Wait 
until data out bus goes high for end of the process 
            received_data = read_from_spi(); 
        } 
    } 
     
    write_to_spi(SPI_DUMMY_CLOCK);                           
    write_to_spi(SPI_DUMMY_CLOCK);                           
    write_to_spi(DATA_TOKEN_STOP_TRAN);                     // Button 
was pressed so send stop tran token 
    write_to_spi(SPI_DUMMY_CLOCK);                          // Dummy 
byte after stop tran token 
     
    received_data = read_from_spi();                         
    while (received_data != DATA_TOKEN_BUSY){               // Wait 
until data out bus goes high for end of the process 
        received_data = read_from_spi(); 
    } 
} 

 

ȢɖɝɎɏɠ ɇɣɒɉəɄɎ ɄɐɐɄɇɢ əɋς σɚɝɒɦəɋəɄς SPI ɇɎɄ əɋɒ ɈɎɄɈɎɏɄσɣɄ ɉɇɇɖɄɛɢς 

ɏɠɒɔɒəɠς əɋɒ ɣσɋ ɑɉ Fosc/4. Ȣɚəɢ ɋ ɄɐɐɄɇɢ ɕɖɄɇɑɄəɔɕɔɎɉɣəɄɎ ɉɕɉɎɈɢ ɏɄəɠ əɋɒ 

ɚɐɔɕɔɣɋσɋ əɋς σɚσɏɉɚɢς ɕɄɖɄəɋɖɢɌɋɏɉ ɦəɎ ɉɠɒ ɕɄɖɡɑɉɒɉ ɋ ɣɈɎɄ σɚɝɒɦəɋəɄ σəɋɒ 

ɄɒɄɕɄɖɄɇɟɇɢ ɏɄɎ σəɋɒ ɋɝɔɇɖɠɛɋσɋ ɌɄ ɕɖɔɡɏɚɕəɉ ɐɄɒɌɄσɑɡɒɔ ɏɄɎ ɏɄɏɦ 

ɄɏɔɚσəɎɏɦ ɄɕɔəɡɐɉσɑɄ. Ȧɒ σɚɒɉɝɉɣɄ ɇɣɒɉəɄɎ ɉɏəɧɕɟσɋ ɑɋɒɧɑɄəɔς σəɋɒ ɔɌɦɒɋ ɦəɎ 

ɓɉɏɎɒɠɉɎ ɋ ɉɇɇɖɄɛɢ ɏɄɎ ɈɋɐώɒɉəɄɎ ɑɉəɄɅɐɋəɢ ɇɎɄ əɋɒ ɄɕɔɌɢɏɉɚσɋ əɟɒ 

ɈɉɈɔɑɡɒɟɒ. ȢɕɔσəɡɐɐɉəɄɎ ɋ ɉɒəɔɐɢ CMD25 ɏɄɎ ɑɡσɟ əɋς 

handle_sd_command_response ɇɣɒɉəɄɎ ɔ ɡɐɉɇɝɔς əɋς ɄɕɦɏɖɎσɋς ɕɔɚ ɐɄɑɅɠɒɉəɄɎ. 

ȳəɋɒ σɚɒɡɝɉɎɄ σəɡɐɒɔɒəɄɎ 2 dummy bytes ɦɕɟς ɄɕɉɎɏɔɒɣɊɉəɄɎ σəɋɒ ɉɎɏɦɒɄ 26 ɕɖɎɒ 

ɇɣɒɉɎ ɋ ɉɇɇɖɄɛɢ əɔɚ ɕɄɏɡəɔɚ. ΈɕɉɎəɄ ɚɕɠɖɝɉɎ, ɦɕɟς ɏɄɎ ɑɉ əɋɒ Ʉɒɠɇɒɟσɋ, ɋ while 

ɑɉ əɋɒ ɔɕɔɣɄ ɉɐɡɇɝɉəɄɎ ɉɠɒ ɕɄəɢɌɋɏɉ əɔ ɕɐɢɏəɖɔ. ȦɕɉɎɈɢ əώɖɄ ɋ σɚσɏɉɚɢ 

ɅɖɣσɏɉəɄɎ σəɔ σəɠɈɎɔ ɉɇɇɖɄɛɢς ɕɖɡɕɉɎ ɔɚσɎɄσəɎɏɠ ɒɄ ɚɐɔɕɔɎɋɌɉɣ əɔ ɕɐɄɣσɎɔ ɕɔɚ 

ɚɕɠɖɝɉɎ σəɋɒ ɉɎɏɦɒɄ ͞͠. ȥɋɐɄɈɢ ɌɄ ɕɖɡɕɉɎ ɒɄ σəɄɐɔɧɒ ɄɖɝɎɏɠ əɔ data token 

ɡɕɉɎəɄ əɄ ɈɉɈɔɑɡɒɄ ɏɄɎ əɡɐɔς əɄ 2 CRC bytes. ȢɒəɣσəɔɎɝɄ σəɔɒ ɏώɈɎɏɄ ɌɄ 
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ɇɖɄɛəɉɣ, ɄɖɝɎɏɠ σəɋɒ SDC, əɔ data token write (0b11111100). ȴɄ  ɈɉɈɔɑɡɒɄ ɕɔɚ 

ɐɄɑɅɠɒɔɒəɄɎ Ʉɕɦ əɔɒ ɑɉəɄəɖɔɕɡɄ Ȣ/D ɉɇɇɖɠɛɔɒəɄɎ Ʉɒɠ ɑɕɐɔɏ σəɋɒ ɏɠɖəɄ SD 

ɏɄɎ ɡɕɉɎəɄ ɉɇɇɖɠɛɔɚɑɉ əɄ ͞ CRC bytes. ȭɉəɠ Ʉɕɦ əɋɒ ɉɇɇɖɄɛɢ əɔɚ ɏɠɌɉ ɑɕɐɔɏ 

ɉɐɡɇɝɉəɄɎ Ʉɒ əɄ ɈɉɈɔɑɡɒɄ Ʉɚəɠ ɡɇɎɒɄɒ ɄɕɔɈɉɏəɠ Ʉɕɦ əɋɒ ɏɠɖəɄ ɑɒɢɑɋς. Ȣɚəɦ 

ɚɐɔɕɔɎɉɣəɄɎ ɉɐɡɇɝɔɒəɄς əɋɒ ɄɕɦɏɖɎσɋ ɕɔɚ ɐɄɑɅɠɒɔɚɑɉ ɑɉəɠ əɋɒ Ʉɕɔσəɔɐɢ əɔɚ 

ɏɠɌɉ ɕɄɏɡəɔɚ ɈɉɈɔɑɡɒɟɒ. Ȧɛɦσɔɒ əɄ əɉɐɉɚəɄɣɄ ͡ bit əɋς Ʉɕɠɒəɋσɋς ɄɒəɎσəɔɎɝɔɧɒ 

σɉ ͜b00101 əɦəɉ ɋ ɉɇɇɖɄɛɢ əɟɒ ɈɉɈɔɑɡɒɟɒ ɢəɄɒ ɉɕɎəɚɝɢς. ΈəσɎ ɕɖɄɇɑɄəɔɕɔɎɉɣəɄɎ 

ɋ ɉɇɇɖɄɛɢ əɟɒ ɈɉɈɔɑɡɒɟɒ ɑɡɝɖɎ ɒɄ ɕɄəɋɌɉɣ əɔ ɕɐɢɏəɖɔ. ȭɉ əɔ ɕɠəɋɑɄ əɔɚ 

ɕɐɢɏəɖɔɚ σəɄɑɄəɠɉɎ ɋ ɉɏəɡɐɉσɋ əɋς while ɏɄɎ ɄɕɔσəɡɐɐɔɒəɄɎ ͞ dummy bytes. 

ΈɕɉɎəɄ ɇɎɄ ɒɄ ɏɄəɄɐɠɅɉɎ ɋ SDC ɦəɎ Ɉɉɒ ɌɄ ɈɉɝɌɉɣ ɠɐɐɄ ɈɉɈɔɑɡɒɄ σəɡɐɒɉəɄɎ əɔ 

stop transfer data token (0b11111101) ɏɄɎ ɡɒɄ dummy clock ɕɔɚ ɄɕɄɎəɉɣəɄɎ. ΈɕɉɎəɄ 

ɄɒɄɑɡɒɉəɄɎ ɋ ɔɐɔɏɐɢɖɟσɋ əɋς ɈɎɄɈɎɏɄσɣɄς ɑɡɝɖɎ ɒɄ ɉɑɛɄɒɎσəɉɣ σəɔ DO əɔ 0xff 

Ʉɕɦ əɔ busy state əɋς SDC. ȳəɔ σɋɑɉɣɔ Ʉɚəɦ ɔɐɔɏɐɋɖώɒɉəɄɎ ɋ Ʉɒɠɐɚσɋ əɟɒ 

σɚɒɄɖəɢσɉɟɒ ɕɔɚ Ʉɛɔɖɔɧɒ əɋɒ ɏɠɖəɄ SD. 

3.5 – PWM (Pulse Width Modulation) 

ȤɎɄ əɋɒ ɄɒɄɕɄɖɄɇɟɇɢ əɔɚ ɢɝɔɚ ɉɣɒɄɎ ɄɒɄɇɏɄɣɔ ɒɄ ɝɖɋσɎɑɔɕɔɎɋɌɉɣ ɡɒɄς 

ɑɉəɄəɖɔɕɡɄς ɞɋɛɎɄɏɔɧ σɢɑɄəɔς σɉ ɄɒɄɐɔɇɎɏɦ ȋDAC). ȦɕɉɎɈɢ ɔ σɚɇɏɉɏɖɎɑɡɒɔς 

ɑɎɏɖɔɉɐɉɇɏəɢς Ɉɉɒ ɡɝɉɎ əɡəɔɎɄ ɅɄɌɑɣɈɄ ɚɐɔɕɔɎɋɑɡɒɋ ɝɖɋσɎɑɔɕɔɎɉɣəɄɎ ɔ PWM ɕɔɚ 

ɚɕɠɖɝɉɎ, σɉ σɚɒɈɚɄσɑɦ ɑɉ ɡɒɄ RC ɛɣɐəɖɔ. ȭɉ Ʉɚəɢ əɋɒ ɚɐɔɕɔɣɋσɋ ɈɋɑɎɔɚɖɇɉɣəɄɎ 

ɡɒɄς Ʉɕɐɦς DAC ɇɎɄ əɎς ɄɕɄɎəɢσɉɎς Ʉɚəɢς əɋς ɉɖɇɄσɣɄς. ȤɎɄ ɒɄ ɇɣɒɉɎ ɉɒɉɖɇɔɕɔɣɋσɋ 

ɢ Ʉɕɉɒɉɖɇɔɕɔɣɋσɋ əɔɚ PWM ɕɖɡɕɉɎ ɒɄ ɇɣɒɉɎ ɑɣɄ ɉɇɇɖɄɛɢ σəɔɒ CCPCON2 

ɏɄəɄɝɟɖɋəɢ. ΈɕɉɎəɄ ɉɛɦσɔɒ ɉɣɒɄɎ ɉɒɉɖɇɔɕɔɎɋɑɡɒɔς, σəɔɒ ɏɄəɄɝɟɖɋəɢ CCPR2L, 

ɉɑɛɄɒɣɊɉəɄɎ əɔ ɈɎɄɑɔɖɛɟɑɡɒɔ ɏɄəɠ PWM σɢɑɄ ɏɄɎ ɔɈɋɇɉɣəɄɎ σəɔ ɛɣɐəɖɔ. Ȩ 

ɑɔɒɄɈɎɏɢ ɉɒɡɖɇɉɎɄ ɕɔɚ ɕɖɡɕɉɎ ɒɄ ɇɣɒɉɎ ɇɎɄ əɋɒ ɐɉɎəɔɚɖɇɣɄ əɔɚ PWM ɉɣɒɄɎ ɋ 

ɄɖɝɎɏɔɕɔɣɋσɋ ɏɠɕɔɎɟɒ ɏɄəɄɝɟɖɋəώɒ ɕɔɚ Ʉɛɔɖɔɧɒ əɋɒ ɕɉɖɣɔɈɔ ɏɄɎ əɔɒ ɝɖɔɒɎσɑɦ. 

ȭɉ əɋɒ setup_pwm(); ɇɣɒɉəɄɎ o ɡɐɉɇɝɔς ɏɄɎ ɋ ɖɧɌɑɎσɋ əɔɚ PWM.  

 /** 

 * Sets up the PWM 
 */ 
void setup_pwm() { 
     
    TRISC1  = 0;            // PORTC1 Output  
    T2CKPS1 = 0;            // Prescaler is 1 
    T2CKPS0 = 0;            // Prescaler is 1 
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    PR2     = 0x50;         // Sets the PWM period 
    TMR2ON  = 1;            // Timer 2 is On 
    CCP2CON = 0b00001100;   // Selection of PWM mode 
} 

 

ȢɖɝɎɏɠ ɈɋɐώɒɉəɄɎ ɦəɎ ɋ PORTC1 ɉɣɒɄɎ ɡɓɔɈɔς. ȰɚσɎɄσəɎɏɠ ɔ ɄɏɖɔɈɡɏəɋς 

Ʉɚəɦς ɌɄ ɕɄɖɡɝɉɎ əɔ ɏɄəɠ PWM ɈɎɄɑɔɖɛɟɑɡɒɔ σɢɑɄ. ȳəɋɒ ɐɉɎəɔɚɖɇɣɄ PWM 

σəɔɒ PIC ɇɎɄ ɒɄ ɔɖɎσɌɉɣ ɋ ɕɉɖɣɔɈɔς əɔɚ PWM ɄɕɄɎəɉɣəɄɎ ɋ ɉɒɉɖɇɔɕɔɣɋσɋ əɔɚ 

ɝɖɔɒɎσəɢ TMR2ON ɏɄɎ ɈɣɒɉəɄɎ əɎɑɢ σəɔɒ PR2 ɏɄəɄɝɟɖɋəɢ. ȥɣɒɔɒəɄς əɎɑɢ σəɔɒ 

PR2 Ɉɋɐώɒɔɚɑɉ ɔɚσɎɄσəɎɏɠ əɋɒ ɕɉɖɣɔɈɔ əɔɚ PWM ɇɎɄəɣ ɔ TMR2ON ɓɉɏɎɒɠɉɎ Ʉɕɦ 

əɔ 0x00h ɑɡɝɖɎ ɒɄ ɛəɠσɉɎ əɋɒ əɎɑɢ əɔɚ PR2. ȦɕɎɕɐɡɔɒ ɔɖɣɊɉəɄɎ ɦəɎ Ɉɉɒ ɌɄ 

ɝɖɋσɎɑɔɕɔɎɋɌɉɣ prescaler ɔɖɣɊɔɒəɄς əɄ T2CKPS1:0=0. ȭɉ əɔɒ 

CCP2CON=0b00001100 ɇɣɒɉəɄɎ ɉɒɉɖɇɔɕɔɣɋσɋ əɔɚ PWM.  

 

3.6 – Η main() ʃαι ʐʋόʄοιʋɸς σʐʆαʌʏήσɸις  

ΈɝɔɒəɄς ɔɐɔɏɐɋɖώσɉɎ əɋɒ Ʉɒɠɐɚσɋ əɟɒ ɅɄσɎɏώɒ σɚɒɄɖəɢσɉɟɒ ɕɔɚ 

ɚɐɔɕɔɎɔɧɒ əɎς ɅɄσɎɏɡς ɐɉɎəɔɚɖɇɣɉς ɌɄ Ɉɔɧɑɉ ɏɄɎ əɎς σɚɒɄɖəɢσɉɎς Ʉɕɦ əɎς ɔɕɔɣɉς 

ɈɎɄɝɉɎɖɣɊɔɒəɄɎ. ȢɖɝɎɏɠ ɄɒɄɐɧɉəɄɎ ɋ main(); əɔɚ ɕɖɔɇɖɠɑɑɄəɔς. 

void main(void) { 
    setup();                // Start the setup process 
    while(1) { 
        start_playback();   // Start Playback process 
    } 
} 

 

Ȩ main(); ɕɔɐɧ Ʉɕɐɠ ɓɉɏɎɒɠɉɎ ɏɄɐώɒəɄς əɋɒ σɚɒɠɖəɋσɋ setup(); ɏɄɎ ɡɕɉɎəɄ 

ɑɉ ɑɣɄ Ʉəɡɖɑɟɒ while ɏɄɐɉɣ əɋɒ σɚɒɠɖəɋσɋ start_playback(); ɑɉ əɋɒ ɔɕɔɣɄ 

ɓɉɏɎɒɠɉɎ ɋ ɈɎɄɈɎɏɄσɣɄ ɄɒɄɕɄɖɄɇɟɇɢς.  

/** 
 * Program Configuration  
 */ 
void setup() { 
     
    setup_lcd();    // Sets up the LCD 
    setup_adc();    // Sets up the ADC 
    setup_spi();    // Sets up the SPI 
    setup_sd();     // Sets up the SD Card 
    setup_pwm();    // Sets up the PWM 
} 
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ȭɉ əɋɒ setup(); ɕɖɄɇɑɄəɔɕɔɎɉɣəɄɎ ɋ ɏɐɢσɋ ɦɐɟɒ əɟɒ ɚɕɔɐɔɣɕɟɒ setup 

σɚɒɄɖəɢσɉɟɒ ɕɔɚ ɄɒɄɐɧɌɋɏɄɒ σəɄ ɕɖɔɋɇɔɧɑɉɒɄ ɚɕɔɏɉɛɠɐɄɎɄ. ȰɚσɎɄσəɎɏɠ 

ɇɣɒɉəɄɎ ɋ ɄɖɝɎɏɢ ɈɎɄɑɦɖɛɟσɋ əɔɚ ɕɖɔɇɖɠɑɑɄəɔς ɏɄɎ ɄɖɝɎɏɔɕɔɎɔɧɒəɄɎ ɦɐɔɎ ɔɎ 

ɏɄəɄɝɟɖɋəɡς ɏɄɎ ɦɐɉς ɔɎ ɅɄɌɑɣɈɉς ɕɔɚ ɝɖɋσɎɑɔɕɔɎɔɧɒəɄɎ.  

/** 
 * Starts Playback  
 */ 
void start_playback() { 
     
    CCP2CON = 0b00001100; // Enable PWM mode 
     
    print_to_lcd("Play Mode"); // LCD prints "Play Mode" 
    __delay_ms(1000); 
    read_from_sd();     
} 

 

ȭɉ əɋɒ start_playback(); ɇɣɒɉəɄɎ ɋ Ʉɖɝɢ əɋς ɄɒɄɕɄɖɄɇɟɇɢς. ȢɖɝɎɏɠ 

ɉɒɉɖɇɔɕɔɎɉɣəɄɎ ɔ PWM ɡəσɎ ώσəɉ ɒɄ ɇɣɒɉɎ ɉɛɎɏəɢ ɋ ɄɒɄɕɄɖɄɇɟɇɢ. ΈɕɉɎəɄ 

ɉɏəɚɕώɒɉəɄɎ ɑɢɒɚɑɄ σəɋɒ ɔɌɦɒɋ ɦəɎ ɉɒɉɖɇɔɕɔɎɢɌɋɏɉ ɋ ɐɉɎəɔɚɖɇɣɄ ɄɒɄɕɄɖɄɇɟɇɢς 

ɏɄɎ ɏɄɐɉɣ əɋɒ σɚɒɠɖəɋσɋ read_from_sd(); ɑɉ əɋɒ ɔɕɔɣɄ ɈɎɄɅɠɊɉɎ əɄ ɈɉɈɔɑɡɒɄ Ʉɕɦ 

əɋɒ SDC. ȳəɋɒ ɣɈɎɄ ɐɔɇɎɏɢ ɐɉɎəɔɚɖɇɣɄς ɉɣɒɄɎ ɏɄɎ ɋ σɚɒɠɖəɋσɋ ɉɇɇɖɄɛɢς 

start_recording();.  

/** 
 * Start Recording  
 */ 
void start_recording() { 
    CCP2CON = 0b00000000; // Disable PWM mode 
    
    print_to_lcd("Record Mode"); // LCD prints "Record Mode" 
    __delay_ms(1000); 
    write_to_sd(); 
} 

 

Ȩ start_recording(); ɐɦɇɟ ɦəɎ əɔ ɕɖɦɇɖɄɑɑɄ σɝɉɈɎɠσəɋɏɉ ɑɉ Ʉɚəɦɒ əɔɒ əɖɦɕɔ 

ɏɄɐɉɣəɄɎ ɏɄɎ ɡɖɝɉəɄɎ ɕɠɒəɄ ɑɉəɠ Ʉɕɦ əɋɒ ɈɎɄɈɎɏɄσɣɄ Ʉɒɠɇɒɟσɋς. ȤɎɄ əɔɒ ɐɦɇɔ 

Ʉɚəɦ σəɋɒ ɕɖώəɋ ɇɖɄɑɑɢ ɏώɈɎɏɄ ɄɕɉɒɉɖɇɔɕɔɎɉɣəɄɎ ɔ PWM ɏɄɎ ɉɑɛɄɒɣɊɉəɄɎ σəɋɒ 

ɔɌɦɒɋ ɦəɎ ɉɒɉɖɇɔɕɔɎɢɌɋɏɉ ɋ ɐɉɎəɔɚɖɇɣɄ ɉɇɇɖɄɛɢς. ΈɕɉɎəɄ ɇɣɒɉəɄɎ ɋ ɏɐɢσɋ əɋς 

write_to_sd(); ɏɄɎ ɓɉɏɎɒɠɉɎ ɋ ɋɝɔɇɖɠɛɋσɋ.  
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ȦɈώ ɔɐɔɏɐɋɖώɒɉəɄɎ ɋ Ʉɒɠɐɚσɋ ɦɐɟɒ əɟɒ σɚɒɄɖəɢσɉɟɒ ɕɔɚ ɚɐɔɕɔɎɢɌɋɏɄɒ 

ɇɎɄ əɋɒ ɉɖɇɄσɣɄ Ʉɚəɢ. Ȩ ɐɔɇɎɏɢ əɔɚ ɕɖɔɇɖɠɑɑɄəɔς ɉɣɒɄɎ ɕɠɒəɄ ɒɄ ɉɒɉɖɇɔɕɔɎɉɣəɄɎ 

ɏɄɎ ɒɄ ɓɉɏɎɒɠɉɎ ɄɖɝɎɏɠ ɋ ɄɒɄɕɄɖɄɇɟɇɢ ɏɄɎ ɦɕɔəɉ ɔ ɝɖɢσəɋς ɌɉɐɢσɉɎ ɑɕɔɖɉɣ ɒɄ 

ɕɉɖɠσɉɎ σəɋɒ ɐɉɎəɔɚɖɇɣɄ ɉɇɇɖɄɛɢς ɑɉ əɔ ɕɠəɋɑɄ ɉɒɦς ɕɐɢɏəɖɔɚ. ȭɉ əɋɒ ɣɈɎɄ 

ɉɒɡɖɇɉɎɄ ɑɕɔɖɉɣ ɒɄ ɉɕɎɐɡɇɉɎ ɦɕɔɎɄ Ʉɕɦ əɎς Ɉɧɔ ɐɉɎəɔɚɖɇɣɉς ɉɕɎɌɚɑɉɣ. 

ȢɏɔɐɔɚɌɢɌɋɏɉ ɋ ɚɐɔɕɔɣɋσɋ Ʉɚəɢ ɇɎɄ ɒɄ ɚɕɠɖɝɉɎ ɐɔɇɎɏɢ Ɉɔɑɢ σəɔɒ ɏώɈɎɏɄ Ʉɐɐɠ 

əɄɚəɦɝɖɔɒɄ ɒɄ ɇɣɒɉɎ ɝɖɢσɋ ɦσɔ ɐɎɇɦəɉɖɟɒ ɕɐɢɏəɖɟɒ ɢəɄɒ ɈɚɒɄəɦ ɇɎɄ əɋɒ 

ɉɕɣəɉɚɓɋ ɄɕɐɦəɋəɄς əɔɚ ɚɐɎσɑɎɏɔɧ.  
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Κɸφάʄαιο ϰο – ɇʐʅʋɸʌάσʅαʏα ʃαι 
Μɸʄʄοʆʏιʃές ʋʌοοʋʏιʃές 

ȳəɋɒ ɉɖɇɄσɣɄ Ʉɚəɢ ɡɇɎɒɉ σɝɉɈɎɄσɑɦς ɏɄɎ ɕɖɔɇɖɄɑɑɄəɎσɑɦς ɑɣɄς σɚσɏɉɚɢς  ɑɉ 

σəɦɝɔ əɋɒ ɋɝɔɇɖɠɛɋσɋ ɏɄɎ ɄɒɄɕɄɖɄɇɟɇɢ əɔɚ ɢɝɔɚ ɕɔɚ ɕɄɖɠɇɉɎ ɋ ɄɒɌɖώɕɎɒɋ 

ɛɟɒɢ. ȴɔ ɄɕɔəɡɐɉσɑɄ ɢəɄɒ Ʉɖɏɉəɠ ɎɏɄɒɔɕɔɎɋəɎɏɦ ɐɄɑɅɠɒɔɒəɄς ɚɕɦɞɋ ɦəɎ ɔ 

PIC16F877 ɕɔɚ ɝɖɋσɎɑɔɕɔɎɢɌɋɏɉ ɉɣɒɄɎ ɡɒɄς ɑɉσɄɣɄς ɏɄəɋɇɔɖɣɄς ɑɎɏɖɔɉɐɉɇɏəɢς 

ɉɒώ σɚɒɢɌɟς σɉ ɉɛɄɖɑɔɇɡς ɕɔɚ Ʉɛɔɖɔɧɒ əɔɒ ɢɝɔ, ɇɣɒɉəɄɎ ɝɖɢσɋ ɑɎɏɖɔɉɐɉɇɏəώɒ 

ɑɉɇɄɐɧəɉɖɟɒ ɈɚɒɄəɔəɢəɟɒ. Ȧɕɣσɋς ɋ Ʉɒɠɐɚσɋ əɔɚ ADC ɕɔɚ ɝɖɋσɎɑɔɕɔɎɢɌɋɏɉ 

ɢəɄɒ ͤ bit ɈɋɐɄɈɢ ͢͞͡ ɈɎɄɛɔɖɉəɎɏɠ ɉɕɣɕɉɈɄ ɢɝɔɚ ɏɄɎ Ɉɉɒ ɚɕɢɖɝɉ ɅɄɌɑɣɈɄ DAC 

Ʉɐɐɠ ɑɣɄ ɏɄəɠ ɕɖɔσɡɇɇɎσɋ ɚɐɔɕɔɣɋσɢ əɋς ɏɠɒɔɒəɄς ɝɖɢσɋ əɔɚ PWM ɏɄɎ əɔɚ RC 

ɛɣɐəɖɔɚ ɦɕɟς ɄɒɄɐɧɌɋɏɉ. ΈɕɉɎəɄ Ʉɕɦ ɈɎɠɛɔɖɉς ɈɔɏɎɑɡς ɕɄɖɄəɋɖɢɌɋɏɉ ɦəɎ, ɕɄɖɠ 

əɎς ɝɄɑɋɐɡς ɕɖɔɈɎɄɇɖɄɛɡς əɋς σɚσɏɉɚɢς, ɕɄɖɠɇɉəɄɎ Ʉɖɏɉəɠ ɏɄɐɢ ɕɔɎɦəɋəɄ ɢɝɔɚ 

ɏɄɎ σəɋɒ ɔɑɎɐɋəɎɏɢ ɛɟɒɢ Ʉɐɐɠ ɏɄɎ σɉ ɕɔɐɐɠ ɈɎɄɛɔɖɉəɎɏɠ ɑɔɚσɎɏɠ ɄɕɔσɕɠσɑɄəɄ 

ɕɔɚ ɋɝɔɇɖɄɛɢɌɋɏɄɒ. Ȧɕɣσɋς, ɦɕɟς ɄɒɄɛɡɖɌɋɏɉ σəɔ ɕɖώəɔ ɏɉɛɠɐɄɎɔ, ɋ σɚσɏɉɚɢ 

Ʉɚəɢ ɕɄɖɔɚσɎɠɊɉɎ ɄɏɄɈɋɑɄϊɏɦ ɉɒɈɎɄɛɡɖɔɒ ɈɉɈɔɑɡɒɔɚ ɦəɎ ɄɇɇɣɊɉɎ ɕɔɐɐɔɧς 

ɈɎɄɛɔɖɉəɎɏɔɧς əɔɑɉɣς əɋς ɕɐɋɖɔɛɔɖɎɏɢς Ʉɐɐɠ ɏɄɎ ɠɐɐɟɒ əɔɑɡɟɒ. 

ȰɐɔɏɐɋɖώɒɉəɄɎ ɋ ɉɖɇɄσɣɄ ɑɉ əɋɒ ɉɐɕɣɈɄ ɒɄ ɈɎɉɚɖɧɒɉɎ əɎς ɇɒώσɉɎς əɔɚ ɄɒɄɇɒώσəɋ 

ɦɕɟς ɡɇɎɒɉ ɑɉ ɉɏɉɣɒɉς əɔɚ ɑɉɐɉəɋəɢ əɋς.  

ȱɖɔɛɄɒώς ɦɒəɄς ɑɣɄ ɕɖɔσɕɠɌɉɎɄ ɚɐɔɕɔɣɋσɋς ɑɎɄς σɚσɏɉɚɢς Ʉɕɦ əɋɒ Ʉɖɝɢ 

ɚɕɠɖɝɔɚɒ Ʉɖɏɉəɠ σɋɑɉɣɄ əɄ ɔɕɔɣɄ ɑɕɔɖɔɧɒ ɒɄ ɅɉɐəɎɟɌɔɧɒ ɈɣɒɔɒəɄς ɡəσɎ σəɔ 

project Ʉɚəɦ ɑɎɄ ɑɉɐɐɔɒəɎɏɢ ɕɖɔɔɕəɎɏɢ Ʌɉɐəɣɟσɋς. ȭɣɄ Ʉɕɦ əɎς ɅɄσɎɏɦəɉɖɉς ɕɔɚ 

ɌɄ ɑɕɔɖɔɧσɉ ɒɄ ɚɐɔɕɔɎɋɌɉɣ σəɋɒ σɚσɏɉɚɢ Ʉɚəɢ ɌɄ ɢəɄɒ ɒɄ ɇɣɒɉəɄɎ ɋ ɉɇɇɖɄɛɢ əɔɚ 

ɢɝɔɚ σəɋɒ ɏɠɖəɄ SD ɑɉ ɝɖɢσɋ ɏɠɕɔɎɄς ɇɒɟσəɢς ɑɉɌɦɈɔɚ σɚɑɕɣɉσɋς ɦɕɟς mp3 

ɏɄɎ ɉɕɎɕɐɡɔɒ ɋ ɏɠɖəɄ SD ɒɄ ɡɝɉɎ ɏɠɕɔɎɔ format, ɡəσɎ ώσəɉ ɒɄ ɉɣɒɄɎ ɕɖɔσɅɠσɎɑɋ 

ɏɄɎ Ʉɕɦ ɠɐɐɄ ɚɕɔɐɔɇɎσəɎɏɠ σɚσəɢɑɄəɄ. Ȣɚəɦ ɕɔɐɧ ɕɎɌɄɒɦɒ ɒɄ ɄɕɄɎəɔɧσɉ ɝɖɢσɋ 

ɏɠɕɔɎɔɚ ɑɉɇɄɐɧəɉɖɔɚ ɑɎɏɖɔɉɐɉɇɏəɢ ɇɎɄ ɒɄ ɚɕɠɖɝɉɎ ɑɉɇɄɐɧəɉɖɋ ɚɕɔɐɔɇɎσəɎɏɢ Ɏσɝɧ 

ɑɉ σəɦɝɔ ɉɕɣσɋς əɋɒ Ʌɉɐəɣɟσɋ ɏɄɎ əɋς ɋɝɔɇɖɠɛɋσɋς, ɝɖɋσɎɑɔɕɔɎώɒəɄς 

ɑɉɇɄɐɧəɉɖɉς ɄɒɄɐɧσɉɎς ADC Ʉɐɐɠ ɏɄɎ ɏɠɕɔɎɄ ɅɄɌɑɣɈɄς DAC ɇɎɄ əɋɒ Ʌɉɐəɣɟσɋ 

əɋς ɄɒɄɕɄɖɄɇɟɇɢς əɔɚ ɢɝɔɚ. Άɐɐɉς ɈɚɒɄəɦəɋəɉς ɌɄ ɢəɄɒ, ɋ ɕɐɔɢɇɋσɋ σəɋɒ 

ɑɒɢɑɋ, ɋ ɈɚɒɄəɦəɋəɄ pause ɏɄɎ ɇɉɒɎɏɦəɉɖɄ ɕɉɖɎσσɦəɉɖɉς ɉɕɎɐɔɇɡς ɇɎɄ əɔɒ ɝɖɢσəɋ. 

ȴɡɐɔς ɑɎɄ ɉɕɣσɋς σɋɑɄɒəɎɏɢ Ʌɉɐəɣɟσɋ ɌɄ ɢəɄɒ ɋ ɚɕɔσəɢɖɎɓɋ ɕɡɖɄ əɟɒ standard 
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SD card,  ɒɉɔəɡɖɟɒ ɉɏɈɦσɉɟɒ ɦɕɟς ɉɣɒɄɎ ɔɎ SD HC (High Capacity) ɏɄɎ ɔɎ SD XC 

(Extra Capacity). 

ȷɠɖɋ σəɎς ɅɉɐəɎώσɉɎς ɕɔɚ ɑɕɔɖɔɧɒ ɒɄ ɚɐɔɕɔɎɋɌɔɧɒ ɕɠɒɟ σɉ ɑɣɄ əɡəɔɎɄ 

σɚσɏɉɚɢ ɚɕɠɖɝɉɎ Ʉɖɏɉəɠ ɑɉɇɠɐɔ ɕɉɖɎɌώɖɎɔ ɕɉɖɄɎəɡɖɟ ɑɉɐɡəɋς əɟɒ 

ɉɒσɟɑɄəɟɑɡɒɟɒ ɞɋɛɎɄɏώɒ σɚσəɋɑɠəɟɒ ɢɝɔɚ. ȫɐɉɣɒɔɚɑɉ ɡɝɔɒəɄς əɋɒ 

ɎɏɄɒɔɕɔɣɋσɋ əɋς ɈɋɑɎɔɚɖɇɣɄς ɑɣɄς ɕɐɢɖɟς ɐɉɎəɔɚɖɇɎɏɢς σɚσɏɉɚɢς ɕɔɚ ɚɐɔɕɔɎɉɣ 

əɎς ɅɄσɎɏɡς ɐɉɎəɔɚɖɇɣɉς ɋɝɔɇɖɠɛɋσɋς ɏɄɎ ɄɒɄɕɄɖɄɇɟɇɢς ɑɉ ɡɒɄ ɕɔɐɧ 

ɎɏɄɒɔɕɔɎɋəɎɏɦ ɄɏɔɚσəɎɏɦ ɄɕɔəɡɐɉσɑɄ.   
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Παʌάʌʏɻʅα Α – Κώɷιʃας ʏɻς ȵφαʌʅοɶής 

/* 
 * File:   main.c 
 * Author: Zafiris 
 * 
 * Created on 29 ΑπριȜίου 2016, 12:49 ȝȝ 
 */ 
 
#pragma config FOSC = HS        // Oscillator Selection bits (HS 
oscillator) 
#pragma config WDTE = OFF       // Watchdog Timer Enable bit (WDT 
disabled) 
#pragma config PWRTE = OFF      // Power-up Timer Enable bit (PWRT 
disabled) 
#pragma config CP = OFF         // FLASH Program Memory Code 
Protection bits (Code protection off) 
#pragma config BOREN = OFF       // Brown-out Reset Enable bit (BOR 
disabled) 
#pragma config LVP = OFF        // Low Voltage In-Circuit Serial 
Programming Enable bit (RB3 is digital I/O, HV on MCLR must be used 
for programming) 
#pragma config CPD = OFF        // Data EE Memory Code Protection 
(Code Protection off) 
#pragma config WRT = OFF        // FLASH Program Memory Write Enable 
(Unprotected program memory may not be written to by EECON control) 
 
 
#include <xc.h> 
 
#define _XTAL_FREQ 20e6 
#define CS RC2 
#define RECORD_INTERRUPT RE0 
#define RS RB2 
#define EN RB1 
#define SPI_DUMMY_CLOCK 0xff 
#define SD_START_ADDRESS 0 
#define SD_COMMAND_READ_MULTIPLE_BLOCKS 18 
#define SD_COMMAND_STOP_TRANSMISSION 12 
#define SD_COMMAND_WRITE_MULTIPLE_BLOCKS 25 
#define SD_COMMAND_RESPONSE_SUCCESS 0x00 
#define SD_COMMAND_GO_IDLE_STATE 0 
#define SD_COMMAND_INIT 1 
#define SD_COMMAND_SETBLOCKLEN 16 
#define BLOCKLEN 512 
#define DATA_TOKEN_READ 0xfe 
#define DATA_TOKEN_BUSY 0xff 
#define DATA_TOKEN_WRITE 0xfc 
#define DATA_TOKEN_STOP_TRAN 0xfd 
#define DATA_TOKEN_ACCEPTED 0x05 
#define LCD_COMMAND_4BITS_2LINES 0x28 
#define LCD_COMMAND_CURSOR_OFF 0x0C 
#define LCD_COMMAND_ENTRY_MODE 0x06 
#define LCD_COMMAND_CLEAR 0x01 
 
void setup_adc(); 
void setup_pwm(); 
void setup_spi(); 
void print_to_lcd(const char*); 
void write_to_spi(unsigned char); 
unsigned char read_from_spi(); 
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void sd_command(unsigned char, unsigned long int, unsigned char); 
void setup_sd(); 
void setup(); 
void handle_sd_command_response(unsigned char); 
void start_playback(); 
void write_to_sd(); 
void start_recording(); 
void read_from_sd(); 
unsigned char read_from_adc(); 
void lcd_command(unsigned char); 
void lcd_data(unsigned char); 
void lcd_strobe(); 
void setup_lcd(); 
 
void main(void) { 
    setup();                // Start the setup process 
    while(1) { 
        start_playback();   // Start Playback process 
    } 
} 
 
/** 
 * Sets up the ADC 
 */ 
void setup_adc() {  
     
    TRISA0 = 1;          // PORTA0 Input 
    ADCON0 = 0b10000001; // Fosc/32 ADC On 
    ADCON1 = 0b10001110; // Port A0 Analog Input Right justified 
} 
 
/** 
 * Sets up the PWM 
 */ 
void setup_pwm() { 
     
    TRISC1  = 0;      // PORTC1 Output  
    T2CKPS1 = 0;      // Prescaler is 1 
    T2CKPS0 = 0;      // Prescaler is 1 
    PR2     = 0x50;   // Sets the PWM period 
    TMR2ON  = 1;      // Timer 2 is On 
    CCP2CON = 0b00001100; // Selection of PWM mode 
} 
 
/** 
 * Sets up the SPI 
 */ 
void setup_spi(){ 
     
    TRISC4 = 1;                     // PORTC4 4bit input 
    CS     = 1;                     // Chip Select is high 
    RC3    = 0;                     // Clock is low 
    RC5    = 0;                     // Data out low 
    TRISC2 = TRISC3 = TRISC5 = 0;   // PORTC 2,3,5 bit output 
    SSPCON = 0b00100010;            // SPI Master Mode Fosc/64, Clock 
Polarity idle state=low level 
    SSPEN  = 1;                     // Configuration of SCK,SDO,SDI, 
!SS as serial port pins  
    SMP    = 1;                     // SSPSTAT 7bit input data sampled 
at end of data output time 
    CKE    = 1;                     // SSPSTAT 6bit transmit from 
transition high -> low 
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    CKP    = 0;                     // Idle state for clock is a low 
level 
     
} 
  
/** 
* Execution of the instructions 
*/  
void lcd_strobe(){  
     
    EN = 1;         // To execute instructions set EN=1... 
    __delay_us(1);  // ... wait for execution... 
    EN = 0;         // ... and set EN=0 
} 
 
/** 
 * Sends the data to the Lcd 
 *  
 * @param {unsigned char} data    The data passed to the lcd 
 */ 
void lcd_data(unsigned char data){ 
     
    RS = 1;              // When RS = 1 sends data  
    __delay_ms(80); 
    PORTD = (data >> 4); // First 4 bits to PORTD 
    lcd_strobe(); 
    PORTD = data;        // Last 4 bits to PORTD  
    lcd_strobe();    
} 
 
/** 
 * Sends the command to the Lcd 
 *  
 * @param {unsigned char} command    The command passed to the lcd 
 */ 
void lcd_command(unsigned char command){ 
     
    RS = 0;                     // When RS = 0 sends command  
    __delay_us(1); 
    PORTD = (command >> 4);     // First 4 bits to PORTD 
    lcd_strobe(); 
    PORTD = command;            // Last 4 bits to PORTD 
    lcd_strobe(); 
} 
 
/** 
 * Sets up the LCD 
 */ 
void setup_lcd(){ 
  
   TRISD=0;     // PORTD as output 
   TRISB2=0;    // PORTB2 pin as output 
   TRISB1=0;    // PORTB1 pin as output 
   PORTD=0;     // PORTD zero value 
   __delay_ms(20); 
   lcd_command(LCD_COMMAND_4BITS_2LINES);   // Command instruction set 
4bits 2 lines mode   
   __delay_ms(20); 
   lcd_command(LCD_COMMAND_4BITS_2LINES);    
   __delay_ms(20); 
   lcd_command(LCD_COMMAND_4BITS_2LINES); 
   __delay_ms(20); 
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   lcd_command(LCD_COMMAND_CURSOR_OFF);     // Command instruction set 
cursor off  
   lcd_command(LCD_COMMAND_CLEAR);          // Command instruction 
clear screen 
   lcd_command(LCD_COMMAND_ENTRY_MODE);     // Command instruction set 
entry mode Display Shift off -> 
}                                           // -> Increment Address 
Counter  
 
/** 
 * Prints a string to the LCD  
 *  
 * @param {const char *} string    String to be printed 
 */ 
void print_to_lcd(const char *string) {      
     
    lcd_command(LCD_COMMAND_CLEAR);  // Clear LCD  
 
    while (*string) {                // Sends the string to the LCD 
character by character 
        lcd_data(*string++);         // It makes the string point to 
the next memory address 
    } 
} 
 
/** 
 * Writes data to SPI bus  
 *  
 * @param {unsigned char} data      Data to write to SPI 
 */ 
void write_to_spi(unsigned char data) {  
     
    SSPBUF = data;   // Send the data to SSPBUF 
    while (BF == 0); // Wait until receive of data is complete 
} 
 
/** 
 * Reads data from SPI bus  
 */ 
unsigned char read_from_spi() {      
    SSPBUF = SPI_DUMMY_CLOCK; // Send dummy data to slave 
    while (BF == 0);          // Wait that data is received 
    return SSPBUF;            // Read the data that slave has sent 
back 
} 
 
/** 
 * Sends a command to the SD Card 
 * @param {unsigned char}       command      Command Code 
 * @param {unsigned long int}   argument     Argument of the Command 
 * @param {unsigned char}       crc          CRC Value  
 */ 
void sd_command(unsigned char command, unsigned long int argument, 
unsigned char crc) { 
     
    write_to_spi(SPI_DUMMY_CLOCK); 
    write_to_spi(0b01000000 | command);             // OR the command 
because Bits 7-8 are always 01 
    write_to_spi((unsigned char) (argument >> 24)); // send the four-
byte argument in byte chunks 
    write_to_spi((unsigned char) (argument >> 16)); 
    write_to_spi((unsigned char) (argument >>  8)); 
    write_to_spi((unsigned char) (argument)); 
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    write_to_spi(crc); 
} 
 
/** 
 * Sets up the SD Card  
 */ 
void setup_sd() { 
     
    unsigned char received_data; 
    unsigned int counter = 0; 
    CS = 1;  
     
    for (unsigned int i = 0; i < 74; i++) {              // Apply 74 
clock pulses to SD Card 
        write_to_spi(SPI_DUMMY_CLOCK); 
    } 
     
    CS = 0; 
    __delay_ms(1); 
    sd_command(SD_COMMAND_GO_IDLE_STATE, SD_START_ADDRESS, 0x95); // 
Software Reset 
    received_data = read_from_spi();  
     
    while ((received_data != 1) && (counter < 1000)) {   // Reads from 
SPI until received data = 1 
        received_data = read_from_spi(); 
        counter++; 
    } 
    if (counter >= 1000) {                               // If 
received data != 1 command fails 
        print_to_lcd("Cmd 0 failed"); 
        while(1);  
    } 
    sd_command(SD_COMMAND_INIT, SD_START_ADDRESS, 0xff); // 
Initialization process 
    received_data = read_from_spi(); 
     
    counter = 0; 
    while((received_data != 0) && (counter < 1000)) {    // Reads from 
SPI until received data = 0 
        received_data = read_from_spi(); 
        sd_command(SD_COMMAND_INIT, SD_START_ADDRESS, 0xff); 
        received_data = read_from_spi(); 
        received_data = read_from_spi(); 
        counter++; 
    } 
    if (counter >= 1000){ 
        print_to_lcd("Cmd 1 failed");                   // If received 
data != 0 command fails 
        while(1);  
    } 
    sd_command(SD_COMMAND_SETBLOCKLEN, BLOCKLEN, 0xff); // Set block 
size 
    received_data = read_from_spi(); 
    counter = 0; 
    while ((received_data != 0) && (counter < 1000)) {  // Reads from 
SPI until received data = 0 
        received_data = read_from_spi(); 
        counter++; 
    } 
    if (counter >= 1000) {  
        print_to_lcd("Cmd 16 failed");                  // If received 
data != 0 command fails 
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        while(1);  
    }    
    print_to_lcd("SD Card is A-OK"); 
    __delay_ms(1000); 
    SSPCON = 0b00100001;                                // Set Fosc/16 
for reading process 
} 
 
/** 
 * Program Configuration  
 */ 
void setup() { 
     
    setup_lcd();    // Sets up the LCD 
    setup_adc();    // Sets up the ADC 
    setup_spi();    // Sets up the SPI 
    setup_sd();     // Sets up the SD Card 
    setup_pwm();    // Sets up the PWM 
} 
 
/** 
 * SD command response handler 
 *  
 * @param {unsigned char}  command    Command Code   
 */ 
void handle_sd_command_response(unsigned char command) { 
     
    unsigned char received_data; 
    switch(command) { 
        case SD_COMMAND_READ_MULTIPLE_BLOCKS:       // For read case 
        case SD_COMMAND_WRITE_MULTIPLE_BLOCKS:      // For write case  
            received_data = read_from_spi();  
            while (received_data != SD_COMMAND_RESPONSE_SUCCESS) { // 
If received data not succesful read again 
                received_data = read_from_spi(); 
            }  
            break; 
        
        case SD_COMMAND_STOP_TRANSMISSION:              // For stop 
tran case 
            received_data = read_from_spi();            // Stuff byte 
has to be ignored 
            received_data = read_from_spi();            // Previously 
stuff byte so read again 
            while (received_data != SD_COMMAND_RESPONSE_SUCCESS) { // 
If received data not succesful read again 
                received_data = read_from_spi(); 
            } 
             
            received_data = read_from_spi(); 
            while (received_data != DATA_TOKEN_BUSY) {  // Wait until 
data out bus goes high for end of the process 
                received_data = read_from_spi(); 
            } 
            break; 
    } 
} 
 
/** 
 * Starts Playback  
 */ 
void start_playback() { 
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    CCP2CON = 0b00001100; // Enable PWM mode 
     
    print_to_lcd("Play Mode"); // LCD prints "Play Mode" 
    __delay_ms(1000); 
    read_from_sd();     
} 
 
/** 
 * Write to SD 
 */ 
void write_to_sd() { 
     
    SSPCON = 0b00100000;                // Set Fosc/4 for writing 
process 
    print_to_lcd("Recording...");       // LCD prints "Recording"  
    unsigned char received_data;             
    sd_command(SD_COMMAND_WRITE_MULTIPLE_BLOCKS, SD_START_ADDRESS, 
0xff); // Send command Command 25 for multiple write 
    handle_sd_command_response(SD_COMMAND_WRITE_MULTIPLE_BLOCKS);         
// Handling the command response   
    write_to_spi(SPI_DUMMY_CLOCK);                          // Dummy 
clocks before sending data packet 
    write_to_spi(SPI_DUMMY_CLOCK); 
     
    while (!RECORD_INTERRUPT) {                             // While 
button is not pressed enter loop 
        write_to_spi(DATA_TOKEN_WRITE);                     // Send 
the data token for the data packet 
         
        for (unsigned int i = 0; i < BLOCKLEN; i++) {       // For 
every data block 
            unsigned char adc_data = read_from_adc(); 
            write_to_spi(adc_data);                         // write 
the result of the adc to the sdc 
        } 
         
        write_to_spi(SPI_DUMMY_CLOCK);                      // 1st CRC 
byte 
        write_to_spi(SPI_DUMMY_CLOCK);                      // 2nd CRC 
byte 
        received_data = read_from_spi();                    // Read 
data response after first block sent 
         
        while ((received_data & 0b00011111) != DATA_TOKEN_ACCEPTED ) {    
// Check continuously that data was accepted 
            received_data = read_from_spi(); 
        } 
         
        while (received_data != DATA_TOKEN_BUSY){           // Wait 
until data out bus goes high for end of the process 
            received_data = read_from_spi(); 
        } 
    } 
     
    write_to_spi(SPI_DUMMY_CLOCK);                           
    write_to_spi(SPI_DUMMY_CLOCK);                           
    write_to_spi(DATA_TOKEN_STOP_TRAN);                     // Button 
was pressed so send stop tran token 
    write_to_spi(SPI_DUMMY_CLOCK);                          // Dummy 
byte after stop tran token 
     
    received_data = read_from_spi();                         
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    while (received_data != DATA_TOKEN_BUSY){               // Wait 
until data out bus goes high for end of the process 
        received_data = read_from_spi(); 
    } 
} 
 
/** 
 * Reads from ADC  
 */ 
unsigned char read_from_adc() { 
    GO = 1;         // When GO=1 starts A/D conversion   
    while(GO);      // Wait until conversion is complete (bit cleared 
by hardware when conversion complete) 
     
    return ADRESL;  // Return converted data 
} 
 
/** 
 * Start Recording  
 */ 
void start_recording() { 
    CCP2CON = 0b00000000; // Disable PWM mode 
    
    print_to_lcd("Record Mode"); // LCD prints "Record Mode" 
    __delay_ms(1000); 
    write_to_sd(); 
} 
 
/** 
 * Read from SD 
 */ 
void read_from_sd() { 
    SSPCON =0b00100001;                                         // Set 
Fosc/16 for reading process 
    print_to_lcd("Listening...");                               // LCD 
prints "Listening" 
    unsigned char received_data;                                 
    sd_command(SD_COMMAND_READ_MULTIPLE_BLOCKS, SD_START_ADDRESS, 
0xff); // Send command Command 18 for multiple read 
    handle_sd_command_response(SD_COMMAND_READ_MULTIPLE_BLOCKS);         
// Handling the command response 
         
    while (!RECORD_INTERRUPT) {                                 // 
While button is not pressed enter loop 
        received_data = read_from_spi();                        // 
Read first appeared data from spi 
        while (received_data != DATA_TOKEN_READ) {              // 
Read continuously data until read data token appears 
            received_data = read_from_spi(); 
        } 
             
        for (unsigned int i = 0; i < BLOCKLEN; i++) {           // For 
every data block 
            received_data = read_from_spi();                    // 
Read the data from sdc 
 
            __delay_us(16.5); 
            CCPR2L = received_data;                             // And 
send them to the PWM for reproduction  
        } 
         
        write_to_spi(SPI_DUMMY_CLOCK);                          // 1st 
CRC byte 
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        write_to_spi(SPI_DUMMY_CLOCK);                          // 2nd 
CRC byte 
    } 
     
    sd_command(SD_COMMAND_STOP_TRANSMISSION, 0, 0xff);          // 
Button was pressed so send stop transmission command 
    handle_sd_command_response(SD_COMMAND_STOP_TRANSMISSION);   // 
Handling the command response 
     
    start_recording();                                          // 
Start the recording process 
} 
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ȵιʃόʆα Ϯ – Αʃʌοɷέʃʏɸς ʏοʐ ʅιʃʌοɸʄɸɶʃʏή PIC16F877 ________________________________________ 13 
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