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 هقذهِ
 

 سا ثِ دقز هٌبلؼِ کٌيذ.هَاسد صيش  ثؼشي هذاسّب،قجل اص 

دػشَس دس ايي  .ثِ ًَس کبهل هٌبلؼِ ؿَد هذاس، هجلض سئَسی هشثَى ثِ آى هذاسّش  ثؼشيقجل اص  -1

سَهايق دادُ ؿاَد. ثاشای اًتػابر ثيـاشش ٍ      کِ ثِ آى ًيابص داسياذ   ػؼي ؿذُ کِ هٌبلت سئَسی  کبس

 ّب ٍ کشت هشثًَِ سػَع کٌيذ. Datasheetسَاًيذ ثِ سکويلي هي

ٍكال   ػابيي کِ ثِ  ًـذُهـخق ثشخَسديذ کِ ای  خشٍػي ثِ ّبی هذاسّب، ّشگبُ ػبيي دس ًقـِ -2

آى ًْب ثشخَسد کٌيذ؛ يؼٌي ثب آ NC (No Connection)ّبی هـخق ؿذُ ثب هظل خشٍػي، ؿذُ ثبؿذ

سَاى ثِ ػبيي ٍكل ًکشد ؿاَى   سا آصاد سّب کٌيذ )ثِ ػبيي ٍكل ًکٌيذ( ٍلي ٍسٍدی يک سشاؿِ سا ًوي

 ؿَد. ايي کبس ثبػض اطشدزيشی صيبد هذاس ًؼجز ثِ ًَيض هي

سا ثاِ خشٍػاي   ای کِ كشفبً ثِ ػٌَاى خشٍػي هـاخق ؿاذُ(   )دبيِّيؾ گبُ خشٍػي يک سشاؿِ  -3

سػبًذ. )ثب اياي   ٍكل ًکٌيذ. ايي کبس ثِ سشاؿِ كذهِ هييب ّش هٌجغ ديگش  VCC  ٍGNDگش يب سشاؿِ دي

ؿَين کِ هْن اػز ثذاًين کذام يک اص خٌَى هشثَى ثِ خشٍػي سشاؿِ ٍ کذام  سَهيلبر هشَػِ هي

گشدد ثِ ايي کِ ؿقاذس سٍی ػولکاشد هاذاس سؼالي      ؿَد ٍ ايي ّن ثش هي يک هشثَى ثِ ٍسٍدی آى هي

 ؿَد( گش هي ثبؿيذ. دس ًشيؼِ ثبص ّن اّويز هٌبلؼِ قؼوز سئَسی ػلَُ داؿشِ

ّب ٍ   Seven Segmentثِ کبس سفشِ هظل  LEDای کِ دس آى  ّب )يب اكَلاً ّش قٌؼِ LEDّيؾ گبُ  -4

Matrix LED    ّب( سا ثِ ًَس هؼشقين ثِ خشٍػي سشاؿِ يب هٌجغ سغزيِ ٍكل ًکٌيذ، ثلکِ آى سا ثب ياک

 ػشی ًوَدُ، ٍكل کٌيذ. ؿَد( )کِ ثبػض هلذٍد کشدى ػشيبى هياّوي  200سب  100هقبٍهز ثيي 

ؿٌاذاى هْان    ياػز. ٍكل کشدى هذاس، ثاِ سٌْابي   ـبىيبثي ػيت ثؼشي هذاسّبقؼوز هْن کبس دس  -5

. هؼوَلاً هذاسی کاِ ٍكال   يبثي کٌيذ ايي اػز کِ ثشَاًيذ دس اػشع صهبى آى سا ػيتًيؼز؛ ثلکِ هْن، 

ؿَد. دغ ثبيذ يبد ثگيشياذ کاِ    سش هذاسی ثذٍى اؿشجبُ ٍكل هي ّبيي اػز ٍ کن ای ػيتکٌيذ، داس هي

يبثي کٌياذ. ثاشای    ايذ(، ػيت ثشَاًيذ ّش هذاسی سا )كشي هذاسی کِ خَدسبى دس ثؼشي آى ًقـي ًذاؿشِ
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ِ ؿاَيذ، ًاشص کابس آى سا ثا     ای کِ آؿٌب هي ذ ٍ ثب ّش سشاؿِثٌذي هيهذاسی سا کِ ايي کبس لاصم اػز ّش 

ذ، يثش ّب سا دسکٌبس ّن ثِ کبس هي سش، ايي سشاؿِ کِ دس هذاسّبی ثضسگ يدقز يبد ثگيشيذ سب ثشَاًيذ ٌّگبه

 ّبی قٌؼبر هذاس، ثِ هـکل کبس دي ثجشيذ. گيشی ٍلشبطّبی خشٍػي ثب دي

کٌاذ، ساُ كال دسػاشي ًيؼاز.      دقز کٌيذ ثبص کشدى ٍ دٍثبسُ ثؼشي هذاسی کِ دسػز کابس ًواي   -6

 بى هـکل کبس سا ديذا کٌيذ. ثکَؿيذ خَدس

يابثي هاذاسّب ثاِ     کِ دس ػيت يهٌٌقي دقز کٌيذ سب ٌّگبه '0'هٌٌقي ٍ '1' ثِ هلذٍدُ ٍلشبطّبی  -7

ػٌق ٍلشبطی غيش هؼوَل ثشخَسديذ، ثذاًيذ کِ هوکي اػز دس آى ػاب هـاکلي ٍػاَد داؿاشِ ثبؿاذ.      

 LEDهشلل اػز، اٍل  LEDى ثِ ای سا ثخَاًيذ، اگش خشٍػي آ خَاّيذ ٍلشبط خشٍػي سشاؿِ ٍقشي هي

  سا ػذا کٌيذ ٍ ثؼذ ٍلشبط سا ثخَاًيذ.

خشاة اػز، اقذام ثِ سؼَين آى ًکٌياذ. ثْشاشيي   يب يک قٌؼِ سب هٌوئي ًـذُ ايذ کِ يک سشاؿِ  -8

سٍی يک ثشد ثَسد ػبلن  ْب، سؼز کشدى ػذاگبًِ آًّب يب قٌؼبرساُ ثشای اًويٌبى اص خشاة ثَدى سشاؿِ

 اػز. 

ِ   خَاًيذ، اص سٍی دبيِ هشش هي ٌيذ ٍلشبطّبيي کِ ثب هبلشيػؼي ک -9 ّاب ثبؿاذ )يؼٌاي     ّبی فلاضی سشاؿا

کِ ًيبص داؿشِ ثبؿيذ يک سکِ ػين )هوکي اػز کِ ثشای ظشافز ثيـشش، ثِ هشش سا  سشهيٌبل فلضی هبلشي

ِ   کِ هي ای ثِ دقز ثِ دبيِ ؿَد( هلکن ثِ آى ٍكل  ثاِ   خَاّيذ هقذاسؽ سا ثخَاًيذ، سوبع دّياذ ًا

داًيذ کِ ثاشای   ّب ٍػَد داسد. كشوبً هي ثَسد يب قٌغ ثَدى ػين ّبی ثَسد(؛ ؿَى اكشوبل خشاثي ػَسام

هشش سا ثبيذ ثِ صهيي ٍكل کاشد ٍ   هشش، يک ػش )سشهيٌبل( هبلشي خَاًذى هقذاس ٍلشبط ػبيي سَػي هبلشي

سَاًيذ اٍل  شای ساكشي کبس هيخَاّيذ ٍلشبط آى سا اًذاصُ ثگيشيذ. دغ ث سشهيٌبل ديگش سا ثِ ػبيي کِ هي

 هذاس ٍكل کٌيذ. (GND)هشش سا ثِ ًَس طبثز ثِ صهيي  کبس يک سشهيٌبل هبلشي

ِ    ّوَاسُ ديؾ اص ؿشٍع کبس، ثب هبلشي -10 ٍ  ّاب  هشش ؿک کٌيذ کِ اكَلاً ٍلشبط سغزيِ ثاِ هاذاس ٍ سشاؿا

ّبی اكشوبلي  سَاًيذ قٌؼي ّب هي ّبی هشثَى ثِ سغزيِ سشاؿِ سػذ يب خيش. ثب ؿک کشدى دبيِ هي قٌؼبر

ثٌذياذ   کٌيذ. گبّي اٍقبر هذاسی کِ هاي  يّب يب خشاثي ثَسد )دس ساُ سػبًذى ٍلشبط سغزيِ( سا ثشسػ ػين
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گزاسد ٍ كشاي گابّي اياي ٍلشابط سا ثاِ كاذٍد كا ش         داسای اؿکبلي اػز کِ سٍی ٍلشبط سغزيِ اطش هي

 (GND)ًبخَاػشِ ثاِ صهايي    VCCکِ خي سػبًذ. دس ايي كَسر ثبيذ دس هذاس دًجبل ػبيي ثگشديذ  هي

)دس كَسر اػش بدُ ٍكل ؿذُ ثبؿذ. اگش هذاس ديـيذُ اػز ٍ ديذا کشدى ؿٌيي هَقؼيشي هـکل اػز 

ّبی سغزيِ ؿشٍع کٌيذ( سا اص ػبی خاَد ػاذا    ّبی هذاس )اص ػين کبفي اػز سک سک ػيناص ثشدثَسد( 

ثشػيذ کِ ثب ػذا کشدى آى، ٍلشابط سغزياِ ثاِ    کٌيذ ٍ ثؼذ ثِ ػبی خَد ثش گشداًيذ سب ايي کِ ثِ ػيوي 

ؿَيذ ايي ػين هـکل سا ثِ ٍػَد آٍسدُ اػاز ٍ ثبياذ    هقذاس اكلي خَد ثشگشدد. ثب ايي کبس هشَػِ هي

 کٌيذ کِ اؿکبل کبس دس ٍكل کشدى ايي ػين ؿِ ثَدُ اػز. يثشسػ

ِ  ّاب سا  ػينکٌيذ، دس كَسسي کِ اص ثشدثَسد ثشای ثؼشي هذاسّب اػش بدُ هي -11 ّاب )ياب    اص سٍی سشاؿا

ّب( سد ًکٌيذ. ؿَى دس ايي كَسر اگش آى سشاؿِ خشاة ثبؿاذ   ّب يب هَاسدی هبًٌذ ايي ّب، خبصى هقبٍهز

ّاب ياب اص    ّبی لخز اص سٍی سشاؿِ ػبيي آى هـکل خَاّذ ثَد ٍ ّوـٌيي سد کشدى قٌؼبر ثب دبيِ ػبثِ

 دّذ.  افضايؾ هي ّب سا ثِ ّن ٍ ثِ سشاؿِ سٍی ّن اكشوبل اسلبل ًبخَاػشِ آى

ايذ ػبسی اص خٌب اػز ٍ دليل کبس ًکشدى آى خشاثي اػاضا   ّشگض هٌوئي ًجبؿيذ هذاسی کِ ثؼشِ -12

ثابص ّان    .اػز. اؿشجبُ هوکي اػز ّوِ ػب ٍ ثِ دػز ّش کؼي )كشي هبّشسشيي افشاد( ثِ ٍػَد آياذ 

ايذ )خَدسبى ياب   سی کِ ثؼشِؿَد کِ ثؼشي هذاس ثِ سٌْبيي کبفي ًيؼز، ثبيذ ثشَاًيذ هذا سزکش دادُ هي

يبثي کٌيذ ٍ ايي کبس ػض ثاب سواشيي ٍ هوبسػاز     سشيي صهبى ػيت ديگشاى( سا ثِ ثْششيي ًلَ ٍ دس کَسبُ

 ؿَد.  صيبد هوکي ًوي

13- FPGA دغ دس كيي کبس کشدى ثب آى کوابل دقاز سا ثاِ    ّؼشٌذكؼبػي  ّبیسشاؿِاكَلاً ، ّب .

ي کٌيذ سب ٍقشي هٌوئي ًـذيذ کِ هاذاسسبى دسػاز اػاز،    ػول آٍسيذ سب ثِ سشاؿِ آػيجي ًشػذ. ػؼ

5)ٍلشابط   FPGAهٌجغ سغزيِ سا ثِ آى ٍكل ًکٌيذ. ثِ ٍيظُ دس ػبيي کِ ػاتٍُ ثاش ٍلشابط کابسی     
V   ياب

3.3
Vسش دقز کٌيذ.  (، ثب ٍلشبطّبی ثبلاسشی ّن ػش ٍ کبس داسيذ، ثيؾ 

گش، هقاذاس ثذّياذ، اص ياک هقبٍهاز     ّبی دي يب سشاؿِ FPGAخَاّيذ ثِ  ثشای اًويٌبى، ٍقشي هي -14

1)كذٍد 
K.)( دس ٍسٍدی اػش بدُ کٌيذ )ثب ٍسٍدی ػشی کٌيذ 

sajja
Pencil

sajja
Pencil

sajja
Pencil

sajja
Pencil

sajja
Pencil

sajja
Pencil



ياک  ؿشف دادُ ؿاذُ، هشثاَى ثاِ     دػشَس کبسکِ دس ايي ٍ قٌؼبسي  ٍػبيلثؼوي ّبی  ؿکل دبيِ -15

کاِ ؿاوب دس    اػضائاي . هوکاي اػاز   ٍ لضٍهبً ػٌجِ ػبم ًذاسًاذ  ثبؿٌذهي خبفٍ قٌؼبر  ػشی ٍػبيل

 فشق کٌٌذ کِ ثبيذ ثِ آى دقز کٌيذ. دػشَس کبسايي  هَاسدداسيذ کوي ثب اخشيبس 
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  ٍ اًتػبر دبيِآهَصؿي هؼشفي ثَسد  -1
 

 :PQ208  Spartan II XC2S200یاهکبًبر سشاؿِ

 5,292 : (Logic Cells)ّبی هٌٌقيسؼذاد ػلَل

 200,000  :(System Gates)ّب سؼذاد گيز

 1,176ّب:  CLBسؼذاد 

 140ّبی دس اخشيبس کبسثش: سؼذاد ٍسٍدی/خشٍػي

 

 :AMOL-2ثَسد  اهکبًبر

ِ هٌبػت يبدگيشی ًلَُثَسدی هجشٌي ثش آهَصؽ دػشگبُ ِ ک ّبی اًذاصی دػشگبُی ساُّبی ػبًجي دبي

ثبؿذ ٍ دس ًشيؼِ يبد گيشًذُ افضاس ػذاگبًِ ًويثبؿذ، ؿَى ثشای آًْب ًيبص ثِ ثؼشي ػخزهخشلف هي

بی آصاد ايي ثَسد، اهکبى ّؿَد. ّوـٌيي دَسرًوي افضاسدسگيش هـکتر اكشوبلي دس اسلبل ػخز

 ػبصد.ّبی هشٌَع ديگش سا ثشای کبسثش فشاّن هياسلبل دػشگبُ

خشٍػي ثشای کبسثش کِ ثِ ًشق هخشلف صيش ٍ ثشای ساكشي کبس کبسثش دس ًظش /دَسر هؼضای ٍسٍدی 37

 گشفشِ ؿذُ

  دايي دادُ(   8ديٌاي )  10ديي دادُ( ٍ ياک داَسر ثبکؼاي     18ديٌي ) 20يک دَسر ثبکؼي

 قبثل سٌظين ثب کليذ( 5vيب  3.3vّبی صهيي ٍ سغزيِ )دبيِ ثب IDCکبس ثب  هٌبػت

  ديٌي کِ يک ديي سا )ثِ ّوشاُ صهيي( ثشای کبسّبيي کِ ثب ساثاي دايي گاشد     2يک ديي گشد

 کٌذ.سش( فشاّن هيکٌٌذ )هؼوَلاً ثشای ايؼبد اسلبل هلکنثْشش ػول هي

 ِ ّبی ديٌي کِ هٌبػت اسسجبى سَػي ػين 10ی يک ساثي ديي ّذسی هبدگي ًظبهي دٍ سدي

 ثبؿذ.ّبی هخلَف ثشدثَسد هيهؼوَلي يب ػين



سگَلاساَس   3ی داخلي )قبثليز اسلبل ثَسد ثِ ثشق ؿْش( ثب کليذ سٍؿي ٍ خبهَؽ ثِ ّوشاُ هٌجغ سغزيِ

 Testًـبى دٌّاذُ ٍ   LEDثب  1.5Aثب آهذشدّي  2.5v ،3.3v  ٍ5vی داخلي ثشای ٍلشبطّبی ػذاگبًِ

Point ثشای ّش ٍلشبط 

 گيشًذ:ثِ ًشق هخشل ي دس دػششع کبسثش قشاس هي 3.3v ٍ 5vٍلشبطّبی 

  ُداخل ّش دٍ دَسر ثبکؼي يک ديي صهيي ٍ يک ديي قبثل اًشخبة سغزيِ دس ًظش گشفشِ ؿذ 

  ّابی  ّبی هؼواَلي ياب ػاين   ديٌي هٌبػت کبس ثب ػين 4يک ساثي ديي ّذسی هبدگي ًظبهي

 ديي صهيي هـششک( 2ثب  5vٍ يک ديي  3.3v هخلَف ثشدثَسد )يک ديي

  3.3ديٌي ثشای ٍلشبطّبی  2دٍ ديي گشدv  ٍ5v       ّش کذام ثاِ ّواشاُ صهايي( هٌبػات ثاشای(

 سشاسلبلار هلکن

کِ دس ثَسد قشاس دادُ ؿذُ ٍ ّوـٌيي ياک ػاَکز    1MHz ،10MHz  ٍ50MHzاػيتسَس هؼضای  3

 ٍ کَؿاک « هؼاشٌيلي »ص کبسثش )ّاش دٍ ًاَع ثاضسگ    خبلي کِ ثِ اػيتسَس خبسػي )دبيِ داس( هَسد ًيب

 سَاًذ هشلل ؿَد.( هي«هشثؼي»

 ّـز DIP Switchـبسی، يک فکليذ  8کليذ کَؿک سٍؿي/خبهَؽ،  8ٍسٍدی داخل ثَسدی ؿبهل 

 4×4دذ سدي ِ ٍ يک کي

ساَاى ثاِ ساكشاي    هاي  PWMکاِ ثاب سٍؽ    SMDدش ًَس  LEDػذد  16خشٍػي داخل ثَسدی ؿبهل 

ؿْبسسبيي ػبػشي ثاب ًاَس قبثال سٌظاين ثاِ ّوابى سٍؽ        Segment-7 يب صيبد کشد، يکًَسؿبى سا کن 

PWM  يک ٍLCD کبساکششی کَؿک ٍ هٌبػت، ثب ًَس Back Light .کِ آى ّن قبثل سٌظين اػز 

 «خبهَؽ/آهبدُ ثِ کبس»ثبصس اػيتسَس داس ثب کليذ 

 ػٌق سًگ خبکؼششی 8ثِ ٍسٍدی ٍيذيَی سلَيضيَى ثب  RCAاسلبل 

 سًگ هخشلف( 4096ػيگٌبل سًگ ) 12ثب  VGAبل ثِ هبًيشَس اسل

 RS232اػشبًذاسد   )ػشيبل( ثب ػٌق COMاسلبل ثِ دَسر 

 PS/2ثَسد اسلبل هَع ٍ کي



)دسػااز  DONEٍ ًذاؿااشي هـااکل( ٍ  FPGA)آهاابدگي کاابس  INITثااشای ًـاابى دادى  LEDدٍ 

Program  ؿذىFPGA) 

 ّب ٍ ّوـٌيي دس كيي کبس هلبفظاز ثَسد دس ػبثؼبييی هٌبػت ٍ هلکن ثب دسة هٌبػت کِ اص ػؼجِ

 کٌذ.هي

کٌاذ ٍ ّان ثاب    کِ ّن ثب دشٍگشهشّبی قبثل اسلبل ثِ داَسر دبسالال کابس هاي     JTAGٍسٍدی دشٍگشهش 

 USBدشٍگشهشّبی 

 هشش کبثل ثشای ساكشي اسلبل ٍ قبثليز سلشک ثيـشش 1دَسر دبسالل ثب ثيؾ اص  JTAGدشٍگشهش 

ثشای اص ثيي ًاشفشي   FPGAای ًگْذاسی اًتػبر ديکشثٌذی ٍ دشٍگشم کشدى ی فلؾ داخلي ثشكبفظِ

 اًتػبر ثب قٌغ ثشق

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 اًذاصی ثَسد:اًتػبر دبيِ ثشای ساُ

( سا ثِ دَسر دبسالل کبهذيَسش ٍكل کٌياذ ٍ ػاش   1کِ ثِ ّوشاُ ثَسد اسائِ ؿذُ )ؿکل  JTAGدشٍگشهش 

ديٌي( هشلل کٌيذ. دقز کٌيذ کِ آى  10)ثبکغ  2ًـبى دادُ ؿذُ دس ؿکل  اًشْبی کبثل سا ثِ دَسر

سا ًجبيذ ثِ دَسر ديگشی کِ هـبثِ ايي دَسر اػز ٍ اص ثبلای ثَسد ثِ آى دػششػي داسيان )ثاش خات     

 ايي دَسر کِ سٌْب دَسسيؼز کِ اص صيش ثَسد قبثل دػششع اػز( هشلل کٌيذ.

 

 
1شکل   

 

  
2شکل   

 

هشلل کٌيذ. ٍ کليذ سا )کِ دس ؿکل ًـابى دادُ   3ا ًيض ثِ هلل ًـبى دادُ ؿذُ دس ؿکل کبثل ثشق س

کِ آًْب ّن دس ؿکل ًـبى دادُ  ًـبًگش ٍلشبط LED ػِقشاس دّيذ. ثب ايي کبس ثبيذ  ONؿذُ( دس كبلز 

ّاب ثاشای ًـابى دادى دسػاز کابس کاشدى هٌابثغ         LEDاًذ سٍؿي ؿًَذ. الجشِ سٍؿي ؿذى ايي ؿذُ

ًـذُ ثبؿٌذ(  هؼيَةّب يب هؼيش اسسجبًيـبى سلز ؿشايي خبكي  LEDز )ثِ ؿشًي کِ خَد الضاهيؼ

دياذى  ؿاک کاشدى،   ٍلي کبفي ًيؼز ؿَى ػَاهل هشؼذدی دس دسػز کبس کشدى هؤطشًذ. ثْششيي ساُ 

ّاب سا   Test Pointثبؿذ. ايي هشش هيّش کذام ثب اػش بدُ اص هبلشي Test Pointٍلشبطّبی ثَسد اص ًشيق 

 سَاًيذ ثجيٌيذ.دس ؿکل هيّن 



     
3شکل   

ًـابى دادُ   4سا ثِ ثبکغ هَسد ًظش کاِ دس ؿاکل    IDCّبی ثبکؼي، ػَکز ثشای دػششػي ثِ دَسر

 ؿذُ هشلل کٌيذ. 

   
4شکل   

ّب ثبيذ ثِ دٍ ػذدی کِ دس کٌبس ّش صٍع ديي ًَؿاشِ ؿاذُ سَػاِ    ثشای دػششػي ثِ ّش ديي ايي دَسر

ديک دَسر، ثِ ديي دبييٌي دَسر )ديي دٍسسش ًؼجز ثِ اػذاد( هشؼلق اػز ٍ ػذد ديگاش  کٌيذ. ػذد ًض

ّب ايي دَسر VCC  ٍGNDثِ ديي ثبلايي دَسر )ديي ًضديکشش ًؼجز ثِ اػذاد( هشؼلق اػز. دس هَسد 

ثاِ دايي    GNDکٌاذ ٍ  ثِ ديي ثبلايي اؿبسُ هي VCCّن ّويي هؼئلِ كبدق اػز؛ ثذيي كَسر کِ 

 دّذ.سلَيشی اص ايي اػذاد سا ًـبى هي 5 دبييٌي. ؿکل

 

  
5شکل   

 

ياب   3.3vسَاى سَػي کليذی کِ دس کٌبس آى دَسر قشاس داسد، ثايي  ّش دَسر ثبکؼي سا هي VCCٍلشبط 

5v  سػَع کٌيذ. 6اًشخبة کشد. ثِ ؿکل 



  
6شکل   

قاشاس دادُ ؿاذُ ٍ دس    2×5ثبؿذ. دس ثَسد يک ساثي سٍؽ ديگش، اػش بدُ اص ديي ّذس هبدگي ًظبهي هي

 (7ًَؿشِ ؿذُ اػز. )ؿکل  FPGAی ديي هشسجي کٌبس ّش ديي آى، ؿوبسُ

  
7شکل   

 

ّبی ( اػش بدُ ؿذُ اػز کِ يکي اص ديي8ّوـٌيي دس ايي ثَسد اص يک ساثي ديي گشد دٍ ديٌي )ؿکل 

FPGA گيشد کِ دس کٌبس آى هـخق ؿذُ اػز.سا ثِ ّوشاُ صهيي ثَسد دس ثش هي 

  
8کل ش  

 

ثبؿذ کِ ثشای دػششػي ثِ ٍلشبطّبی سَليذ ؿذُ دس داخل ثَسد ّن يک سٍؽ اػش بدُ اص ديي گشدّب هي

هاذاس(   GND)ّش کذام ثِ ّواشاُ   3.3v  ٍ5vثشای دػششػي ثِ دٍ ٍلشبط  9دٍ ػذد اص آًْب ًجق ؿکل 

 دس اخشيبس قشاس داسد.



   

9شکل   

ثِ ّوشاُ  3.3v  ٍ5vدس دػششع ػبخشي ٍلشبطّبی  ّوـٌيي اص يک ديي ّذس هبدگي ًظبهي ّن ثشای

 ( دس کٌبس ّش ديي، ٍلشبط هشثًَِ ًَؿشِ ؿذُ اػز. 10صهيي هذاس اػش بدُ ؿذُ اػز. )ؿکل 

 
11شکل   

ی دايي هاشسجي دس صياش ّاش کلياذ      ؿوبسُ ٍکليذ سٍؿي/خبهَؽ اػش بدُ ؿذُ  8ثشای ٍسٍدی ثَسد اص 

 (11ًَؿشِ ؿذُ اػز. )ؿکل 

 

 
11شکل   

ی دايي هاشسجي دس ػاوز    ثبؿاذ ٍ ؿاوبسُ  هي (Push Button)کليذ فـبسی  8ّب، د ديگش ٍسٍدیهَس

ثاِ ؿاشًي کاِ اص دػاز ساػشـابى اػاش بدُ        ّب!ساػشـبى )ثشای ساكشي کبس، الجشِ ثشای ساػز دػز

 (12( ًَؿشِ ؿذُ اػز. )ؿکل کٌٌذ!!

 



 
12شکل   

ثشای کليذّب دس ًظش گشفشاِ   Fسب  0ّگض  دس ًظش گشفشِ ؿذُ کِ دس آى اسقبم 4×4دذ ّوـٌيي يک کي

ثِ  R3سب  R0ثبؿذ. )ػشَى( هي Columnهخ ف  Cٍ   )ػٌش( Rowهخ ف  R (.13ؿذُ اػز )ؿکل 

ٍ  21، 20، 18ّابی  ثِ سشسيت ثاِ دايي   C3سب  C0ٍكل ؿذُ ٍ  23ٍ  24، 27، 29ّبی سشسيت ثِ ديي

ثبؿاٌذ  هي FPGAّب خشٍػي (. ػشَىاًذ )دس ثؼوي ثَسدّب ػبی آًْب اؿشجبُ ؿبح ؿذٍُكل ؿذُ 22

 اًذ.ؿذُ Pull upٍ ػٌشّب ٍسٍدی آى کِ 

  
13شکل   

ّـز سبيي ّن ثشای ٍسٍدی دس ًظش گشفشاِ ؿاذُ کاِ     DIP-Switch، يک 14ّوـٌيي هٌبثق ؿکل 

-هاي  FPGAثشای ّش کذام اص کليذّبيؾ ػذدی دس صيش آى ًَؿشِ ؿذُ کِ هشسجي ثب ديي هشثًَاِ اص  

 ثبؿذ.

  
14 شکل  

( کِ ثشای ساكشي ًوابيؾ ثاِ دٍ   15دس ًظش گشفشِ ؿذُ )ؿکل  LEDػذد  16ثشای خشٍػي ايي ثَسد 

اًذ سقؼاين  سبيي کِ ثب کوي فبكلِ اص ّن هشوبيض ؿذُ 4ی سبيي ٍ ّش دػشِ ّن ثِ دٍ دػشِ 8ی دػشِ

 ؿذُ اػز.



 

 
11شکل   

 FPGAی ى ػوليبر اٍليِّن ثشای ًـبى دادى دسػز اًؼبم ؿذ INIT  ٍDONEهشثَى ثِ  LEDدٍ 

(. ثاشای ايٌکاِ اياي    16دس ًظش گشفشِ ؿذُ اػز )ؿکل  FPGAدسػز  (Configure)ٍ دشٍگشم ؿذى 

LED         )ّب کِ اکظش اٍقبر سٍؿٌٌذ هَػت اريز ؿاذى ؿـان ًـاًَذ، اص سًگاي هتيان )هؼواَلاً ػاجض

 اػش بدُ ؿذُ اػز.

  
11شکل   

دس داخل ثَسد  1MHz ،10MHz  ٍ50MHzس هؼضای ثشای هٌبثغ دبلغ ػبػز ايي ثَسد اص ػِ اػيتسَ

ثبؿٌذ( دس کٌابس  ّب هي GCLKی ديي هشثَى ثِ ّش کذام )کِ ػضٍ )صيش ثَسد( اػش بدُ ؿذُ کِ ؿوبسُ

ِ ؿْبسم ّن  GCLK( ّوـٌيي 17)ؿکل  ّب دس قؼوشي اص ثَسد ًَؿشِ ؿذُ اػز.فشکبًغ ػاَکز   ثا

ؿذُ اػز. ايي اػيتسَسّب دس دٍ  هشللکبسثش قشاس داسد داس( خبسػي کِ دس اخشيبس دبيِاص ًَع اػيتسَس )

ايي اػيتسَسّب کاِ هؼواَلاً ثاب     1ی دبيِهلل ًَع ثضسگ )هؼشٌيلي( ٍ کَؿک )هشثؼي( ٍػَد داسًذ. 

ؿَد دس سٍی ثَسد ثب ّوبى ػتهز دايشُ هـاخق ؿاذُ   يـبى هـخق هييک ػتهز دايشُ سٍی ثذًِ

سَاًذ ثِ كليق قشاس ّن هيی سيض( )ثب يک گَؿِسٍی ثَسد  (. ؿکل هشثغ يب هؼشٌيلNCی اػز )دبيِ

 (.17دادى اػيتسَس کوک کٌذ )ؿکل 



   
17شکل   

اػش بدُ ؿاذُ اػاز.    XCF04SVO20Cی فلؾ اص سشاؿِ FPGAثشای ًگْذاسی اًتػبر ديکشثٌذی 

DIP Switch  فلاؾ ٍ   ٍ کليذ فـبسی کٌبس آى ثاشای کابس ثاب    18ؿْبس سبيي ًـبى دادُ ؿذُ دس ؿکل

 دس ًظش گشفشِ ؿذُ اػز.  FPGAی دشٍگشم کشدى ًلَُ سؼييي ّوـٌيي

 

 

18شکل   

 

-هاي  DIP Switchکِ ػِ کليذ اص  M0 ،M1  ٍM2اص ًشيق فلؾ دشٍگشم ؿَد،  FPGAثشای ايٌکِ 

 Flashؿَد( ٍ ّوـٌايي کلياذ   گ شِ هي Master Serialؿًَذ )ثِ ايي كبلز هذ  (ON)0ثبؿٌذ ثبيذ 

Enable يب Flash Boot ( يب  0ثبيذ فؼبلONِثبؿذ. دس ايي كَسر ّش ٍقز هٌجغ سغزي )  ی ثَسد ٍكال

ثب هلشَيبر فلؾ دشٍگشم خَاّذ ؿاذ. خاَد    FPGAفـبس دادُ ؿَد،  Programؿَد يب ّش ٍقز کليذ 

اص ًشياق   FPGAدس كاَسسي کاِ ثخَاّياذ     سَاى دشٍگشم کاشد. هي JTAGفلؾ سا ّن اص ًشيق ساثي 

کٌيذ )ثِ ايي كبلاز   1سا  M0  ٍM2کٌيذ ٍ  (ON)0سا  M1دشٍگشم ؿَد،  JTAGساثي  کبهذيَسش ٍ اص

 دس ثَسد آهَصؿي هب کبسثشدی ًذاسًذ. FPGAهذّبی ديگش  گَيٌذ(.هي JTAGيب  boundary Scanهذ 

ی ديي هشثًَِ دس کٌبس آى ًَؿشِ ؿذُ ثشای ايي ثَسد اص يک ثبصس اػيتسَس داس اػش بدُ ؿذُ کِ ؿوبسُ

اػز(. ّوـٌيي کلياذی کاِ    Active Lowکشد ) 0ثشای ثِ كذا دس آٍسدى ثبصس ثبيذ ايي ديي سا  اػز.

يب كبلز آهبدُ ثِ کبس کِ هٌشظش فؼبل ؿذى ديي  standbyدس کٌبس ثبصس قشاس داسد ثشای فؼبل ػبصی آى )

ًظاش   هبًذ( يب خبهَؽ کشدى آى )ثذٍى سَػِ ثِ هقذاس ديي؛ يؼٌي قٌغ كذا ثِ كاَسر کبهال( دس  هي

 (19گشفشِ ؿذُ اػز. )ؿکل 

  



  
19شکل   

(. اياي ساثاي ثاِ ٍسٍدی    20اػاش بدُ ؿاذُ اػاز )ؿاکل      RCAثشای اسلبل ثِ سلَيضيَى اص يک ساثي 

Video ؿَد. سلبٍيش ثِ كَسر سلَيضيَى ثشای اًشقبل سلَيش هشلل هيGray Scale ًوبيؾ دادُ هي-

گياشد. دس کٌابس   ( سا دس ثاش هاي  0.1vّبی بكلِثب ف 1vسب  0.3vػٌق خبکؼششی )ٍلشبطّبی  8ؿًَذ کِ 

ثبيذ ؿاِ هقابديشی داؿاشِ     FPGAّبی خشٍػي ًَؿشِ ؿذُ کِ ثشای ّش ػٌق ٍلشبط ديي RCAساثي 

 ؿًَذ(.  (Low)0ّبيي کِ ثشای ّش ػٌق ٍلشبط رکش ًـذُ ثبيذ ثبؿٌذ. )ديي

  
21شکل   

هشلال ؿاذ )فشقاي ثاب ّان       PS/2ثَسد سَاى ثِ هَع ٍ کيسٍی ثَسد هي PS/2ثب اػش بدُ اص دٍ ساثي 

هشثَى  Data  ٍClockّبی هشسجي ثب اػش بدُ ؿذُ اػز. ديي 3.3vی آًْب اص ٍلشبط ًذاسًذ(. ثشای سغزيِ

 (21ثِ ّش کذام دس کٌبسؿبى ًَؿشِ ؿذُ اػز. )ؿکل 

  
21شکل   

ش بدُ کٌياذ  ( اص ساثي داَسر ػاشيبل دس ثاَسد اػا    RS232)ثب ػٌق ٍلشبط  COMثشای اسلبل ثِ دَسر 

 (. دٍ ديي هشثَى ثِ اسػبل ٍ دسيبفز دس کٌبس آى ًَؿشِ ؿذُ اػز.22)ؿکل 



  
22شکل   

 

سَاى ثِ هبًيشَس هشلل ؿذ. ثشای ّش سًگ ؿْبس ثيز دس ًظش گشفشِ ؿاذُ  هي VGAثب اػش بدُ اص ساثي 

ٍ  HSync ّبی هشثَى ثِ ّش سًگ ٍ دٍ ػيگٌبلسًگ هخشلف داؿز. ديي 4096سَاى سب کِ دس کل هي

VSync  (23دس کٌبس دَسر ًَؿشِ ؿذُ اػز. )ؿکل 

  
23شکل   

 

LCD  ،ّبی هشسجي ثب آى دس صيش آى ًَؿشِ ؿاذُ  ثبؿذ. دييهي 8×2دس ًظش گشفشِ ؿذُ ثشای ايي ثَسد

سَاًيذ کن ٍ صيبد کٌيذ. ًَس قشاس دادُ ؿذُ هي LCDسشًي کِ دس کٌبس سا ثب هبلشي Contrastاػز. هيضاى 

Back Light  اييLCD سَاى ثب ديي هـخق ؿذُ ٍ ثِ كَسر سا هيPWM     کن ٍ صيابد کاشد. )ؿاکل

24) 

 
 

24شکل   

کَؿک ؿْبس سقوي )هبلشي دلکغ ؿذُ( ػبػشي )ثب ػتهز دٍ ًقٌِ( ّن ثشای  Seven Segmentيک 

ُ (. ّوبًٌَس کِ سٍی ثَسد ثِ كَسر گشافيکاي ًـابى داد  25ايي ثَسد دس ًظش گشفشِ ؿذُ اػز )ؿکل 



 .Seg-7کٌٌاذ. دس هاوي دس اياي    ؿذُ، ديي هشثَى ثِ دٍ ًقٌِ ثب سقن ػَم اص ساػز ثب ّان کابس هاي   

 کٌٌذ.ّبی هويض کبس ًويػتهز

 
25شکل   

 

ثبؿذ ّان ثاب   هي FPGAيب  ASICًَيؼي ثشای ّبی اكلي ثشًبهِکِ يکي اص صثبى VHDLدس هَسد صثبى 

ّب کاِ  هَسد ًيبصسبى سا ثذػز آٍسيذ. يکي اص ايي کشبةسَاًيذ اًتػبر ّبی هشثًَِ هيی کشبةهٌبلؼِ

ثبؿذ. اًشـبسار ًَاثي هيالؼبثذيي اص آقبی دکشش صيي "VHDL"ی ًشاف ّويي ثَسد اػز، کشبة سشػوِ

 ی ثؼذ ثجيٌيذ.سَاًيذ دس ك لِثبؿذ ٍ ًشف سٍی ػلذ آى سا هيهي «ًَدشداصاى»ی آى ّن سشػوِ

 



 



 

 هؼشفي ثَسدی ديگش اص 

 :AMOL-1ثَسد  

ثبؿذ ٍ ثِ ّبی هشٌَع ٍ هخشلف هيثَسدی هجشٌي ثش ٍسٍدی/خشٍػي کِ هٌبػت ديؾ ػبخز دشٍطُ

-ّبی صيبد، آصادی ػول ثيـششی دس ػيي ػبدگي ٍ کَؿکي دس اخشيبسسبى قشاس هيدليل داؿشي دَسر

 دّذ.

 شای کبسثش خشٍػي ث/دَسر هؼضای ٍسٍدی 117

ثاب آهذشدّاي    2.5v ،3.3v  ٍ5vی داخلي ثاشای ٍلشبطّابی   سگَلاسَس ػذاگبًِ 3آدادشَس هؼضا ثِ ّوشاُ 

1.5A  ُثِ ّوشاLED  ًـبى دٌّذُ ثشای ّش ٍلشبط ٍ ّوـٌييTest Point ثشای ّش ٍلشبط 

 .گيشًذثِ ًشق هخشل ي دس دػششع کبسثش قشاس هي 3.3v ٍ 5vٍلشبطّبی 

ِ    1MHz ،10MHz  ٍ50MHzی اػيتسَس هؼضا 3 ی کِ دس ثَسد قشاس دادُ ؿذُ ٍ ّوـٌايي ياک دبيا

 سَاًذ هشلل ؿَد.ديٌي( کِ ثِ اػيتسَس خبسػي هَسد ًيبص کبسثش هي 10ٍسٍدی )دس ساثي هبدگي 

 کليذ فـبسی  6کليذ کَؿک سٍؿي/خبهَؽ ٍ  2ثَسدی ؿبهل  ٍسٍدی داخل

ثِ ساكشي ًَسؿبى  PWMسَاى ثب سٍؽ کِ هي SMDدش ًَس  LED ػذد 8خشٍػي داخل ثَسدی ؿبهل 

 سا کن يب صيبد کشد.

)دسػز دشٍگاشم   DONEٍ ًذاؿشي هـکل( ٍ  FPGA)آهبدگي کبس  INITثشای ًـبى دادى  LEDدٍ 

  (FPGAؿذى 

ّب ٍ ّوـٌيي دس كيي کبس هلبفظاز  ی هٌبػت ٍ هلکن ثب دسة هٌبػت کِ اص ثَسد دس ػبثؼبييػؼجِ

 کٌذ.هي

کٌاذ ٍ ّان ثاب    کِ ّن ثب دشٍگشهشّبی قبثل اسلبل ثِ داَسر دبسالال کابس هاي     JTAGٍسٍدی دشٍگشهش 

 USBدشٍگشهشّبی 

 هشش کبثل ثشای ساكشي اسلبل ٍ قبثليز سلشک ثيـشش 1دَسر دبسالل ثب ثيؾ اص  JTAGدشٍگشهش 

 

           electronics 



 ثب هظبل ػبدُ: ISEافضاس ٍ ًشم AMOL-2ساٌّوبی ثِ کبسگيشی ثَسد 

 
 Project Navigatorسٍی  Xilinx ISE 7.1iدس فَلاذس   ٍيٌاذٍص، start َی افضاس، اص هٌا ثؼذ اص ًلت ًشم

ثشای ثبسّبی ثؼذی کاِ   (ٍػي ك لِی )ًکشِؿَد. ثشای ايٌکِ ديغبم ی صيش ثبص هيدٌؼشُ کليک کٌيذ؛

 کٌيذ. OKکٌيذ ًـبى دادُ ًـَد، سيک سا ثشداسيذ ٍ ايي ثشًبهِ سا اػشاء هي

 

 
 

 

 

File -> New Project… ًشخابة کٌياذ )هٌظاَس اص هٌاَی     سا اFile ِ سا  …New Projectی ، گضيٌا

 ؿَد:ی اكلي ثبص هياًشخبة کٌيذ(. يک ك لِ ثِ كَسر ؿکل صيش دس ك لِ

 



 
 

هؼيش آى سا ٍاسد ًوبييذ. سَهايق   :Project Locationاػن دشٍطُ ٍ دس کبدس  :Project Nameدس کبدس 

ؿاَد ٍ  ، فَلذسی ثِ ّوبى ًبم دس هؼيش فؼلي سَليذ هيکٌيذايٌکِ ّويي کِ ًبهي ثشای دشٍطُ ٍاسد هي

اًشخبة  :Cاين ٍ هؼيش سا دسايَ سا ثشای دشٍطُ دس ًظش گشفشِ test. هب ًبم ؿَددادُ هيدشٍطُ دس آى قشاس 

ؿاَد( دس آى  اين خَد ثِ خاَد ػابخشِ هاي   )کِ ّوبًٌَس کِ گ شِ testکِ ايي دشٍطُ دس فَلذس  کشدين

 گيشد.هؼيش قشاس هي

ثبؿاذ سا اًشخابة کٌياذ ٍ    هي HDLفشم کِ ّوبى هَسد ديؾ :Top-Level Module Typeس کبدس د

 سا ثضًيذ.  ext >Nکليذ 

 

 آيذ:ی ثبص ؿذُ ثِ كَسر صيش دس هيك لِ



 

ِ  Device Familyدس کابدس  ، Deviceسا دياذا کٌياذ ٍ اًشخابة کٌياذ. دس کابدس       Spartan2ی ، گضيٌا

xc2s200  کبدس سا اًشخبة کٌيذ ٍ دسPackage ،pq208  سا اًشخبة کٌيذ ٍ دس قؼوزSpeed Grade ،

ّبيي کاِ  فشهـبى ثذزيشيذ. يؼٌي ّوبىسا اًشخبة کٌيذ. ؿْبس کبدس ثؼذی سا ثِ ّوبى كَسر ديؾ 5-

 آيذ:سا ثضًيذ. ك لِ ثِ كَسر صيش دس هي ext >Nثيٌيذ. ػذغ کليذ دس ؿکل ثبلا هي

 

سَاًياذ ثؼاذاً اياي کابس سا     ليذ کشد ٍ دس كَسسي کِ ثخَاّيذ هيسَػَسع سَاى فبيل دس ايي ك لِ هي

 سا ثضًيذ.  ext >Nکٌين. دغ کليذ اًؼبم دّيذ. هب ّن ايي کبس سا ثِ ثؼذ هَکَل هي



 آيذ:ك لِ ثِ كَسر صيش دس هي

 

ّبی اص قجل سَليذ ؿذُ سا ثِ دشٍطُ اهبفِ کاشد کاِ الجشاِ دس كاَسسي کاِ      سَاى فبيلدس ايي ك لِ هي

دّاين. داغ کلياذ    سَاًيذ ثؼذاً ايي کبس سا اًؼبم دّيذ. هب ّن ايي کبس سا ايٌؼب اًؼابم ًواي  اّيذ هيثخَ

ext >N .آيذ:ك لِ ثِ كَسر صيش دس هي سا ثضًيذ 

 

ؿَد. ثشای ايذ ًـبى دادُ هيدس ايي ك لِ اًتػبر ٍ سٌظيوبر دشٍطُ کِ دس ك لبر قجلي ػز کشدُ

  >ackBسَاًيذ ثب کلياذ  ضًيذ ٍ دس كَسسي کِ ًيبص ثِ اكتف داسيذ هيسا ث Finishسأييذ کشدى آى کليذ 



-ی اكلي ثش هاي ی فشػي ثؼشِ ؿذُ ٍ ثِ ك لِك لِ Finishثِ ك لبر قجل ثشگشديذ. ثب صدى کليذ 

 گشديذ.

 ی اكلي ثذيٌگًَِ خَاّذ ؿذ:ك لِ

 

اثل کلياک کٌياذ.   د Create New Sourceخَاّين دس دشٍطُ يک فبيل ػَسع ثؼبصين. سٍی كبل هي

 ؿَد:ی اكلي ثبص هيی صيش دس ك لِك لِ

 



 ِ ًابم   :File Nameسا اًشخابة کاشدُ ٍ دس کابدس     VHDL Moduleی اص ػوز ؿخ ايي ك لِ گضيٌا

سا ثشای فبيال اًشخابة    testسا ثضًيذ. هب ًبم  ext >Nفبيلي کِ قشاس اػز سَليذ ؿَد سا ثٌَيؼيذ ٍ کليذ 

 کشدين. 

 

 آيذ:س هيك لِ ثِ كَسر صيش د

 

فشم ّوبى ًبم فبيل دس ًظش گشفشاِ ؿاذُ ٍ ًابم    کبهذًٌَز ثِ كَسر ديؾ Entityدس ايي ك لِ اػن 

Architecture  ّنBehavioral سَاى آًْب سا هٌبثق دلخَاُ سغيياش داد ٍلاي   دس ًظش گشفشِ ؿذُ کِ هي

ّبی کبهذًٌَز شٍػيسَاى ٍسٍدی/خگزاسين. ّوـٌيي دس ايي ك لِ هيهب آًْب سا ثِ ّوبى كَسر هي

سا ثضًيذ.  ext >Nکٌين. کليذ سا هـخق کشد کِ هب ايي کبس سا ثِ ثؼذ ٍ دس خَد هشي ثشًبهِ هَکَل هي

 کٌذ:ك لِ ثِ كَسر صيش سغييش هي



 

ؿَد. ثاشای سأيياذ   ًـبى دادُ هي vhdدس ايي ك لِ، اًتػبر فبيل سَليذ ؿذُ کِ فبيليؼز ثب دؼًَذ 

 سا ثضًيذ.  Finishکليذ 

 آيذ:ی اكلي ثِ كَسر صيش دس هيك لِ

 

ثشای ساكشي کبس ًَؿاشي ثشًبهاِ سَلياذ کاشدُ، ثاِ       ISEافضاس دس کبدس ػوز ساػز، هشٌي کِ خَد ًشم

ايٌؼب دس ؿَد. اص ايي ثِ ثؼذ ثبيذ سغييشار کذ ثشًبهِ سا ػٌَاى هلشَيبر فبيل سَليذ ؿذُ ًـبى دادُ هي

 ثبؿذ:سَليذ ؿذُ، ثِ كَسر صيش هي (ISE)شض کِ سَػي اثضاس ػٌاٍليِ اػوبل کشد. کذ 
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library IEEE; 
use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity test is 

end test; 
 

architecture Behavioral of test is 

 

begin 

 

 

end Behavioral; 

 LED ّـاز ػاذد اص   ،FPGAای ثٌَيؼين کِ دغ اص ػٌشض ؿذى ٍ دشٍگشم کاشدى  خَاّين ثشًبهِهي

ٍ  entityّابی  ثشای ايي کبس دس اثشاذا قؼاوز   ّبی سٍی ثَسد سا سٍؿي ٍ خبهَؽ )ؿـوک صى( کٌذ.

architecture دّين:سا ثِ كَسر صيش سغييش هي 

entity test is 

 PORT (clk, reset: IN STD_LOGIC; leds: OUT STD_LOGIC_VECTOR (7 DOWNTO 0)); 

end test; 

 

architecture Behavioral of test is 
 SIGNAL leds_temp : STD_LOGIC_VECTOR (7 DOWNTO 0); 

begin 

 

 PROCESS (clk, reset( 

  VARIABLE count : INTEGER; 

 BEGIN 

  IF reset = '1' then  

   count := 0; 

  ELSIF rising_edge (clk) THEN 

   count := count + 1; 

   IF count = 50000000 THEN 



    count := 0; 

    leds_temp <= NOT leds_temp; 

   END IF; 

  END IF; 

 END PROCESS; 

 
leds <= leds_temp; 

 

end Behavioral; 
 

يب  Synthesize –XSTػذغ سغييشار ثشًبهِ سا رخيشُ کٌيذ ٍ دس کبدس ٍػي ػوز ؿخ ك لِ سٍی 

ؿاَد ٍ  داثل کليک کٌيذ. ثب ايي کبس کذ ًَؿشِ ؿذُ، ػٌشض هي آى ػتهز دايشُ هبًٌذ )فلؾ داس( کٌبس

اػز ثِ كَسر گزسا )ٍ ّوـٌيي ثِ كَسر  clkاًتػبر ػٌشض کِ هْوششيٌؾ كذاکظش فشکبًغ هؼبص 

ِ صيشدائان ثاب داثال کلياک کاشدى سٍی       ِ    View Synthesis Reportی گضيٌا ی داخال ّوابى گضيٌا

Synthesize –XST ؿَد. ثشای ؿَد( ًوبيؾ دادُ هيکِ ثب کليک کشدى سٍی ػتهز + کٌبسؽ ثبص هي

 هب ايي هَسد ثِ كَسر صيش گضاسؽ دادُ ؿذُ اػز: FPGAکذ ٍ 

Minimum period: 17.440ns (Maximum Frequency: 57.339MHz) 

 

( اػاش بدُ  1MHz ،10MHz  ٍ50MHzهَػَد دس ثَسد ) ّش ػِ اػيتسَسسَاى اص کِ ثب ايي كؼبة هي

 کشد.

سا دس فابيلي ثاب ًابم داشٍطُ ٍ      FPGAّبی هَسد اػش بدُ اص دس ايي هشكلِ ثبيذ اًتػبر هشثَى ثِ دبيِ

دس ّوبى کبدس ٍػاٌي   User Constraintsکٌبس  +ٍاسد کٌين. ثشای ايي کبس سٍی ػتهز  UCFدؼًَذ 

داثل  Assign Package Pinsی ػوز ؿخ ك لِ کليک کٌيذ ٍ ػذغ اص هٌَی ثبص ؿذُ سٍی گضيٌِ

ثِ دشٍطُ  UCFؿَد کِ دس آى دس هَسد سَليذ ٍ اهبفِ کشدى فبيلي ثب دؼًَذ کليک کٌيذ. کبدسی ثبص هي

 سا کليک کٌيذ. esYخَاّذ کِ ثبيذ کليذ اص ؿوب اػبصُ هي

ِ   دس ايٌؼب .ؿَدثبص هي (Xilinx PACE)ی صيش ثب ايي کبس ك لِ ی اًتػابر سا  ثشای ايٌکِ ؿاوب ّوا

ّابی کاذ   کوي ػبی کبدس ٍػي ػوز ؿخ سا کِ ؿبهل اػن ٍسٍدی/خشٍػيدس ؿکل ثشَاًيذ ثجيٌيذ 

 اين.ثبؿذ، ثضسگشش کشدُهي

 

M.T
Typewriter
adad koochektar az 50 dg madar dorost karesho anjam nemide

M.T
Typewriter



 

 

ٍاسد ؿَد کاِ ٍسٍدی ياب خشٍػاي     FPGAی ديٌي اص دس سٍثشٍی ّش دَسر ثبيذ ؿوبسُ Locدس ػشَى 

 resetّبی سٍی ثَسد ٍ داَسر   LEDثِ  ledsّبی هَسد ًظش ثِ آى ٍكل ؿذُ اػز. دس هظبل هب، دَسر

، كش  Locؿَد. ثشای ايي کبس دس ّش ػٌش دس ػشَى ثِ يکي اص کليذّبی فـبسی سٍی ثَسد هشلل هي

p ُهظتً سا ثِ ّوشاُ ؿوبس( ًَِی ديي هشثp120هي ).ًَيؼين  

 

 

-اين ًويکِ دس ايٌؼب ثب ؿشايٌي کِ ًجق آى ديؾ سفشِ clkی ايي هَاسد سا )ثؼض ػيگٌبل کبهل ؿذُ

ثاِ آى   -کٌاين ؿٌبًکِ دس اداهِ رکش هاي -ثِ كَسر هشٌي  ،سَاى ثِ آى ديي اًشؼبة داد ٍ ثِ ػبی آى

 ثيٌيذ:دّين( دس ؿکل صيش هيديي اًشؼبة هي ،ػيگٌبل



 
 

 XSTؿاَد هاَسد دايؾ فاشم آى سا کاِ      يذ ٍ دس کابدسی کاِ ثابص هاي    ی رخيشُ سا ثضًػذغ دکوِ

Optional {} ثبؿذ سا قجَل کشدُ ٍ هيOK ِی کٌيذ ٍ دغ اص آى، ك لXilinx PACE سَاًياذ  سا هي

 ثجٌذيذ.

ی اكلي ٍ ّوبى کابدس ٍػاي ػاوز ؿاخ کاِ دس آى      ، دس ك لclkِكبل ثشای سؼييي ديي ػيگٌبل 

داثل کليک کٌيذ.  Edit Constraints (Text)ی ؿذُ، سٍی صيشگضيٌِثبص  User Constraintsی گضيٌِ

ثشای هظابل   کِ ؿَدکِ ثِ دشٍطُ اهبفِ ؿذُ ًوبيؾ دادُ هي test.ucfهلشَيبر فبيل دس ػوز ساػز، 

 :ؿَدهيهب ثِ كَسر صيش 

#PACE: Start of Constraints generated by PACE 

 

#PACE: Start of PACE I/O Pin Assignments 

NET "leds<0>"  LOC = "p129"  ; 

NET "leds<1>"  LOC = "p127"  ; 

NET "leds<2>"  LOC = "p126"  ; 

NET "leds<3>"  LOC = "p125"  ; 

NET "leds<4>"  LOC = "p123"  ; 
NET "leds<5>"  LOC = "p122"  ; 

NET "leds<6>"  LOC = "p121"  ; 

NET "leds<7>"  LOC = "p120"  ; 

NET "reset"  LOC = "p8"  ; 

 

#PACE: Start of PACE Area Constraints 

 

#PACE: Start of PACE Prohibit Constraints 
 

#PACE: End of Constraints generated by PACE  



ؿًَذ( سا کذي کشدُ ٍ ؿشٍع هي NETکبفيؼز يکي اص خٌَى هيبًي )آًْبيي کِ ثب  clkثشای ػيگٌبل 

   ِ سا ٍاسد کٌياذ ٍ دس قؼاوز    clkی اٍل آهاذُ، ػايگٌبل   ػبی قؼوز ػيگٌبل کاِ دس ثايي دٍ گيَها

 )يؼٌي دس كقيقزثبؿذ ٍاسد کٌيذ. هي 50MHzسا کِ هشثَى ثِ اػيتسَس داخلي  "p80"ی ديي، ؿوبسُ

 خي صيش سا اهبفِ کٌيذ:(

NET "clk"  LOC = "p80"  ; 

 داغ اص ايااي کابس، کليااذ رخياشُ سا ثضًيااذ ٍ ػاذغ دس کاابدس ثابلايي ػااوز ؿاخ سٍی خااَد فبياال      

«test-behavioral (test.vhd) ».کليک کٌيذ 

داثل کليک کٌيذ. ػذغ ثب ثابص   Implement Designی ػذغ دس کبدس ٍػي ػوز ؿخ، سٍی گضيٌِ

اػز )ثب کليک سٍی ػتهاز + کٌابس آى(    Generate Programming File ی آخش کِيٌِگضصيشکشدى 

-ی صيش ثابص هاي  داثل کليک کٌيذ. ثب ايي کبس ك لِ Configure Device (iMPACT)ی سٍی گضيٌِ

 ؿَد:

 

 

 

فاشم ّان   ( سا کِ ديؾJTAGيب ّوبى  Boundary-Scan Modeی اٍل )دس ايي ك لِ ّوبى گضيٌِ

 سا ثضًيذ.  < Nextل کشدُ ٍ کليذ ثبؿذ قجَهي



 

 

 کٌذ:ثب ايي کبس ك لِ ثِ كَسر صيش سغييش هي

 
 

سا  Finishثبؿاذ قجاَل کاشدُ ٍ کلياذ     فشم ّن هاي ی اٍل سا کِ ديؾدس ايي ك لِ ّن ّوبى گضيٌِ

  ثضًيذ.

سـخيق دادُ ؿاذُ   Boundary-scanی ّبی( هَػَد دس صًؼيشُ)ّبی( )سشاؿِدس ايي كَسر دػشگبُ

ٍ يک  FPGAی ؿَد )ثشای ايي ثَسد، يک سشاؿِی کَؿک سؼذاد آًْب گضاسؽ دادُ هيدس يک ك لِ ٍ

 ّب سا ثِ كَسر گشافيکي هـبّذُ کشد.سَاى ًوبد سشاؿِکشدى ايي گضاسؽ هي OKفلؾ( ٍ دغ اص 

 



 
 

 

 

شثٌاذی  سياضی ياب ّوابى ديک   ؿَد کِ ثشای اًشخبة فبيل ثشًبهِی صيش ثبص هيکشدى، ك لِ OKثؼذ اص 

(configuration) ثبؿذ. دس ايٌؼب ثبيذ فبيل سشاؿِ هيBitstream      فابيلي ثاب ًابم فبيال(VHDL   ثاب ٍ

( سا کِ دس هشاكل قجلي سَليذ ؿذُ ٍ دس فَلذس دشٍطُ )فَلذس ديؾ فشهي کِ ثب ثبص ؿذى ايي bitدؼًَذ 

يي ّوبى فبيلي اػز کِ کٌيذ. ا (open)ؿَد( قشاس دادُ ؿذُ سا ثبص ك لِ هلشَيبر آى ًـبى دادُ هي

فشػاشبدُ   FPGA( ثاِ  JTAGّب )دس ايٌؼب اًتػبر ديکشثٌذی دس آى قشاس داسد ٍ ثبيذ ثب يکي اص سٍؽ

 ؿَد )آى سا دشٍگشم کٌذ(. 

 



 
 

 

 

 

 

 

ؿَد کِ دس ايي كبلز ثبيذ سٍی ًوابد  الزکش ثِ كَسر اسَهبسيک ثبص ًويی فَقگبّي اٍقبر ّن ك لِ

FPGA کليک ساػز کٌيذ ٍ ا ِ سا اًشخابة   …Assign New Configuration Fileی آخاش آى  ص گضيٌا

 ؿَد.ی ؿکل قجل ثبص هيکٌيذ. دس ايي كَسر ّوبى ك لِ

M.T
Typewriter



 
 

 

 

 

 

 

 

 

 
 

 

اػش بدُ ؿذُ کِ اًتػبر ًبهـابى سا ثاِ کابهذيَسش دسػاز      FPGAّبی دس ثؼوي اص ثَسدّب اص سشاؿِ

دٌّذ( دس ايي كَسر ثِ ػٌَاى ًبم خَد هيسا  XC2S200 ،XCV200کٌٌذ )اکظشاً ثِ ػبی هٌشقل ًوي

هـکل سا كال کاشد. )الجشاِ دس     Yesسَاى ثب صدى کليذ ؿَد کِ ثِ ساكشي هيديغبم صيش ًـبى دادُ هي

الازکش ياک   سا فؼبل کشدُ ثبؿيذ دس كبلز فاَق  Verifyاًشْبی ػول دشٍگشم کشدى ّن دس كَسسي کِ 

 ؿَد کِ آى ّن هْن ًيؼز(اػز دادُ هيديغبم س بٍر ػضئي کِ هشثَى ثِ ّوبى ًبم سشاؿِ 



 
 

 

ؿاَد کاِ هْان    دادُ هاي  JTAGهشثَى ثاِ   Clockدس هَسد  warningثؼذ اص اًشخبة فبيل يک ديغبم 

 کٌيذ. OKسَاًيذ آى سا ًيؼز ٍ هي

 

 



 

 

 

 

 

 

 

 

 

ؿاَد ٍ اص ؿاوب   ی صيش ثبص هيسػذ کِ ك لِ، ًَثز ثِ فلؾ هيFPGAثؼذ اص اًشخبة فبيل ديکشثٌذی 

ؿَد کِ ثبيذ ثِ ًشيقي کِ ثؼذاً گ شِ هي mcsخَاّذ کِ فبيليؼز ثب دؼًَذ ل هشثَى ثِ فلؾ سا هيفبي

ػبخشِ ؿَد. دس ًشيؼِ دس كبل كبهش ؿَى ٌَّص ايي فبيل سَليذ ًـذُ ٍ ٍػَد ًاذاسد اص اياي هشكلاِ    

-هاي  اكاٌتكبً  دس دشٍگشهيٌاگ کٌين کِ گزسين. يؼٌي فلؾ سا دشٍگشم ًوي)دشٍگشم کشدى فلؾ( هي

  سا ثضًيذ. Bypassکٌين. دغ ٍاهق اػز کِ دس ايٌؼب ثبيذ کليذ هي Bypassآى سا  گَيٌذ

 

 
 

 

 

 

 

 

 

 

 



 test.bitؿَد )دس ايٌؼاب  ّبی دشٍگشهيٌگ ّش دٍ سشاؿِ دس صيش ًوبدّبی آًْب ًَؿشِ هيدغ اص آى فبيل

 .((xcf04s) ثشای فلؾ FPGA  ٍBYPASSثشای 

 

 
 

 

 

ِ  FPGAکٌين. ثشای ايي کبس ثبيذ سٍی ًوبد  سا دشٍگشم FPGAكبل ثبيذ  ی ساػز کليک کٌيذ ٍ گضيٌا

Program ِی ؿَد کِ دس آى گضيٌِی صيش ثبص هيسا اًشخبة کٌيذ. ك لVerify     سا کِ ثاِ ًاَس دايؾ

ثؼاذ اص   نثخَاّي. فؼبل کشدى آى ثذيي هؼٌبػز کِ سَاى فؼبل يب غيش فؼبل کشدفشم فؼبل اػز سا هي

ثب فبيل دشٍگاشم دقيقابً    ،ؿک کٌذ کِ ايي هلشَيبر FPGAثب خَاًذى هلشَيبر  ،ػول دشٍگشم کشدى

ؿَد ٍ دس كاَسر  فشػشبدُ هي FPGAثِ  Bitstreamاًتػبر . ثب دشٍگشم کشدى، يکؼبى اػز يب خيش

دس كاَسر ثاِ ٍػاَد     ٍ ؿاَد دادُ هاي  Programming Succeededًذاؿشي هـکل دس اسػبل، ديغبم 

ؿَد. سَػِ کٌيذ کِ ثِ دليال كؼابع   دادُ هي Programming Failedغبم دي ي،آهذى ّش گًَِ هـکل

ّبی قَی ًَيض ػبص هظل کبثال ثاشق ياب    ثَدى اًشقبل اًتػبر ثِ ًَيض، کبثل فلز دشٍگشهش سا اص دػشگبُ

ّاب  کيغ کبهذيَسش دٍس کٌيذ، دس غيش ايٌلَسر هوکي اػز ثِ كَسر سلبدفي ثؼوي اص دشٍگشم کشدى



دادُ ؿَد(. دس ايٌلَسر ثبيذ ػول دشٍگشم سا سکشاس  Programming Failedديغبم دسػز اًؼبم ًـَد )

 کٌيذ سب ثِ كَسر دسػز اًؼبم ؿَد.

 

 
 

 کٌذ.ثتفبكلِ کبسؽ سا ؿشٍع هي ،FPGAثؼذ اص دشٍگشم کشدى 

 

 

 

افضاس کٌين. دس كَسسي کِ فقي يک ثبس ثؼذ اص ًلت ًشمی هْن ػلت هيكبل سَػِ ؿوب سا ثِ يک ًکشِ

ISE ، کشدُ ثبؿيذ، ثؼذ اص صدى ًي فلؾ سا کشدى دشٍگشم هشاكلOK ُی دشٍگشم، ديغبم خٌابی  دٌؼش

ٍ اكاتً کابس    ؿاَد دادُ هاي ثشای دشٍطُ ٍػاَد ًاذاسد ثاِ ؿاوب      maskصيش هجٌي ثش ايٌکِ فبيلي ثِ ًبم 

 د. ؿَدشٍگشهيٌگ ؿشٍع ًوي

 



 
 

 

 

 

 

 

 

 

 ؿَد.ادُ هيی صيش ًـبى دی فَق، دٌؼشُکشدى ك لِ OKثؼذ اص 

 



 

 

 

 

 

 

 

 

 

 

  ؿَد.ًـبى دادُ هي Programming Failedکشدى آى، ديغبم  OKٍ دغ اص 



 

 
 

)ؿاَى ٌّاَص فلاؾ سا دشٍگاشم     الجشِ اگش هٌبثق ثب سٍال سَهيق دادُ ؿذُ سب ايٌؼب ديؾ آهذُ ثبؿايذ  

دشٍگشم کٌياذ   ؿَيذ ٍلي کبفيؼز کِ فلؾ سا يک ثبسدس ايي هشكلِ ثب ايي خٌب هَاػِ ًويايذ( ًکشدُ

-)ًجق سَهيلبر هشثًَِ کِ کوي ثؼذ خَاّين داد(، دغ اص آى ثشای ّش دشٍطُ کِ ثشای ثبس اٍلؾ هي

-ثيٌيذ کِ ثشای سفغ آى ثبيذ کبسّبيي کِ هاي دشٍگشم ؿَد، ايي ديغبم خٌب سا هي FPGAخَاّذ سٍی 

 دادُ ًـَد.طُ( )فقي ثشای ّوبى دشٍگَيين سا اًؼبم دّيذ سب ثشای ثبسّبی ثؼذی ديگش خٌبيي 

 

 

 

 

 

 

ِ  دس قؼوز دبييي ػوز ؿخ ك لِ ، Generate Programming Fileی ی اكلي ثشًبهاِ، سٍی گضيٌا

 سا اًشخبة کٌيذ. …Propertiesی ساػز کليک کٌيذ ٍ دس ليؼز ثبص ؿذُ، گضيٌِ

 



 
 

 

 

 

 

 

 

 

 

 Create ReadBack Data ی، ػلَی گضيٌِ(Readback Options)ی ثبص ؿذُ ی آخش دٌؼشُدس صثبًِ

Files ٌِی ٍ دغ اص آى گضيCreate Mask File  ٍ سيک ثضًيذOK ٌِکٌيذ. ػذغ ثبيذ دٍثبسُ صيشگضي-

ِ  Configure Device (iMPACT)ی  ٍ  اػاشا کٌياذ   Generate Programming Fileی سا اص گضيٌا

ن ديگاش ثاب   . اص ايي دغ ّا هٌبثق سٍالي کِ دس ك لبر ديؾ سَهيق دادُ ؿذُ سشاؿِ سا دشٍگشم کٌيذ

ؿَيذ. ٍاهاق اػاز کاِ    ای کِ ايي کبس سا ثشايؾ اًؼبم داديذ هَاػِ ًويالزکش ثشای دشٍطُخٌبی فَق

 ّبی ديگش ثبيذ ػذاگبًِ ايي کبس سا اًؼبم دّيذ.ثشای دشٍطُ

 



 
 

 

 

 

 

 

ی ثشای کبس ثب فلؾ ثبيذ دس اثشذا فبيل هشثَى ثِ دشٍگشم کشدى فلؾ سا ثؼبصيذ. ثشای ايي کبس صيشگضيٌِ

Generate PROM, ACE, or JTAG File  ِ اػاشا   Generate Programming Fileی سا اص گضيٌا

 < Nextسا اًشخبة کشدُ ٍ کليذ  PROM Fileی ٍػي يؼٌي ؿَد، گضيٌِای کِ ثبص هيکٌيذ. دس ك لِ

 سا ثضًيذ.

 



 
 

 

 

 

 

 

 

 

 

( PROM File Format)اص  Xilinx PROM  ٍMCSّابی  ی ثؼذی دس ثبلای ك لِ، گضيٌِدس ك لِ

، ًابم  Untitled، ػابی  PROM File Nameفشم ّن ّؼشٌذ سا اًشخبة کٌيذ ٍ دس قؼوز سا کِ ديؾ

فبيلي کِ قشاس اػز ػبخشِ ؿَد سب ثب آى فلؾ سا دشٍگشم کٌين سا ثٌَيؼيذ دس غيش ايٌلَسر ثِ كَسر 

سا کِ ًابم داشٍطُ    testؿَد. هب دس ايٌؼب ّوبى دس ًظش گشفشِ هي Untitledديؾ فشم ًبم فبيل ّوبى 

سَاًياذ  اػز. اگش خَاػشيذ كشي هاي  MCSاين. دؼًَذ فبيل ّن دس ّش كَسر ّن ّؼز دس ًظش گشفشِ

 ( سغييش دّيذ.:Locationهؼيش فبيل دشٍگشهيٌگ فلؾ سا )دس قؼوز 

 



 
 

 سا ثضًيذ.  < Nextکليذ 

 

 

سا کاِ ّوابى    xcf04s ّبی هَػَد،اص ليؼز كبفظِ :Select a PROMی ثؼذی دس قؼوز دس ك لِ

 ّب کبسی ًذاسين(.ی گضيٌِسا ثضًيذ )ايٌؼب ثب ثقيِ Addثبؿذ اًشخبة کٌيذ ٍ کليذ ثَسد هيايي فلؾ 

 



 
 

 

 

 
 

 

 

 

 

 

 

 سا ثضًيذ. < Nextآيذ. کليذ ك لِ ثِ كَسر صيش دس هي

 



 
 

 

 

 

 

 

 

 

 

ِ   ؿَد کِ دايذ ثِ ؿوب گضاسؽ دادُ هيدس ايٌؼب اًتػبسي کِ ؿوب ٍاسد کشدُ ی س كاَسر سأيياذ گضيٌا

Next > سَاًيذ ثب صدى کليذ ايذ هيصًيذ ٍ دس كَسسي کِ اؿشجبّي اًؼبم دادُسا هي< Back  بر لثِ ك

 قجل ثشگشديذ ٍ اؿشجبُ سا اكتف کٌيذ.

 



 
 

 
 

 

 

 

 

 

 

 

 

شبى فبيل افضاس ثذّيذ سب اص سٍی آى ثشايايذ ثِ ًشماكلي سا کِ قجتً ػبخشِ Bitstreamدس ايٌؼب ثبيذ فبيل 

 سا ثضًيذ. …Add Fileدشٍگشهيٌگ فلؾ سا ثؼبصد. ثشای ايي کبس دس ايي ك لِ کليذ 

 



 
 

 

 

 
 

 

 

 

 

 

 

 کٌيذ. Open( سا اًشخبة کشدُ ٍ test.bitالزکش )دس ايٌؼب ی ثبص ؿذُ، فبيل فَقدس ك لِ

 



 
 

 

 

 

 

 

 

 

 

 

 
 

-ديگاشی هاي   Bitstreamيال  ؿَد کِ اگش ثبص ّان فب ؿَد اص ؿوب خَاػشِ هيای کِ ثبص هيدس ك لِ

 صًين.سا هي Noخَاّيذ اهبفِ کٌيذ ايي کبس سا اًؼبم دّيذ کِ دس ايٌؼب ؿَى فبيل ديگشی ًذاسين کليذ 

 



 
 

 

 

 

 

 
 

 

 

 

 

 سا ثضًيذ. Finish، کليذ ی ثبص ؿذُدس ك لِ

 



 
 

 

 

 

 

 
 

 

 

 

 

 

سا  Yesَد کِ ثبيذ کليذ خَاّيذ ّن اکٌَى فبيل سَليذ ؿؿَد کِ آيب هيٍ دس ايٌؼب اص ؿوب خَاػشِ هي

 ثضًيذ.

 



 
 

 

 

 

 

 
 

 

 

 

 

 

ی صيش ثِ كَسر گشافيکاي ًـابى دادُ   ؿَد ٍ دس ك لٍِػَد هـکل، فبيل ػبخشِ هي مدس كَسر ػذ

 سَاًيذ ايي ك لِ سا ثجٌذيذ.ؿَد کِ دس فلؾ ؿِ هقذاس اًتػبر قشاس اػز رخيشُ ؿَد. هيهي

 



 
 

 

 

 

 

 
 

 

 

 

 

 

فلؾ سا دشٍگشم کٌيذ. ثشای ايي کبس سٍی ًوبد فلاؾ کلياک ساػاز    سَاًيذ ی اكلي هيكبل دس ك لِ

سا اػشا کٌيذ. ػذغ فبيل سَلياذ ؿاذُ ثاشای     …Assign New Configuration Fileی کشدُ ٍ گضيٌِ

 کٌيذ. Open( سا اًشخبة کٌيذ ٍ آى سا test.mcsدشٍگشهيٌگ فلؾ )دس ايٌؼب 

 



 
  

سا اػشا کٌيذ. ثب کوي ساأخيش دس كاَسر    Programػذغ سٍی ًوبد فلؾ دٍثبسُ کليک ساػز کٌيذ ٍ 

ؿَد. دس كاَسر دادُ ؿاذى ديغابم    ًذاؿشي ّيؾ هـکلي فلؾ دشٍگشم ؿذُ ٍ ديغبم هَفقيز دادُ هي

ی داؿشي کبثال ثلٌاذ ٍ دس   خٌب ثِ دليل رکش ؿذُ دس قجل هجٌي ثش ايٌکِ ػول دشٍگشهيٌگ ثِ ٍاػٌِ

 دشٍگشهيٌگ سا سکشاس کٌيذ. ثبؿذ دٍثبسُ ػولهؼشم ًَيض قشاس داؿشي، كؼبع هي

 

 

 

 

 

 

 

 



  FPGAای ثِ اسلبل هَسَس دلِ -2
  

ؾ ّان  ين دا يي دٍ ػا يا ک اص ايا ؾ ّؼشٌذ. اص ػش ٍػي ّش ين ديدٍ ػ یداسا هؼوَلاً یادلِ یّب هَسَس

 COMي هَسَسّب دس هؼوَع ؿؾ ػش داسًاذ. دٍ ػاش ٍػاي ثاِ ًابم      يخبسع ؿذُ اػز. دغ ا ياسلبل

 ًبم داسًذ. A ،B  ،C  ٍD یٌبسک یؿًَذ ٍ ػشّب يذُ هيًبه

ِ     ديذا اػز ثِ ػبدگي هي 1ّوبى ًَس کِ اص ؿکل  ای سا ثاب ياک اّان هشاش      ساَاى ػاشّبی هَساَس دلا

ٍ  Aّابی ثايي ػاشّبی     دٍ ثشاثش ّش يک اص هقبٍهاز  A  ٍCسـخيق داد. هقذاس هقبٍهز ثيي دٍ ػش 

COM  يب C  ٍ COM  اػز. ّويي اهش ثشای ػشّبیB  ٍ D  .ّابی   ّوـٌيي ػاين دايؾ  ثشقشاس اػز

AC ٍBD  ًَِّابی  ثاب اياي کابس ػ از ػاين دايؾ       هقبٍهشي ًذاسًذ. اسلبلثِ ّن ّيؾ گAC  اصBD 

کٌٌاذ.  هظل ّن ػول هي B  ٍDٍ ّوـٌيي ػشّبی  A  ٍCؿًَذ. دس هوي ػشّبی سـخيق دادُ هي

 سَاى آًْب سا ػبی ّن ثِ کبس ثشد.يؼٌي هي

 

یاّبی داخل هَسَ دلِديؾػين   1ؿکل 

 

ّب ثاِ كاَسر   ثشای ايي کِ هَسَس ثشَاًذ كشکز کٌذ )ثِ اًذاصُ يک دلِ( ثبيذ سغييشار هقبديش ػين ديؾ

ثِ ّن ٍ ثِ هٌجغ سغزيِ هَساَس    COMدادُ ؿَد. ّوـٌيي ػشّبی A ،B ،C  ٍDّبی  ثِ دبيِ 2ؿکل 

 ؿًَذ. ٍلشبط سغزيِ هَسَس ّن سٍی آى ًَؿشِ ؿذُ اػز. ٍكل هي
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 ّبی هَسَسديؾاًتػبر ثِ ػين ًلَُ اػوبل   2ؿکل 

 

سؼاذاد دلاِ دس    یًوًَِ، ثشا یثشا .ذيآ يثش سؼذاد دلِ دس دٍس ثِ دػز ه 360ن ػذد يِ ّش دلِ ثب سقؼيصاٍ

7.5ِ ّش دلِي، صا48ٍدٍس 
o  ثذًاِ   یِ ّش دلِ سٍيب صاٍيش سؼذاد دلِ دس دٍس ياص هقبد يکيلاً ؿَد. هؼوَ يه

 ؿَد. يهَسَس ًَؿشِ ه

ًکشِ ديگشی کِ . ؿًَذ هـخق هي ّبی هخشلفثب سًگ ای هؼوَلاً ّبی هَسَسّبی دلِ ؾػشّبی ػين دي

ثبيذ دس هَسَسّبی دلِ ای ثِ آى سَػِ کشد، هقذاس ػشيبًي اػاز کاِ هَساَس ) ياب ّاش ػاين دايؾ آى(        

ػشيابًي کاِ   اگاش   ؿاَد.  ّب، سٍی ثذًِ هَسَس ًَؿشِ هي کـذ. ايي هقذاس يب هقذاس هقبٍهز ػين ديؾ هي

 ّاب ثبياذ اص سشاًضيؼاشَسّبی ًيواِ قاذسر )هاظتً       صيبد ثبؿذ، ثشای ساُ اًذاصی ػين دايؾ  کـذهيهَسَس 

 ( اػش بدُ کشد.TIP122سشاًضيؼشَس 

سَاًيذ اص  ، هيTIP122ثِ ػبی سشاًضيؼشَس دّذ. سا ًـبى هي TIP122ّبی سشاًضيؼشَس  دبيِّن  3ؿکل 

 ؿًَذ. کِ ايي سشاًضيؼشَسّب صٍد داؽ هي ّن اػش بدُ ًوبييذ. فقي دقز کٌيذ 2N2219سشاًضيؼشَس 

 

 TIP122ّبی سشاًضيؼشَس دبيِ   3ؿکل 



هٌجغ سغزياِ   ثِ هٌجغ سغزيِ هَسَس ) ًِ لضٍهبً V+ ،4 دس ؿکل دّذ. اسلبلار سا ًـبى هي 4 هذاس ؿکل

FPGAّبی کٌٌذ، ثِ ػبی ديَدّب اص هقبٍهزدس كَسسي کِ سشاًضيؼشَسّب صيبد داؽ هيؿَد.  ( ٍكل هي

2.2K  .ای سا ثِ  هَسَس دلِ 4اکٌَى هٌبثق ؿکل اػش بدُ کٌيذFPGA ٍكل کٌيذ. 

 

 

 FPGAای ثِ هذاس اسلبل هَسَس دلِ  4ؿکل 

ثاِ ًاَس   ( FPGAاص  dirدٍ ػْاز )سؼيايي سَػاي ٍسٍدی    ؿشخبًذى هَسَس دس  یک ثشًبهِ ػبدُ ثشاي

 ش اػز:يثِ كَسر ص (speedهشغيش )سؼييي سَػي ٍسٍدی َػشِ ٍ ػشػز يد

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity stepper_motor is 

   Port ( clk : in std_logic; 

          reset : in std_logic; 

     dir : in std_logic; 

     speed : in std_logic_vector(7 downto 0); 

          motor_abcd : out std_logic_vector(3 downto 0)); 

end stepper_motor; 

 

architecture Behavioral of stepper_motor is 

   signal motor_abcd_i : std_logic_vector(3 downto 0); 

   signal  count : std_logic_vector(23 downto 0); 
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begin 

   process (clk, reset) 

   begin 

      if reset = '1' then 

         motor_abcd_i <= "0011"; 

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

      elsif clk = '1' and clk'event then  

    if count < speed & "0000000000000000" then 

       count <= count + 1; 

    else  

  if dir = '0' then  

     motor_abcd_i <= motor_abcd_i(2 downto 0) &   

                               motor_abcd_i (3); 

  else  

     motor_abcd_i <= motor_abcd_i (0) &  

                               motor_abcd_i(3 downto 1); 

  end if; 

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

    end if; 

 end if; 

   end process; 

 

   motor_abcd <= motor_abcd_i; 

 

end Behavioral; 
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  FPGA)ػٌؼَس ًَس( ثِ  TSL230اسلبل  -3
 

 ّذ  آصهبيؾ

هـبّذُ هاي کٌاين لاصم    LEDدس ايي آصهبيؾ ثب اػوبل ًَس ثِ ػٌؼَس هشثًَِ ًشبيغ سا ثش سٍی         

 ثلَسر فشکبًغ هي ثبؿذ. TSLثِ رکش اػز کِ ثب اػوبل ًَس خشٍػي 

 

 :ؿوبسيک هذاس

 

 
 

 

 

  :ثشًبهِ

 

LIBRARY IEEE; 

USE IEEE.STD_LOGIC_1164.ALL; 

USE IEEE.STD_LOGIC_unsigned.ALL; 

--======================================================== 

entity tsl230 is port (dataout :out std_logic_vector(11 downto 0) 

:="000000000000";reset:in STD_LOGIC ;data:in STD_LOGIC;clk:in 

std_logic); 

end tsl230; 

--======================================================== 
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architecture dlaymachin of tsl230 is   

   signal tmer: integer:=0; 

   signal dataold : STD_LOGIC :='1'; 

   signal sh : integer :=0 ; 

BEGIN   

process (clk)  

  begin 

       if clk = '1' and clk'event then       

    tmer <= tmer + 1; 

    

       if (data = '1' and dataold = '0') then  

      sh <= sh + 1 ; 

      dataold <= '1'; 

    

       end if ; 

  if (data= '0' and dataold = '1' ) then   

          dataold <= '0';  

       end if ; 

       if (tmer = 20000000 ) then 

         for i in 0 to dataout'length - 1 loop 

              dataout(i) <= '0' ; 

              if (sh > 2**i) then  

                 if i>4 then 

                    dataout(i-5) <= '1' ; 

                 end if ; 

              end if; 

          end loop; 

       end if ; 

 

       if (reset='1')   then  tmer<=0;sh<=0; end if; 

       if (tmer = 20000010)   then  tmer<=0;sh<=0 ; end if; 

       end if ; 

end process; 

end dlaymachin; 

 

 

 

 :tsl230ی ديگشی اص ثشًبهِ

 

 
library ieee; 

use ieee.std_logic_1164.all; 

entity tsl230 is  

         port ( clk,data,reset : in std_logic ;  

                   output : out std_logic_vector ( 11 downto 0 ); 

                   flag : inout std_logic); 

end tsl230; 

architecture behavioral of tsl230 is  

type state is ( start, compare); 

signal current : state; 

type freque is array( 0 to 12 ) of std_logic_vector(11 downto 0); 

constant table : freque := ( "000000000000" , "100000000000" , 

"110000000000" , "111000000000" , "111100000000" , "111110000000" ,  

"111111000000" , "111111100000" , "111111110000" , "111111111000" , 

"111111111100" , "111111111110" , "111111111111"); 

begin 

process (clk,reset) 

variable count,counter,timer,i : integer; 

begin 
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if reset = '1' then 

       counter := 0; 

       output <= "000000000000"; 

elsif clk = '1' and clk'event  then 

timer := timer +1; 

if timer = 500000 then --  کلاک عمل شمارش انجام میشود 055555در مذت  

      count := counter; 

      counter := 0; 

      current <= compare; 

elsif timer = 507000 then 

      timer := 0; 

end if; 

case current is 

when start => 

i := 0;   

if data = '1' and flag = '1' then           --  خروجی سنسورتشخیص  

       counter := counter +1; 

       flag <= '0'; 

elsif data = '0' and flag = '0' then 

      flag <= '1'; 

end if; 

when compare => 

if count < 2**i then         --  را  2برای اینکو خروجی اعذادی از توان

 نشان دىذ ( اعذاد داخل جذول) 

      output <= table(i); 

      current <= start; 

else 

      current <= compare; 

      i := i +1; 

end if; 

end case;         

end if; 

end process; 

end behavioral;        

 

 

 

 

 

 

 



 دٍس ؿوبس هَسَس -4
طبًياِ   دس صهبًي هؼايي هاظت ياک    DCّذ  اص ثؼشي ايي هذاس اًذاصُ گيشی سؼذاد دٍسّبی يک هَسَس 

 اػز.

 
 

 سَهيلبر هذاس

ايي هذاس اص دٍ ثخؾ ػذاگبًِ کِ يکي ثشای سـخيق گشدؽ هَساَس سَػاي ػٌؼاَسّبی فشػاشٌذُ      

ٍگيشًذُ اػز کِ سٍی ثشد ثَسد ثؼشِ ؿذُ اػز ٍ ثخؾ ديگش ؿوبسؽ سؼذاد دٍس ّبی هَساَس سَػاي   

 اػز . FPGAثشًبهِ ًَيؼي دس 

ذُ اػز ثب ػجَس اص ثيي ػٌؼاَس ّاب کاِ ؿاکل  اى دس     دس ثخؾ ثشد ثَسد دشُ ای کِ ثِ هَسَس ٍكل ؿ

 دادُ هيـَد.   FPGAاداهِ اهذُ اػز ثبػض ايؼبد يک دبلغ هيـَد کِ ايي دبلغ ثشای ؿوبسؽ ثِ 

 ؿوبسيک هذاس:

 

 



 ثشًبهِ:

 

LIBRARY IEEE; 

USE IEEE.STD_LOGIC_1164.ALL; 

ENTITY counter IS 

PORT(clk,input,reset: in std_logic; 

sev_seg:out std_logic_vector(6 downto 0); 

sel :out std_logic_vector(2 downto 0); 

flag :inout std_logic); 

end counter; 

architecture behavioral of counter is 

     type state is ( start,count );  

   signal current : state; 

begin process (clk,reset) 

        variable 

digit_iii_old,digit_ii_old,digit_i_old,digit_iii,digit_ii,digit_i : 

integer:=0; 

        variable output : integer range 0 to 9; 

        variable counter1,counter2 : integer :=0;       

begin    

if    reset = '1'   then  

               current <= start;                  

               digit_iii_old:=0; 

               digit_ii_old:=0; 

               digit_i_old := 0; 

               digit_iii := 0; 

               digit_ii :=0; 

               digit_i :=0; 

               counter1:=0;  

               counter2:=0; 

elsif clk='1' and clk'event then 

               counter1:=counter1+1; 

               counter2:= counter2+1;  

case current is 

when start => 

   if input = '0' and flag = '0'  then --  چک کردن ورودی  

            flag <='1'; 

            current <= count; 

   elsif  input = '1' and flag = '1' then  

            flag <='0'; 

   end if; 

when count => -- شمارش لبو ىای ورودی 

    current <= start; 

    digit_i_old := digit_i_old + 1; 

    if   digit_i_old = 10   then 

          digit_i_old := 0; 

          digit_ii_old :=  digit_ii_old + 1; 

    end if; 

    if   digit_ii_old = 10  then    

          digit_ii_old:=  0; 

          digit_iii_old := digit_iii_old + 1; 

    end if; 

end case;  

if counter1 = 50000000   then 

      counter1:= 0; 

      digit_i := digit_i_old; 

      digit_ii :=digit_ii_old; 



      digit_iii := digit_iii_old; 

      digit_i_old := 0; 

      digit_ii_old:=0; 

      digit_iii_old := 0; 

end if; 

   if counter2 < 10000  then -- برای سوئیچ کردن سون سگمنت ىا 

         output := digit_i; -- انتساب رقم یکان بو خروجی 

         sel <= "001"; 

   elsif counter2 < 20000  then 

         output := digit_ii; --   انتساب رقم دىگان بو خروجی  

         sel <= "010"; 

   elsif counter2 < 30000 then  

         output := digit_iii; --  انتساب رقم صذگان بو خروجی  

         sel <= "100"; 

   elsif counter2 = 30000 then 

         counter2 := 0; 

   end if; 

  end if;   

case output is 

                 when 0   => sev_seg <=   "1000000";  

                 when 1   => sev_seg <=   "1111001";   

                 when 2   => sev_seg <=   "0100100";  

                 when 3   => sev_seg <=   "0110000";   

                 when 4   => sev_seg <=   "0011001";  

                 when 5   => sev_seg <=   "0010010";  

                 when 6   => sev_seg <=   "0000010";   

                 when 7   => sev_seg <=   "1111000";   

                 when 8   => sev_seg <=   "0000000";   

                 when 9   => sev_seg <=   "0010000"; 

end case;  

end process; 

end behavioral; 

 

 

 

 

 

 

 

 
 

 

 

 

 



ؿوبسؿگش افشاد ثب ليضس -5  
ايي دشٍطُ ػبخز دػشگبُ ؿوبسؽ افشاد هي ثبؿذ کِ ثشای ؿوبسؽ سؼاذاد افاشاد ٍسٍدی ٍ ّوـٌايي    

 خشٍػي اص يک دسگبُ ثِ کبس هي سٍد.

ليضس هي ثبؿذ کِ ٍسٍد ٍ خشٍع افشاد سا هـخق هي کٌذ ، ثذيي كَسر کِ اگاش   2ايي دػشگبُ ؿبهل 

اهابفِ  ًـبى دٌّاذُ  )دسًٍي(، 2( خبهَؽ ٍ سٍؿي ؿَد ٍ ػذغ ليضس ؿوبسُ اثشذا ليضس ؿوبسُ ا)ثيشًٍي

خابهَؽ ٍ سٍؿاي ؿاَد ،     1ٍ ػذغ ليضس ؿاوبسُ   2ؿذى يک فشد ٍ  ٍ ثشػکغ اگش اثشذا ليضس ؿوبسُ 

 ًـبى دٌّذُ خشٍع يک فشد هي ثبؿذ..

هخشلشی اص ػولِ  دس ايي  قؼوز اص قٌؼبسي کِ دس ايي دشٍطُ اص آًْب اػش بدُ ؿذُ ًبم ثشدُ ٍ اًتػبر

 ثلَک ديبگشام ّبی آًبى هَسد ثشسػي قشاس هي گيشد.

 

 :ؿوبسيک

 

 



  
 

 ثشًبهِ:

 
 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

ENTITY counter IS 

PORT (  clk,reset : in std_logic; 

            sens_i,sens_o : in std_logic; 

            sev_seg : out std_logic_vector ( 6 downto 0 ); 

            sel : out std_logic_vector ( 2 downto 0 ) 

             ); 

END counter; 

ARCHITECTURE behavioral OF counter IS 

TYPE state IS ( start,input,output,wait_i,wait_o,count_i,count_o); 

signal current : state; 

BEGIN 

PROCESS ( clk,reset) 

        variable digit_ii,digit_i : integer; 

        variable final : integer range 0 to 9; 

        variable changer,timer : integer;  

BEGIN 

if reset = '1' then  

        current <= start; 

        digit_i := 0; 

        digit_ii := 0; 

        final := 0; 

        changer := 0; 

elsif clk='1' and clk'event then 

timer := timer +1; 



changer := changer + 1; 

if timer = 500 then 

timer := 0; 

case current is 

when start => 

      if sens_i = '1' then       

         current <= input; 

      elsif sens_o = '1'then       

         current <= output; 

      end if; 

when input => -- " است50ىنگامی کو حالت سنسورىا "  

      if sens_o = '1' then  

 if sens_i = '0' then 

              current <=count_i; 

 else 

              current <= wait_i; 

 end if; 

      end if;  

when output => --  " است05ىنگامی کو حالت سنسورىا "  

      if sens_i = '1' then  

 if sens_o = '0' then 

             current <=count_o; 

 else 

             current <= wait_o; 

 end if; 

      end if; 

when wait_i => --  " است00ىنگامی کو حالت سنسورىا از سمت ورودی "  

   if sens_i = '0' then 

         current <= count_i; 

   elsif sens_o = '0' then 

         current <= input; 

   end if;  

when wait_o => -- " است00ىنگامی کو حالت سنسورىا از سمت ورودی "  

    if sens_o = '0' then 

          current <= count_o; 

     elsif sens_i = '0' then 

          current <= output; 

     end if;     

when count_i => -- مارش ورودیش  

if sens_o = '0' then 

      current <= start; 

      digit_i:= digit_i + 1; 

      if   digit_i = 10   then 

           digit_i := 0; 

           digit_ii :=  digit_ii + 1;  

      end if; 

      if digit_ii > 9 then     --  99ىنگامی کو عذد بسرگتر از 

شودن  

           digit_ii := 9; 

           digit_i := 9; 

      end if; 

end if; 

when count_o => --  شمارش خروجی 

if sens_i = '0' then 

current <= start; 

digit_i := digit_i - 1; 

      if digit_i = -1 then 

         digit_i := 9; 

         digit_ii := digit_ii - 1; 

      end if; 

      if digit_ii < 0 then --  نشود 55ىنگامی کو عذد کوچکتر از  



         digit_ii := 0; 

         digit_i := 0; 

      end if; 

end if; 

end case; 

end if; 

   if changer < 10000  then  

         final := digit_i; 

         sel <= "001"; 

   elsif changer < 20000  then 

         final := digit_ii; 

         sel <= "010"; 

   elsif changer = 20000 then 

        changer := 0; 

   end if; 

end if; 

case final is 

                 when 0   =>sev_seg <=   "1000000";  

                 when 1   =>sev_seg <=   "1111001";   

                 when 2   =>sev_seg <=   "0100100";   

                 when 3   =>sev_seg <=   "0110000";     

                 when 4   =>sev_seg <=   "0011001";   

                 when 5   =>sev_seg <=   "0010010";   

                 when 6   =>sev_seg <=   "0000010";     

                 when 7   =>sev_seg <=   "1111000";     

                 when 8   =>sev_seg <=   "0000000";   

                 when 9   =>sev_seg <=   "0010000"; 

end case;  

end process; 

end behavioral; 

 
 

 

 

 

 

 

 

 
 
 
 
 



 آلاسم -6
 

 fpga( ثب  down counterدُ ػبص ی ؿوبسًذُ هؼکَع )ديبىذف: 

 

ؿوبسًذُ ای اػز کِ ػذدی سا کِ ؿبهل ػبػز ٍ دقيقِ ٍ طبًيِ ٍ كذم طبًياِ اػاز  ثؼٌاَاى ٍسٍدی    

دسيبفز هيکٌذ ٍ ثلَسر هؼکَع هي ؿوبسد ٍقشي ثِ ك ش سػيذ صًگي ثِ كذا دس هي آيذ . کبسّابيي  

 ّذ ؿبهل هَاسد رکش ؿذُ اػز  :کِ  ايي ؿوبسًذُ هؼکَع هي خَاّذ اًؼبم د

 reset ) ِثشای دادى هقذاس اٍلي( 

  دگوِ ّبيي ثشای اًشخبة ػَى ػگوٌز هَسد ًظش 

 دگوِ ّبيي ثشای سٌظين ػذد سٍی  ػَى ػگوٌز هَسد ًظش 

 . هوي سٌظين ػذد سٍی ػَى ػگوٌز اًشخبثي ػذد سٍی آى ػَى ػگوٌز ؿـوک صى ثبؿذ 

 کَعدگوِ ای ثشای ؿشٍع ٍ سَقف ؿوبسؽ هؼ 

 ثِ كَسر هؼکَع ثـوبسد 

  دس ًْبيز ٍ قشي ثِ ك ش سػيذbuzzer . ثِ كذا دس آيذ ٍ اسوبم کبس سا اػتم کٌذ 

 ؿکل هذاس:

 



 .سشاًضيؼشَس ٍكل هي کٌين baseسا ثِ دبيِ   buzzerدبيِ  buzzerثشای سقَيز كذا 

 

 

 ل هي کٌينسشاًضيؼشَس ٍك baseسا ثِ دبيِ   buzzerدبيِ  buzzerثشای سقَيز كذا 

 سَهيق ثشًبهِ:

هي ثبؿذ) کِ دَسسْبی ٍسٍدی ٍ خشٍػي هب دس آى سؼشيف هي ؿاَد ( ٍ    entityايي ثشًبهِ ؿبهل يک 

ثِ آى هقاذاس   resetهي ثبؿذ کِ يک  دشٍػغ داسد کِ ثِ کتک فؼبل هي ؿَد دس  architectureيک 

 اٍليِ دادين ٍ صًگ سا غيش فؼبل کشدين .

( دس bounc) كل هـکل  debouncثشای  start  ،left ،right  ،up ،downبی سبخيشّبيي ثشای دگوِ ّ

 ًظش گشفشِ ؿذ کِ ًَيضّبی اهبفي سا دس ٌّگبم فـشدى کليذ ثِ ػٌَاى لجِ دس ًظش ًگيشد.

ػيگٌبلْبی کوکي ّن ثِ ًبم فلگ ثشای ّش کذام اص کليذ ّبی فـبسی دس ًظش گشفشِ ؿذ کِ دس قؼوز 

 بدُ ؿذ ٍ هشثَى ثِ لجِ آى اػز ٍ يکجبس لجِ سا دس ًظش هي گيشد .سؼشيف کبس ّش دگوِ اػش 



Left         ُثشای كشکز ثِ ػوز ؿخ سٍی ػگوٌشْب ٍ اًشخبة ػگوٌز هاَسد ًظاش اػاز کاِ اگشؿاوبس

 ثَد ثِ ًش  ؿخ كشکز هيکٌذ . 9ػگوٌز اًشخبثي کَؿکشش اص 

Right  ػاز کاِ اگشؿاوبسُ     ثشای كشکز ثِ ػوز ؿخ سٍی ػگوٌشْب ٍ اًشخبة ػگوٌز هَسد ًظاش ا

 ثَد ثِ ًش  ساػز كشکز هيکٌذ .0ػگوٌز اًشخبثي ثضسگشش اص 

Up    5ياب    9ثشای سٌظين سٍ ثِ ثبلای ػذد دس كَسسيکِ ػذد سٍی ػَى ػگوٌز اًشخابثي کاَؿکشش اص 

 ثبؿذ سؼشيف ؿذُ اػز  .

Down هؼبٍی  ثشای سٌظين سٍ ثِ دبييي ػذد دس كَسسيکِ ػذد سٍی ػَى ػگوٌز اًشخبثي ثضسگشش  يب

 يک ثبؿذ سؼشيف ؿذُ اػز.

Blink      ثشای ؿـوک صدى ػَى ػگوٌز اًشخبثي دس ًظش گشفشِ ؿذ کِ ّش يک ؿْابسم طبًياِ سغيياش

 ٍهؼيز هيذّذ يؼٌي دس ّش طبًيِ دٍ ثبس خبهَؽ ٍ سٍؿي هي ؿَد.

آى هشثَى ثِ ًوبيؾ ػذد سٍی ػَى ػگوٌز اًشخبة  ifدس ايي هلذٍدُ قؼوز   170سب 112خٌَى 

 آى هشثَى ثِ ًوبيؾ ػبدی ػذد اػز . elseكَسر ؿـوک صى اػز ٍ قؼوز  ؿذُ ثِ

کيؼْبيي سٍی ػبػز ، دقيقِ ، طبًيِ  ٍ كذم طبًيِ گزاؿشِ ؿذ سب ثگَيذ ثب سؼييي  209سب 183خٌَى 

هقذاس کيغ ؿِ ؿيضی دس ػيگٌبلْبی هشثًَِ قشاس گيشد .ؿَى ػَى ػگوٌشْب آًذ هـششک ّؼشٌذ ّش 

 ل هيـَد ٍ ّش قٌؼِ خبهَؽ ثب يک فؼبل هيـَد .قٌؼِ سٍؿي ثب ك ش فؼب

 دگوِ ؿشٍع ٍ سَقف ػوليبر ؿوبسؽ دس كلقِ ای سؼشيف ؿذُ اػز .   369سب 362خٌَى 

اص آًؼبيي کِ ّش يک كذم طبًيِ ثبيذ يکي اص ػذد ًوبيـي ؿوبسًذُ هؼکَع کن هاي ؿاَد     373خي 

 100ّن ثب سقؼين فشکبًغ ثاش ػاذد    ثبيذ ايي صهبى سا ثشای ؿوبسؽ هؼکَع ثذػز آٍسد کِ ايي کبس 

ثذػز هي آيذ ٍ اص ايي قؼوز ثِ ثؼذ ثشًبهِ هشثَى ثِ ؿوبسؽ هؼکَع اػز ٍ دس آخش کبس ّن ٍقشي 

 سا يک قشاس هي دّين . buzzerثِ ػذد ثِ ك ش سػيذ 
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---------------------------------------------------------------------
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library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity alarm is 

port( 

 



 

------ALARM Ports 

start:in std_logic; --p27 

up: in std_logic;  --p33 

down:in std_logic; --p34 

left:in std_logic; --p36 

right:in std_logic; --p35 

clk:in std_logic;  --p80 clk 

reset:in std_logic; --p29 

buzzer:out std_logic;  --p168 

display:out std_logic_vector(6 downto 0);  --p173, p175, p178, p180, 

p187, p189, p192 

seg_en:out std_logic_vector(7 downto 0) --p172, p174, p176, p179, 

p181, p188, p191, p193 

 

 

); 

 

 

end alarm; 

 

architecture Behavioral of alarm is 

 

 

 

--alarm signals-------------------------------------------------- 

 

signal  counter : integer range 0 to 50;       --counteri baray 

taghsim ferekans chon barname ba ferekanse 1meg kar mikard 

signal  seg_f1: std_logic_vector(6 downto 0); 

signal  seg_f2: std_logic_vector(6 downto 0); 

signal  seg_s1: std_logic_vector(6 downto 0); 

signal  seg_s2: std_logic_vector(6 downto 0); 

signal  seg_m1: std_logic_vector(6 downto 0); 

signal  seg_m2: std_logic_vector(6 downto 0); 

signal  seg_h1: std_logic_vector(6 downto 0); 

signal  seg_h2: std_logic_vector(6 downto 0); 

signal  blink: std_logic_vector(7 downto 0); 

signal  en_down: std_logic; 

signal left_flag:std_logic:='0' ; 

signal right_flag:std_logic:='0' ; 

signal up_flag:std_logic:='0' ; 

signal down_flag:std_logic:='0' ; 

signal start_flag:std_logic:='0' ; 

signal blink_flag: std_logic:='0'; 

 

 

 

 

begin 

 

process(clk) 

 

 

-----------alarm vars 

variable c:integer ; 

variable c1:integer; 

variable c2:integer; 

variable c3:integer; 

variable c4:integer; 

variable c5:integer; 



variable c6:integer; 

variable c7:integer; 

variable c8:integer; 

variable set_count:integer range 0 to 10; 

variable f1:integer range 0 to 10; 

variable f2:integer range 0 to 10; 

variable s1:integer range 0 to 10; 

variable s2:integer range 0 to 10; 

variable m1:integer range 0 to 10; 

variable m2:integer range 0 to 10; 

variable h1:integer range 0 to 10; 

variable h2:integer range 0 to 10; 

 

 

 

 

 

begin 

if(reset='1')then           --meghdar avaliye be seven segmentha va 

kanter va bazer 

 

counter <= 0 ; 

blink_flag<='0'; 

 

c8 := 0; 

 

f1:=6; 

f2:=5; 

s1:=4; 

s2:=3; 

m1:=2; 

m2:=1; 

h1:=0; 

h2:=0; 

set_count:=0; 

buzzer<='0'; 

en_down<='0'; 

 

elsif rising_edge(clk)then 

 

counter <= counter - 1 ; -- taghsime ferekanse baraye bedast avardane 

ferekanse 1MHz az ferekanse 50 MHz 

 

if counter=0 then 

 

 

c6:=c6+1; 

if c6=100000 then  --taghsime ferekanse baraye bedast avardane 

ferekanse 10 Hz, yani 10 bar dar sanie in kar ra anjam midahad 

c6:=0; 

if (left='1' and left_flag='0') then      --harkat be samte chap 

left_flag<='1';   --parcham baraye negahdarie feshorde shodane 

dokmeye left, baraye inke dobare varede in block nashavad 

 

if set_count<9 then  --agar set_count kochaktar az 9 bud set_count ra 

yeki kam kon 

set_count :=set_count+1; 

end if; 

end if; 

end if; 



if (left='0' and left_flag='1') then --vaghti dokme azad shod flag ra 

sefr mikonim 

left_flag<='0'; 

end if; 

 

c2:=c2+1; 

if c2=100000 then  --taghsime ferekanse baraye bedast avardane 

ferekanse 10 Hz 

c2:=0; 

if (right='1' and right_flag='0') then     --harkat be samte rast 

right_flag<='1'; --parcham baraye negahdarie feshorde shodane dokmeye 

right, baraye inke dobare varede in block nashavad 

 

 

if set_count>0 then --agar set_sount bozorgtar az 0 bud ejazeye 

harkat bede 

set_count :=set_count-1; 

end if; 

end if; 

end if; 

if (right='0' and right_flag='1') then--vaghti dokme azad shod flag 

ra sefr mikonim 

 

right_flag<='0'; 

end if; 

 

c7:=c7+1; 

if c7=250000 then  --taghsime ferekans baraye bedast avardane 

ferekanse 4Hz az ferekanse 1MHz 

c7:=0; 

blink<=not blink; --blink ra dar har sanie 2 bar be halat haye tamam 

sefr va tamam yek mibarad 

if blink_flag = '1' then --agar shomaresh be sefr resid blink_flag ra 

yek kon, va dar in ghesmat agar blink_flag yek shod ta 25 bar 

cheshmak zadan beshmor va  bad az An blink_flag rasefr kon va buzzer 

ra ham khamush kon 

c8:= c8+1; 

if c8 = 50  then 

blink_flag <= '0'; 

buzzer<='0'; 

end if;              --dar har saniye 2 bar cheshmak bezan 

end if; 

end if; 

 

 

 

c:=c+1; -- in kanter ta 400 mishemarad var dar har bazeye 50 taei 

yeki az 7segment ha ra ba tavajjoh be hAlatash roshan kon, agar 

set_count shomareye 7segmenti ra dashte bashad An 7segment cheshmak 

mizanad, va agar blink_flag  yek bashad hameye 7segment ha cheshmak 

mizanand. 

if (c>0 and c<=50)then 

if set_count= 1 or blink_flag = '1' then 

seg_en<="00000001" and  blink  ;  -- namayeshe adad roye sevensegment 

ba cheshmak zadan 

display<=seg_f1 ; --meghdare seg_f1 ra be port haye display befrest 

else seg_en<="00000001";     --namayesh addi bar roye seven segment 

display<=seg_f1; 

end if; 

elsif(c>50 and c<=100)then 

if set_count= 2 or blink_flag = '1'then 



seg_en<="00000010" and blink ; 

display<=seg_f2 ; 

else 

seg_en<="00000010"; 

display<=seg_f2; 

end if; 

elsif(c>100 and c<=150)then 

if set_count= 3 or blink_flag = '1'then 

seg_en<="00000100" and blink ; 

display<=seg_s1 ; 

else seg_en<="00000100"; 

display<=seg_s1; 

end if; 

elsif(c>150 and c<=200)then 

if set_count= 4 or blink_flag = '1'then 

seg_en<="00001000" and blink ; 

display<=seg_s2 ; 

else seg_en<="00001000"; 

display<=seg_s2; 

end if; 

elsif(c>200 and c<=250)then 

if set_count= 5 or blink_flag = '1'then 

seg_en<="00010000" and blink  ; 

display<=seg_m1 ; 

else seg_en<="00010000"; 

display<=seg_m1; 

end if; 

elsif(c>250 and c<=300)then 

if set_count= 6 or blink_flag = '1'then 

seg_en<="00100000" and blink ; 

display<=seg_m2 ; 

else seg_en<="00100000"; 

display<=seg_m2; 

end if; 

elsif(c>300 and c<=350)then 

if set_count= 7 or blink_flag = '1'then 

seg_en<="01000000" and blink ; 

display<=seg_h1 ; 

else seg_en<="01000000"; 

display<=seg_h1; 

end if; 

elsif(c>350 and c<=400)then 

if set_count= 8 or blink_flag = '1'then 

seg_en<="10000000" and blink  ; 

display<=seg_h2 ; 

else seg_en<="10000000"; 

display<=seg_h2; 

end if; 

elsif(c>= 400 )then -- agar be 400 resid sefr kon ta shomaresh az 

ebteda surat girad 

c:=0; 

end if; 

 

 

 

 

 

 

c3:=c3+1; 

if c3=100000 then -- taghsime ferekans baraye ferekanse 10 Hz 

c3:=0; 



if (up='1' and up_flag='0') then  -- dar sorati ke adade entekhabi 

roye seven segment kochektaar az 9 ya 5 bod yeki ezafe kon, dahgAne 

sAnie va daghighe ta 5 meghdar migirand!,   up_flag baraye in ast ke 

dar hengame feshordan dokmeye up dobare varede in block nashavad 

up_flag<='1'; 

 

case set_count is 

when 1 =>  if f1<9 then 

f1:=f1+1; 

end if; 

when 2 => if f2<9  then 

 

f2:=f2+1; 

end if; 

when 3 =>  if s1<9 then 

s1:=s1+1; 

end if; 

when 4 =>  if s2<5 then 

s2:=s2+1; 

end if; 

when 5 =>  if m1<9 then 

m1:=m1+1; 

end if; 

when 6 =>  if m2<5 then 

m2:=m2+1; 

end if; 

when 7 =>  if h1<9 then 

h1:=h1+1; 

end if; 

when 8 =>  if h2<9 then 

h2:=h2+1; 

end if; 

when others=> null; -- dar halat haye digar hich kari anjam nadeh 

end case; 

end if; 

end if; 

if (up='0' and up_flag='1') then --agar dast ra az dokmeye  up 

bardarim up flag ra sefr mikonad 

up_flag<='0'; 

end if; 

 

 

c4:=c4+1; 

if c4=100000 then --taghsime ferekanse baraye ferekanse 10Hz 

c4:=0; 

if (down='1'and down_flag='0') then    --agar seven segment bozorgtar 

ya mosaviye 1 bashad mitavan Anha ra kam kard 

down_flag<='1'; 

 

case set_count is                   --ba taine meghdar case meghdar 

seven segment  ra tain mikonad 

when 1 =>  if f1>=1 then 

f1:=f1-1; 

end if; 

when 2 =>  if f2>=1 then 

f2:=f2-1; 

end if; 

when 3 =>  if s1>=1 then 

s1:=s1-1; 

end if; 

when 4 =>  if s2>=1 then 



s2:=s2-1; 

end if; 

when 5 =>  if m1>=1 then 

m1:=m1-1; 

end if; 

when 6 =>  if m2>=1 then 

m2:=m2-1; 

end if; 

when 7 =>  if h1>=1 then 

h1:=h1-1; 

end if; 

when 8 =>  if h2>=1 then 

h2:=h2-1; 

end if; 

when others=> null; -- dar halat haye digar hich kari anjam nadeh 

end case; 

end if; 

end if; 

 

if (down='0' and down_flag='1') then --agar dokmeye down ra 

nafesharim, down_flag ra sefr mikonim 

down_flag<='0'; 

end if; 

 

 

 

 

 

--in ghesmat maghadire 7segment hara tabdil be namyeshe LED haye 

7segment mikonad 

 

case f1 is                            --meghdar sadome saniye baraye 

seven segment 

when 0 => seg_f1<="1000000"; --1 yani khamush va sefr yani 

roshan 

when 1 => seg_f1<="1111001"; 

when 2 => seg_f1<="0100100"; 

when 3 => seg_f1<="0110000"; 

when 4 => seg_f1<="0011001"; 

when 5 => seg_f1<="0010010"; 

when 6 => seg_f1<="0000010"; 

when 7 => seg_f1<="1111000"; 

when 8 => seg_f1<="0000000"; 

when 9 => seg_f1<="0010000"; 

when others=> null; 

end case; 

case f2 is                           --meghdar sadome saniye baraye 

seven segment 

when 0 => seg_f2<="1000000"; 

when 1 => seg_f2<="1111001"; 

when 2 => seg_f2<="0100100"; 

when 3 => seg_f2<="0110000"; 

when 4 => seg_f2<="0011001"; 

when 5 => seg_f2<="0010010"; 

when 6 => seg_f2<="0000010"; 

when 7 => seg_f2<="1111000"; 

when 8 => seg_f2<="0000000"; 

when 9 => seg_f2<="0010000"; 

when others=> null; 

end case; 



case s1 is                          --meghdar  saniye baraye seven 

segment 

when 0 => seg_s1<="1000000"; 

when 1 => seg_s1<="1111001"; 

when 2 => seg_s1<="0100100"; 

when 3 => seg_s1<="0110000"; 

when 4 => seg_s1<="0011001"; 

when 5 => seg_s1<="0010010"; 

when 6 => seg_s1<="0000010"; 

when 7 => seg_s1<="1111000"; 

when 8 => seg_s1<="0000000"; 

when 9 => seg_s1<="0010000"; 

when others=> null; 

end case; 

case s2 is                          --meghdar  saniye baraye seven 

segment 

when 0 => seg_s2<="1000000"; 

when 1 => seg_s2<="1111001"; 

when 2 => seg_s2<="0100100"; 

when 3 => seg_s2<="0110000"; 

when 4 => seg_s2<="0011001"; 

when 5 => seg_s2<="0010010"; 

when others=> null; 

end case; 

case m1 is                          --meghdar  daghighe baraye seven 

segment 

when 0 => seg_m1<="1000000"; 

when 1 => seg_m1<="1111001"; 

when 2 => seg_m1<="0100100"; 

when 3 => seg_m1<="0110000"; 

when 4 => seg_m1<="0011001"; 

when 5 => seg_m1<="0010010"; 

when 6 => seg_m1<="0000010"; 

when 7 => seg_m1<="1111000"; 

when 8 => seg_m1<="0000000"; 

when 9 => seg_m1<="0010000"; 

when others=> null; 

end case; 

case m2 is                          --meghdar  daghighe baraye seven 

segment 

when 0 => seg_m2<="1000000"; 

when 1 => seg_m2<="1111001"; 

when 2 => seg_m2<="0100100"; 

when 3 => seg_m2<="0110000"; 

when 4 => seg_m2<="0011001"; 

when 5 => seg_m2<="0010010"; 

when others=> null; 

end case; 

case h1 is                          --meghdar  saat baraye seven 

segment 

when 0 => seg_h1<="1000000"; 

when 1 => seg_h1<="1111001"; 

when 2 => seg_h1<="0100100"; 

when 3 => seg_h1<="0110000"; 

when 4 => seg_h1<="0011001"; 

when 5 => seg_h1<="0010010"; 

when 6 => seg_h1<="0000010"; 

when 7 => seg_h1<="1111000"; 

when 8 => seg_h1<="0000000"; 

when 9 => seg_h1<="0010000"; 

when others=> null; 



end case; 

case h2 is                         --meghdar  saat baraye seven 

segment 

when 0 => seg_h2<="1000000"; 

when 1 => seg_h2<="1111001"; 

when 2 => seg_h2<="0100100"; 

when 3 => seg_h2<="0110000"; 

when 4 => seg_h2<="0011001"; 

when 5 => seg_h2<="0010010"; 

when 6 => seg_h2<="0000010"; 

when 7 => seg_h2<="1111000"; 

when 8 => seg_h2<="0000000"; 

when 9 => seg_h2<="0010000"; 

when others=> null; 

end case; 

 

c5:=c5+1; 

if c5=100000 then -- taghsime ferekans be 10 Hz 

c5:=0; 

if (start='1' and start_flag='0') then      --dokmeye shoro va 

ist,agar en_down yek shaved shomaresh anjam migardad va agar sefr 

shaved maks ijad migardad 

start_flag<='1'; 

en_down <=not en_down; 

end if; 

end if; 

if (start='0' and start_flag='1') then --agar start digar feshorde 

nashavad  star_flag ra sefr kon 

start_flag<='0'; 

end if; 

 

 

 

if en_down='1' then  --agar en_down yek shavad ejezeye shomaresh 

midahad 

 

c1:=c1+1; 

if c1=10000 then         -- baraye be dast amadane sadome saniye, 

taghsime ferekans 1MHz be 100Hz 

c1:=0; 

if (f1>0) then   --dar in ghesmat vaghti sadom saniye be 0 resid mire 

saniye ra kam mikonad ta be 0 beresad in kar ta sa'at edame darad ta 

hame sefr va buzzer be seda dar ayad 

f1:=f1-1; 

 

elsif (f1=0 and f2>0) then  --agar sadome sanie sef shaved va dahome 

sanie bozorgtar az sefr bud , f2 ra yeki kam kon, f1 ra 9 bede 

f2:=f2-1; 

f1:=9; 

 

elsif (f1=0 and s1>0) then --agar f1 sefr bud va f2 niz sefr bud va 

s1 bozorgtar az sefr bud   s1 ra yeki kam kon, f2 ra 9 bede va f1 ra 

niz 9 bede, in amaliat ta enteha edame darad 

s1:=s1-1; 

f2:=9; 

f1:=9; 

 

elsif (f1=0 and s2>0) then 

s2:=s2-1; 

s1:=9; 

f2:=9; 



f1:=9; 

 

elsif (f1=0 and m1>0) then 

m1:=m1-1; 

s2:=5; --chon dahome sanie ast 

s1:=9; 

f2:=9; 

f1:=9; 

 

elsif (f1=0 and m2>0) then 

m2:=m2-1; 

m1:=9; 

s2:=5; 

s1:=9; 

f2:=9; 

f1:=9; 

 

elsif (f1=0 and h1>0) then 

h1:=h1-1; 

m2:=5; 

m1:=9; 

s2:=5; 

s1:=9; 

f2:=9; 

f1:=9; 

 

elsif (f1=0 and h2>0) then 

h2:=h2-1; 

h1:=9; 

m2:=5; 

m1:=9; 

s2:=5; 

s1:=9; 

f2:=9; 

f1:=9; 

 

else --agar hame sefr shodand buzzer roshan shavad en_down sefr 

shaved blink_flag yek shaved va set_count niz sefr gardad 

buzzer<='1'; 

en_down<='0'; 

blink_flag<='1'; 

set_count := 0; 

end if; 

end if; 

end if; 

end if; 

 

end if; 

 

 

 

 

end process; 

 

end Behavioral; 
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ػبخشوبى داخلي  اػز. يؼيهبسش یذّبيك لِ کلن، اص ًَع يکٌ ي بدُ هاػشيٌؼب کِ دس ا یذيك لِ کل

ک يا ي ؿاکل،  يا اثبؿاذ.  ، هاي ًـبى دادُ ؿذُ اػز 1ايي ًَع ك لِ کليذّب ثِ كَسسي کِ دس ؿکل 

ذ. سٌاَع  يا اذُيا سل اي ّان د   یّب شيدّذ. ًوًَِ آى سا دس ؿوبسُ گ يسا ًـبى ه یذيکل 12ذ يك لِ کل

دس ثؼواي كا لِ کلياذّبی     کؼبى اػز.يّب  اكَل کبس اکظش آى يٍلبد، يص يؼيهبسش یذّبيك لِ کل

 ثش ثخَسيذ. Cّب، ثِ كش   Yٍ ثِ ػبی  Rّب، ثِ كش   Xهبسشيؼي، هوکي اػز ثِ ػبی 

 

 (KeyPad)  ك لِ کليذ هبسشيؼي   1ؿکل 

 

ن يٌا يث يه يهٌٌق '1'هقذاس   Y1 ،Y2، Y3  ٍY4فـبس دادُ ًـذُ ثبؿذ دس خٌَى  یذيؾ کليّ يٍقش

( سا ثاِ  X3ساب   X1ّاب )  ػاٌش  اًذ ٍ اگش سوبمهشلل ؿذُ Vccثِ  Pull-upثب هقبٍهز  Y4سب  Y1َى ؿ

GND ٌخي ػشَىک يذ دس يک کلين ثب فـشدُ ؿذى يٍكل ک ،Y  ،ؿَد. يه يهٌٌق '0'هشٌبظش آى 

 '1'ِ سا يا ٍ ثق '0'آى سا  یّاب  ػاٌش اص  يکيي كَسر اػز کِ ّش ثبس يذّب ثِ ايي ك لِ کلياكَل کبس ا

 ن.يدّ يه يهٌٌق 'X2 ،X3  ٍX4 ،'1ٍ ثِ  يهٌٌق 'X1 ،'0کبس ثِ  یًوًَِ دس اثشذا ین. ثشايکٌ يه

هشٌبظش آى  ػشَى( فـبس دادُ ؿذُ ثبؿذ،  3ٍ  2، 1، 0 یّب ذياص کل يکي) X1 ػٌشدس  یذيكبل اگش کل

 هبًذ. يه '1'ّب يگش ػشَىخَاّذ ؿذ ٍ د '0'

ذ يا ؿاذ، کل  '0'سا خَاًاذُ ّشکاذام    Y4سب  Y1 یّبىشَ، ػX1 ػٌشکشدى  '0'اػز دغ اص  يدغ کبف

 ن.يشيذ فـشدُ ؿذُ دس ًظش ثگيهشٌبظش آى سا ثِ ػٌَاى کل



ي ين ٍ ّويسٍ يه یثؼذ ػٌشفـشدُ ًـذُ ٍ ػشاؽ  یذيکل ػٌشي يهبًذًذ، دس ا '1' ػشَىاگش ّش ؿْبس 

هشٌابظش   Y1 ،Y2 ،Y3  ٍY4 یّاب ػاشَى ، ػٌشي يا ین. هٌشْب ثشايدّ ياًؼبم ه ػٌشآى  یکبس سا ثشا

 اػز. 7ٍ  6، 5، 4 یذّبيکل

ي کبس سا ثاِ ًاَس   ين ٍ ايگشد ياٍل ثش ه ػٌشن ٍ دٍ ثبسُ ثِ يدّ يّب اًؼبم هػٌشسوبم  یي کبس سا ثشايا

 ن.يکٌ يهشٌبٍة سکشاس ه

ي کاِ  يا كاجش کاشد ساب ا    يک هاذر صهابً  يا ذ ياػز ثب '0' ػشًَيق دادُ ؿذ کِ يدس هوي اگش سـخ

 كاذٍد  یضيا )ؿ يي هاذر صهابً  يش ًـًَذ. اگش دغ اص ايذ سؼجيػٌَاى فـبس کل ثِ ياكشوبل یّب زيدبساص

250
µs ) 0'هشثَى  ػشَىثبص ّن'

 ؼز.يز ًيگٌبل دبساصيي ػين کِ ايفْو يه  ثَد،  

 X1 ،X2 ،X3  ٍX4هشلل کٌيذ. سَػِ داؿشِ ثبؿيذ کِ FPGA ك لِ کليذ سا ثِ  2-2هٌبثق ؿکل 

ثاِ ػٌاَاى    Y4ساب   Y1ّابی   ؿًَذ ٍ دايي  ٍكل هي row(3) سب row(0)ّبی دبيِثِ  خشٍػيثِ ػٌَاى 

 ؿًَذ. ٍكل هي column(3)سب  column(0)ثِ  ٍسٍدی

 

 FPGAثِ  KeyPadهذاس اسلبل    2ؿکل 



سا ّابی کلوابر كبفظاِ    ّب ثب ثيزٍ سٌبظش ػگوٌزهـششک  آًذ Segment-7ّبی  ّن دبيِ 3-2ؿکل 

 دّذ. ًـبى هي

 

 هـششک ٍ ػگوٌشْب دس کلوبر كبفظِ ذآً segment-7ّبی دبيِ   3ؿکل 

 دس اداهِ ثشًبهِ هشثَى ثِ ك لِ کليذ آهذُ اػز.

 
library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity keypad is 

   Port ( row : out std_logic_vector(3 downto 0); 

          column : in std_logic_vector(3 downto 0); 

          led : out std_logic_vector(3 downto 0); 

     seven_seg : out std_logic_vector(7 downto 0); 

          clk : in std_logic; 

          reset : in std_logic; 

          key_pressed : out std_logic); 

end keypad; 

 

architecture Behavioral of keypad is 

   signal debounce_flag : std_logic; 

   constant debounce_time : integer := 200000; 

   signal row_i, column_encoded, row_encoded , 

   column_before, digit: std_logic_vector (3 downto 0); 

   type state is (start, waiting, prob_pressed, delay); 

   signal current : state; 

 

begin 

   --------------  



 process (clk, reset) 

   variable count, count1: integer; 

 begin 

 if reset = '1' then 

  current <= start; 

    key_pressed <= '0'; 

 elsif clk = '1' and clk'event then 

  case current is 

  when start  => 

   row_i <= "0000"; 

   key_pressed <= '0'; 

   count := 0; 

   if column = "1111" then 

    current <= waiting; 

    row_i <= "1110"; 

     end if; 

  when waiting => 

   count := count + 1; 

   if count = 1000 then  

    row_i <= row_i(2 downto 0) & row_i(3); 

    count := 0; 

   end if; 

   if column /= "1111" then 

    current <= prob_pressed; 

    count1 := debounce_time; 

    column_before <= column; 

     end if; 

  when prob_pressed  => 

   count1 := count1 - 1; 

   if count1 = 0 then 

    if column_before = column then 

     digit <= row_encoded + column_encoded; 

     key_pressed <= '1'; 

     current <= delay; 

     count1 := 10000; 

    else 

    current <= start; 

    end if; 

   end if; 

  when delay  => 

   count1 := count1 -1; 

   if count1 = 0 then 

    current <= start; 

   end if; 

  when others => 

   current <= start; 

   end case; 

 

 end if; 

end process;   

   column_encoded <= "0000" when column = "1110" else 

      "0100" when column = "1101" else 

      "1000" when column = "1011" else 

      "1100" when column = "0111" else 

      "0000"; 

 

   row_encoded <= "0000" when row_i = "1110" else 

         "0001" when row_i = "1101" else 

   "0010" when row_i = "1011" else 

   "0011" when row_i = "0111" else 

   "0000"; 



   row <= row_i; 

---------------------- 

   led <= digit; 

   seven_seg <= "00000010" when digit = "0000" else  

       "10011110"    when digit = "0001" else 

  "00100100"    when digit = "0010" else 

  "00001100"    when digit = "0011" else 

  "10011000"    when digit = "0100" else 

  "01001000"    when digit = "0101" else 

  "01000000"    when digit = "0110" else 

  "00011110"    when digit = "0111" else 

  "00000000"    when digit = "1000" else 

  "00001000"    when digit = "1001" else 

  "00010000"    when digit = "1010" else 

  "11000000"    when digit = "1011" else 

  "01100010"    when digit = "1100" else 

  "10000100"    when digit = "1101" else 

  "01100000"    when digit = "1110" else 

  "01110000"    when digit = "1111"; 

end Behavioral; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 سَليذ هَػيقي -8
 

 
هي ثبؿذ. دس هذاس ؿکل صياش سٌْاب ثاِ ياک ػاذد       FPGAّذ  سَليذ ًز ّبی هَػيقي ثِ ٍػيلِ ی 

ثلٌذگَی کَؿک اكشيبع اػز ٍ هي خَاّين ثب فـشدى ّش کذام اص کليذ ّبی سؼجياِ ؿاذُ سٍی ثاشد    

FPGA .ّوـٌيي يک  ًز ّبی ّ شگبًِ هَػيقي سا سَليذ کٌينbutton  ثشایreset   اصbutton   ّابی

 اػش بدُ هي کٌين.  fpgaهَػَد ثش سٍی ثشد 

 اػش بدُ ؿذُ اػز. fpgaّوـٌيي اص اػيتسَس هَػَد ثش سٍی ثشد 

هي ثبؿذ ثشای سَليذ فشکبًغ ًز ّبی هَػيقي هي ثبيؼز فشکبًغ هشػغ سا  50mhzفشکبًغ هشػغ 

 ذايز ًوَد. ثب سقيؼن ثش ػذدی ثِ فشکبًغ هشثًَِ سجذيل کشد ٍ آى فشکبًغ سا ثِ خشٍػي ّ

سا ثش فشکبًغ اػشبًذاس ّش ًز سقؼاين ًواَدُ ٍ هقاذاس     50000000ػْز سَليذ فشکبًغ هي ثبيؼز 

 سب آى هقذاس اػش بدُ ًوَد. counterػْز ؿوبسؽ  delayثذػز آهذُ سا ثِ ػٌَاى 

ثِ ؿوبسؽ اداهِ خَاّاذ داد ٍ ثاب سَػاِ ثاِ      delayؿذى دشؿن ،ؿوبسًذُ سب هقذاس  1ثِ ايي سشسيت ثب 

if_else   هقذاسDelay   هشثَى ثِ کليذ فـشدُ ؿذُ ػْز ؿوبسؽ ثبcounter .هقبيؼِ خَاّذ ؿذ 

 ؿکل کلي هذاس :

 
 



library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

 

entity music is 

  port(clk, reset : in STD_LOGIC; 

      speaker : buffer STD_LOGIC; 

      data : in STD_LOGIC_VECTOR(6 downto 0)); 

end music; 

 

architecture Behavioral of music is 

signal delay : integer:=0; 

signal count,flag:integer:=0; 

begin 

 

 process (clk,reset)    

 begin 

  

  if(reset = '1') then   

       speaker<='0'; 

   count<=0; 

   flag<=0; 

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

   if (flag=1) then 

    count<=count+1;  

    if (count=delay) then      

     speaker<=not(speaker);  

     count<=0; 

     flag<=0; 

    end if; 

   else 

    if(data(0)='1')then 

     delay<=64102; 

     flag<=1;  

    elsif(data(1)='1')then 

     delay<=57077; 

     flag<=1; 

    elsif(data(2)='1')then 

     delay<=50864; 

     flag<=1; 

    elsif(data(3)='1')then 

     delay<=47984; 

     flag<=1; 

    elsif(data(4)='1')then 

     delay<=42783; 

     flag<=1; 

    elsif(data(5)='1')then 

     delay<=38080; 

     flag<=1; 

    elsif(data(6)='1')then 

     delay<=33944; 

     flag<=1; 

    end if; 

   end if; 

  end if;  

 end process; 

 

end Behavioral; 
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 ثيٌيذ. هي 1ػبدُ سا دس ؿکل  LCD ّبی يک ًوًَِ اص ك لِ ًوبيؾ

 

 

 )ديذ اص سٍثشٍ( LCDّبی دبيِ   1ؿکل 

 

سَاى آًْب سا ثِ ػابيي  ثبؿٌذ کِ دس كَسر ػذم ًيبص هيهي Backlightهشثَى ثِ ًَس  16ٍ  15دٍ دبيِ 

 ٍكل ًکشد.

کٌشاشل ؿاذر    یثاشا  VEEِ يا دب ٍكل ًواَد.  GND  ٍVCCثِ  تيذ ثِ سشسيسا ثب VSS  ٍVCC یّبِ يدب

10 َهشش )كاذٍد يک دشبًؼي سَاى ثب اسلبل يسٍد. ه يثِ کبس ه  LCD ييسٍؿٌب
K ؿاذر  يا ي دبيا ( ثاِ ا ِ

سَاًذ دادُ )کاذ   يکِ هثبؿٌذ هيٍسٍد اًتػبر  یثشا D7سب  D0 یّبِ يدب آى سا کٌششل ًوَد. ييسٍؿٌب

 ذ اًؼبم ؿَد( ثبؿذ.يکِ ثب يب دػشَس )ػوليؾ دادُ ؿَد( ين ًوبيخَاّ يکِ ه یکبساکشش ياػک

فشػاشبدى   یٍ ثاشا   '1'سا ثشاثاش  RSن خي ين دادُ ث شػشيخَاّ ين کِ هيث ْوبً LCDي کِ ثِ يا یثشا

  ن.يدّ يقشاس ه  '0'ي خي سا ثشاثشيدػشَس ا

 یدادى کابس ب هـاغَل اًؼابم   يا ي کِ آي، کِ اLCD يز کًٌَيخَاًذى ٍهؼ یسَاى ثشا يه D7ِ ياص دب

کِ دس كبلز ًَؿشي )دس كبلز فشػاشبدى   R/Wذ خي يي کبس ثبيا یثشا ش اػش بدُ ًوَد.يب خيثبؿذ  يه

ن. يقاشاس دّا   '1'ي كبلز ) كبلز خَاًذى ( آى سا ثشاثش يدس ا ،قشاس داد '0'ذ آى سا ثشاثش يدادُ ٍدػشَس( ثب

 Busyثبؿاذ )  يها  يل اًؼبم کبس قجلا هـغَ LCDثَد،  '1'ثشاثش  D7ن. اگش يسا ثخَاً D7ذ يدغ اص آى ثب

ذ يا سَاى اًتػبر ػذ يثَد ه 'D7= '0اگش  يشد. ٍليدز يب دادُ( سبصُ سا ًويثبؿذ( ٍ اًتػبر )دػشَس  يه

 سا فشػشبد.



 ثبياذ هٌابثق ؿاکل    D7ساب   D0دس ّش كبلز ثشای فشػشبدى دادُ يب دػشَس دغ اص اػوبل اًتػبر ثِ 

خَاًذى  یي ثشايّوـٌ بل کشد سب اًتػبر سشسيت اطش دادُ ؿًَذ.اػو Eيک لجِ دبييي سًٍذُ ثِ دبيِ  2

ثَدى دبلغ اػوبل ؿذُ  '1'اػوبل ًوَد. كذاقل هذر صهبى  Eي سًٍذُ ثِ ييک لجِ دبيذ يض ثبيز ًيٍهؼ

450ذ يثب  Eِيثِ دب
ns .ثبؿذ 

 ش اًذ:يذ فشػشبد ثِ ؿشف صيثب LCD یػبص آهبدُ یکِ اٍل کبس ثشا يدػشَسار اكل

 38Hب دػاشَس  يا ( یک ػاٌش يا  یّاب   LCD) 30Hذ دػشَس يثب LCDف ًَع يٍ سؼش یػبصُ آهبد یثشا

(LCDسا فشػشبد. دغ اص آى دػشَس یدٍ ػٌش یّب )0EH ِکLCD  ذ يکٌذ ثب يًوب سا سٍؿي ه ٍ هکبى

 سا دبک کشد.  LCDك لِ  01Hذ ثب فشػشبدى دػشَس يي ثبيفشػشبدُ ؿَد ٍ ّوـٌ

 ز يؿ ین ٍ ثشايکٌ ياػش بدُ ه 06Hن اص دػشَس ي ز دّياػز ؿًوب سا ثِ ػوز س ن هکبىياگش خَاػش

 ن.يشيگ يثْشُ ه 04Hثِ ؿخ اص دػشَس 

 

 LCDًلَُ اػوبل اًتػبر ثِ    2ؿکل 

 



 

 سا ثجٌذيذ ٍ ًشيؼِ سا هـبّذُ کٌيذ. 3هذاس ؿکل 

 

 FPGAثِ  LCDهذاس اسلبل    3ؿکل 

 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity lcd is 

   Port ( data : out std_logic_vector(7 downto 0); 

          rs : out std_logic; 

          rw : out std_logic; 

          e : out std_logic; 

          bl : out std_logic; 

          clk : in std_logic; 

          reset : in std_logic); 

end lcd; 

 

architecture Behavioral of lcd is 

   constant number_of_data : integer := 14; 

   constant delay_for_e : integer := 18; --18 * 25 NS = 450 NS 

   constant delay_between_data : integer := 100000;  

   type two_dimen_array is array (0 to number_of_data - 1)                                            

                           of std_logic_vector (8 downto 0); 

   constant table : two_dimen_array :=  

                  ("000111000", "000001110", "000000001",  

              "101001000", "101100101", "101101100",            

                        "101101100", "101101111", "110100000",   

                        "101110111", "101101111", "101110010",   



  
   

 

                        "101101100", "101100100"); -- Hello world 

   type state is (start, write, delay, stop); 

   signal current : state; 

   signal part : integer; 

begin 

 

   process (clk, reset) 

      variable i, count : integer; 

   begin 

 if reset = '1' then  

         current <= start; 

       rs <= '0'; 

  rw <= '0'; 

  e <= '0'; 

  bl <= '1'; 

  count := 0; 

  i := 0; 

  part <= 0; 

      elsif clk = '1' and clk'event then  

    case current is 

    when start => 

       data <= table(i)(7 downto 0); 

  rs <= table (i)(8); 

  i := i + 1; 

  if i < (number_of_data + 1) then 

     current <= write; 

  else 

     current <= stop; 

            end if; 

    when write => 

  if part = 0 then 

     e <= '1'; 

     count := delay_for_e; 

     part <= part + 1; 

     current <= delay; 

  elsif part = 1 then 

     e <= '0'; 

     count := delay_between_data; 

     current <= delay; 

     part <= part + 1; 

  else 

     current <= start; 

     part <= 0; 

  end if; 

    when delay => 

  count := count - 1; 

  if count = 0 then 

     current <= write; 

            end if; 

    when stop => 

    end case; 

      end if; 

   end process; 

 

end Behavioral; 
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 دّذ.هىسا ًـبى ٍ سَهيلبر آًْب  GLCD (Graphic LCD)ّبی  دبيِ 1ؿکل 

 

 
Function Symbol Pin # Function Symbol Pin # 

Data Bus Line 4 DB4 11 GND VSS 1 

Data Bus Line 5 DB5 12 Power Supply (5V) VDD 2 

Data Bus Line 6 DB6 13 Contrast Adjustment Vo 3 

Data Bus Line 7 DB7 14 Data/Instruction D/I 4 

Chip Select for IC1 CS1 15 Data Read/Write R/W 5 

Chip Select for IC2 CS2 16 H  L   Enable Signal E 6 

Reset RST 17 Data Bus Line 0 DB0 7 

Negative Voltage Output Vee 18 Data Bus Line 1 DB1 8 

Power Supply for LED (4.2V) A 19 Data Bus Line 2 DB2 9 

Power Supply for LED (0V) K 20 Data Bus Line 3 DB3 10 

 گشافيکي ٍ سَهيلبر آى LCDّبی دبيِ   1ؿکل 

 

GLCD  ثبؿذ، ك لِ هىديکؼل  128×64اػش بدُ ؿذُ دس ايي هذاس داسایGLCD  داسای دٍ قؼوز

ؿَد، اگاش اياي دٍدبياِ    هيکٌششل  CS1  ٍCS2ّبی  ثب دبيِ GLCDديکؼل اػز. ّش قؼوز  64×64

گيشد. ثشای اػش بدُ اص سوابم  هياًؼبم ّوضهبى فؼبل ثبؿٌذ، ًوبيؾ دس ّش دٍ ك لِ ثِ كَسر يکؼبى 

 ديکؼل ّب، ثبيذ دس ّش للظِ فقي يکي اص ايي دٍ دبيِ فؼبل ثبؿٌذ. 



  
   

 

ديکؼل ػبسی اػش بدُ  8( ثشای فشػشبدى دػشَسار ٍ يب سؼييي ٍهؼيز DB0-DB7) DATAخٌَى 

آهابدُ   GLCDثبؿاذ،   '0'کٌذ ٌّگابهي کاِ اياي خاي     هىايي س بٍر سا هـخق  D/Iخي  ؿًَذ.هي

ديکؼل ّبی هَسد ًظش سا خبهَؽ ٍ يب سٍؿاي   GLCDکشدى ايي خي  '1'شؽ دػشَسار اػز ٍ ثب دزي

ثبؿذ  '1'ثبيذ  GLCDداخلي  RAMثشای خَاًذى سػيؼشش ٍهؼيز ٍ يب هلشَيبر  R/Wخي  کٌذ.هي

 اػز. '0'ٍ دس ثقيِ كبلشْب 

لِ ٍ ، سٍؿاي ٍ ياب خابهَؽ ثاَدى كا      GLCDسػيؼشش ٍهؼيز اًتػبسي اص قجيال هـاغَل ثاَدى    

( 'R/W = '1ثِ ػٌَاى هظبل اگاش دس ٍهاؼيز خَاًاذى )    دّذ.هيسا ًـبى  RESETّوـٌيي ٍهؼيز 

دّاذ )دس كاَسر   هىسا ًـابى   GLCDثاَدى   (Busy) ٍهؼيز هـغَل DB7ثبؿذ،  '0'ّن  D/Iخي 

 ؿذى ايي دبيِ ثبيذ كجش کشد. '0'ؿَد( ثٌبثشايي سب هي 'DB7 = '1هـغَل ثَدى، 

خَاًاذُ   GLCDؿاًَذ ٍ ياب اص   هىهٌشقال   GLCDّب ثِ  دادُ Eسًٍذُ ثِ خي ثب اػوبل يک لجِ دبييي 

 ثبؿذ. 450nsثبيذ  Eثَدى دبلغ اػوبل ؿذُ ثِ دبيِ  '1'كذاقل هذر صهبى  ؿًَذ.هي

اّن ثيي  100کٌٌذ ثب قشاس دادى يک هقبٍهز هى(  ًَس دغ صهيٌِ سا فشاّن 19 ٍ20) A  ٍKّبی  دبيِ

 ؿَد.هىثِ صهيي ًَس دغ صهيٌِ فؼبل  K ٍ هشلل ًوَدى دبيِ A  ٍVccدبيِ 

 .دّذهىسا ًـبى  GLCDّبی کٌششلي ٍ دادُ ، ؿکل هَػْبی هشثَى ثِ دبي2ِؿکل 

 



  

  

 

 

 

 گشافيکي LCDّبی ؿکل هَػْبی دبيِ   2ؿکل 

 

ن ؿاذُ ٍ ّاش   يثِ دٍ قؼوز سقؼا  GLCD ، ك لِ ًوبيؾکٌيذهىهـبّذُ  3ّوبًگًَِ کِ دس ؿکل 

ِ ، ّاش ػاشَى دس   ثبؿذيػشَى ه 64ٍ  (PAGE) ك لِ 8 یض داسايقؼوز ً ديکؼال   8داسای  كا ل

 دّذ.ّبيؾ ًـبى هي Pageسا ثِ ّوشاُ  Segmentّن يک  4اػز. ؿکل 

 

 

 گشافيکي LCDقؼوشْبی يک    3ؿکل 



  
   

 

 

 ّبيؾ LCD  ٍPageاص  Segmentيک   4ؿکل 

 کٌذ. هيك لِ ًوبيؾ سا سٍؿي  3FHدػشَس 

 کٌذ )كبكل ػوغهيثِ ثبلا سا هـخق  GLCDك لِ  هقذاس ؿي ز کل C0H+Shiftدػشَس ؿوبسُ 

 کٌذ.(هي، ػذدی اػز کِ ؿوبسُ دػشَس سا هـخق Shiftثب ػذد  C0Hػذد 

 (.PAGE Number = 0-7اًشخبة ك لِ هَسد ًظش ) B8H+PAGE Numberدػشَس 

 (.Column Number = 0-63اًشخبة ػشَى هَسد ًظش ) 40H+Column Numberدػشَس 

ديکؼل دس اخشيبس داسين کِ ٍهؼيز سٍؿي ٍ يب خبهَؽ ثَدى آًْاب دس   8ػشَى كبل دس ايي ك لِ ٍ 

ثياز دادُ ای کاِ سٍی خٌاَى     8اػاز   '1'کاِ اياي خاي    هىٌّگب گيشد.هىاًؼبم  'D/I = '1كبلز 

DATA  کٌذ.هىّب سا هـخق دّين ٍهؼيز ديکؼلهىقشاس 

کٌاين. ثاِ ػٌاَاى هظابل     هى '0'ٍ ثشای خبهَؽ ؿاذى   '1'ثشای سٍؿي ؿذى ديکؼل، ثيز هَسدًظش سا 

 کٌذ.هىّـز ديکؼل سا يکي دس هيبى سٍؿي  01010101هقذاس 

آهاذُ   FPGAثاِ   GLCDسا ثجٌذيذ ٍ ًشيؼِ سا هـبّذُ کٌيذ. دس اداهاِ ثشًبهاِ اسلابل     5هذاس ؿکل 

 اػز.

 



  

  

 

 

 

 FPGAثِ  GLCDهذاس اسلبل    5ؿکل 

كا لِ هاَسد ًظاش اًشخابة      page_select(0)-page_select(2)دس ثشًبهِ صيش ثب اػش بدُ اص ػِ خاي  

ؿَد. ثاب  سؼييي هي column_selectؿًَذ، ثب دٌغ خي  ّب سٍؿي هي ؿَد، ػشًَي کِ دس آى ديکؼل هي

سَاًيذ ديکؼل ّبی هَسد ًظش دس ك لِ ٍ ػشَى اًشخابة ؿاذُ سا ثاِ دلخاَاُ     هى data_inاػش بدُ اص 

ثًَاِ سا سؼيايي کٌياذ. ّواِ اياي      هش segmentسَاًيذ ّن هي csسٍؿي ٍ يب خبهَؽ کٌيذ. ثب ٍسٍدی 

 فؼبل ثبؿذ. input_enableگزاسًذ کِ ٍسٍدی ّب دس كَسسي سبطيش هيٍسٍدی

 
library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity glcd is 

   Port ( data : out std_logic_vector(7 downto 0); 

          di : out std_logic; 

          rw : out std_logic; 

          e : out std_logic; 

          cs1, cs2, rst : out std_logic; 



  
   

 

     cs, input_enable : in std_logic; 

     page_select : in std_logic_vector(2 downto 0); 

     column_select : in std_logic_vector(5 downto 0); 

     data_in : in std_logic_vector(7 downto 0); 

          clk : in std_logic; 

          reset : in std_logic ); 

end glcd; 

 

architecture Behavioral of glcd is 

   signal page : std_logic_vector (7 downto 0); 

   constant number_of_data : integer := 15; 

   constant delay_for_e : integer := 18; --18 * 25 NS = 450 NS 

   constant delay_between_data : integer := 100000;  

   type state is (start, write, delay, clear, normal); 

   signal current, caller : state; 

   signal part, part1 : integer; 

 

begin 

 

   process (clk, reset) 

      variable i, count : integer; 

   begin 

 if reset = '1' then  

         current <= start; 

    di <= '0'; 

    rw <= '0'; 

    e <= '0'; 

    cs1 <= '1'; 

    cs2 <= '1'; 

    rst <= '1'; 

    count := 0; 

    i := 0; 

    part <= 0; 

    part1 <= 0; 

    page <= "00000000"; 

      elsif clk = '1' and clk'event then  

    case current is 

    when start => 

       data <= "00111111"; 

       di <= '0'; 

  caller <= clear; 

  current <= write; 

    when write => 

  if part = 0 then 

     e <= '1'; 

     count := delay_for_e; 

     part <= part + 1; 

     current <= delay; 

  elsif part = 1 then 

     e <= '0'; 

     count := delay_between_data; 

     current <= delay; 

     part <= part + 1; 

  else 

     current <= caller; 

     part <= 0; 

  end if; 

         when delay => 

       count := count - 1; 

  if count = 0 then 



  

  

 

 

     current <= write; 

            end if; 

    when clear => 

  if i = 0 then 

     data <= "10111000" + page; 

     di <= '0'; 

          caller <= clear; 

     current <= write; 

     i := i + 1; 

  elsif i = 1 then 

     data <= "01000000"; 

     di <= '0'; 

     caller <= clear; 

     current <= write; 

     i := i + 1; 

  elsif i > 1 and i < 66 then 

     data <= "00000000"; 

     di <= '1'; 

     caller <= clear; 

     current <= write; 

     i := i + 1; 

  elsif i = 66 then 

     page <= page + 1; 

     i := 0; 

     if page = 7 then  

        current <= normal; 

     else 

        caller <= clear; 

     end if; 

  end if; 

         when normal =>  

  if input_enable = '1' then 

     cs1  <= cs; 

          cs2 <= not cs; 

     if part1 = 0 then 

   data <= "10111000" + ("00000" & page_select); 

   di <= '0'; 

   caller <= normal; 

   current <= write; 

   part1 <= part1 + 1; 

     elsif part1 = 1 then 

   data <= "01000000" + ("00" & column_select); 

      di <= '0'; 

   caller <= normal; 

   current <= write; 

   part1 <= part1 + 1; 

     elsif part1 = 2 then 

   data <= data_in; 

   di <= '1'; 

   caller <= normal; 

   current <= write; 

   part1 <= 0; 

     end if; 

  end if; 

    end case; 

      end if; 

   end process; 

end Behavioral; 

 



  
   

 

 ق ل سهضی -11
 

سا ثب اػش بدُ اص ًقـِ صيش ًشاكي کشدُ ػذغ ايي ثَسد سا سَػاي   LCDُ دس اثشذای کبس ثبيذ ثَسد ثشای اًؼبم ايي دشٍط

ػذدی سا کاِ سَػاي ثشًبهاِ     4ثشَاًين  LCDٍكل کٌين سب سَػي ايي  FPGAيک کبثل اسسجبًي)ػي سگ (ثِ ثَسد 

ػذد  FPGA ،4هي ثبؿذ کِ ثؼذ اص دشٍگشام کشدى ايي ثشًبهِ سٍی  كذع صدُ ؿذُ اػز ثجيٌين.ًلَُ کبس ثِ ايي گًَِ

ًـبى دادُ هي ؿَد ػذغ خَد کبسثش ايي ػذد سَليذ ؿذُ سا ثِ كَسر رٌّي يک ثاِ   LCDدس  randomثِ كَسر 

ػذد يک  4هي کٌين ٍ ثؼذ اص ٍاسد کشدى ّش  FPGAٍاسد  key pad يک ٍ ػذاگبًِ اص سهض دس آٍسدُ ٍ ثب دکوِ ّبی 

ػذد سَلياذ ؿاذُ سا دسػاز ٍ كاليق اص سهاض دس       4سا فـبس هي دّين ،دس دبيبى کبس اگش ايي  menuِ ديگش فشهب دکو

کِ هشثَى ثِ ايي کبس سؼشيف ؿذُ اػز سٍؿي ؿَد دس غيش ايي كَسر اگش ثِ اؿشجبُ  LEDآٍسدين ٍ ٍاسد کشدين ثبيذ 

 سٍؿي هي ؿَد.  ديگشی کِ هشثَى ثِ غيش كليق ثَدى اػز LEDاػذاد سا ٍاسد کٌين 

 
 سا ثجٌذيذ ٍ ًشيؼِ سا هـبّذُ کٌيذ. صيشهذاس ؿکل 

 



  

  

 

 

 
 

 کذ ثشًبهِ:

 
library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity lcd is 

   Port (LedOk,LedNotOk: out std_logic; 

   -- LCD Data 



  
   

 

   data : out std_logic_vector(7 downto 0); 

   -- satr key pad 

      row : out std_logic_vector(3 downto 0); 

    -- soton key pad 

      column : in std_logic_vector(3 downto 0); 

    led:buffer std_logic_vector(3 downto 0); 

    -- rs LCD 

    rs : out std_logic; 

    --RW LCD 

          rw : out std_logic; 

    -- Enable LCD 

          e : out std_logic; 

    clk : in std_logic; 

          reset : in std_logic);   

end lcd; 

 

architecture Behavioral of lcd is 

-- component keypad baraye daryaft adad 

 component keypad port(clk_keypad : in std_logic; 

                      reset_keypad : in std_logic; 

                      row : out std_logic_vector(3 

downto 0); 

                      column : in std_logic_vector(3 

downto 0); 

                      led : buffer std_logic_vector(3 

downto 0); 

               digit : buffer 

std_logic_vector(3 downto 0); 

                      key_pressed : out std_logic); 

end component; 

 -- tedad arayeh hafezeh 

   constant number_of_data : integer := 19; 

   constant delay_for_e : integer := 2; --25 * 20 NS = 500  ns >450 

NS 

   constant delay_between_data : integer := 2000;-- 100,000 *20 ns = 

2.4 MS 

   constant Delay_1sec:integer:= 1000000; -- 50,000,000 * 20ns = 1 

Second 

   constant Delay_500ms:integer:= 500000; -- 25,000,000 * 20ns = 

500ms 

  type init_array is array(0 to 2)of std_logic_vector(7 downto 0); 

  signal init: init_array:=("00111000", "00001110", "00000001"); 

   type two_dimen_array is array (0 to number_of_data - 1)                                            

                           of std_logic_vector (7 downto 0); 

   -- hafezaeh baraye namayesh lcd - 

 --     -3 bayte init lcd  

 --     - 4 bayte ramz  

 --     - 4 bayte codeshodeh ramz 

 --             - 4 byte character code 

 --             - 4 byte vorodi karbar 

 

 signal table : two_dimen_array :=  

                  ("00111000", "00001110", "00000001", 

     "00000000","00000000","00000000","00000000", 

     "00000000","00000000","00000000","00000000", 

     "00000000","00000000","00000000","00000000", 

     "00000000","00000000","00000000","00000000" 

   );  

 -- FSM asli barnameh        



  

  

 

 

   type state is (Start,SetKeys, Write_Change,GetKeys,CheckKeys, 

Stop); 

   signal current : state:=Start; 

 -- FSM LCD 

   type Delay_Type is(None,Enable,WriteData); 

 signal Delay_State : Delay_Type:=None; 

 signal Ok:std_logic:='0'; 

 signal L:std_logic:='0'; 

 -- Eyjad adad tasadofi 

 signal Rand_num:std_logic_vector(3 downto 0):="1001"; 

 signal Rand_bit:std_logic:='0'; 

 signal l2: std_logic_vector(7 downto 0):="00000000"; 

 -- Ragham Vared shodeh 

 signal Digit:  std_logic_vector(3 downto 0);   

   

 signal key_press:std_logic; 

 

begin 

 keypad0: keypad port map(clk, reset, row, column, led, digit, 

key_press); 

   process (clk, reset,Key_press) 

      variable i,Waitfor,KeyCount: integer:=0; 

  variable Delay:integer:=123; 

  variable c1,c2,c3,c4:integer:=0; 

   begin 

 if reset = '1' then  

  current <= start; 

    rs <= '0'; 

  rw <= '0'; 

  e <= '0'; 

  l<='0'; 

  keyCount:=0; 

  LedOk <= '0'; 

  LedNotOk <= '0'; 

  Ok<='0'; 

  Delay := 0; 

  i := 0; 

  --led<="0000"; 

  Delay_State<= None; 

  Delay:=delay_1Sec; 

  waitfor:=0; 

      elsif clk = '1' and clk'event then  

   -- eyjad adad tasadofi   

         if c1=3 then 

      c1:=0; 

   else 

      c1:=c1+1; 

   end if; 

         if c2=7 then 

      c2:=0; 

   else 

      c2:=c2+1; 

   end if; 

         if c3=11 then 

      c3:=0; 

   else 

      c3:=c3+1; 

   end if; 

         if c4=13 then 

      c4:=0; 



  
   

 

   else 

      c4:=c4+1; 

   end if; 

   rand_bit <= rand_num(3) xor rand_num(2); 

   rand_num(3 downto 1) <= rand_num(2 downto 0); 

   rand_num(0) <= rand_bit; 

  -- delay baraye zaman bandi haye system 

    if Delay>0 then 

   Delay:=Delay-1;  

    else 

   case Delay_State is 

    -- Enable LCD 

    when Enable => 

     e<='0'; 

     Delay_State<= WriteData; 

     Delay :=delay_between_data; 

     -- Wait for write data  dar lcd 

    when WriteData => 

       Delay_State <=None; 

    when None => 

       if WaitFor>0 then 

        WaitFor:=WaitFor-1; 

     else 

     case current is 

      when start => 

       -- init lcd 

       data(7 downto 0) <= 

init(i)(7 downto 0); 

       rs <= '0'; 

       rw<='0'; 

       e<='1'; 

       i := i + 1; 

       Delay := delay_for_e; 

       Delay_State<=Enable; 

       if i >= 3 then 

        waitfor:=delay_1Sec; 

        current <= SetKeys; 

        i:=0;  

       end if; 

      when SetKeys => 

        -- set random numbers 

         if rand_Num<"1010" then 

          table(i+3)(3 downto 

0)<= rand_num(3 downto 0); 

          table(i+3)(7 downto 

4)<="0000"; 

         if 

Rand_Num>"0100" then 

         

 table(i+7)(3 downto 0)<= Rand_Num-5; 

         else 

         

 table(i+7)(3 downto 0)<= Rand_NUM+5; 

         end if;  

          table(i+7)(7 

downto 4)<="0000";    

          

 delay:=c1*c2*c3*c4; 

           i:=i+1; 



  

  

 

 

           if i>=4 then

               

         

 waitfor:=delay_1Sec; 

          current 

<= write_Change; 

          i:=0;  

           end if; 

          end if; 

      when write_Change => 

       -- sakht ramz az roye adad 

tasadofi eyjad shodeh  

       --waitfor:=delay_500ms; 

       data<=table(i+7)(7 downto 

0)+48; 

       rs <= '1'; 

       rw<='0'; 

       e<='1'; 

       i:= i + 1; 

       Delay := delay_for_e; 

       Delay_State<=Enable; 

       l2<=l2+1; 

       if i >= 4 then 

        --data<="00100000"; 

        i:=0; 

        current <= GetKeys; 

        KeyCount:=0; 

       end if; 

       when GetKeys => 

         --  gereftan adad 

vorodi karbar 

         if Key_Press='1' then 

          -- l2<=l2+1; 

         if KeyCount<4 

then 

            case Digit 

is 

           

 when "0000" => Table(11+KeyCount)<="00000001"; 

           

 when "0001" => Table(11+KeyCount)<="00000010"; 

           

 when "0010" => Table(11+KeyCount)<="00000011"; 

           

 when "0100" => Table(11+KeyCount)<="00000100"; 

           

 when "0101" => Table(11+KeyCount)<="00000101"; 

           

 when "0110" => Table(11+KeyCount)<="00000110"; 

           

 when "1000" => Table(11+KeyCount)<="00000111"; 

           

 when "1001" => Table(11+KeyCount)<="00001000"; 

           

 when "1010" => Table(11+KeyCount)<="00001001"; 

           

 when "1101" => Table(11+KeyCount)<="00000000"; 

           

 when others => Table(11+KeyCount)<="11111111"; 



  
   

 

           end 

case; 

          

 KeyCount:=KeyCount+1; 

          

 Delay:= delay_500ms; 

          else 

          

 current<=CheckKeys; 

          end if; 

         end if; 

    

       when CheckKeys => 

         -- cheke adad vorodi 

karbar ba ramz zakhireh shodeh dar hafezeh 

        Ok<='1'; 

        if 

table(i+3)=table(i+11) then 

           i:=i+1; 

         if i>=4 then 

            current<= 

stop; 

          --i:=0; 

         end if; 

        else 

           Ok<='0'; 

         --i:=0; 

         current<=Stop; 

        end if ; 

         

      when Stop => 

        -- payen FSM  va 

namayesh vazeyat Ramz 

           if Ok='1' then  

           LedOk<='1'; 

        else 

           ledNotOk<='1'; 

        end if; 

        --i:=0; 

        current<=Stop; 

    

        when others=> --i:=0; 

          current<=Stop; 

     end case; 

     end if; 

   end case; 

    end if; 

  --led<=l2(3 downto 0); 

      end if; 

   end process; 

 

end Behavioral; 

 

  

--############################--> keypad <--

############################-- 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 



  

  

 

 

 

entity keypad is  

 Port( clk_keypad : in std_logic; 

        reset_keypad : in std_logic; 

        row : out std_logic_vector(3 downto 0); 

        column : in std_logic_vector(3 downto 0); 

        led : out std_logic_vector(3 downto 0); 

        digit : buffer std_logic_vector(3 downto 0); 

        key_pressed : out std_logic); 

end keypad; 

 

architecture Behavioral of keypad is 

-- faseleh beyn 2 key 

constant debounce_time : integer := 300000; 

signal debounce_flag : std_logic; 

-- shomarandeh satr , code soton, code satr, soton ghabli 

signal row_i, column_encoded, row_encoded, column_before : 

std_logic_vector (3 downto 0); 

signal count : integer; 

 

begin 

   process (clk_keypad, reset_keypad) 

   begin 

      if reset_keypad = '1' then  

        count <= 0; 

         digit <= "1111"; 

        row_i <= "1110"; 

        debounce_flag <= '0'; 

    Key_pressed<='0'; 

     elsif clk_keypad= '1' and clk_keypad'event then  

      -- time beyne 2 key 

       if debounce_flag = '1' then 

           count <= count + 1; 

         else 

        count <= 0; 

         end if; 

        key_pressed <= '0'; 

         if column /= "1111" and debounce_flag = '0' then 

          -- if key preesed 

      column_before <= column; 

       debounce_flag <= '1'; 

         elsif count = debounce_time then 

       if column_before = column then 

       -- if soton = soton ghabli 

            digit <= column_encoded + row_encoded; 

            key_pressed <= '1'; 

            debounce_flag <= '0'; 

           else 

              debounce_flag <= '0'; 

           end if; 

         elsif debounce_flag = '0' then 

     -- charkhesh satr  

       row_i <= row_i(2 downto 0) & row_i(3); 

         end if; 

      end if; 

   end process; 

 -- code Soton 

   column_encoded <= "0000" when column = "1110" else 

                  "0001" when column = 

"1101" else 



  
   

 

                  "0010" when column = 

"1011" else 

                  "0011" when column = 

"0111" else 

                  "0000"; 

 -- code satr 

   row_encoded <= "0000" when row_i = "1110" else 

                 "0100" when row_i = "1101" else 

            "1000" when row_i = "1011" 

else 

            "1100" when row_i = "0111" 

else 

            "0000"; 

 

   row <= row_i; 

 -- Namayesh ragham Key feshordeh shodeh 

 led <= "0000" when digit = "1101" else 

      "0001" when digit = "0000" else 

      "0010" when digit = "0001" else 

      "0011" when digit = "0010" else 

      "0100" when digit = "0100" else 

      "0101" when digit = "0101" else 

      "0110" when digit = "0110" else 

      "0111" when digit = "1000" else 

      "1000" when digit = "1001" else 

      "1001" when digit = "1010"; 

 

end Behavioral; 

 

 

 

 

 

 

 

 

 



  

  

 

 

 ثبصی كذع ػذد -12
ثبؿذ سب ثشَاًين اص ًشيق يک کليذ يک ػذد سلابدفي  هي FPGAثِ  keypad  ٍLcdّذ ، اسلبل يک 

ثشَاًين آى ػذد سلابدفي سَلياذ ؿاذُ دٍ سقواي سا كاذع       keypadدٍ سقوي سَليذ کٌين ٍ اص ًشيق 

هاي ؿاًَذ.    ٍ ديغبم ّبی هشثًَِ ًوابيؾ دادُ  keypadًيض اػذاد ٍاسد ؿذُ سَػي  Lcdثضًين، سَػي 

آى سا ثب ػذد سلبدفي سَليذ ؿذُ هقبيؼِ هي کٌاذ، دس   keypadايي دشٍطُ ثب دسيبفز ػذد ٍاسد ؿذُ اص 

ًوبيؾ هي دّاذ،   Lcdسا دس  ”is Small“كَسسيکِ ػذد ٍاسد ؿذُ کَؿکشش اص ػذد سلبدفي ثَد، ديغبم 

دّذ، ايي کبس آًقذس اداهاِ  سا ًوبيؾ هي  ”is Large“ّوـٌيي اگش ػذد ٍاسد ؿذُ ثضسگشش ثَد ديغبم    

ديذا هي کٌذ سب ػذد ٍسٍدی ثب آى ػذد سلبدفي سَليذ ؿذُ ثشاثش ؿَد، کِ دس ايي كاَسر اثشاذا ديغابم    

“You Win”  طبًيِ آى ػذد سَليذ ؿذُ ّوشاُ ثب سؼذاد دفؼبر كاذع   2ًوبيؾ دادُ هي ؿَد ٍ ثؼذ اص

وبى ثبصی كذع ػذد هي ثبؿذ ٍ ّوـٌايي  دشٍطُ ّهب سا ًـبى هي دّذ ٍ دبيبى هي يبثذ. دس ٍاقغ ايي 

سؼييي کشدُ اين کِ ثشايوبى سؼذاد اخاشت  ثابيٌشی سا ّان دس       30ثب ؿوبسُ   fpgaيک دکوِ ای دس 

  کٌبس ثضسگشش ، کَؿکشش يب هؼبٍی ًـبى هي دّذ.

 
 

 :سا ثجٌذيذ ٍ ًشيؼِ سا هـبّذُ کٌيذ صيشهذاس ؿکل 

 
 

 



  
   

 

 
 

 
 

ّاي آى  َضيحات لاسم در هَرد چگًَگي کار بزًاهِ ٍ سيز بزًاهِبزًاهِ در اداهِ آٍردُ ضذُ است. ت
 در خَد بزًاهِ قيذ ضذُ است.

 
library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

entity guess_number is  

 Port( clk : in std_logic; 

        reset : in std_logic; 

      -- LCD data 

    data : buffer std_logic_vector(7 downto 0); 

    -- KeyPad Rows 



  

  

 

 

      row : out std_logic_vector(3 downto 0); 

    -- KeyPad Column 

      column : in std_logic_vector(3 downto 0); 

    -- LCd RS 

      rs : buffer std_logic; 

    -- LCD RW 

        rw : out std_logic; 

    -- LCD Enable 

      e : out std_logic; 

    -- Intrupt for key Pressed 

        key_press : inout std_logic;  

        led, digit: buffer std_logic_vector(3 downto 0); 

    -- diff for show bit differ 

       Diff:in std_logic; 

    -- baraye eyjad yek adad tasadofi 

      intrupt : in std_logic); 

end guess_number; 

 

architecture Behavioral of guess_number is 

-- component key pad baraye daryaft adad ha 

component keypad port(clk_keypad : in std_logic; 

                      reset_keypad : in std_logic; 

                      row : out std_logic_vector(3 

downto 0); 

                      column : in std_logic_vector(3 

downto 0); 

                      led : buffer std_logic_vector(3 

downto 0); 

               digit : buffer 

std_logic_vector(3 downto 0); 

                      key_pressed : out std_logic); 

end component; 

-- component LCD baraye namayesh adad ha 

component lcd port( clk_lcd : in std_logic; 

                    reset_lcd : in std_logic; 

               data : buffer 

std_logic_vector(7 downto 0); 

                    rs : buffer std_logic; 

                    rw : out std_logic; 

                    e : out std_logic; 

             Diff:in std_logic;  

          n : in 

std_logic_vector(3 downto 0); 

               key, intrupt :in std_logic); 

end component; 

 

begin 

-- portmap KeyPad 

keypad0: keypad port map(clk, reset, row, column, led, digit, 

key_press); 

-- Portmap LCD 

lcd0: lcd port map(clk, reset, data, rs, rw, e,Diff, digit, 

key_press, intrupt); 

 

end Behavioral; 

 

--############################--> keypad Component <--

############################-- 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 



  
   

 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

entity keypad is  

 Port( clk_keypad : in std_logic; 

        reset_keypad : in std_logic; 

        row : out std_logic_vector(3 downto 0); 

        column : in std_logic_vector(3 downto 0); 

        led : out std_logic_vector(3 downto 0); 

        digit : buffer std_logic_vector(3 downto 0); 

        key_pressed : out std_logic); 

end keypad; 

 

architecture Behavioral of keypad is 

-- faseleh bayn 2 kelid 

constant debounce_time : integer := 100000; 

-- zaman beyn 2 kelid 

signal debounce_flag : std_logic; 

-- satr , code soton ,code satr, soton ghably  

signal row_i, column_encoded, row_encoded, column_before : 

std_logic_vector (3 downto 0); 

signal count : integer; 

 

begin 

   process (clk_keypad, reset_keypad) 

   begin 

      if reset_keypad = '1' then  

        count <= 0; 

        digit <= "1111"; 

        row_i <= "1110"; 

        debounce_flag <= '0'; 

      elsif clk_keypad= '1' and clk_keypad'event then  

        -- agar kelidi feshar dadeh shodeh ta 0 shodan count 

sabr kon 

    if debounce_flag = '1' then 

           count <= count + 1; 

         else 

        count <= 0; 

         end if; 

      key_pressed <= '0'; 

         -- if Column <>1111 va dar halat beyn do kelid nistim kelid 

jadid ra daryaft kon 

    if column /= "1111" and debounce_flag = '0' then 

           column_before <= column; 

       debounce_flag <= '1'; 

         elsif count = debounce_time then 

     -- if soton ghabli barabar soton feli 

hast ragham soton ra mohasebeh kon 

       if column_before = column then 

            digit <= column_encoded + row_encoded; 

            key_pressed <= '1'; 

            debounce_flag <= '0'; 

           else 

              debounce_flag <= '0'; 

           end if; 

    -- if beyn 2 kelid nist satr ra shift bedeh 

         elsif debounce_flag = '0' then 

       row_i <= row_i(2 downto 0) & row_i(3); 

         end if; 

      end if; 



  

  

 

 

   end process; 

 -- code nemodan soton 

   column_encoded <= "0000" when column = "1110" else 

                  "0001" when column = 

"1101" else 

                  "0010" when column = 

"1011" else 

                  "0011" when column = 

"0111" else 

                  "0000"; 

 -- code nemodan satr 

   row_encoded <= "0000" when row_i = "1110" else 

                 "0100" when row_i = "1101" else 

            "1000" when row_i = "1011" 

else 

            "1100" when row_i = "0111" 

else 

            "0000"; 

  

 row <= row_i; 

 

 -- namayesh argham bar rouye led 

 led <= "0000" when digit = "1101" else 

      "0001" when digit = "0000" else 

      "0010" when digit = "0001" else 

      "0011" when digit = "0010" else 

      "0100" when digit = "0100" else 

      "0101" when digit = "0101" else 

      "0110" when digit = "0110" else 

      "0111" when digit = "1000" else 

      "1000" when digit = "1001" else 

      "1001" when digit = "1010"; 

 

end Behavioral; 

 

--############################--> lcd <--

############################-- 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

entity lcd is  

 Port( clk_lcd : in std_logic; 

        reset_lcd : in std_logic; 

        data : buffer std_logic_vector(7 downto 0); 

        rs : buffer std_logic; 

        rw : out std_logic; 

        e : out std_logic; 

        n : in std_logic_vector(3 downto 0); 

    Diff: in std_logic; 

        key, intrupt:in std_logic); 

end lcd; 

 

architecture Behavioral of lcd is 

 

constant delay_for_e : integer := 1;  --1 u s > 450ns 

constant delay_between_data_1 : integer := 10000; -- 10000 1 us=10ms 

constant delay_between_data_2 : integer := 2000000; --2000000* 1us= 

2s 



  
   

 

  

type state is (init, start, enter, write, compare,Diffrence, delay, 

win, stop); 

signal current : state; 

signal i , j , Counts, count, part, part_write , part_win , 

delay_data : integer; 

signal n1, n2, c1, c2 : std_logic_vector(3 downto 0); 

signal enter_n: std_logic; 

 

type rom_2_4 is array (0 to 1) of std_logic_vector (3 downto 0); 

type rom_2_8 is array (2 to 0) of std_logic_vector (7 downto 0); 

type rom_3_8 is array (0 to 2) of std_logic_vector (7 downto 0); 

type rom_7_8 is array (0 to 6) of std_logic_vector (7 downto 0); 

type rom_8_8 is array (0 to 7) of std_logic_vector (7 downto 0); 

type rom_11_8 is array (0 to 10) of std_logic_vector (7 downto 0); 

type rom_14_8 is array (0 to 13) of std_logic_vector (7 downto 0); 

 

constant table : rom_3_8 := ("00111000", "00001110", "00000001");  -- 

command lcd (two rows, set curser, clear) 

constant you_win : rom_7_8 := 

("01011001","01101111","01110101","00100000","01010111","01101001","0

1101110");  -- You Win 

constant is_small : rom_8_8 := 

("01001001","01110011","00100000","01010011","01101101","01100001","0

1101100","01101100");  -- Is Small 

constant is_large : rom_8_8 := 

("01001001","01110011","00100000","01001100","01100001","01110010","0

1100111","01100101");  -- Is Large 

Constant number : rom_11_8 := 

("01001110","01110101","01101101","01100010","01100101","01110010","0

0100000","01001001","01110011","00111101","00100000"); -- Number Is: 

constant guess : rom_14_8 := 

("01001110","01110101","01101101","00100000","01000111","01110101","0

1100101","01110011","01110011","00100000","01001001","01110011","0011

1101","00100000");  -- Num Guess is = 

constant enter_number : rom_14_8 := 

("01000101","01101110","01110100","01100101","01110010","00100000","0

1001110","01110101","01101101","01100010","01100101","01110010","0011

1010","00100000");  -- Enter Number = 

signal Dif1, dif2 :std_logic_vector(7 downto 0); 

begin 

   process (clk_lcd, reset_lcd) 

  variable t : rom_2_4;   -- for save input number 

   begin 

--############################--> Reset <--

############################-- 

  if reset_lcd = '1' then  

   current <= init; 

   rs <= '0'; 

   rw <= '0'; 

   e <= '0'; 

   i <= 0; 

   j <= 0; 

   count <= 0; 

   enter_n <= '0'; 

   Counts <= 0; 

   part <= 0; 

   part_write <= 0; 

   part_win <= 0; 

   n1 <= "0000"; 



  

  

 

 

      n2 <= "0000"; 

      c1 <= "0000"; 

      c2 <= "0000"; 

   data <= "00000000"; 

   t := (others=>(others=>'1'));  

          

    elsif clk_lcd = '1' and clk_lcd'event then  

     case current is 

--############################--> init <--

############################-- 

   when init =>   -- Lcd Define 

      j<=0; 

    t := (others=>(others=>'1')); 

    part_write <= 0; 

    data <= table(i); 

       rs <= '0'; 

    if i<2 then 

     i<=i+1; 

    else 

     part_write <= 1; 

     i<=0; 

    end if; 

    delay_data <= delay_between_data_1; 

    current<=write; 

--############################--> start <--

############################-- 

   when start =>    -- send "enter_number:" to Lcd 

    data <= enter_number(i); 

    rs <= '1'; 

    if i<13 then      

     i<=i+1; 

    else 

     part_write <= 3; 

     i<=0; 

    end if; 

    delay_data <= delay_between_data_1; 

    current<=write; 

--############################--> enter <--

############################-- 

     when enter =>    -- Wait for Press Key from Keypad 

           if (c2<"1001")then   -- counter Random Number 

             c2<= c2+1;  

           else  

             c1<= c1+ 1; 

             c2<= "0000"; 

             if c1 = "1001" then 

                c1 <= "0000"; 

             end if; 

           end if; 

 

     if ( intrupt ='1' )then  -- output Random 

Number 

             n1 <= c1;    -- dahgan 

             n2 <= c2;    -- yekan 

     end if; 

 

    rs <= '1'; 

    part_write <= 3; 

 

    case n is        



  
   

 

     when "1101" => data <="00110000";

 enter_n <= '1'; 

     when "0000" => data <="00110001";

 enter_n <= '1'; 

     when "0001" => data <="00110010";

 enter_n <= '1'; 

     when "0010" => data <="00110011";

 enter_n <= '1'; 

     when "0100" => data <="00110100";

 enter_n <= '1'; 

     when "0101" => data <="00110101";

 enter_n <= '1'; 

     when "0110" => data <="00110110";

 enter_n <= '1'; 

     when "1000" => data <="00110111";

 enter_n <= '1'; 

     when "1001" => data <="00111000";

 enter_n <= '1'; 

     when "1010" => data <="00111001";

 enter_n <= '1'; 

     when "1110" =>  

      data <= "00000001"; 

      rs <= '0'; 

      enter_n <= '0'; 

      part_write <= 2; 

     when "1100" =>  

      data <= "00000001"; 

      rs <= '0'; 

      enter_n <= '0'; 

      part_write <= 0; 

     when others => current <= enter;   

enter_n <= '0'; 

    end case; 

 

    delay_data <= 100000; 

    

        if key ='1' then 

         current <= write; 

        else 

         current <= enter; 

        end if; 

--############################--> write <--

############################-- 

     when write =>  

        if part = 0 then 

     if enter_n ='1' then   -- Wait for 

Enter Number from Keypad 

      if j<2 then 

       t(j)(3 downto 0) := data(3 

downto 0);  -- got number from krypad 

      end if; 

      j<=j+1; 

      end if; 

 

     e <= '1'; 

        count <= delay_for_e; 

        part <= part + 1; 

        current <= delay; 

 

    elsif part = 1 then 



  

  

 

 

       e <= '0'; 

       count <= delay_data; 

       current <= delay; 

       part <= part + 1; 

     

    else 

     part <= 0; 

     case part_write is     -- select state 

from part_write 

      when 0 => current <= init; 

      when 1 => current <= start; 

      when 2 => current <= compare;  rs 

<= '1';   

      when 3 => current <= enter; 

      when 4 => current <= win; 

      when 5 => current <= Diffrence; 

      when others => null; 

     end case; 

    end if; 

--############################--> compare <--

############################-- 

   when compare => 

    part_write<=2; 

 

    if (t(0)/="1111" and t(1)="1111") then  -- 

for numbers < 10    

     t(1) := t(0);     

     t(0) := "0000"; 

    end if;  

 

    delay_data <= delay_between_data_1; 

 

 

            if (t(0) = n1 and t(1) = n2) then   -- you win 

               if (i<7) then  -- send "you_win" to lcd 

      data <= you_win(i);  

      i<=i+1; 

      current <= write; 

      if i=6 then   -- after send 

"you_win" to lcd, wait 2s 

       delay_data <= 

delay_between_data_2; 

      end if; 

     else 

      Counts <= Counts +1;  -- INC 

guess counter 

      i<=0; 

      current<=win; 

     end if; 

      

            elsif ((t(0) < n1) or (t(0) = n1 and t(1) < n2)) then -- 

your number is small 

               if (i<8) then    -- send "is_Small" to lcd 

      data <= is_small(i);  

      i<=i+1; 

      current <= write; 

      if i=7 and Diff='0' then   -- 

after send "is_Small" to lcd, wait 2s 

       delay_data <= 

delay_between_data_2; 



  
   

 

      end if; 

     else 

       

      Counts <= Counts +1;  -- INC 

guess counter  

      -- if Diff=1 then show byte 

Diffrence 

      if Diff='0' then 

       current <= Init; 

      else 

       current <= Diffrence; 

      end if ; 

      Dif1<="00000000"; 

      Dif2<="00000000"; 

      i<=0; 

      j<=0; 

     end if; 

           

            elsif ((t(0) > n1) or (t(0) = n1 and t(1) > n2)) then -- 

your number is large 

                

     if (i<8) then    -- send "is_Large" to 

lcd 

      data <= is_large(i);   

      current <= write; 

      if i=7  and Diff='0' then   -- 

after send "is_Large" to lcd, wait 2s 

       delay_data <= 

delay_between_data_2; 

      end if; 

      i<=i+1; 

     else 

       

      Counts <= Counts +1;  -- INC 

guess counter 

      -- if Diff=1 then show byte 

Diffrence 

      if Diff='0' then 

       current <= Init; 

      else 

       current <= Diffrence; 

      end if ; 

      Dif1<="00000000"; 

      Dif2<="00000000"; 

      i<=0; 

      j<=0; 

       

     end if; 

      

            end if; 

    -- Mohasebeh ekhtelaf bitha 

   when Diffrence=> 

     Part_Write<=5; 

      if i=0 then 

         if j<4 then 

         if t(0)(j)/=n1(j) then 

           Dif1<=Dif1+1; 

        end if; 

         if t(1)(j)/=n2(j) then 

           Dif2<=Dif2+1; 



  

  

 

 

        end if; 

        j<=j+1; 

       else --j>=4 

           j<=0; 

       i<=i+1; 

       end if; 

      else -- i>=2 

          if i=1 then 

          Data<=48+Dif1+dif2; 

        current<=write; 

        delay_data <= 

2*delay_between_data_2; 

         i<=i+1; 

       else 

          current<=Init; 

        i<=0; 

      end if;    

      end if; 

--############################--> delay <--

############################-- 

     when delay => 

    count <= count - 1; 

    if (count = 0) then 

       current <= write; 

     count<=0; 

         end if; 

--############################--> win <--

############################-- 

   when win => 

    part_write<=4; 

    case part_win is 

    when 0 =>    

     data <= "00000001";  -- clear lcd 

         rs <= '0'; 

     part_win <= part_win + 1; 

     current<=write; 

 

     when 1 =>  

     if i<11 then   -- send "Number is =" to 

lcd 

      data <= number(i); 

          rs <= '1'; 

      i<=i+1; 

      current<=write; 

     else 

      part_win <= part_win + 1; 

      i<=0; 

     end if; 

    

     when 2 => 

     case t(0) is   -- send random 

number(dahgan) to lcd 

      when "0000" => data<="00110000"; 

      when "0001" => data<="00110001"; 

      when "0010" => data<="00110010"; 

      when "0011" => data<="00110011"; 

      when "0100" => data<="00110100"; 

      when "0101" => data<="00110101"; 

      when "0110" => data<="00110110"; 

      when "0111" => data<="00110111"; 



  
   

 

      when "1000" => data<="00111000"; 

      when "1001" => data<="00111001"; 

      when others => null; 

     end case; 

     rs <= '1'; 

     part_win <= part_win + 1; 

     current<=write; 

    

      when 3 => 

     case t(1) is   -- send random 

number(yekan) to lcd 

      when "0000" => data<="00110000"; 

      when "0001" => data<="00110001"; 

      when "0010" => data<="00110010"; 

      when "0011" => data<="00110011"; 

      when "0100" => data<="00110100"; 

      when "0101" => data<="00110101"; 

      when "0110" => data<="00110110"; 

      when "0111" => data<="00110111"; 

      when "1000" => data<="00111000"; 

      when "1001" => data<="00111001"; 

      when others => null; 

     end case; 

     rs <= '1'; 

     part_win <= part_win + 1; 

     current<=write; 

 

    when 4 => 

     data<= "11000000";   -- next line lcd 

     rs <= '0'; 

     current<=write; 

     part_win <= part_win + 1; 

 

    when 5 => 

     if i<14 then   -- send "Num Guess is =" 

to lcd 

      data<= guess(i); 

      rs <= '1'; 

      current<=write; 

      i<=i+1; 

     else 

      part_win <= part_win + 1; 

     end if; 

 

    when 6 => 

     case Counts is    -- send Countse guess 

number(dahgan) to lcd 

      when 1 | 10 | 11 | 12 | 13 | 14 | 

15 | 16 | 17 | 18 | 19 => data<="00110001"; 

      when 2 | 20 | 21 | 22 | 23 | 24 | 

25 | 26 | 27 | 28 | 29 => data<="00110010"; 

      when 3 | 30 | 31 | 32 | 33 | 34 | 

35 | 36 | 37 | 38 | 39 => data<="00110011"; 

      when 4 | 40 | 41 | 42 | 43 | 44 | 

45 | 46 | 47 | 48 | 49 => data<="00110100"; 

      when 5 | 50 => data<="00110101"; 

      when 6 => data<="00110110"; 

      when 7 => data<="00110111"; 

      when 8 => data<="00111000"; 

      when 9 => data<="00111001"; 



  

  

 

 

      when others => null; 

     end case; 

 

     if (Counts > 9) then 

      part_win <= part_win + 1; 

     elsif (Counts<10) then    -- if Counts 

< 10 goto Stop 

      part_win <= part_win + 2; 

     

     end if; 

     rs <= '1'; 

     current<=write; 

 

    when 7 => 

     case Counts is    -- send Countse guess 

number(yekan) to lcd 

      when 10 | 20 | 30 | 40 | 50 => 

data <="00110000"; 

      when 11 | 21 | 31 | 41 => 

data<="00110001"; 

      when 12 | 22 | 32 | 42 => 

data<="00110010"; 

      when 13 | 23 | 33 | 43 => 

data<="00110011"; 

      when 14 | 24 | 34 | 44 => 

data<="00110100"; 

      when 15 | 25 | 35 | 45 => 

data<="00110101"; 

      when 16 | 26 | 36 | 46 => 

data<="00110110"; 

      when 17 | 27 | 37 | 47 => 

data<="00110111"; 

      when 18 | 28 | 38 | 48 => 

data<="00111000"; 

      when 19 | 29 | 39 | 49 => 

data<="00111001"; 

      when others => data <="00110000"; 

     end case; 

     part_win <= part_win + 1; 

     rs <= '1'; 

     current<=write; 

 

    when others => current <= stop; 

 

    end case; 

    

    delay_data <= delay_between_data_1; 

--############################--> stop <--

############################-- 

   when stop =>null; 

     end case; 

    end if; 

 end process; 

end Behavioral; 

 



  
   

 

 دسيبفز اًتػبر سي سل ي ثشای FPGAثِ  8870اسلبل  -13
 

State_Diagram: 

 

 

 

 مدار زیر را ببندید و نتیجه را مشاهده کنید.

 

 

 FPGAمدار تشخیص تن صدای تلفن با    2-21شکل 

library IEEE; 



  

  

 

 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

entity dtmf_fpga is 

port(reset:in std_logic; 

  clk:in std_logic; 

  dtmf_in:in std_logic_vector(3 downto 0); 

  std_in:in std_logic; 

  lcd_data:out std_logic_vector(7 downto 0); 

  lcd_rs:out std_logic; 

  lcd_rw:out std_logic; 

  lcd_e:out std_logic); 

end dtmf_fpga; 

 

architecture Behavioral of dtmf_fpga is 

type dtmf_state   

 

   is(lcd_mode,lcd_on,lcd_clear,idle,display_dtmf,display_mt8870de); 

 

signal flag:std_logic; 

begin 

lcd_rw<='0'; 

dtmfff:process(std_in,reset,clk) 

variable state:dtmf_state:=idle; 

variable c:integer; 

variable c2:integer; 

 begin 

  if(reset='1')then 

   state:=lcd_mode; 

   c:=0; 

   c2:=0; 

   flag<='1'; 

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

   c2:=c2+1; 

   if (c2=10000)then 

   c2:=0; 

   c:=c+1; 

   end if; 

 case state is 

 when lcd_mode <= lcd_data<=X"30"; 

   lcd_rs<='0; ' 

 if   c<1000 then 

   lcd_e<='1; ' 

 Elsif  (c>1000 and c<2000) then 

   lcd_e<='0; ' 

 Elsif  c=2000  then 

   c:=0; 

   state:=lcd_on; 

 end if; 

 when lcd_on  <=  lcd_data<=X"0E; " 

   lcd_rs<='0; ' 

           

  

 if  c<1000 then 

   lcd_e <='1; ' 

 elsif   (c>1000 and c<2000) then 

   lcd_e<='0; ' 

 Elsif  c=2000 then 

   c:=0; 

   state:=lcd_clear; 



  
   

 

 end if;        

 when lcd_clear    => lcd_data<=X"01; " 

   lcd_rs<='0; ' 

 if  c<1000 then 

   lcd_e <='1; ' 

 elsif  (c>1000 and c<2000) then 

   lcd_e<='0; ' 

 Elsif  c=2000 then 

   if flag='1' then  

   state:=display_mt8870de; 

   c:=0; 

   flag<='0'; 

   else 

   c:=0; 

   state:=idle; 

   end if; 

 end if; 

 when idle <= if( std_in='1')then    

  

  if  dtmf_in="1010"then 

   lcd_data<=X"30; " 

   state:=display_dtmf; 

   c:=0; 

  elsif dtmf_in="0001"then 

   lcd_data<=X"31; " 

   state:=display_dtmf; 

   c:=0; 

  elsif dtmf_in="0010"then 

   lcd_data<=X"32; " 

   state:=display_dtmf; 

   c:=0; 

  elsif dtmf_in="0011"then 

   lcd_data<=X"33; " 

   state:=display_dtmf; 

   c:=0; 

  elsif dtmf_in="0100"then 

   lcd_data<=X"34; " 

   state:=display_dtmf; 

   c:=0; 

  elsif dtmf_in="0101"then 

   lcd_data<=X"35; " 

   state:=display_dtmf; 

   c:=0; 

  elsif dtmf_in="0110"then 

   lcd_data<=X"36; " 

   state:=display_dtmf; 

   c:=0; 

  elsif dtmf_in="0111"then 

   lcd_data<=X"37; " 

   state:=display_dtmf; 

   c:=0; 

  elsif dtmf_in="1000"then 

   lcd_data<=X"38; " 

   state:=display_dtmf; 

   c:=0; 

  elsif dtmf_in="1001"then 

   lcd_data<=X"39; " 

   state:=display_dtmf; 

   c:=0; 

  elsif dtmf_in="1011"then 



  

  

 

 

   c:=0; 

   state:=display_mt8870de; 

  elsif dtmf_in="1100"then 

   c:=0; 

   state:=display_mt8870de; 

  end if; 

 end if; 

when display_dtmf      => lcd_rs<='1; ' 

  if  c<1000 then 

   lcd_e<='1; ' 

  elsif )c>1000 and c<2000) then 

   lcd_e<='0; ' 

  elsif c=2000 then 

   c:=0; 

   state:=idle; 

 end if; 

  when display_mt8870de       <=  

  if  c<500 then   

   lcd_data<=X"01"  ;  

   lcd_rs<='0; ' 

   lcd_e<='1;'       

   elsif (c>=500 and c<1250) then 

   lcd_e<='0; ' 

  elsif (c>=1250 and c<1500) then 

   lcd_data<=X"4D";  ---m 

   lcd_rs<='1;' 

   lcd_e<='1; ' 

  elsif )c>=1500 and c<1750) then 

   lcd_e<='0; ' 

  elsif (c>=1750 and c<2000) then 

   lcd_data<=X"54";  ---t 

   lcd_rs<='1; ' 

   lcd_e<='1; ' 

  elsif )c>=2000 and c<2250) then 

   lcd_e<='0; ' 

  elsif (c>=2250 and c<2500)then 

   lcd_data<=X"38";  ---8 

   lcd_rs<='1; ' 

   lcd_e<='1; ' 

  elsif )c>=2500 and c<2750) then 

   lcd_e<='0; ' 

  elsif (c>=2750 and c<3000)then 

   lcd_data<=X"38";  ---8 

   lcd_rs<='1; ' 

   lcd_e<='1; ' 

  elsif )c>=3000 and c<3250) then 

   lcd_e<='0; ' 

  elsif (c>=3250 and c<3500)then 

   lcd_data<=X"37";  ---7 

   lcd_rs<='1; ' 

   lcd_e<='1; ' 

  elsif(c>=3500 and c<3750) then 

   lcd_e<='0; ' 

  elsif (c>=3750 and c<4000) then 

   lcd_data<=X"30";  ---5 

   lcd_rs<='1; ' 

   lcd_e<='1; ' 

  elsif )c>=4000 and c<4250 ) then 

   lcd_e<='0; ' 

  elsif (c>=4250 and c<4500) then 



  
   

 

   lcd_data<=X"44";  ---d 

   lcd_rs<='1; ' 

   lcd_e<='1; ' 

  elsif )c>=4500 and c<4750 ) then 

   lcd_e<='0; ' 

  elsif (c>=4750 and c<5000 ) then 

   lcd_data<=X"45";  ---e 

   lcd_rs<='1; ' 

   lcd_e<='1; ' 

  elsif )c>=5000 and c<10000) then 

   lcd_e<='0; ' 

   elsif (c>=10000 and c<10250 ) then 

   lcd_data<=X"01;"   

   lcd_rs<='0; ' 

   lcd_e<='1; ' 

  elsif )c>=10250 and c<10550) then 

   lcd_e<='0; ' 

  elsif c=10550 then 

   c:=0; 

   state:=idle; 

  end if; 

 end case;      

 end if; 

 end process; 

end Behavioral; 

  

 

 کد دیگر:
 ديبگشام كبلز ايي کذ ثِ كَسر صيش اػز.

 
 MT8870DEدياگزام حالت بزاي بزًاهِ پزٍصُ 

 



  

  

 

 

 دس صيش آٍسدُ ؿذُ اػز : VHDLکذ ثشًبهِ ًشم افضاسی هذاس دشٍطُ ثِ صثبى 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

entity modified_8870 is 

port(reset,clk,std_in:in std_logic;          -- "std_in" is input 

from MT8870DE 

dtmf_in:in std_logic_vector(3 downto 0);  --4 Bit input from MT8870DE 

lcd_data:out std_logic_vector(7 downto 0);  --8 Bit output to LCD 

lcd_rs,lcd_rw,lcd_e:out std_logic   --Output control pins for LCD 

       ); 

end modified_8870; 

Architecture Behavioral of modified_8870 is 

Constant number_of_data : integer := 11;  -- Number of array 

elements,3 commands + 8 data. 

Constant delay_for_e : integer := 23; -- 23 * 20ns = 460 ns . 

Constant delay_between_data : integer := 1000000; -- 1000000 * 20ns = 

20ms. 

Constant delay_for_show : integer := 100000000; -- 100000000 * 20ns = 

2 sec; 

Constant delay_for_std : integer := 10000000;--10000000 * 20ns = 

200ms. 

Type show_array is array (0 to number_of_data - 1) of 

std_logic_vector (8 downto 0);    --prototype of 1D*1D array. 

constant table : show_array := ("000111000", "000001110", 

"000000001",                     

                                                      "101001101", 

"101010100", "100111000",  

                                                      "100111000", 

"100110111", "100110000",  

                                                      "101000100", 

"101000101" ); -- MT8870DE 

type state is 

(display_mt8870de,display_dtmf,display_data,delay,delay_2sec); --

Prototype the States. 

signal current : state;                    -- Define a signal from 

states. 

signal part : integer range 0 to 3;  -- Declear the part signal for 

partitioning the "display_data" 

begin 

process(reset,clk) 

variable x,i,count : integer := 0;      

begin 

if (reset = '1') then                                                                                                

current<= display_mt8870de ; 

lcd_rs<= '0 ;' 

lcd_rw<= '0 ;' 

lcd_e<= '0;' 

part<= 0; 

elsif (clk = '1' and clk'event) then        --Cheking the rising edge 

of input clock pulse. 

case current is 

when display_mt8870de =>--in "display_MT8870DE" state 

if i <= (number_of_data-1) then   --if showing the content of the 

table is incompelete, 

lcd_data<= table(i)(7 downto 0);  -- i th content of table goes to 

LCD "data" pins. 



  
   

 

lcd_rs<= table (i)(8);    -- MSB goes to LCD "rs" pin. 

x := 0;                        -- identifier "x" must be (0) in this 

state. 

i := i+1;              -- increament the counter i for the next data . 

current<= display_data; -- go to "display_data" for showing the i th 

contenton LCD  

elsif i = number_of_data then       -- if all of data are shown, 

count := delay_for_show;          -- assign the delay_for_show to 

signal "count." 

current <= delay_2sec;    -- go to "delay_2sec" that lead to display 

the "MT8870DE" on LCD for 2 seconds and then clear the screen. 

i := i+1;        -- increament the counter i , because the program 

shouldn't come in to this state again until the next reset. 

else        -- when the "MT8870DE"is shown on LCD and screen cleared. 

i :=0;            -- reset the counter i for next use of this state. 

current<= display_dtmf; -- go to "display_dtmf" for checking the 

inputs from 8870  

end if; 

when display_dtmf =>    -- in "display_dtmf" state, 

x := 1;     -- identifier "x" must be  (1) in this state. 

if (std_in ='1') then    -- if 4-bit data is available form IC 8870, 

lcd_rs<= '1';    -- assume all of these inputs as DATA 

if (dtmf_in = "1010") then   -- if number 0 is pressed on telephone 

keypad , 

lcd_data<= X"30";   -- ASCII code for number 0 goes to LCD "data" 

pins. 

current<= display_data; -- go to "display_data" for showing the 

character 0. 

elsif (dtmf_in  = "1011") then   -- if * key is pressed on telephone 

keypad, 

lcd_data<= X"2A";  -- ASCII code for character * goes to LCD "data" 

pins   . 

current<= display_data; -- go to "display_data" for showing the 

character  .*  

elsif (dtmf_in = "1100") then  -- if # key is pressed on telephone 

keypad, 

lcd_data<= X"23";  -- ASCII code for character # goes to LCD "data" 

pins. 

current<= display_data; -- go to "display_data" for showing the 

character  .#  

else      -- means that a number between 1-9 is pressed on thelephone 

keypad, 

lcd_data<= dtmf_in + X"30";  -- add this value with 0's ASCII code 

for generate the ASCII code for that number. 

current<= display_data;  -- go to "display_data" for showing that 

number. 

end if; 

else               -- if none of the keys are pressed 

current<= display_dtmf;     -- stay in this state until one key 

pressed. 

end if; 

when display_data =>        -- in "display_data"state, 

if (part = 0) then         -- in the first partition of this state, 

lcd_e<= '1';             -- activate the "enable" pin of LCD. 

count := delay_for_e;   -- assign the delay_for_e to signal "count." 

part<= part + 1;     -- increament the signal part,because in the 

next reference to this state,state must begin from second partition 

current<= delay; -- go to "delay" to apply delay for 450 ns . 

elsif (part = 1) then   -- in the second partition of this state, 



  

  

 

 

lcd_e<= '0';         -- deactivate the "enable" pin of LCD after 450 

ns and show the content on the LCD. 

count := delay_between_data; -- assign the delay_between_data to 

signal "count." 

current<= delay; -- go to "delay" to apply  delay for 20ms . 

part<= part + 1;    -- increament the signal part,because in the next 

reference to this state,state must begin from 3rd partition . 

elsif (part = 2) then  -- in the 3rd partition of this state, 

if (x = 0) then   -- check the value of x that if it is 0 then. 

  part<= 0;       -- reset the part value, 

current<= display_mt8870de; -- and come back to state 

"display_mt8870de." 

elsif (x = 1) then -- check the value of x that if it is 1 then. 

  count := delay_for_std; -- assign the delay_for_std to 

signal "count" for avoid receive repeatitive data. 

  current<= delay; -- go to "delay" to apply  delay for 

200ms . 

part<= part + 1;  -- increament the signal part, 

end if; 

else                          -- when Part = 3 

part<= 0; 

current<= display_dtmf; -- go back to state "display_dtmf." 

end if; 

when delay =>             -- in state "delay" 

count := count - 1;    -- decreament the count value. 

if (count = 0) then        -- when count = 0 

current<= display_data;-- go back to state "display_data." 

end if; 

when delay_2sec =>     -- in state "delay_2sec" 

count := count - 1;          -- decreament the count value. 

if (count = 0) then       -- when count = 0 

lcd_data<= X"01";    -- clear screen command goes on LCD data pins. 

lcd_rs<= '0';    -- assume this value as a command 

current<= display_data; -- go to state "display_data" to apply this 

command on LCD. 

end if; 

end case; 

end if; 

end process; 

end behavioral; 
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 برنامه:

 
---------------------------------------------------------------------

----------- 

-- Company:  

-- Engineer: 

-- 

-- Create Date:    16:54:02 11/30/10 

-- Design Name:     

-- Module Name:    LiteDancer - Behavioral 

-- Project Name:    

-- Target Device:   

-- Tool versions:   

-- Description: 

-- 

-- Dependencies: 

--  

-- Revision: 

-- Revision 0.01 - File Created 

-- Additional Comments: 

--  

---------------------------------------------------------------------

----------- 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity LiteDancer is 

    Port ( clk :in std_logic; 

         i : in std_logic_vector(7 downto 0); 

           Seg : out std_logic_vector (7 downto 0); 

     led : out std_logic_vector(7 downto 0) 

           ); 

  signal Dig:bit_vector(3 downto 0); 

end LiteDancer; 

 

architecture Behavioral of LiteDancer is 

begin 

 

      process(clk) 

  variable j:integer:=0; 

  begin 

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

     if j<100000 then 

        j:=j+1; 

     else 

     j:=0; 

     if i(7)='1' then    -- show 8 

        Dig<="1000"; 

     elsif i(6)='1' then  --- show 7 

         Dig<="0111"; 

       elsif i(5)='1' then  --- show 6 

         Dig<="0110"; 



  
   

 

        elsif i(4)='1' then  ---show 5 

          Dig<="0101"; 

         elsif i(3)='1' then  --- show 4 

           Dig<="0100"; 

          elsif i(2)='1' then  --show 3 

            Dig<="0011"; 

           elsif i(1)='1' then -- 

show 2 

             Dig<="0010"; 

            elsif i(0)='1' 

then -- show 1 

              

Dig<="0001"; 

                          else  ---show 0 

              

Dig<="0000"; 

            end if; 

      LEd<=i; 

 

       end if; 

  end if; 

   end process; 

 

  with Dig select 

  Seg <=  "11000000" when "0000",  -- turn on abcdef on 7seg 

to show 0 

     "11111001" when "0001",  -- turn on bc on 

7seg to show 1 

     "10100100" when "0010",  -- turn on abged on 

7seg to show 2 

     "10110000" when "0011",  -- turn on abgcd on 

7seg to show 3 

     "00011001" when "0100",  -- turn on fgbc on 

7seg to show 4 

     "10010010" when "0101",  -- turn on afgcd on 

7seg to show 5 

     "10000010" when "0110",  -- turn on afedcg on 

7seg to show 6 

     "11111000" when "0111",  -- turn on abc on 

7seg to show 7 

     "10000000" when "1000",  -- turn on abcdefg 

on 7seg to show 8 

     "11000110" when others;  -- show E on other 

end Behavioral; 
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 برنامه:
 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity tablo_k is 

port( clk,res:in std_logic; 

row:out std_logic_vector(15 downto 0); 

column_a:out std_logic_vector(2 downto 0); 

e:buffer std_logic_vector(3 downto 0)); 

end tablo_k; 

 

 

architecture Behavioral of tablo_k is 

type state is (start,delay); 

signal current : state; 

signal z,w:std_logic_vector(2 downto 0); 

signal b,l,k,i,c:integer; 

constant row_counter:integer:=32; 



  
   

 

type Memory is array(0 to row_counter-1) of std_logic_vector(0 to 

15); 

signal t,table:Memory; 

 

begin 

process(clk,res) 

variable temp_a:std_logic_vector(2 downto 0); 

variable Row_Count:std_logic_vector(2 downto 0);  --soton ra ebteda 

dar temp mirizim va yeki be an ezafe mikonim 

variable counter,n,j: integer; 

begin 

if(res='1')then 

table<=( 

 "0000011111000000" 

,"0000011111000000" 

,"0000011000011000" 

,"0000011000011000" 

,"0000011111000110" 

,"0000011111000110" 

,"0000011000011000" 

,"0000011000011000" 

,"0000011111000000" 

,"0000011111000000" 

,"0000011000000000" 

,"0000011000000000" 

,"0000011110000000" 

,"0000011111000000" 

,"0000011011000000" 

,"0000011011000000" 

,"0000011111000000" 

,"0000011111000000" 

,"0000011000000000" 

,"0000011000000000" 

,"0000011000000000" 

,"0000011111111100" 

,"0000011111111100" 

,"0000000000000000" 

,"0111111111111100" 

,"0111111111111100" 

,"0110000000000000" 

,"0110000000000000" 

,"0110000000000000" 

,"0111111100000000" 

,"0111111100000000" 

,"0000000000000000" ); 

 

t<=table; 

counter:=1000; 

temp_a:="000"; 

Row_Count:="000";           --32 column ra mishomarad 

e<="1110";   --decoder aval ra faal mi konad 

z<="000";         -- 

i<=0;             --shomarande hafeze 

w<="000"; 

n:=0; 

b<=0; 

j:=0; 

k<=0 ;      --baraye raftan be decoder badi bayad 8 shavad 

c<=0;      -- 

row<="0000000000000000"; 



  

  

 

 

current<=start; 

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

 

 

case current is 

--*******************************start****************************** 

 

when start=> 

j:=j+1; 

if(j=1000)then 

j:=0; 

table <=  table(1 to 31)& table(0); 

end if; 

temp_a:=Row_Count; 

Row_Count:=Row_Count+1; 

 

if(c<row_counter-1)then 

row<=table(i); 

i<=i+1; 

b<=i;   --baraye didan i dar modelsim 

k<=k+1; 

c<=c+1; 

counter:=1000; 

current<=delay; 

if(k=8)then 

e<=e(2 downto 0)&e(3); 

k<=1; 

end if; 

else 

 

i<=0; 

c<=0; 

k<=8; 

counter:=1000; 

current<=delay; 

 

end if; 

--

**********************************************delay******************

************** 

when delay=> 

counter:=counter-1; 

if(counter=0)then 

current<=start; 

end if; 

 

end case; 

column_a<=temp_a; 

 

end if; 

end process; 

end Behavioral; 

 

 
 



  
   

 

  FPGAثِ  (PPI) 8255اسلبل  -16
 

ؿاًَذ.   یضيا س ثشًبهِ يب خشٍػي یسَاًٌذ ثِ ػٌَاى ٍسٍد يثبؿذ کِ ّشکذام ه يؿبهل ػِ دَسر ه 8255

ي كَسر يّب سا آدسع داد. ثذ آى A0  ٍA1لِ يسَاى ثِ ٍػ يًبم داسًذ ٍ ه PA  ٍPB  ٍPCّب  ي دَسريا

 PC ،ؿَد A1A0=10ٍ اگش  PBؿَد  A1A0=01ؿَد. اگش  ياًشخبة ه PA ؿَد، A1A0=00کِ اگش 

 ؿَد.  ياًشخبة ه

ي يا ؿاَد. کاِ ا   ي( اًشخابة ها  CONTROL REGISTER) يؼاشش کٌششلا  يؿَد سػ A1A0=11اگش 

 کٌذ. يّب سا هـخق ه ز دَسريؼشش ٍهؼيسػ

 يؼشش کٌششليي كبلز سػين. کِ دس ايکٌ يکبس ه (Mode 0) یضيس ک كبلز ػبدُ ثشًبهِيثب يٌؼب هب دس ا

 يذ.آ يدس ه 1ؿکل ثِ كَسر 

 

PC3-PC0 
 1  ٍسٍدی:

 0خشٍػي: 

PB 
 1  ٍسٍدی:

 0خشٍػي: 

 

0 

PC7-PC4 
 1 ٍسٍدی: 

 0خشٍػي: 

PA 
  1  ٍسٍدی:

 0خشٍػي: 

 

0 
 

0 
 

1 

LSB       MSB 

  8255ثيشْبی سػيؼشش کٌششلي 1ؿکل 

 

ػٌاَاى  آى سا ثاِ   ييز ثابلا يا ث 4ٍ  یثِ ػٌاَاى ٍسٍد  Cدَسر  يٌييز دبيث 4ن يًوًَِ اگش ثخَاّ یثشا

ذ هقاذاس  يا ن ثبيف کٌا يا سؼش یسا ثاِ ػٌاَاى ٍسٍد   Aٍ داَسر   يسا ثِ ػٌَاى خشٍػ Bٍ دَسر  يخشٍػ

 ن.يث شػش A1A0=11سا ثِ آدسع  10010001

 دّذ.  سا ًـبى  هي 8255ّبی سشاؿِ  دبيِ 2ؿکل 

 



  

  

 

 

 

 8255ّبی سشاؿِ دبيِ   2 ؿکل

 

سًٍذ. ّوـٌيي  ثِ کبس هي WR ٍRDثِ سشسيت ثشای فؼبل کشدى دبيِ FPGA اص wr  ٍrdّبی  خشٍػي

ي يا ا 3 ؿاکل  کٌين سب دس ّش كبلز غيش فؼابل ثبؿاذ.   سا ثِ صهيي ٍكل هي 8255سشاؿِ  RESETخي 

 ذ.يسا ثجٌذ 3دّذ. هذاس ؿکل  ياسلبلار سا ًـبى ه

 

 FPGA ثِ 8255هذاس اسلبل    3ؿکل 



  
   

 

 يهقاذاس خَاًاذُ ؿاذُ اص آى سا دس خشٍػا    ٍ کٌاذ   يف ها يسؼش یػٌَاى ٍسٍد سا ثِ Aش دَسر يثشًبهِ ص

 .دّذقشاس هي B  ٍC یّب دَسر

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

-- synopsys translate_off 

library UNISIM; 

use UNISIM.Vcomponents.ALL; 

-- synopsys translate_on 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity ppi is 

    Port (  -- Data to 8255 

     data : inout std_logic_vector(7 downto 0); 

           -- program mode 

     a : out std_logic_vector(1 downto 0); 

           rd : out std_logic; 

           wr : out std_logic; 

           clk : in std_logic; 

           reset : in std_logic); 

 

end ppi; 

 

architecture Behavioral of ppi is 

 

   component IOBUF 

      port ( I  : in    std_logic;  

             IO : inout std_logic;  

             O  : out   std_logic;  

             T  : in    std_logic); 

   end component; 

 

   constant rd_wr_delay : integer := 80; -- 10 us 

   type state is (init, write, read, normal); 

   signal current : state; 

   signal part : integer; 

   signal direction : std_logic; 

   signal temp, data_in, data_out : std_logic_vector (7 downto 0); 

 

begin 

   process (clk, reset) 

      variable count : integer; 

   begin 

      if reset = '1' then 

   -- reet all datas  

    rd <= '1'; 

    wr <= '1'; 

    part <= 0; 

    current <= init; 

    count := 0; 



  

  

 

 

      elsif clk = '1' and clk'event then 

  

    case current is  

         when init => 

       -- set program mode 

   a <= "11"; 

    

  direction <= '0'; 

  data_out <= "10010000";  -- pa : in pb, pc : out 

  count := rd_wr_delay; 

  current <= write; 

    when normal => 

  -- programming 

  if part = 0 then 

     a <= "00"; 

     direction <= '1'; 

     count := rd_wr_delay; 

     current <= read; 

     part <= 1; 

  elsif part = 1 then 

     a <= "01"; 

     direction <= '0'; 

     data_out <= temp; 

     count := rd_wr_delay;     

     current <= write; 

     part <= 2; 

  elsif part = 2 then 

     a <= "10"; 

     direction <= '0'; 

     data_out <= temp; 

     count := rd_wr_delay; 

     current <= write; 

     part <= 0; 

  end if; 

  -- write program byte 

    when write => 

  if count /= 0 then 

     if count < rd_wr_delay / 2 then 

        wr <= '1'; 

     else 

   wr <= '0'; 

     end if; 

   count := count - 1; 

  else 

     current <= Normal; 

            end if; 

    when read => 

  if count /= 0 then 

     if count < rd_wr_delay / 2 then 

        rd <= '1'; 

     else 

   rd <= '0'; 

   temp <= data_in; 

     end if; 

     count := count - 1; 

  else 

     current <= normal; 

            end if; 

    end case; 

      end if; 



  
   

 

   end process; 

   io_block_8 : for j in 0 to 7 generate 

      io_block : iobuf port map (data_out(j),data(j),                                       

data_in(j), direction); 

   end generate; 

end Behavioral; 
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بى يا ک ػشيا ( ثاِ  B8ز( ساب  يا ي ثي) ثب اسصؿشش B1) یشبل ٍسٍديؼي، هقذاس د (DAC08)ي هجذليدس ا

ل ثاِ ٍلشابط   يبى سا سجاذ يي ػشيسَاى ا يه يک هقبٍهز ثِ خشٍػيؿَد کِ ثب اسلبل  يل هيسجذ يخشٍػ

بى هشػغ ثاِ سشاؿاِ اػوابل    يک ػشيذ يي ثبيؿَد. ّوـٌ يگشفشِ ه IOUTِ يس اص دبهزکَ يًوَد. خشٍػ

12سَػي دٍ هقبٍهاز    (-)VREF(+)  ٍVREF  یّبِ يق دبيبى اص ًشيي ػشيکشد. ا
K    2.5ٍ ٍلشابط هشػاغ

V  

15)ٍلشبط هشػغ اكلي ثشای کبس کشدى دسػز سشاؿِ
V
ثبؿذ؛ ٍلي دس ايٌؼب ثشای اهشلبى سشاؿاِ اص  هي ± 

2.5 ٍلشبط
V±  )ؿَد. ) يثِ سشاؿِ دادُ هاػش بدُ ؿذُ اػزIREF=2.5/12=0.2

mAبى يا سَاى ػش ي( دغ ه

IREF کبس آى هٌوئي ؿذ. ساثٌاِ   يکٌذ، اًذاصُ گشفز سب اص دسػش يکِ هذاس دسػز کبس ًو يسا دس كَسس

IOUT  ثبIREF ذ:يآ يش ثِ دػز هيق فشهَل صياص ًش 

)
256

B8
...

8

B3

4

B2

2

B1
(II REFOUT  

0.2ثشاثش  سقشيجبً يبى خشٍػي( ػش11111111) یشبل ٍسٍديؼيذاس دكذاکظش هق یثشا
mA ؿَد يه: 

mAmA

OUT 2.0)
256

1
...

4

1

2

1
(2.0I  

4.7 ي ثب هقبٍهزدغ كذاکظش ٍلشبط خشٍػ
K
 ثشاثش جبًيسقش  

1
V (0.98

V )ٍ  0كذاقل آى ّن
V ثبؿذ. يه 

بى يا سَاًاذ ه  يه ين هقذاس ٍلشبط خشٍػين. ّوبى ًَس کِ گ شيؼبد کٌيا يٌَػيک هَع ػين يخَاّ يه

0
V  1سب

V 1سب  0اًذ ثِ  1سب   1-ييسا کِ ث ييّبِ يٌٍَع صايذ هقذاس ػيثبؿذ.دغ ثب
V ٌین. ثشايًگبؿز ک 

VOUT = 1/2  ي کبس اص فشهَليا
V
+ (1/2 × Sin θ) ن.يکٌ ياػش بدُ ه 

 VOUT هقاذاس   30º   =θخَاّاذ ؿاذ ٍ ثاشای    1/2ثشاثاش   VOUT، هقذاس 0º   =θثشای ًوًَِ ثشای ًقٌِ

 ؿَد. هي  1/4 + 1/2شاثشث

1) يكذاکظش هقذاس آًبلَگ خشٍػ
Vشبل يؼي( هشثَى ثِ هقذاس دB1-B8=11111111=255  ثبؿاذ.   يها

1/2 یدغ ثشا
V1/4 +یٍ ثشا 128ذ هقذاس ي، ثب

V
   1/2

V  هلبػجِ ؿَد. 192هقذاس 



  
   

 

5 ٍلشبطّوـٌيي سَػِ داؿشِ ثبؿيذ کِ ػتٍُ ثش 
V ٍ2.5+ ٍلشبط، ًيبص ثِ د

V  ٍ-2.5
V   یداسياذ. ثاشا  ّان 

هٌجغ اٍل سا ثِ سشهيٌبل هظجاز هٌجاغ دٍم    يًيبص ثِ دٍ هٌجغ داسيذ. سشهيٌبل هٌ  ،داؿشي ايي دٍ ٍلشبط

2.5+ّب سا ثِ صهيي هذاس ٍكل ًوبييذ. اص سشهيٌبل هظجاز هٌجاغ اٍل،    ٍكل کٌيذ ٍ آى
V   اص سشهيٌابل ٍ

2.5- هٌجغ دٍم، يهٌ 
V .سا ثگيشيذ 

 كل کٌيذ.ٍ  FPGAهجذل سا ثِ 1 ؿکلهٌبثق 
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ثاِ کابس   سا ثب ّوبى اًذاصُ کِ دس ؿکل آهاذُ   ييّب ب خبصىيؼز کِ هقبٍهز ّب يً یبصيً هذاسي يا یثشا

سَػاِ داؿاشِ    يذ. ٍلا يا ش اػش بدُ کٌيک ثِ آى هقبديًضد یّب ذ اص اًذاصُيسَاً يه يػبدگ یثشا .ذيشيثگ

 ذ.يش اػش بدُ کٌيذ اص ّوبى هقبديذ ثبيز داسبص ثِ دقيکِ ً ييذ کِ دس ػبيثبؿ

هجاذل   يؿذُ اػز. خشٍػ يًشاك ػيٌَػيٍ  ي، هظلظایهشثؼي، دًذاى اسُذ هَع يسَل یش ثشايثشًبهِ ص

(EO) ذ.ييؼِ سا هـبّذُ ًوبيًش ذ ٍيلَػکخ ٍكل کٌيسا ثِ اػ 

 ؿَد: ياًؼبم ه ،دّيذهى waveکِ ثِ  یلِ ػذديثِ ٍػ ياًشخبة ًَع هَع خشٍػ

wave = 00 هشثؼي يهَع خشٍػ 

wave = 01 ایدًذاى اسُ يهَع خشٍػ 



  

  

 

 

wave = 10 هظلظي يػٍهَع خش 

wave = 11 ػيٌَػي يػٍهَع خش 

 سَاى ػَم کشد.هي frequencyفشکبًغ سا ّن ثب ٍسٍدی 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity dac is     

   Port ( data : out std_logic_vector (7 downto 0 ;)  

          wave : in std_logic_vector(1 downto 0 ;)  

     frequency : in std_logic_vector (7 downto 0); 

          clk : in std_logic;            

          reset : in std_logic) 

end dac; 

 

architecture Behavioral of dac is 

 

   type state is (square, saw, triangle, sine, delay); 

   signal current : state;  

   signal period : std_logic_vector (15 downto 0); 

   signal data_i : std_logic_vector (7 downto 0); 

   type two_dim  is array (0 to 23) of std_logic_vector (7 downto 0); 

   constant table : two_dim := ("10000000", "10100000", "11000000",   

       "11011001", "11101110", "11111010", 

       "11111111", "11111010", "11101110", 

       "11011001", "11000000", "10100000", 

       "10000000", "01011110", "01000000", 

       "00100101", "00010001", "00000100", 

       "00000000", "00000100", "00010001", 

       "00100101", "01000000", "01011110"); 

begin 

   process (clk, reset) 

      variable i, j : integer; 

 variable down : std_logic; 

 variable count : std_logic_vector (15 downto 0); 

   begin 

 if reset = '1' then  

    current <= square; 

    data_i <= "00000000"; 

    i := 0; 

    j := 0; 

    down := '0'; 

      elsif clk = '1' and clk'event then  

    case current is 

    when square  =>  

       if i = 0 then 

       data_i <= "00000000"; 

     i := 1; 



  
   

 

  else 

       data_i <= "11111111"; 

     i := 0; 

  end if; 

  count := period; 

  current <= delay; 

    when saw  =>   

  data_i <= data_i + 1; 

  count := period; 

  current <= delay; 

    when triangle  => 

 

  if down = '0' then 

     data_i <= data_i + 1; 

     if data_i = "11111110" then  

        down := '1'; 

     end if; 

  else 

     data_i <= data_i - 1; 

     if data_i = "00000001" then  

        down := '0'; 

     end if; 

       end if; 

  count := period; 

  current <= delay; 

    when sine  =>  

  if j < 24 then 

     data_i <= table(j); 

     j := j + 1; 

  else  

     j := 0; 

  end if; 

  count := period; 

  current <= delay; 

    when delay  => 

  count := count - 1 ; 

  if count = 0 then 

     case wave is  

     when "00" 

        current <= square; 

     when "01" => 

   current <= saw; 

     when "10" => 

   current <= triangle; 

     when others  => 

   current <= sine; 

     end case; 

     period <= frequency & "00000000"; 

       end if; 

         end case; 

      end if; 

   end process; 

   data <= data_i;  

 

end Behavioral; 

 



  

  

 

 

 هذاس ديگش ثب كبلز اسَهبسيک سغييش فشکبًغ:

 ٍكل کٌيذ.  FPGAهجذل سا ثِ 2 ؿکلهٌبثق 
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 دس ايي هذاس فشکبًغ سا هي سَاى ثب دٍ كبلز دػشي ٍ اسَهبسيک ػَم کشد.

غ سا ّن ثب ٍسٍدی ثذّيذ ٍ فشکبً select_modeسا ثِ دبيِ ی  '0'ثشای اًشخبة كبلز دػشي ثبيذ هقذاس 

frequency 1'سَاى ػَم کشد. ثشای اًشخبة كبلز اسَهبسياک ثبياذ هقاذاس    هي' (Vcc   سا ثاِ دبياِ ی )

select_mode .ثذّيذ 

 ثشًبهِ هشثَى ثِ سجذيل ديؼيشبل ثِ آًبلَگ:

 

 
library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 



  
   

 

entity dac is     

   Port (data : out std_logic_vector (7 downto 0); 

         wave : in std_logic_vector(1 downto 0); 

      frequency : in std_logic_vector (7 downto 0); 

         clk : in std_logic;            

         reset : in std_logic; 

   select_mode: in std_logic); 

end dac; 

 

architecture Behavioral of dac is 

  

   type state is (square, saw, triangle, sine, delay); 

   signal current : state;  

   signal period : std_logic_vector (15 downto 0); 

   signal data_i : std_logic_vector (7 downto 0); 

   type two_dim  is array (0 to 23) of std_logic_vector (7 downto 0); 

   constant table : two_dim := ("10000000", "10100000", "11000000",   

       "11011001", "11101110", "11111010", 

       "11111111", "11111010", "11101110", 

       "11011001", "11000000", "10100000", 

       "10000000", "01011110", "01000000", 

       "00100101", "00010001", "00000100", 

       "00000000", "00000100", "00010001", 

       "00100101", "01000000", "01011110"); 

begin 

   process (clk, reset) 

      variable i, j,k,l : integer; 

  variable frequency_auto : std_logic_vector (7 downto 0); 

  variable down : std_logic; 

  variable count : std_logic_vector (15 downto 0); 

   begin 

  if reset = '1' then  

     current <= square; 

     data_i <= "00000000"; 

     i := 0; 

     j := 0; 

   l := 0; 

   k := 0; 

     down := '0'; 

   frequency_auto:="00000000"; 

  elsif clk = '1' and clk'event then  

     case current is 

     when square  =>                    --  ًوايص هَج هزبعي 
        if i = 0 then                --  هَج هزبعي "صفز"ًوايص  
         data_i <= "00000000"; 

       i := 1; 

    else                   --  هَج هزبعي "يک"ًوايص  
         data_i <= "11111111"; 

       i := 0; 

    end if; 

    count := period;      -- ُاًتساب هقذار فزکاًس بِ ضوارًذ 
   current <= delay; 

     when saw  =>                      -- ًوايص هَج دًذاى ارُ اي   
   data_i <= data_i + 1; 

اَّذ ضذ 522ّز گاُ هتغييز بِ  --                                               بزسذ ٍ يک ٍاحذ بِ آى اضافِ ضَد هقذار هتغييز بزابز صفز خ  

    count := period; 

    current <= delay; 

     when triangle  =>              --  ًوايص هَج هثلثي 



  

  

 

 

    if down = '0' then 

       data_i <= data_i + 1; 

       if data_i = "11111110" then  

هتغيز اس ًَع سيگٌال هي باضذ تذکز:   --                                          
          down := '1'; 

       end if; 

    else 

       data_i <= data_i - 1; 

       if data_i = "00000001" then    

هتغيز اس ًَع سيگٌال هي باضذ تذکز:   --                                                                                                  

          down := '0'; 

       end if; 

        end if; 

    count := period; 

    current <= delay; 

     when sine  =>                  -- ًوايص هَج سيٌَسي 
    if j < 24 then 

       data_i <= table(j);   -- فزاخَاًي اس جذٍل بالا 
       j := j + 1; 

    else  

       j := 0; 

    end if; 

    count := period; 

    current <= delay; 

     when delay  =>  -- هطخص کزدى ًَع هَج، حالت تغييز فزکاًس ٍ هقذار فزکاًس 
    count := count - 1;  

    if count = 0 then 

       case wave is          --  هطخص کزدى ًَع هَج اس ٍرٍدي 
       when "00" => 

          current <= square; 

       when "01" => 

    current <= saw; 

       when "10" => 

    current <= triangle; 

       when others  => 

    current <= sine; 

       end case; 

   if select_mode = '0' then    --  فزکاًس بصَرت دستي هقذار هيگيزد  

      period <= frequency & "00000000";-- بشرگ کزدى هقذار فزکاًس 
   else                 --  فزکاًس بصَرت اتَهاتيک هقذار هيگيزد 
    l := l + 1; 

    if l = 50 then  -- تاخيز در عَض کزدى هقذار فزکاًس 
     l := 0; 

     if k = 0 then --  اضافِ کزدى تاخيز 
     period <= frequency_auto & "00000000"; 

     frequency_auto :=frequency_auto +1; 

   if frequency_auto ="11111111" then  

522چک کزدى فزکاًس بزاي رسيذى بِ   --                                     
      k := 1; 

     end if; 

    else                        --  کاّص تاخيز 
     period <= frequency_auto & "00000000"; 

     frequency_auto :=frequency_auto -1; 

     if frequency_auto ="00000000" then 

      k := 0; 

     end if; 



  
   

 

     end if; 

    end if; 

       end if; 

    end if; 

    end case; 

    end if; 

   end process; 

   data <= data_i;  

 

end Behavioral;
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ؿَد( ثِ  آى اػوبل هي (-)Vin(+)  ٍVinّبی  ثشای سجذيل ػيگٌبل آًبلَگ )کِ ثِ دبيِ ADC0804سشاؿِ 

 سٍد. ؿًَذ( ثِ کبس هي آهبدُ هي D7سب  D0ّبی  ػيگٌبل ديؼيشبل )کِ دس دبيِ

ثاِ سشاؿاِ اػاتم     WRقشاس دادُ ؿَد. ؿشٍع کابس سَػاي خاي     '0'ثبيذ ثشاثش  CSثشای اًشخبة سشاؿِ 

ؿاَد. داغ اص دبيابى کابس، هقاذاس       اص ًش  سشاؿِ هـخق هي INTRؿَد ٍ دبيبى کبس سَػي دبيِ  هي

ًـابى   1 ؿکلثٌذی دس  سَاًين اص سشاؿِ ثخَاًين. ػوليبر صهبى هي RDديؼيشبل سا ثب فؼبل کشدى دبيِ 

 دادُ ؿذُ اػز. 

 

 ADC0804هجذل  ػيگٌبلْبیثٌذی صهبى   1ؿکل 

 

ٍسٍدی ثِ ػبی  ،2 دس هذاس ؿکل ايي سشاؿِ سا کٌششل کٌين. FPGAسَػي  2 خَاّين هٌبثق ؿکل هي

  (-)Vin(+)  ٍVinكاااااااَسر اخاااااااشت  ٍلشااااااابط ثااااااايي  ِ اياااااااي کاااااااِ ثااااااا 

(Vin(-)  ٍVin(+) ،اػوبل ؿَد ) هؼشقين ثِ ثٌَسVin(+) ؿَد. دس ًشيؼِ ثبيذ  ٍكل هيVin(-)   ِسا ثا

 ٍكل ًوَد. (A GND) صهيي آًبلَگ
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يکي دس ًظاش   (D GND)کٌيذ کِ صهيي آًبلَگ ثب صهيي ديؼيشبل  دس ايي ؿکل ّوـٌيي هـبّذُ هي

خشٍػاي  سا ثخَاًيذ. دس  (+)Vinهشش ٍلشبط  سا ٍكل کٌيذ ٍ ثب يک هبلشي 2 هذاس ؿکل. گشفشِ ؿذُ اػز

digital  اصFPGA .ثشای كذاکظش ٍلشابط  ًَِ وًثشای ، ثبيذ هقذاس سجذيل ؿذُ آى ثِ ديؼيشبل كبهش ثبؿذ

5ٍسٍدی )
V 0سا ثبياااذ داؿاااشِ ثبؿاااين ٍ ثاااشای كاااذاقل )  11111111، هقاااذاس 3( دس داااَسر

V )

2.5ٍ ثشای   00000000هقذاس
V ( سا ثبيذ داؿشِ ثبؿين.  ثِ ًاَس کلاي   127) 01111111، هقذاس كذٍد

xثشای )
V 255(، هقذاس

5

x
  5ٍ  4، 3، 2.5، 2، 1، 0ای ٍلشبط ٍسٍدی ثشاثشثش ثبيذ ثخَاًين. 3سا دس دَسر 

 ٍلز هذاس سا اهشلبى کٌيذ.

 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity adc is 



  

  

 

 

   Port ( wr : out std_logic; 

          rd : out std_logic; 

          data : in std_logic_vector(7 downto 0); 

          intr : in std_logic; 

          digital : out std_logic_vector(7 downto 0); 

          clk : in std_logic; 

          reset : in std_logic); 

end adc; 

 

architecture Behavioral of adc is 

 

   constant delay_between_read : integer := 1000; -- 25 us 

   type state is (start, read, wait_for_intr, delay); 

   signal current : state; 

 

begin 

 

   process (clk, reset) 

      variable count : integer; 

   begin 

 if reset = '1' then  

    rd <= '1'; 

    wr <= '0'; 

    current <= start; 

    count := 0; 

      elsif clk = '1' and clk'event then  

    case current is 

    when start =>         -- ِاعلام ضزٍع کار بِ تزاض 
       wr <= '1'; 

  current <= wait_for_intr; 

    when wait_for_intr =>  -- ِاًتظار بزاي دريافت اعلام پاياى کار تَسط تزاض 
  if intr = '0' then 

     current <= read; 

  end if; 

    when read =>           -- ضِخَاًذى هقذار ديجيتال اس تزا  

  rd <= '0'; 

  count := delay_between_read; 

  current <= delay; 

    when delay =>       -- اًتظار بزاي اًتقال دادُ گزفتِ ضذُ اس تزاضِ ٍ تٌظين لبِ ّا 
  if count /= 0 then 

     if count = delay_between_read / 2 then 

        digital <= data; 

   wr <= '0'; 

     end if; 

     count := count - 1; 

       else 

     rd <= '1'; 

     current <= start; 

       end if; 

    end case; 

      end if; 

   end process; 

end Behavioral; 

 



  
   

 

 هجذل آًبلَگ ثِ ديؼيشبلگيشی دهب ثب اًذاصُ -19
 

ٍكال کٌاين.    ADC0804ٍسٍدی آًابلَگ ثاِ    سا ثِ ػٌَاى (LM35)كشاسسي  ػٌؼَسخَاّين يک  هي

2هشة  ثشاثش كبكل LM35دس  Voutؿَى كذاکظش هقذاس 
8
10دلِ دس  256=

mv   اخشت  دشبًؼيل ثايي(

2560ثشاثش  (Vref)دٍ دلِ( اػز، ثبيذ ٍلشبط هشػغ 
mv (2.56

v     ِقشاس دّين. ثشای ايي کابس ثبياذ ثاِ دبيا )

Vref/2 1.28، ًلف ايي ٍلشبط يؼٌي
v ساَاًين   ٌين. ايي کبس سا ثب اػش بدُ اص يک دشبًؼيَهشش هيسا اػوبل ک

 LM336کٌين کِ سَػاي سشاؿاِ    سش، اص يک ٍلشبط طبثز اػش بدُ هي اًؼبم دّين؛ هٌشْب ثشای دقز ثيؾ

2.5ؿَد. )ايي سشاؿِ دس دٍ ًَع  ايؼبد هي
V  ٍ5

V    .)هَػَد اػز 

ِ سا  seven_segخشٍػاي  دس ايي ؿاکل  . سا ثجٌذيذ 1هذاس ؿکل  . ايان شدٍُكال کا   segment-7دٍ  ثا

 segment-7ثشای فؼبل کشدى يک d(0)  ٍ d(1) ّبیخشٍػيسا فشاهَؽ ًکٌيذ. ّب  seg-7 یهقبٍهشْب

 8کاِ ثاِ ػابی خشٍػاي ثابيٌشی       دادُ ؿَدثشًبهِ ّن ثبيذ ًَسی سغييش سٍد. دس ّش للظِ ثِ کبس هي

 اًشْب آٍسدُ ؿذُ، اػش بدُ کٌيذ. داؿشِ ثبؿيذ. يؼٌي اص ثشًبهِ دٍم کِ دس BCDثيشي، دٍ خشٍػي 

داسيذ دهب سا سغييش دّيذ ٍ دس ّوبى كابل سَػاي    ًگِ هي LM35  ػٌؼَسثب يک َّيِ داؽ کِ ًضديک 

ػاٌغ   ػٌغ هؼوَلي دهبی آى ًبكيِ سا ثخَاًيذ. ثشای ؿٌذ هقذاس دهب، هقذاسی کِ سَػاي دهاب   يک دهب

 هقبيؼِ کٌيذ. ّب seg-7سٍی خَاًيذ سا ثب هقذاس  هي

1.28سا ثبيذ ثب ديـبًذى دشبًؼيَهشش دس كذ Vref/2 ِ داؿشِ ثبؿيذ کِ هقذاس سَػ
v  .قشاس دّيذ 

 



  

  

 

 

 

 

 FPGAگيشی دهب ثب هذاس اًذاصُ   1 ؿکل

 

 اًذ.      ًـبى دادُ ؿذُ 2دس ؿکل  LM35 ٍ LM336 ّبی دبيِ

 

  LM35 ٍ LM336ّبی سشاؿِّبی دبيِ   2ؿکل 

 

 دهبػٌغ: یثشًبهِ

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 



  
   

 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity temperature is 

   Port ( wr : out std_logic; 

          rd : out std_logic; 

          data : in std_logic_vector(7 downto 0); 

          intr : in std_logic; 

          seven_seg : out std_logic_vector(7 downto 0); 

     d : out std_logic_vector(3 downto 0); 

          clk : in std_logic; 

          reset : in std_logic); 

end temperature; 

 

architecture Behavioral of temperature is 

 

   constant delay_between_read : integer := 10000; -- 25 us 

   type state is (start, read, wait_for_intr, delay, convert); 

   signal current : state; 

   signal digital_i, digital_im : std_logic_vector(7 downto 0); 

 

   signal digital_1, digital_m_1, digit :  

          std_logic_vector(3 downto 0); 

   signal end_flag : std_logic; 

begin 

 

   process (clk, reset) 

      variable count : integer; 

   begin 

 if reset = '1' then  

    rd <= '1'; 

    wr <= '0'; 

    current <= start; 

    count := 0; 

    digital_im <= "00000000"; 

    digital_i <= "00000000"; 

    end_flag <= '0'; 

      elsif clk = '1' and clk'event then  

    case current is 

    when start => 

       wr <= '1'; 

  current <= wait_for_intr; 

    when wait_for_intr => 

  if intr = '0' then 

     current <= read; 

  end if; 

    when read => 

  rd <= '0'; 

  count := delay_between_read; 

  current <= delay; 

    when delay => 

  if count /= 0 then 

     if count = delay_between_read / 2 then 

        digital_i <= data; 

   wr <= '0'; 

     end if; 

     count := count - 1; 



  

  

 

 

  else 

     rd <= '1'; 

     current <= convert; 

 

     digital_im <= "00000000"; 

  end if; 

    when convert => 

  if end_flag = '0' then 

     digital_i <= digital_i + "11110110"; -- x - 10 

     digital_im <=  digital_im + 1; 

     if digital_i(7) = '1' then  

        end_flag <= '1'; 

   digital_i <= digital_i + "00001010"; -- x + 10 

   digital_im <= digital_im - 1; 

     end if; 

  else 

     current <= start; 

     end_flag <= '0'; 

     digital_1 <= digital_i(3 downto 0); 

     digital_m_1 <= digital_im(3 downto 0); 

  end if; 

    end case; 

      end if; 

   end process; 

 

   process (clk, reset) 

      variable count : integer; 

   begin 

      if reset = '1' then  

    count := 0; 

    digit <= "0000"; 

    d <= "0000"; 

      elsif clk = '1' and clk'event then  

    if count < 100 then 

       digit <= digital_1; 

  count := count + 1; 

  d <= "1101"; 

    elsif count < 200 then 

  digit <= digital_m_1; 

  count := count + 1; 

  d <= "1110"; 

    else 

  count := 0; 

    end if; 

      end if; 

   end process; 

 

   seven_seg <= "00000010" when digit = "0000" else  

           "10011110" when digit = "0001" else 

      "00100100" when digit = "0010" else 

      "00001100" when digit = "0011" else 

      "10011000" when digit = "0100" else 

      "01001000" when digit = "0101" else 

      "01000000" when digit = "0110" else 

      "00011110" when digit = "0111" else 

      "00000000" when digit = "1000" else 

      "00001000" when digit = "1001" else 

      "00010000" when digit = "1010" else 

      "11000000" when digit = "1011" else 

      "01100010" when digit = "1100" else 



  
   

 

      "10000100" when digit = "1101" else 

      "01100000" when digit = "1110" else 

      "01110000" when digit = "1111"; 

 

end Behavioral; 

ی ديگشی ثشای دهبػٌغ )ثب يک دشٍػغ(:ثشًبهِ  

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

entity temperature is 

   Port ( wr : out std_logic; 

          rd : out std_logic; 

          data : in std_logic_vector(7 downto 0); 

          intr : in std_logic; 

          seven_seg : out std_logic_vector(7 downto 0); 

          d : out std_logic_vector(1 downto 0); 

          clk : in std_logic; 

          reset : in std_logic); 

end temperature; 

 

architecture Behavioral of temperature is 

 

   constant delay_between_read : integer := 10000; -- 25 us 

   type state is (start, read, wait_for_intr, delay, convert); 

   signal current : state; 

   signal digital_i, digital_im : std_logic_vector(7 downto 0); 

   signal  digit :  std_logic_vector(3 downto 0); 

   signal end_flag : std_logic; 

 

begin 

 

   process (clk, reset) 

      variable count : integer; 

  variable count1 : integer; 

   begin 

       if reset = '1' then  

    rd <= '1'; 

    wr <= '0'; 

    current <= start; 

    count := 0; 

    digital_im <= "00000000"; 

    digital_i <= "00000000"; 

    end_flag <= '0'; 

   count1 := 0; 

    digit <= "0000"; 

    d <= "00"; 

      elsif clk = '1' and clk'event then  

    case current is 

    when start =>             -- ِاعلام ضزٍع کار بِ تزاض 
            wr <= '1'; 

            current <= wait_for_intr; 

    when wait_for_intr =>    -- ار بزاي دريافت اعلام پاياى کار تَسط تزاضِاًتظ  

  if intr = '0' then 



  

  

 

 

    current <= read; 

  end if; 

    when read =>           -- ِخَاًذى هقذار ديجيتال اس تزاض 
  rd <= '0'; 

  count := delay_between_read; 

  current <= delay; 

    when delay =>     -- ًتقال دادُ گزفتِ ضذُ اس تزاضِ ٍ تٌظين لبِ ّااًتظار بزاي ا  
  if count /= 0 then 

     if count = delay_between_read / 2 then 

        digital_i <= data; 

   wr <= '0'; 

     end if; 

     count := count - 1; 

  else 

     rd <= '1'; 

     current <= convert; 

     digital_im <= "00000000"; 

  end if; 

    when convert =>                  -- تبذيل بايٌزي بِ دسيوال 

  if end_flag = '0' then         --  ُدر صَرت هٌفي ًبَدى داد 
     digital_i <= digital_i + "11110110"; -- x - 10 

     digital_im <=  digital_im + 1; 

 با ّز بار کن کزدى اس هقذار دادُ يک ٍاحذ بِ دّگاى اضافِ هي ضَد--                                 
     if digital_i(7) = '1' then 

 منفی شذن داده را چک می کنذ --                          

        end_flag <= '1'; 

   digital_i <= digital_i + "00001010"; -- x + 10 

   digital_im <= digital_im - 1;  

ز بِ رقن دّگاى اضافِ ضذُ يک ٍاحذ کن هي کٌينتبيط بذليل ايٌکِ يک ٍاحذ --                                                                  
     end if; 

  else          -- در صَرت هٌفي ضذى دادُ کار تبذيل توام ضذُ ٍ بِ حالت ضزٍع هي رٍد 
     current <= start; 

     end_flag <= '0'; 

  end if; 

    end case; 

  if count1 < 100 then            -- باسُ ًوايص رقن يکاى 
       digit <= digital_i(3 downto 0); 

  count1 := count1 + 1; 

  d <= "01"; 

    elsif count1 < 20000 then             --  اىباسُ ًوايص رقن دّگ  
  digit <= digital_im(3 downto 0); 

  count1 := count + 1;   -- not count1:=count1 + 1; 

  d <= "10"; 

    else 

  count1 := 0; 

    end if; 

      end if; 

   end process; 

                                                                            

-- سَى سگوٌتًوايص در   
   seven_seg <= "00000010" when digit = "0000" else 

           "10011110" when digit = "0001" else 

      "00100100" when digit = "0010" else 

      "00001100" when digit = "0011" else 

      "10011000" when digit = "0100" else 

      "01001000" when digit = "0101" else 

      "01000000" when digit = "0110" else 



  
   

 

      "00011110" when digit = "0111" else 

      "00000000" when digit = "1000" else 

      "00001000" when digit = "1001" else 

      "00010000" when digit = "1010" else 

      "11000000" when digit = "1011" else 

      "01100010" when digit = "1100" else 

      "10000100" when digit = "1101" else 

      "01100000" when digit = "1110" else 

      "01110000" when digit = "1111"; 

 

end Behavioral; 





  

  

 

 

 هششٍلز -20
 

 :هذاسؿوبسيک  

 

 
 

 :هذاسسَهيلبر دس هَسد  

 

 

هاي   FPGAٍ ًوبيؾ آى سَػاي ثاشد    ADC0804ّذ  ، سـخيق هقذاس ٍلشبط ٍسٍدی ثب اػش بدُ اص 

 ثبؿذ

ػْاز هلبػاجِ ی هقاذاس ٍلشابط ٍسٍدی ٍ      ADC0804دس ايي دشٍطُ هب اص هجذل آًبلَگ ثِ ديؼيشبل 

 اػش بدُ کشدين. FPGAدس سَػي ثشد  سجذيل آى ثِ هقذاس ديؼيشبل ٍ ًوبيؾ آى



  
   

 

 
 



  

  

 

 

 



  
   

 

 



  

  

 

 

 

STATE DIAGRAM: 
 

 

 

 
WR=0, RD=1 

 

 
 :هذاسًلَُ ػولکشد 

 هاذاس  دس ؿاذُ  سؼجيِ دشبًؼيَهشش ًشيق اص آًبلَگ كَسر ثِ هجذل 18-11 ّبی دبيِ ًشيق اص ّب دادُ

 FPGA سٍی ؿذُ سؼجيِ ّبی ػگوٌز  ػَى سٍی ٍ ؿذُ هشٌبظش ديؼيشبل هقذاس ثِ سجذيل ؿذُ ٍاسد

 ًوبيؾ دادُ هي ؿَد.

 سا ًيضهٌبثق ؿوبسيک هشلل هي کٌين. READ,WRITE,INTدبيِ ّبی 

 .کٌين هي اػش بدُ ػذاگبًِ سغزيِ هٌجغ اص ًيض هذاس ثشق سبهيي ثشای

READ 

DELAY 

     WAIT 

FOR INT        

INTR

=0 

DELAY/

2=O 

WR

=1 

INT=

1 

WR<

=O 

START 

CALC 
DISPLAY 



  
   

 

 
  کذ:

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

entity vol is 

  port(clk,reset:in std_logic; 

       SevenSeg:out std_logic_vector(7 downto 0);    

       Sd : out std_logic_vector(2 downto 0); 

       ADC:in std_logic_vector(7 downto 0); 

   wr : out std_logic; 

   rd : out std_logic; 

   intr : in std_logic); 

  end vol; 

 

ARCHITECTURE structural OF vol IS 

 

constant delay_between_read:integer := 1000; -- 25 us 

type state is (start, read, wait_for_intr, delay, Calc, Display); 

SIGNAL Dig0,Dig1,Dig2: std_logic_vector(7 downto 0); 

SIGNAL volt:std_logic_vector(7 downto 0); 

signal current : state:=Start; 

begin 

  process(clk,reset) 

  variable count : integer; 

  variable i:integer:=0; 

  Variable Show:integer:=0; 

    begin 

      if reset = '1' then  

   SD<="111"; 

   rd <= '1'; 

       wr <= '0'; 

       current <= start; 

       count := 0; 

   i:=0; 

   Show:=0; 

       elsif clk = '1' and clk'event then  

        case current is 

           when start => 

              SD<="111"; 

      wr <= '1'; 

            current <= wait_for_intr; 

           when wait_for_intr => 

            if intr = '0' then 

               current <= read; 

               end if; 

           when read => 

           rd <= '0'; 

           count := delay_between_read; 

           current <= delay; 

           when delay => 

           if count /= 0 then 

              if count = delay_between_read / 2 then 

                 Volt <= ADC; 

               wr <= '0'; 



  

  

 

 

                 end if; 

              count := count - 1; 

            else 

              rd <= '1'; 

            Dig0<="00000000"; 

            Dig1<="00000000"; 

            Dig2<="00000000"; 

      current <= Calc; 

      i:=100; 

            end if; 

     when Calc=> 

          if i=0 then 

        if Volt>99 then 

           Volt<=Volt-100; 

         Dig2<=Dig2+1; 

       else 

          if Volt>9 then 

         Volt<=Volt-10; 

         Dig1<=Dig1+1; 

        else 

           Dig0<=Volt; 

         Current 

<=Display; 

         SD<="111"; 

         Show:=0; 

         i:=0; 

        end if;  

       end if; 

       else 

          i:=i-1; 

       end if; 

     when Display=> 

        if Show<20000 then 

         case i is 

        when 0 => 

         

 SD<="110";  

         

 Volt<=Dig0; 

        when 150=> 

              SD<="111";   

         

 Volt<="11000011"; 

        when 200 => 

         

 SD<="101"; 

         

 Volt<=Dig1; 

        when 350=> 

              SD<="111";   

         

 Volt<="11000011"; 

        when 400 => 

         

 SD<="011"; 

         

 Volt<=Dig2; 

        when 550=> 

              SD<="111";   



  
   

 

         

 Volt<="11000011"; 

        when Others=>null;  

          

       end case;  

         i:=i+1; 

       if i=600 then 

          SD<="111"; 

        Show:=show+1; 

        i:=0;  

       end if; 

      CASE volt IS  

       WHEN "00000000" => 

SevenSeg<="11000000";  

       WHEN "00000001" => 

SevenSeg<="11110011"; 

       WHEN "00000010" => 

SevenSeg<="10001001"; 

       WHEN "00000011" => 

SevenSeg<="10100001"; 

       WHEN "00000100" => 

SevenSeg<="10110010"; 

       WHEN "00000101" => 

SevenSeg<="10100100"; 

       WHEN "00000110" => 

SevenSeg<="10000100"; 

       WHEN "00000111" => 

SevenSeg<="11110001"; 

       WHEN "00001000" => 

SevenSeg<="10000000"; 

       WHEN "00001001" => 

SevenSeg<="10100000"; 

       WHEN OTHERS=> 

SevenSeg<="11111111"; 

       END CASE; 

        

      else 

                     Show:=0; 

                     i:=0; 

                     current<=Start; 

        end if; 

          end case; 

         end if; 

    end process; 

END structural; 

 

 
 

 

 



  

  

 

 

 هبلشي هشش -21
 شماتیک:

 

 
 برنامه:

 
library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

entity vol is 

  port(clk,reset:in std_logic; 

       -- seven segement "hgfedcba" 

       --SevenSeg:out std_logic_vector(7 downto 0);    

   -- 7==seg select 

       --Sd : out std_logic_vector(3 downto 0); 

   -- mode selecte 

       S  : in std_logic_vector(5 downto 0); 

   -- adc data in 

       ADC:in std_logic_vector(7 downto 0); 

       

   lED:out std_logic_vector(7 downto 0); 

   -- lcd Pins connector 

   Lcd_Data:out std_logic_vector(7 downto 0); 

   lcd_rs: out std_logic; 

   Lcd_En: out std_logic; 

   lcd_Wr: out std_logic;    

    

   -- adc rd, rw, intr 

   wr : out std_logic; 

   rd : out std_logic; 



  
   

 

   intr : in std_logic); 

  end vol; 

   

ARCHITECTURE structural OF vol IS 

constant delay_between_read:integer := 30; -- 30 us 

type Mainstate is (lcd_init,lcd_clear,Start, read, wait_for_intr, 

delay_Read, CalcVolt,CalcOhm,CalcAmper,Showlcd); 

type lcd_State is(none, Enable,Write); 

-- main FSM 

signal State : Mainstate:=Lcd_Init; 

signal Lcd:Lcd_State:=None; 

-- digit for 7 seg 

-- volt read from adc 

SIGNAL volt:std_logic_vector(9 downto 0); 

SIGNAL TEST:std_logic_vector(7 downto 0); 

-- volt & ohm & Amper 

signal V1,V2,Ohm:std_logic_vector(19 downto 0); 

--lcd signals 

type init_array is array(0 to 2)of std_logic_vector(7 downto 0); 

signal init: init_array:=("00111000", "00001110", "00000001"); 

type lcd_array is array(0 to 15)of std_logic_vector(7 downto 0); 

signal Lcd_Line: lcd_array:=("00100000", "00100000", "00100000", 

"00100000",  

           "00100000", 

"00100000", "00100000", "00100000", 

           "00100000", 

"00100000", "00100000", "00100000", 

           "00100000", 

"00100000", "00100000", "00100000" 

           ); 

constant delay_for_e : integer := 1; --25 * 20 NS = 500  ns >450 NS 

constant delay_for_write : integer := 5000;-- 5,000 *20 ns = 2.0 MS

 > 1.53Ms 

begin 

  process(clk,reset) 

  variable count,Part,Delay : integer:=0; 

  variable i,j,k:integer:=0; 

    begin 

      if reset = '1' then  

   --SD<="0000"; 

   rd <= '1'; 

       wr <= '0'; 

       count := 0; 

   i:=0; 

   Part:=0; 

   Ohm<=(Others=>'0'); 

   v1<=(Others=>'1'); 

   v2<=(others=>'1'); 

   TEST<=(OTHERS=>'1'); 

       State <= lcd_init; 

   lcd_rs<='0'; 

   lcd_en<='0'; 

   lcd_wr<='0'; 

   lcd<=None; 

   -- preset variabels & signals 

       elsif clk = '1' and clk'event then  

     if Delay>0 then  

     Delay:=Delay-1; 

    else 

     case lcd is 



  

  

 

 

      when Enable=> 

        lcd_En<='1';  

          Delay:= Delay_For_E; 

        lcd<=Write; 

         

      when Write=> 

        Lcd_En<='0'; 

       

 Delay:=Delay_for_Write; 

        Lcd<=None; 

      when None=> 

             case State is 

         when lcd_init=> 

          if Part<2 

then 

          

 lcd_data<=init(Part); 

          

 lcd_rs<='0'; 

          

 lcd<=Enable; 

          

 Part:=Part+1; 

          else 

          

 State<=Lcd_Clear; 

          

 part:=0; 

          end if; 

         when 

lcd_clear=> 

             if 

part<16 then 

             

 lcd_Line(Part)<="00100000"; 

             

 Part:=Part+1; 

            

 else 

             

 lcd_Data<=init(2); 

             

 lcd_rs<='0'; 

           

 State<=Start; 

           

 lcd<=Enable; 

           

 Part:=0; 

             end 

if; 

            -- Start Read from 

adc 

                when Start => 

           

 Count:=0; 

            wr 

<= '1'; 

                  State <= 

wait_for_intr; 



  
   

 

 

         -- wait for 

intr =0 

                when wait_for_intr => 

            if 

intr = '0' then 

                     State <= 

read; 

                  end if; 

          -- read adc 

state 

                when read => 

                rd <= 

'0'; 

                count := 

delay_between_read; 

                State <= 

delay_read; 

                when delay_Read => 

                 if count > 0 

then 

                    if count = 

delay_between_read / 2 then 

           

  Volt <= "0"&ADC&"0"; 

           

  test<=ADC; 

           

  -- read data 

           

  wr <= '0'; 

                     end if; 

                    count := count 

- 1; 

                  else 

           

 rd <= '1'; 

           

 -- select Show State 

           

 If S(0)='1' then 

           

  -- Show 00.00 in Left of lcd 

           

  lcd_Line(0)<="00110000"; 

           

  lcd_Line(1)<="00110000"; 

           

  lcd_Line(2)<="00101110"; -- dot 

           

  lcd_Line(3)<="00110000"; 

           

  lcd_Line(4)<="00110000"; 

           

  -- show Volt in Write of lcd 

           

  lcd_line(12)<="01010110"; 

           

  lcd_line(13)<="01101111"; 



  

  

 

 

           

  lcd_line(14)<="01101100"; 

           

  lcd_line(15)<="01110100"; 

           

  State <= CalcVolt; 

           

  Part:=0; 

           

 elsif S(3 downto 1)>"000" then  

                 

 -- v1= 4.88 v ref base 

           

   -- show 000.0 in left of lcd 

           

   lcd_Line(0)<="00110000"; 

           

   lcd_Line(1)<="00110000"; 

           

   lcd_Line(2)<="00110000"; 

           

   lcd_Line(3)<="00101110"; -- dot 

           

   lcd_Line(4)<="00110000"; 

 

           

   -- Show Ohm in Write of Lcd 

           

   lcd_Line(13)<="01001111"; 

           

   lcd_Line(14)<="01101000"; 

           

   lcd_Line(15)<="01101101"; 

 

           

   V1(19 downto 0)<="00000000001000000000"; 

           

   i:=0; 

           

   Part:=0; 

           

   State <= CalcOhm; 

           

  elsif S(5 downto 4)>"00" then 

           

    -- show 000.0 in left of lcd 

           

    lcd_Line(0)<="00110000"; 

           

    lcd_Line(1)<="00110000"; 

           

    lcd_Line(2)<="00110000"; 

           

    lcd_Line(3)<="00101110"; -- dot 

           

    lcd_Line(4)<="00110000"; 

           

    -- Show Amp in write of lcd 

           

    lcd_Line(13)<="01000001"; 



  
   

 

           

    lcd_Line(14)<="01101101"; 

           

    lcd_Line(15)<="01110000"; 

           

    V1(19 downto 0)<= "0000000000"&Volt(9 downto 

0); 

           

    Part:=0; 

           

    State <= CalcAmper; 

           

   else 

           

    State<=CalcVolt; 

           

 end if; 

           

 i:=0; 

                  end if; 

         when CalcVolt 

=> 

             -- 

divide digits 

          

 delay:=10; 

           if 

Volt>999 then 

               

 Volt<=Volt-1000; 

             

 Lcd_Line(0)<=Lcd_Line(0)+1; 

            

 elsif Volt>99 then 

                

 Volt<=Volt-100; 

             

  Lcd_Line(1)<=lcd_Line(1)+1; 

           

 elsif Volt>9 then 

           

   Volt<=Volt-10; 

           

   Lcd_Line(3)<=lcd_Line(3)+1; 

           

  else 

           

   Lcd_Line(4)<=lcd_Line(4)+Volt(7 downto 0); 

           

   rd <= '1'; 

                 

 wr <= '0'; 

           

   i:=0; 

           

   Part:=0; 

           

   State <=Showlcd; 

           end 

if; 



  

  

 

 

         when CalcOhm =>

     

             

delay:=20;   

             if 

Part=0 then 

           

 V2(19 downto 0)<="0000000000" & Volt(9 downto 0); 

           

 Ohm<="00000000000000000000"; 

           

 Part:=1; 

            

 elsif Part=1 then 

           

  v1<=v1-v2; 

           

  if v2>0 then 

           

   part:=2; 

            

  else 

            

   part:=5; 

            

  end if; 

           

 elsif part=2 then 

           

   -- select Ohm meter renge 

              

  case S(3 downto 1)is 

           

    when "001"=>   -- 127 ohm 

           

      v1(19 downto 0)<= V1(12 downto 

0)&"0000000" ; 

           

    when "010"=>  -- 10 k ohm 

           

      lcd_line(12)<="01001011"; 

           

      v1(19 downto 0)<= V1(9 downto 

0)&"0000000000" ; 

           

    when "100"=>  -- 120 k==k ohm 

           

      lcd_line(12)<="01001011"; 

           

      v1(19 downto 0)<= V1(9 downto 

0)&"0000000000" ; 

           

    when others=>  Ohm<="00000000000000000000"; 

           

   end case;    

           

   part:=3; 

           

   i:=0; 



  
   

 

           

  elsif Part=3 then 

           

    if v1>v2 then 

           

       v1<=v1-v2; 

           

       Ohm<=Ohm+1; 

           

    else       

        

           

     Part:=4; 

           

    end if; 

           

   elsif Part=4 then 

           

     part:=5; 

           

     -- divide ohm digits 

           

    elsif Part=5 then 

             

      if Ohm>999 then 

                

      Ohm<=Ohm-1000; 

           

       lcd_line(0)<=Lcd_Line(0)+1; 

           

      elsif Ohm>99 then 

                

       Ohm<=Ohm-100; 

           

       

 lcd_line(1)<=Lcd_Line(1)+1; 

           

       elsif Ohm>9 then 

           

         Ohm<=Ohm-10; 

           

        

 lcd_line(2)<=Lcd_Line(2)+1; 

           

        else 

              

       

 Lcd_Line(4)<="00110000"+Ohm(7 downto 0); 

           

         rd <= '1'; 

              

        wr <= '0'; 

           

         Part:=6; 

           

       end if; 

           

     elsif part=6 then 

           

         case s(3 downto 1) is 



  

  

 

 

           

         when "001"=> 

           

              

Lcd_Line(3)<=Lcd_Line(4); 

           

         

 LCd_Line(4)<="00100000"; 

           

         when "010" => 

           

         

 Lcd_Line(3)<=Lcd_Line(2); 

           

              

Lcd_Line(2)<="00101110"; 

           

          when "100"=>null; 

           

          when Others=> 

           

           

 lcd_Line(0)<="01000101"; 

           

           

 lcd_Line(1)<="01110010"; 

           

           

 lcd_Line(2)<="01110010"; 

           

           

 lcd_Line(3)<="01101111"; 

           

           

 lcd_Line(4)<="01110010"; 

           

       end case; 

           

       part:=7; 

           

      else 

           

       Part:=0; 

           

       i:=0; 

           

       State <= ShowLcd; 

 

           

       

           end 

if; 

         when 

CalcAmper=> 

          

 delay:=10; 

              if Part=0 

then 

                  -- select 

Amper type 



  
   

 

            

 case S(5 downto 4) is 

            

  when "01"=>   -- Amper and  mili amper 

           

    v1(19 downto 0)<="0"&v1(19 downto 1)+v1(17 

downto 0)&"0"; 

           

    lcd_line(9) <="01101101"; 

           

    lcd_line(10)<="01101001"; 

           

    lcd_line(11)<="01101100"; 

           

  when others=>  -- micro amper 

           

    v1(19 downto 0)<=v1(17 downto 0)&"00"; 

           

    lcd_line(7) <="01101101"; 

           

    lcd_line(8) <="01101001"; 

           

    lcd_line(9) <="01100011"; 

           

    lcd_line(10)<="01110010"; 

           

    lcd_line(11)<="01101111"; 

           

 end case; 

           

 Part:=1; 

           

 --divide amper digits 

          

 elsif Part=1 then 

           

  part:=2;   

           

 elsif part=2 then 

             

   if V1>999 then 

                

   V1<=V1-1000; 

             

    lcd_line(0)<=Lcd_Line(0)+1; 

             

   elsif V1>99 then 

                

    V1<=V1-100; 

             

     lcd_line(1)<=Lcd_Line(1)+1; 

           

    elsif V1>9 then 

           

      V1<=V1-10; 

           

      lcd_line(2)<=Lcd_Line(2)+1; 

           

     else 



  

  

 

 

           

      lcd_line(4)<="00110000"+ V1(7 

downto 0); 

           

      rd <= '1'; 

                 

    wr <= '0'; 

           

      i:=0; 

           

      Part:=3; 

           

   end if; 

           

  elsif part=3 then 

           

   --if s(5)='1' then 

           

    lcd_line(3)<=lcd_line(4); 

           

    lcd_line(4)<="00100000"; 

           

   --end if; 

           

   part:=0; 

           

   State <= ShowLcd; 

            

  end if;   

when Showlcd=> 

 if Part<16 then 

              

Lcd_Data<=Lcd_Line(Part); 

           

 lcd_Rs<='1'; 

           

 Lcd<=Enable; 

           

 Part:=Part+1; 

          

 else 

             

 Part:=0; 

           

 State<=Lcd_Clear; 

           

 Delay:=1000000; 

  end if;    

 when others=> State <= lcd_init; 

          

 test<="11111111"; 

               end case; 

          end case; 

      end if;     

        end if; 

    LED<=TEST; 

    end process; 

         

        

end structural; 



  
   

 

 touchاسلبل  -22
 

ثب اػش بدُ اص هقبٍهشْبيي کِ دس خَد داسد دٍ هقذاس هخشلف ثاِ هاب هيذّاذ يکاي      Touchهيذاًين کِ 

کِ ثِ كَسر ٍلشبط آًبلَگ هي ثبؿذ ثٌبثشايي ثشای ايي دشٍطُ دس اثشذا ثبيذ  yديگشی ثشای  xثشای هقذاس

آًبلَگ سا ؿٌبػابيي ًويکٌاذ ٍ    هقبديش FPGAيک هذاس سجذيل آًبلَگ ثِ ديؼيشبل داؿشِ ثبؿين صيشا 

سجذيل  segment,page ,column  ٍDataػذغ هقبديش ديؼيشبل ثذػز آهذُ سا سجذيل ثِ ؿْبس هقذاس 

 ًوبيؾ دّين. GLCDسا دس  Touchکٌين کِ ثشَاًين ًقٌِ هشٌبظش فـشدُ ؿذُ دس 

داسد کِ ثشای ّش  ّبی هخشل ي هي ثبؿذ کِ ّش کذام ٍظي ِ هٌللش ثِ خَد سا  Stateثشًبهِ هبؿبهل 

 کذام دس خَد ثشًبهِ کبهٌز گزاسی ؿذُ  ٍ سَهيق دادُ ؿذُ اػز.

 
 هـبّذُ هي کٌين:قؼوز ّبی صيش ثشًبهِ سا دس ايي هذاس ؿکل 

 

 
 ؿکل ظبّشی ك لِ لوؼي ٍ سـشيق دبيِ ّبی آى.
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 ك لِ لوؼي هي ثبؿذ. دس yٍ خشٍػي   xػذٍل صيش هشثَى ثِ هلبػجِ ٍلشبط خشٍػي

 

    
    

    



  

  

 

 

 

اس

 :FPGAكبل قٌؼبر هذاس ثِ 

 
 x  ٍyّبی  adcدس     ٍ     هذاس ؿکل صيش هشثَى ثِ اػوبل ٍلشبطّبی هٌبػت ثِ دبيِ ّبی

 دس ك لِ ًوبيؾ کبليجشُ ًوبيين.  ثشَاًين خشٍػي ك لِ لوؼي سا هي ثبؿذ سب

 



  
   

 

 
 

 

 
 

 : ٍ ؿشف دبيِ ّبيؾ GLCDؿکل 



  

  

 

 

 
 

Function Symbol 
Pin 

# 
Function Symbol 

Pin 

# 

Data Bus Line 4 DB4 11 GND VSS 1 

Data Bus Line 5 DB5 12 Power Supply (5V) VDD 2 

Data Bus Line 6 DB6 13 Contrast Adjustment Vo 3 

Data Bus Line 7 DB7 14 Data/Instruction D/I 4 

Chip Select for IC1 CS1 15 Data Read/Write R/W 5 

Chip Select for IC2 CS2 16 
H  L   Enable 

Signal 
E 6 

Reset RST 17 Data Bus Line 0 DB0 7 

Negative Voltage Output Vee 18 Data Bus Line 1 DB1 8 

Power Supply for LED 

(4.2V) 
A 19 Data Bus Line 2 DB2 9 

Power Supply for LED 

(0V) 
K 20 Data Bus Line 3 DB3 10 

 
State Diagram  ثشًبهِ دس صيش آهذُ اػز.  
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 Xخَاًاذى   Stateّوبًٌَس کِ هـبّذُ هي ؿَد ايي ثشًبهِ ثؼذ اص ايٌکِ ثِ اًشْاب سػايذ دٍ ثابسُ ثاِ     

 Read_xبی ّا   Stateقٌِ ثؼذی سا دس يبفز کٌذ ٍ هکابى آًاشا ًوابيؾ دّاذ.دس     ًثشگـز هيکٌذ سب 

ٍRead_y  ثبس هقذاس  20ثِ سؼذادx ٍy       خَاًذُ هي ؿَد ٍ ثب هقذاس اٍليِ هقبيؼِ هاي ؿاَد اگاش ثشاثاش

ثؼذی هي سٍد اگش ثشاثش ًجَدًذ دٍثبسُ ؿشٍع ثِ خَاًذى هقبديش ٍ هقبيؼِ هاي کٌاذ ساب     Stateثَدًذ ثِ 

ٍػَد داسد کِ ًـبى هاي دّاذ    Resultثبس ثب ّن ثشاثش ثبؿٌذ .دس ثشًبهِ يک خشٍػي ثب ًبم  20كذاقل 

  Stateکيذ هي گشدد اص کاذام  ز،سبّب خبسع ؿذُ اػ  Stateهذاس ثشًبهِ دس ًَل اػشا سب کٌَى اص کذام 

 ّب خبسع ؿذُ اػز.

 صيش ثشًبهِ ثِ ّوشاُ سَهيلبر آٍسدُ ؿذُ اػز. قؼوز دس

 
library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

entity touch is 

   Port ( data : out std_logic_vector(7 downto 0);--<= GLCD 

          di : out std_logic;--<= GLCD 



  

  

 

 

          rw : out std_logic;--<= GLCD 

          e : out std_logic;--<= GLCD 

          rst : out std_logic;--<= GLCD 

          clk : in std_logic;--<= GLCD 

          reset : in std_logic;--<= GLCD 

          x_select : out std_logic;--<= GLCD 

          y_select : out std_logic;--<= GLCD 

          segment : out std_logic_vector(1 downto 0);--<= GLCD 

 ---read from adc for x and y ------------ 

          wr_adc_x,rd_adc_x:out std_logic;--<= Read X & Y 

          intr_x : in std_logic;--<= Read X & Y 

          data_adc_x :in std_logic_vector(7 downto 0);--<= Read X & Y 

          wr_adc_y,rd_adc_y:out std_logic;--<= Read X & Y 

          intr_y : in std_logic;--<= Read X & Y 

          data_adc_y :in std_logic_vector(7 downto 0);--<= Read X & Y 

          result : out std_logic_vector(8 downto 0)--<= For Check 

State's 

          ); 

end touch; 

architecture Behavioral of touch is  

   signal page : std_logic_vector (7 downto 0);  --jame B8H + 

y_digital (7 downto 5) 

   signal column : std_logic_vector(7 downto 0); --jame 40H + 

x_digital(6 downto 1) 

   signal Pixel : std_logic_vector(7 downto 0);  --decod shode 

y_digital(4 downto 2) 

   constant delay_for_e : integer := 23; --23 * 19 NS = 450 NS  

baraye ijade labe 

   constant delay_between_data : integer := 100000; --baraye ijade 

delay monaseb ta data roye khat gharar girad 

   type state is (start, write, delay_write, delay, read_x, 

read_y,Read_Write_SRAM,Read_ADC_x,Read_ADC_y, which, clear, normal); 

--read_GLCD 

   signal current, caller : state; 

   signal part,part_mul_read_RAM_2,test_part, 

part1,par,part_adr_RAM_1,part_Read_RAM_2,part_mul_RAM_2,part_Write_RA

M_1,part_Write_RAM_2,part_x,part_y : integer;--

part=>write,part1=>Normal,Part2=>read_GLCD,Part_X=>read_x,Part_y=>rea

d_y 

   type state_which is (page_column,on_Pixel);--state haye lazem 

baraye state which 

   signal current_which : state_which; 

   signal x_digital : std_logic_vector(7 downto 0);--maghadir khandeh 

shodeh az adc 

   signal y_digital : std_logic_vector(7 downto 0);--maghadir khandeh 

shodeh az adc 

   signal data_temp : std_logic_vector(7 downto 0); 

   constant delay_between_read: integer :=1250;--for read from Analog 

Digital Convertor 

   type state_adc_x is 

(start_adc_x,read_adc_x,wait_for_intr_x,delay_adc_x);--state haye 

lazem baraye state Read_ADC_X 

   signal current_adc_x : state_adc_x; 

   type state_adc_y is 

(start_adc_y,read_adc_y,wait_for_intr_y,delay_adc_y);--state haye 

lazem baraye state Read_ADC_Y 

   signal current_adc_y : state_adc_y; 

   --baraye check kardane maghadire x & y  

   signal check_part_x ,l :integer; 

   signal x_1,x_for_check : std_logic_vector(7 downto 0); 



  
   

 

   signal check_part_y ,m :integer; 

   signal y_1,y_for_check : std_logic_vector(7 downto 0); 

   type state_RAM is (check,Write_RAM_1,Read_RAM_2,Write_RAM_2); 

   signal Current_RAM : state_RAM; 

   signal adr_ram_1 : std_logic_vector(8 downto 0); 

   signal adr_ram_2 : std_logic_vector(9 downto 0); 

   signal dati_RAM_1 : std_logic_vector(8 downto 0); 

 signal dato_RAM_1 : std_logic_vector(8 downto 0); 

   signal dati_RAM_2 : std_logic_vector(7 downto 0); 

 signal dato_RAM_2 : std_logic_vector(7 downto 0); 

   signal wen_RAM_1, wen_RAM_2 : std_logic ; 

   signal r1_add_counter : integer range 0 to 511; 

 signal c :integer; 

 signal mul :std_logic_vector(9 downto 0); 

------expalin RAM_2-------------- 

  type mem_array_2 is array (0 to 1023) of std_logic_vector(7 downto 

0); 

    signal ram_2 : mem_array_2; 

------explain RAM_1-------------- 

    type mem_array_1 is array (0 to 511) of std_logic_vector(8 downto 

0); 

    signal ram_1 : mem_array_1; 

begin 

   process (clk, reset) 

     variable i, count : integer; 

     variable count_adc_x:integer; 

     variable count_adc_y:integer; 

    begin 

 

     if reset = '1' then  

      current <= start; 

    Current_RAM<=check; 

      di <= '0'; 

      rw <= '0'; 

      e <= '0'; 

    c<=0; 

      segment <= "11"; 

      rst <= '1'; 

      count := 0; 

      i := 0; 

      l<=0; 

      m<=0; 

      part_x <= 0; 

      part_y <= 0; 

      part <= 0; 

      part1 <= 0; 

    par<= 0; 

    test_part<=0; 

    part_mul_read_RAM_2 <=0; 

    part_adr_RAM_1 <=0; 

    part_Read_RAM_2<=0; 

        part_Write_RAM_1 <=0; 

        part_Write_RAM_2 <=0; 

        part_mul_RAM_2<=0; 

        r1_add_counter<=0; 

      check_part_x<=0; 

      check_part_y<=0; 

      page <= "00000000"; 

      current_which<= page_column; 

      rd_adc_x<= '1'; 



  

  

 

 

      wr_adc_x<= '0'; 

      current_adc_x<= start_adc_x; 

      count_adc_x :=0; 

      rd_adc_y<= '1'; 

      wr_adc_y<= '0'; 

      current_adc_y<= start_adc_y; 

      count_adc_y :=0; 

        result<="000000000"; 

    elsif clk = '1' and clk'event then  

      case current is 

       when start => 

         data <= "00111111"; 

         di <= '0'; 

         caller <= clear; 

         current <= write; 

-------------------------write---------------------- 

       when write => 

        if part = 0 then 

          e <= '1'; 

          count := delay_for_e; 

          part <= part + 1; 

          current <= delay_write; 

        elsif part = 1 then 

          e <= '0'; 

          count := delay_between_data; 

          current <= delay_write; 

          part <= part + 1; 

        else 

          current <= caller; 

          part <= 0; 

        end if; 

-------------------------delay_write---------------------- 

        when delay_write => 

         count := count - 1; 

        if count = 0 then 

          current <= write; 

         end if; 

-------------------------clear---------------------- 

       when clear => 

        if i = 0 then 

          data <= "10111000" + page; 

          di <= '0'; 

          caller <= clear; 

         current <= write; 

         i := i + 1; 

       elsif i = 1 then 

         data <= "01000000"; 

         di <= '0'; 

         caller <= clear; 

         current <= write; 

         i := i + 1; 

       elsif i > 1 and i < 66 then 

         data <= "00000000"; 

         di <= '1'; 

         caller <= clear; 

         current <= write; 

         i := i + 1; 

       elsif i = 66 then 

         page <= page + 1; 

         i := 0; 



  
   

 

         if page = 7 then  

           current <= read_x; 

         end if; 

       end if; 

-------------------------read_x------------------ 

         when read_x => 

           if part_x= 0 then 

             x_select <= '1'; 

             y_select <= '0'; 

             part_x <= part_x+1; 

             count := 10000; --delay monaseb ta voltage ha az 

transistor ha obur konad va touch voltage khorouji bedahad 

             current <= delay; 

             caller <= read_x; 

           elsif part_x= 1 then 

               if check_part_x=0 then 

                 l<=l+1; 

               current <=Read_ADC_x ; 

               caller<=read_x; 

                 check_part_x<=check_part_x+1; 

               elsif check_part_x=1 then 

                 if l=1 then 

                   x_1<=x_for_check; 

                 end if; 

                 l<=l+1; 

                 current <=Read_ADC_x; 

                 check_part_x<=check_part_x+1; 

               elsif check_part_x=2 then 

                 if x_1 = x_for_check then 

       if l<14 then   

  

         check_part_x<=1; 

         l<=l+1; 

                   elsif l=14 then    

         l<=0; 

         check_part_x<=0; 

         part_x<=Part_x+1; 

        x_digital<="11111111" - x_1; 

                   end if;  

                 else 

                  check_part_x<=0; 

                  l<=0; 

                end if; 

              end if; 

           elsif part_x= 2 then 

             current <= read_y; 

             part_x <= 0; 

           end if; 

-------------------------delay------------------ 

         when delay => 

           count := count - 1; 

           if count = 0 then 

             current <= caller; 

           end if; 

-------------------------read_y------------------ 

         when read_y => 

           if part_y= 0 then 

             y_select <= '1'; 

             x_select <= '0'; 

             part_y <= part_y+1; 



  

  

 

 

             count := 10000; --delay monaseb ta voltage ha az 

transistor ha obur konad va touch voltage khorouji bedahad 

             current <= delay; 

             caller <= read_y; 

           elsif part_y= 1 then 

               if check_part_y=0 then 

                 m<=m+1; 

               current <=Read_ADC_y; 

                 check_part_y<=check_part_y+1; 

               elsif check_part_y=1 then 

       if m=1 then 

                   y_1<=y_for_check; 

       end if; 

                 m<=m+1; 

                 current <=Read_ADC_y; 

                 check_part_y<=check_part_y+1; 

               elsif check_part_y=2 then 

                 if y_1 = y_for_check then 

       if m<16 then    

         check_part_y<=1; 

         m<=m+1; 

                   elsif m=16 then   

         m<=0; 

         check_part_y<=0; 

         part_y<=Part_y+1; 

        y_digital<=y_1; 

                   end if;  

                 else 

                  check_part_y<=0; 

                  m<=0; 

                end if; 

              end if; 

           elsif part_y= 2 then 

             current <= which; 

             part_y <= 0; 

           end if; 

--------------------------Read_ADC_x----------------- 

         when Read_ADC_x => 

           case current_adc_x is 

             when start_adc_X => 

               wr_adc_x<='1'; 

               current_adc_x<= wait_for_intr_x; 

             when wait_for_intr_x => 

               if(intr_x='0') then 

                 current_adc_x<=read_adc_x; 

               end if; 

             when read_adc_x => 

               rd_adc_x<='0'; 

               count_adc_x:=delay_between_read; 

               current_adc_x<=delay_adc_x; 

             when delay_adc_x => 

               if(count_adc_x/=0)then 

                 if(count_adc_x=delay_between_read/2)then 

                   x_for_check<= data_adc_x; 

                   wr_adc_x<='0'; 

                 end if; 

                 count_adc_x:=count_adc_x-1; 

               else 

                 rd_adc_x<='1'; 

                 current_adc_x <= start_adc_x; 



  
   

 

                 current <= read_x; 

               end if; 

           end case; 

--------------------------Read_ADC_y----------------- 

         when Read_ADC_y => 

           case current_adc_y is 

             when start_adc_y => 

               wr_adc_y<='1'; 

               current_adc_y<= wait_for_intr_y; 

             when wait_for_intr_y => 

               if(intr_y='0') then 

                 current_adc_y<=read_adc_y; 

               end if; 

             when read_adc_y => 

               rd_adc_y<='0'; 

               count_adc_y:=delay_between_read; 

               current_adc_y<=delay_adc_y; 

             when delay_adc_y => 

               if(count_adc_y/=0)then 

                 if(count_adc_y=delay_between_read/2)then 

                   y_for_check<= data_adc_y; 

                   wr_adc_y<='0'; 

                 end if; 

                 count_adc_y:=count_adc_y-1; 

               else 

                 rd_adc_y<='1'; 

                 current_adc_y <= start_adc_y; 

                 current <= read_y; 

               end if; 

           end case; 

-------------------------which------------------ 

         when which => 

     if (x_digital="11111111"  and 

y_digital="00000000" )then--BARAY gheyre fa'al kardan noqte (0,0) 

        current<=read_x;  

    else  

           case current_which is  

             when page_column => 

               if ( x_digital(7)= '0' ) then 

                 segment <= "01"; --- baray moshakhas kardane 

Segment aval 

               elsif ( x_digital(7)= '1' ) then 

                 segment <= "10"; --- baray moshakhas kardane 

Segment dovom 

               end if; 

               column <= "01" & x_digital(6 downto 1); --- baray 

moshakhas kardane kodam soton az page 

               page <= "10111" & y_digital (7 downto 5); ---

baray moshakhas kardane kodam page az segment 

               current_which<=on_Pixel; 

             when on_Pixel => 

               case y_digital(4 downto 2) is 

                 when "000" => 

                   pixel <= "00000001"; 

                   current <= Read_Write_SRAM; 

                   current_which<= page_column; 

                 when "001" =>--<=Roshan shodane 1th pixcel 

                   pixel <= "00000010"; 

                   current <= Read_Write_SRAM; 

                   current_which<= page_column; 



  

  

 

 

                 when "010" =>--<=Roshan shodane 2nd pixcel 

                   pixel <= "00000100"; 

                   current <= Read_Write_SRAM; 

                   current_which<= page_column; 

                   result(6) <= '1'; 

                 when "011" =>--<=Roshan shodane 3th pixcel 

                   pixel <= "00001000"; 

                   current <= Read_Write_SRAM; 

                   current_which<= page_column; 

                 when "100" =>--<=Roshan shodane 4th pixcel 

                   pixel <= "00010000"; 

                   current <= Read_Write_SRAM; 

                   current_which<= page_column; 

                 when "101" =>--<=Roshan shodane 5th pixcel 

                   pixel <= "00100000"; 

                   current <= Read_Write_SRAM; 

                   current_which<= page_column; 

                 when "110" =>--<=Roshan shodane 6th pixcel 

                   pixel <= "01000000"; 

                   current <= Read_Write_SRAM; 

                   current_which<= page_column; 

                 when "111" =>--<=Roshan shodane 7th pixcel 

                   pixel <= "10000000"; 

                   current <= Read_Write_SRAM; 

                   current_which<= page_column; 

                 when others  => 

                   pixel <= "00000000"; 

                   current <= Read_Write_SRAM; 

                   current_which<= page_column; 

               end case; 

           end case; 

     end if;----- 

-------------------------Read_Write_SRAM--------- 

   when Read_Write_SRAM => 

case Current_RAM is 

   when check => 

     if c < r1_add_counter then 

     if part_adr_RAM_1 = 0 then 

     adr_RAM_1<=Conv_std_logic_vector(c,9); 

    part_adr_RAM_1 <= 1; 

   elsif part_adr_RAM_1 = 1 then 

    if dato_RAM_1 = ( y_digital(7 downto 5) & X_digital(6 

downto 1) ) then 

             Current_RAM <= Read_RAM_2; 

             c<=0;      --reset counter 

     part_adr_RAM_1 <= 0; --reset if 

       result(0)<='1';   --allert for 

outgoing 

           else 

       c <=c+1;   --reset counter 

       part_adr_RAM_1 <= 0; --reset if 

     end if; 

         end if; 

       else 

     Current_Ram<=Write_RAM_1;  --agar sabet shavad ghablan 

dar ram2 dar satr morede nazar naneveshteh eim; 

     c<=0;        --

reset counter 

     result(1)<='1'; 

   end if; 



  
   

 

   when Write_RAM_1 => 

     if part_Write_RAM_1=0 then 

       wen_RAM_1<='1'; 

       adr_RAM_1<=Conv_std_logic_vector(r1_add_counter,9); 

       dati_RAM_1<=( y_digital(7 downto 5) & X_digital(6 downto 1) ); 

       r1_add_counter<=r1_add_counter+1; 

       part_Write_RAM_1<=1; 

     elsif part_Write_RAM_1=1 then 

       wen_RAM_1<='0'; 

       part_Write_RAM_1<=0; 

       Current_Ram<=Write_RAM_2; 

   result(2)<='1'; 

       data_temp<=Pixel;        --baraye in ke pixel haman dadeh E 

ast ke bayad dar ram2 zakhireh shavad 

     end if; 

   when Read_RAM_2 => 

   if part_mul_read_RAM_2 < conv_integer(y_digital(7 downto 5)) 

then--baraye sakhtane adress ram 2 

     mul <= mul +("00" & "10000000") ; --mohasebeye adress 

"ghesmate kodam page"  

   part_mul_read_RAM_2<=part_mul_read_RAM_2+1; 

     else 

     if part_Read_RAM_2 = 0 then 

         adr_RAM_2<=(mul + ("0000" & X_digital(6 downto 1))); --

adress for read from ram 2 

   part_Read_RAM_2 <= 1; 

       elsif part_Read_RAM_2 = 1 then 

         data_temp <= ( dato_RAM_2 or pixel ); --macke or new and old 

data 

         Current_Ram<=Write_RAM_2; --next hop 

     part_Read_RAM_2 <= 0;  --reset if 

   part_mul_read_RAM_2 <= 0; --reset if 

   mul<="0000000000";   --reset value of mul 

     result(3)<='1';    --allert for outgoing 

       end if; 

     end if; 

   when Write_RAM_2 => 

     if part_Write_RAM_2=0 then 

     if part_mul_RAM_2 < conv_integer(y_digital(7 downto 5)) 

then 

       mul <= mul +("00" & "10000000") ; 

   part_mul_RAM_2<=part_mul_RAM_2+1; 

       else 

     if par = 0 then 

           wen_RAM_2<='1'; 

           adr_RAM_2<= mul + X_digital (6 downto 1); 

           dati_RAM_2<=data_temp; 

     par <= 1; 

   elsif par = 1 then 

           part_Write_RAM_2<=1; 

     part_mul_RAM_2<=0; 

     par<=0; 

   end if; 

       end if; 

     elsif part_Write_RAM_2=1 then 

       wen_RAM_2<='0'; 

       part_Write_RAM_2<=0; 

       Current_Ram<=check; 

       Current<=normal; 

   mul<="0000000000"; 



  

  

 

 

   result(7) <= '1'; 

   result(4)<='1'; 

     end if; 

   end case; 

-------------------------normal------------------ 

         when normal => 

           if part1 = 0 then 

              rw <= '0'; 

             data <= page; 

             di <= '0'; 

             caller <= normal; 

             current <= write; 

             part1 <= part1 + 1; 

           elsif part1 = 1 then 

             data <= column; 

             di <= '0'; 

             caller <= normal; 

             current <= write; 

             part1 <= part1 + 1; 

           elsif part1 = 2 then 

             data <= pixel or data_temp; 

             di <= '1'; 

             caller <= normal; 

             current <= write; 

             part1 <= part1+ 1; 

           elsif part1 = 3 then 

             part1 <= 0; 

             current <= read_x; 

             result(8) <= '1'; 

           end if; 

       end case; 

     end if; 

     if clk = '1' and clk'event then 

          if (wen_RAM_2='1') then 

           ram_2( conv_integer(adr_RAM_2) ) <= dati_RAM_2; 

          end if; 

          if (wen_RAM_1='1') then 

           ram_1( conv_integer(adr_RAM_1) ) <= dati_RAM_1; 

          end if; 

       end if; 

    end process; 

  dato_RAM_2 <= ram_2(conv_integer(adr_RAM_2)); 

    dato_RAM_1 <= ram_1(conv_integer(adr_RAM_1)); 

end Behavioral; 

 

 

 

 



  
   

 

 FPGAسيضی( ثِ )سبيوش قبثل ثشًبهِ 8254اسلبل  -23
 

ثبؿذ. دس ايي هذاس ثب اػش بدُ اص سبيوش، هي FPGAثِ  8254سيضی ّذ ، اسلبل سشاؿِ سبيوش قبثل ثشًبهِ

 ِ ّابی کشيؼاشبل هيکاشٍ( سا ثاش اػاذاد      فشکبًغ يک هَع هشثؼي ثب فشکبًغ هـخق )ّوبى هَع دبيا

 ًوبيين.اػيلَػکخ هـبّذُ هيکٌين ٍ ًشيؼِ سا سٍی هخشلف سقؼين هي

 PITآؿٌبيي ثب سبيوش 

 

 دّذ.سا ًـبى هي 82C54ّبی سشاؿِ دبيِ 1ؿکل 

 

 8254ّبی سشاؿِ دبيِ   1ؿکل 

 :8254ّبی سشاؿِ  ؿشف دبيِ

 

D0-D7ّـز خي ثشای اسسجبى دٍػْشِ ثب هيکشٍکٌششلش : 

RDِخَاًذى اص سػيؼششّبی سشاؿ : 

WRًَِؿشي دس سػيؼششّبی سشاؿ : 

CSِفؼبل ػبصی سشاؿ : 

CLK0-2ِّبی ٍسٍدی کتک  : دبي 

GATE0-2 : ِفؼبل ػبصی کبًششّبی سشاؿ 

OUT0-2خشٍػي كبكل سقؼين : 

A0  ٍA1 :خٌَى آدسع 



  

  

 

 

 Counter 0: اًشخبة  00

 Counter 1: اًشخبة 01

 Counter 2: اًشخبة  10

 : اًشخبة سػيؼشش کٌششلي11

 سشاؿِ هشاػؼِ کٌيذ. DATASHEETؿِ ثِ ثشای اًتػبر ثيـشش دس هَسد سػيؼششّبی سشا

 

 :8254ػولکشد سشاؿِ 

هيکشٍکٌششلش دغ اص ثشًبهِ سيضی سػيؼشش کٌششلي، ػذدی کِ ثبيذ کتک ٍسٍدی ثش آى سقؼين ؿَد سا 

 کٌذ. هىدس دٍ ثبيز ثِ سشاؿِ اسػبل 

 

 

 FPGAبه  8214مدار اتصال  2شکل 

 

 
 



  
   

 

 

 
 IC 8254ػذٍل سـشيق دبيِ ّبی 

 
 

 

D0  ثبيٌشی يب ;ًَع(ُؿوبسًذBCD ) 

D1,D2,D3هَع هشثؼي; 

D4,D5  اثشذا خَاًذى;LSB  ٍػذغMSB 



  

  

 

 

D6,D7  هشثَى ثْـوبسُ کبًبل ; 

 

 

 

 

State diagram for timer: 

 

 ثشًبهِ سبيوش :

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.numeric_std.all; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity timer is 

  port( 

   -- 82C54 port 

   Data  : out std_logic_vector(7 downto 0); 

   Address : out std_logic_vector(1 downto 0); 

   RDn  : out std_logic; 



  
   

 

   WRn  : out std_logic; 

   GATE  : out std_logic_vector(2 downto 0); 

   CLK  : out std_logic; 

   -- General 

   CLKin  : in std_logic 

   );  

end timer; 

 

architecture Behavioral of timer is 

-- CLKin is 11.059 MHz 

constant delay_4us : integer:= 12*4; 

constant delay_1us : integer:= 12; 

typestate_type 

is(init,ControlReg_0,delay4u_c0,delay1u_c0,delay4u_t0L,delay1u_t0L,de

lay4u_t0H,delay1u_t0H, 

 ControlReg_1,delay4u_c1,delay1u_c1,delay4u_t1L,delay1u_t1L,dela

y4u_t1H,delay1u_t1H, 

 ControlReg_2,delay4u_c2,delay1u_c2,delay4u_t2L,delay1u_t2L,dela

y4u_t2H,delay1u_t2H,idle); 

 

signal state:state_type:=init; 

signal CLK_D4:std_logic:='0'; 

signal tcnt:std_logic:='0'; 

signal dcnt:unsigned(7 downto 0):=(others=>'0'); 

 

begin 

process(CLKin) 

begin 

 if(rising_edge(CLKin)) then 

  tcnt<= not tcnt; 

  if(tcnt='0') then 

   CLK_D4<= not CLK_D4; 

  else  

   CLK_D4<= CLK_D4; 

  end if; 

 end if; 

end process;   

CLK<=CLK_D4; 

RDn<='1'; 

process(CLKin) 

begin 

 if(rising_edge(CLKin)) then 

  if(state=init) then 

   Data<=X"00"; 

   Address<="11"; 

   WRn<='1'; 

   GATE<="111"; 

   state<=ControlReg_0; 

   --------------------------- 

  elsif(state=ControlReg_0) then 

   Address<="11"; 

   Data<=X"36"; 

   WRn<='0'; 

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

   state<=delay4u_c0; 

  elsif(state=delay4u_c0) then 

   if(to_integer(dcnt)<delay_4us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 



  

  

 

 

    WRn<='1'; 

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

    state<=delay1u_c0; 

   end if; 

  elsif(state=delay1u_c0) then 

   if(to_integer(dcnt)<delay_1us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    Address<="00"; 

    -- LOW Byte 

    Data<=X"82"; 

    WRn<='0'; 

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

    state<=delay4u_t0L; 

   end if; 

  elsif(state=delay4u_t0L) then 

   if(to_integer(dcnt)<delay_4us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    WRn<='1'; 

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

    state<=delay1u_t0L; 

   end if; 

  elsif(state=delay1u_t0L) then 

   if(to_integer(dcnt)<delay_1us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    -- HIGH Byte 

    Data<=X"42"; 

    WRn<='0'; 

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

    state<=delay4u_t0H; 

   end if; 

  elsif(state=delay4u_t0H) then 

   if(to_integer(dcnt)<delay_4us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    WRn<='1'; 

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

    state<=delay1u_t0H; 

   end if; 

  elsif(state=delay1u_t0H) then 

   if(to_integer(dcnt)<delay_1us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    state<=ControlReg_1; 

   end if; 

   ---------------------------- 

  elsif(state=ControlReg_1) then 

   Address<="11"; 

   Data<=X"76"; 

   WRn<='0'; 

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

   state<=delay4u_c1; 

  elsif(state=delay4u_c1) then 



  
   

 

   if(to_integer(dcnt)<delay_4us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    WRn<='1'; 

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

    state<=delay1u_c1; 

   end if; 

  elsif(state=delay1u_c1) then 

   if(to_integer(dcnt)<delay_1us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    Address<="01"; 

    -- LOW Byte 

    Data<=X"41"; 

    WRn<='0'; 

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

    state<=delay4u_t1L; 

   end if; 

  elsif(state=delay4u_t1L) then 

   if(to_integer(dcnt)<delay_4us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    WRn<='1'; 

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

    state<=delay1u_t1L; 

   end if; 

  elsif(state=delay1u_t1L) then 

   if(to_integer(dcnt)<delay_1us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    -- HIGH Byte 

    Data<=X"21"; 

    WRn<='0'; 

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

    state<=delay4u_t1H; 

   end if; 

  elsif(state=delay4u_t1H) then 

   if(to_integer(dcnt)<delay_4us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    WRn<='1'; 

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

    state<=delay1u_t1H; 

   end if; 

  elsif(state=delay1u_t1H) then 

   if(to_integer(dcnt)<delay_1us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    state<=ControlReg_2; 

   end if; 

  -----------------------------------   

  elsif(state=ControlReg_2) then 

   Address<="11"; 

   Data<=X"B7"; 



  

  

 

 

   WRn<='0'; 

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

   state<=delay4u_c2; 

  elsif(state=delay4u_c2) then 

   if(to_integer(dcnt)<delay_4us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    WRn<='1'; 

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

    state<=delay1u_c2; 

   end if; 

  elsif(state=delay1u_c2) then 

   if(to_integer(dcnt)<delay_1us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    Address<="10"; 

    -- LOW Byte 

    Data<=X"99"; 

    WRn<='0'; 

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

    state<=delay4u_t2L; 

   end if; 

  elsif(state=delay4u_t2L) then 

   if(to_integer(dcnt)<delay_4us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    WRn<='1'; 

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

    state<=delay1u_t2L; 

   end if; 

  elsif(state=delay1u_t2L) then 

   if(to_integer(dcnt)<delay_1us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    -- HIGH Byte 

    Data<=X"99"; 

    WRn<='0'; 

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

    state<=delay4u_t2H; 

   end if; 

  elsif(state=delay4u_t2H) then 

   if(to_integer(dcnt)<delay_4us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    WRn<='1'; 

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

    state<=delay1u_t2H; 

   end if; 

  elsif(state=delay1u_t2H) then 

   if(to_integer(dcnt)<delay_1us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    state<=idle; 

   end if; 



  
   

 

   

  elsif(state=idle) then 

   state<=state; 

  else 

   state<=init; 

   

  end if; 

 end if; 

end process; 

    

end Behavioral; 

 ی ديگشی اص سبيوش:ثشًبهِ

library ieee; 

use ieee.std_logic_1164.all; 

use ieee.numeric_std.all; 

entity timer is 

port( 

  data   :out  std_logic_vector(7 downto 0); 

  address :out std_logic_vector(1 downto 0); 

  gate      :out std_logic_vector(2 downto 0); 

  rdn     :out std_logic; 

  wrn     : out std_logic; 

  rst     :in std_logic;  

  clock : out std_logic; 

  clkin   : in std_logic 

 ); 

end timer; 

architecture behavioral of timer is 

 type show_array is array (0 to 8) of std_logic_vector (7 downto 

0); 

 type addr_array is array (0 to 2) of std_logic_vector (1 downto 

0); 

 --constant delay_4us  :integer:=200;-- 4 us; 

 --constant delay_1us  :integer:=50;-- 1 us; 

 constant delay_4us  :integer:=4000;--400;-- 4 us; 

 constant delay_1us  :integer:=1000;--100;-- 1 us; 

 type state is(subdevide,enable_wrn,delay,start,stop); 

 signal table : show_array := (x"36",x"24",x"3c",  -- 

2.5Mhz/15396  --> 162.38 hz             

          

 x"76",x"12",x"1e",  -- 2.5Mhz/7698   --> 324.7  hz 

          

 x"B6",x"52",x"23"); -- 2.5Mhz/9042   --> 276.5  hz 

            

 

 -- signal  address_i : addr_array:=("00","01","10"); 

 signal  address_i :show_array :=(x"03",x"00",x"00",                 

           

 x"03",x"01",x"01", 

           

 x"03",x"02",x"02");  

 signal  current:state; 

 signal  clock_i :std_logic; 

 signal  part : integer range 0 to 3; 

 begin 

 gate<="111"; -- enable all chanels 

 process(clkin,rst) 

  variable count,srq,q :integer:=0; 



  

  

 

 

 begin 

  if (rst='1') then -- asynchronous reset 

   q:=0; 

    

   wrn<='1'; 

   rdn<='1'; 

   current<=subdevide; 

   clock_i<='0'; 

   

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

   srq:=srq+1;    -- prescaler 

   if (srq=2) then 

    clock_i<=not clock_i; -- 10Mhz /4  => 2.5Mhz    

      srq :=0; 

   end if; 

    

   case current is 

    when subdevide=>      

     -- select a chanel or the cw and set data          

     address <= address_i(q)(1 downto 0) ;   

-- and programm all chanel                     

        

     data <= table(q)(7 downto 0);  

     q:=q+1; 

     current <= enable_wrn; 

     if(q=10)then  

      current <=stop; 

     end if; 

    when stop=>        

    when enable_wrn => -- after set address and 

data write them with WR 

     if (part =0) then               -- 

enabling the Write pin 

      wrn <= '0'; 

      count := delay_4us; 

      current <= delay; 

      part <= part +1; 

     elsif (part =1) then           --

Disabling the Write Pin 

      wrn <= '1'; 

      count := delay_1us; 

      current <= delay; 

      part <= part +1;  

     else 

      part <=0; 

      current <= subdevide; 

     end if;  

    when delay=>    -- use for make 

correct delay between commands for 82c54 

     count := count-1; 

     if(count=0)then 

      current<= enable_wrn; 

     end if; 

    when Start => 

     rdn <= '1';      

   end case;       

   clock<=clock_i; 

  end if;  

 end process; 

end behavioral; 



  
   

 

 8254سَليذ هَػيقي ثب اػش بدُ اص سشاؿِ  -24
 

 

 

هي ثبؿذ سب ايٌکِ يک فشکبًغ هشػغ سا ثش سؼذادی ػذد سقؼاين   FPGAثِ  82c54ّذ  اسلبل سبيوش 

هشلل ؿذُ سب  FPGAکٌذ سب ايٌکِ فشکبًغ ًز ّبی هَػيقي يک اکشبٍ دذيذ آيذ . يک کي دذ ّن ثِ 

کليذ يکي اص اػذادی کِ ثبيذ ثشای سقؼين ثِ سبيوش ثب ّش  FPGAثب فـشدى کليذ ّبی آى )ّ ز کليذ( 

 ث شػشذ سا اًشخبة کٌذ . دس كقيقز ثب ايي هذاس يک کيجَسد هَػيقي الکششًٍيکي ػبدُ هي ػبصين.

کِ يک سشاؿِ سبيوش  82c54ثشای ايٌکِ يک هذاس ػبدُ سَليذ ًز ّبی هَػيقي داؿشِ ثبؿين اص سشاؿِ 

 کشدُ اين .قبثل ثشًبهِ سيضی هي ثبؿذ اػش بدُ 

 

 سا ثجٌذيذ . 1هذاس ؿکل 

 

 
1 ؿکل  

State for music: 



  

  

 

 

 
 ثشًبهِ هَػيقي:

 
library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.numeric_std.all; 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity music is 

port( 

   -- 82C54 port 

   Data  : out std_logic_vector(7 downto 0); 

   Address : out std_logic_vector(1 downto 0); 

   RDn  : out std_logic; 

   WRn  : out std_logic; 

   GATE  : out std_logic_vector(2 downto 0); 

   CLK  : out std_logic;  

   -- keypad 

   Xr   : in std_logic_vector(3 downto 

0); 

   Yc   : out std_logic_vector(2 downto 

0); 

   -- General 

   led  : out std_logic_vector(1 downto 0); 

   CLKin  : in std_logic 

   );  

end music; 



  
   

 

 

architecture Behavioral of music is 

-- CLKin is 11.059 MHz 

constant delay_100ms : integer:=12000*100; 

constant delay_20ms : integer:=12000*20; 

constant delay_4us : integer:=12*4; 

constant delay_1us : integer:=4; 

type state_type 

is(init,delay100m_init,delay4u_init,readkey,delay20m_getkey, 

 getkey_0,getkey_1,getkey_2,PlayKey,delay4u_playkeyL,delay1u_pla

ykey,delay4u_playkeyH, 

 waitkey,delay20m_waitkey); 

 

signal state:state_type:=init; 

signal CLK_D4:std_logic:='0'; 

signal tcnt:std_logic:='0'; 

signal low:std_logic_vector(7 downto 0); 

signal high:std_logic_vector(7 downto 0); 

signal dcnt:unsigned(23 downto 0):=(others=>'0'); 

 

begin 

 

-- divide CLKin on 4 for CLKs of 82C54 

process(CLKin) 

begin 

 if(rising_edge(CLKin)) then 

  tcnt<= not tcnt; 

  if(tcnt='0') then 

   CLK_D4<= not CLK_D4; 

  else  

   CLK_D4<= CLK_D4; 

  end if; 

 end if; 

end process;  

CLK<=CLK_D4; 

RDn<='1'; 

 

process(CLKin) 

begin 

 if(rising_edge(CLKin)) then 

  if(state=init) then 

   Yc<="000"; 

   Data<=X"00"; 

   Address<="11"; 

   WRn<='1'; 

   GATE<="111"; 

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

   state<=delay100m_init; 

  

  elsif(state=delay100m_init) then 

   if(to_integer(dcnt)<delay_100ms) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    Address<="11"; 

    Data<=X"B6"; 

    WRn<='0'; 

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

    state<=delay4u_init; 

   end if; 



  

  

 

 

    

  elsif(state=delay4u_init) then 

   if(to_integer(dcnt)<delay_4us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    WRn<='1'; 

    GATE<="000"; 

    -- Counter 2 

    Address<="10"; 

    state<=readkey; 

   end if; 

   

  elsif(state=readkey) then 

   Yc<="000"; 

   led<="11"; 

   if(Xr="1111") then 

    state<=state; 

   else 

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

    state<=delay20m_getkey; 

   end if; 

    

  elsif(state=delay20m_getkey) then 

   if(to_integer(dcnt)<delay_20ms) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    Yc<="110"; 

    state<=getkey_0; 

   end if; 

  

  elsif(state=getkey_0) then 

   led<="10"; 

   if(Xr="1110") then     --s=1 

    low<=X"C3"; high<=X"0D"; 

    state<=PlayKey; 

    Yc<="000"; 

   elsif(Xr="1101") then     --s=4 

    low<=X"4F"; high<=X"0A"; 

    state<=PlayKey; 

    Yc<="000"; 

   elsif(Xr="1011") then     --s=7 

    low<=X"4A"; high<=X"07"; 

    state<=PlayKey; 

    Yc<="000"; 

   elsif(Xr="0111") then  

    state<=waitKey; 

    Yc<="000"; 

   else 

    Yc<="101"; 

    state<=getkey_1; 

   end if; 

    

  elsif(state=getkey_1) then 

   led<="01"; 

   if(Xr="1110") then    --s=2 

    low<=X"42"; high<=X"0C"; 

    state<=PlayKey; 

    Yc<="000"; 



  
   

 

   elsif(Xr="1101") then   --s=5 

    low<=X"2E"; high<=X"09"; 

    state<=PlayKey; 

    Yc<="000"; 

   elsif(Xr="1011") then    --s=8 

    state<=waitKey; 

    Yc<="000"; 

   elsif(Xr="0111") then   --s=0 

    state<=waitKey; 

    Yc<="000"; 

   else 

    Yc<="011"; 

    state<=getkey_2; 

   end if; 

    

  elsif(state=getkey_2) then 

   led<="00";   

   if(Xr="1110") then    --s=3 

    low<=X"EC"; high<=X"0A"; 

    state<=PlayKey; 

    Yc<="000"; 

   elsif(Xr="1101") then    --s=6 

    low<=X"2E"; high<=X"08"; 

    state<=PlayKey; 

    Yc<="000"; 

   elsif(Xr="1011") then   --s=9 

    state<=waitKey; 

    Yc<="000"; 

   elsif(Xr="0111") then  

    state<=waitKey; 

    Yc<="000"; 

   else 

    Yc<="000"; 

    state<=waitkey; 

   end if; 

     

  elsif(state=PlayKey) then 

   GATE(2)<='1'; 

   -- low byte 

   Data<=low; 

   WRn<='0'; 

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

   state<=delay4u_playkeyL; 

  

  elsif(state=delay4u_playkeyL) then 

   if(to_integer(dcnt)<delay_4us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    WRn<='1'; 

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

    state<=delay1u_playkey; 

   end if; 

    

  elsif(state=delay1u_playkey) then 

   if(to_integer(dcnt)<delay_1us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    -- high byte 



  

  

 

 

    Data<=high; 

    WRn<='0'; 

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

    state<=delay4u_playkeyH; 

   end if; 

    

  elsif(state=delay4u_playkeyH) then 

   if(to_integer(dcnt)<delay_4us) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    WRn<='1'; 

    state<=waitkey; 

   end if; 

    

  elsif(state=waitkey) then 

   if(Xr/="1111") then 

    state<=state; 

   else 

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

    state<=delay20m_waitkey; 

   end if; 

    

  elsif(state=delay20m_waitkey) then 

   if(to_integer(dcnt)<delay_20ms) then 

    dcnt<=dcnt+1; 

    state<=state; 

   else 

    if(Xr/="1111") then 

     state<=waitkey; 

    else 

     GATE(2)<='0'; 

     state<=readkey; 

    end if; 

   end if; 

   

  else 

   state<=init; 

  end if; 

 end if; 

end process; 

 

end Behavioral; 

 

 

 

 ی ديگش هَػيقي:ثشًبهِ

 

 
library ieee; 

use ieee.std_logic_1164.all; 

use ieee.numeric_std.all; 

use ieee.std_logic_arith.all; 

use ieee.std_logic_unsigned.all; 

entity music_pit is 

port( 



  
   

 

        data,test   :out  std_logic_vector(7 downto 0); 

        address :out std_logic_vector(1 downto 0); 

        gate      :out std_logic_vector(2 downto 0); 

        rdn     :out std_logic; 

        wrn     : out std_logic; 

        rst     :in std_logic;  

        clock : out std_logic; 

        clkin   : in std_logic; 

        row : out std_logic_vector(3 downto 0); 

        column : in std_logic_vector(2 downto 0) 

     

  ); 

end music_pit; 

 

architecture Behavioral of music_pit is 

   constant debounce_time : integer := 10000;--(10000) 

   constant delay_4us  :integer:=40;--(200) 4 us; 

   constant delay_1us  :integer:=10;--(50) 1 us; 

 

   type show_array is array (0 to 20) of std_logic_vector (7 downto 

0); 

   type state is (Idel,subdevide,enable_wrn,delay,Play); 

 

   signal debounce_flag,clock_i : std_logic; 

   signal row_i,digit,column_encoded, row_encoded,t : 

std_logic_vector (3 downto 0);                          

   signal column_before : std_logic_vector (2 downto 0); 

 

   signal counter,Keys,flag,part : integer; 

   signal current:state; 

 signal r:integer; 

   signal table : show_array := ( 

          x"B6",x"A6",x"4A", --5Mhz/19110.9582234453 --> 261.63 hz  

do 

          x"B6",x"81",x"42", --5Mhz/17025.9134402561 --> 293.67 hz  

re 

          x"B6",x"40",x"3B", --5Mhz/15168.5222825592 --> 329.63 hz  

mi 

          x"B6",x"ED",x"37", --5Mhz/14317.2121524497 --> 349.23 hz  

fa 

          x"B6",x"D3",x"31", --5Mhz/12755.1020408163 --> 392 hz    

sol 

          x"B6",x"63",x"2C", --5Mhz/11363.6363636364 --> 440 hz     

la 

          x"B6",x"8B",x"27");--5Mhz/10123.9167409087 --> 493.88 hz  

si 

   begin 

 row_encoded <= "1000" when row_i = "1110" else 

                     "1100" when row_i = "1101" else 

                     "0000" when row_i = "1011" else 

                     "0100" when row_i = "0111" ; 

 column_encoded <= "0010" when column = "110" else 

                        "0001" when column = "101" else 

                        "0000" when column = "011"  ; 

 Keys <= 0 when Digit = "1101" else 

     1 when Digit = "0000" else 

     2 when Digit = "0001" else 

     3 when Digit = "0010" else 

     4 when Digit = "0100" else 

     5 when Digit = "0101" else 



  

  

 

 

     6 when Digit = "0110" else 

     7 when Digit = "1000" else 

     8 when Digit = "1001" else 

     9 when Digit = "1010" else 

     10 when Digit = "1100" else 

     11 when Digit = "1110" ; 

 

 process (clkin, rst) 

  variable srq,count,i:integer :=0; 

 Begin 

  if (rst='1') then 

   counter <= 0; 

   gate<="111";  

   Address<="11"; 

   --Activating channel 2 only. 

   wrn<='1'; 

   rdn<='1'; 

   current<=idel;--subdevide; 

   clock_i<='0'; 

   flag <= 0; 

   part <=0; 

   t<="0111"; 

   digit <= "1111"; 

   row_i <= "1110"; 

    

   debounce_flag <= '0'; 

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

   --clock out maker 

--   srq:=srq+1;   

--   if (srq=2) then -- 10Mhz /4  => 2.5Mhz    

    clock_i<=not clock_i; 

--    srq :=0; 

--   end if; 

    

   -- debounce controler 

   if counter=0 then 

    Row_i<=Row_i(2 downto 0)& row_i(3); 

    debounce_flag<='0'; 

    test(7 downto 4)<= row_i; 

    i:=0; 

    counter<=200000; 

   else 

    counter<=counter -1;      

   end if; 

  

   if (column /= "111" and debounce_flag = '0') then 

    counter<=4000000; 

    i:=i+1; 

    digit <= column_encoded + row_encoded; 

    if i>10 then 

     debounce_flag <= '1'; 

     Current<=subdevide; 

     r<=0; 

     flag<=0; 

     test(3 downto 0)<= digit; 

    end if; 

   end if; 

   

  case current is 

   when subdevide => 



  
   

 

    --address <= "11";                                   

--Channel      

    Gate<="111"; 

    if ((keys >0) and (Keys<8))then                              

      if (r=0) then 

       address <= "11"; 

      else 

       address <= "10"; 

      end if;  

    data <= table((Keys-1)*3+r)(7 downto 0); 

     

     r<=r+1; 

     current <= enable_wrn; 

     if r=3 then 

      current<=Play; 

      Count:=5000000; 

     end if; 

    else 

     current<=Idel; 

    end if; 

   when enable_wrn => 

    if (part =0) then  -- enabling the Write pin 

     wrn <= '0'; 

     count := delay_4us; 

     current <= delay; 

     part <= 1; 

    elsif (part =1) then--Disabling the Write Pin 

     wrn <= '1'; 

     count := delay_4us; 

     current <= delay; 

     part <= 2;  

    else 

     part <=0;               

     current <= subdevide; 

    end if; 

    

   when delay=> 

    count := count-1; 

     if(count=0)then 

     current<= enable_wrn; 

    end if; 

   when Play=> 

    if Count>0 then 

     Count:=Count-1; 

    else 

     current<=Idel; 

    end if;       

    rdn<='1'; 

    wrn<='1'; 

   when idel => 

    Gate<="000"; 

   when others =>  

    current<=Idel; 

   end case;       

  end if;  

 end process; 

 

 clock<=clock_i; 

 row <=row_i;    

end behavioral; 



  

  

 

 

  FPGAاسسجبى ػشيبل سَػي  -25
 

 :بل آػٌکشٍىياكَل اسسجبى ػش

ي هـاششک  يصها ٍ  بفاز دادُ يدسخاي اسػابل دادُ،    3بص ثاِ  يا بل آػٌکشٍى ًيک اسسجبى دٍػْشِ ػشي

(GND) .داسد 

 يهٌٌقا  '0'اػز ثِ  يهٌٌق '1' (IDLE)کبس يّب خي اسػبل دادُ سا کِ دس كبلز ث فشػشبدى دادُ یثشا

 START BITش کاشدُ ٍ آى سا ثاِ ػٌاَاى    يي ػول سا ؿشٍع اسػبل دادُ سؼجياشًذُ ين گيکٌ يل هيسجذ

اسػابل   يشا يب دشيا ز ساَاصى  يبى ثين ٍ دس دبيفشػش يه یگشيدغ اص د يکيّب سا  ؿٌبػذ. ػذغ دادُ يه

 ؿَد. يش هيسؼج STOP BITکشدى خي اسػبل دادُ ثِ  '1'ّب ثب  بى فشػشبدى دادُيؿَد، دب يه

ًـابى   1دس ؿاکل   خاي اسػابل   هَع ؿکل يشيز دادُ ثذٍى داؿشي دشيث 8 اسػبل یثِ ًَس هظبل ثشا

 دادُ ؿذُ اػز.

 

 

 دشٍسکل اسسجبى ػشيبل آػٌکشٍى   1ؿکل 

 

ّب سا اص ّن  ي ػول اػز، سب ثشَاى دادُيي هَسد ٍػَد داسد هذر صهبى اًؼبم کل ايکِ دس ا يًکشِ هْو

بفز سا يک ًشم طبثز ػول اسػبل ٍ دسيًذُ ثب شيي کبس ًجق قشاس داد فشػشٌذُ ٍ گيا یق داد، ثشايسـخ

 ((1200bps)ِ يز دس طبًيث 1200ثب ػشػز  )هظتً دٌّذ. ياًؼبم ه

 

 



  
   

 

 1200bpsز( سا ثب ًشم اسػبل يث 8) data_in ٍسٍدیاًتػبر هَػَد دس  sendِ ياص دب فشػشٌذُثشًبهِ 

 کٌذ.  يز( اسػبل هيک ثي)ثِ ًَل  'STOP BIT = '1ٍ ثب  يشيثذٍى دش

لَػکخ هشلل کشدُ ٍ يک اػيِ ثسا  send يسَاى خشٍػ يي کبس هياًؼبم گشفشي ا يذى ؿگًَگيد یثشا

 کشد.  يهَع كبكل سا ثشسػ

 آيذ.دس هي 2ثلَسر ؿکل ؿکل هَع كبكل  ،ذيثذّ 00Hهقذاس data_in  ثِ ًَس هظبل اگش ثِ

 

 00Hثشای اسػبل  FPGAاص  sendؿکل هَع خشٍػي    2ؿکل 

 هخشلف ؿکل هَع كبكل سا اسصيبثي کٌيذ. ثب دادى هقبديش

 send  يِي دبيبل اسلبل ثيثِ كَسر ػش 3هٌبثق ؿکل ّب  ثِ ّن ٍ اسػبل دادُ FPGAاسسجبى دٍ  یثشا

دٍ  یّاب  GND ذ ٍ يا ن ثش قاشاس کٌ يک ػيشًذُ سا ثب يگ FPGAاص  receive ِيفشػشٌذُ ٍ دب FPGAاص 

FPGA ً ثاِ  ؿذُ ادُ د یّب ٌک دادُيذ. ايض ثِ ّن هشلل کٌيساdata_in  اصFPGA  ٍ  یفشػاشٌذُ سا س

data_out  اصFPGA ذ.يشًذُ هـبّذُ کٌيگ 

 

 

 ثِ ّن FPGAاسلبل ػشيبل دٍ  3ؿکل 



  

  

 

 

 

 فشػشٌذُ: FPGAثشًبهِ 

 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity serial_sender is 

   Port ( clk : in std_logic; 

          reset: in std_logic; 

     data_in : in std_logic_vector (7 downto 0); 

          send : out std_logic); 

end serial_sender; 

 

architecture Behavioral of serial_sender is 

   constant bit_time : integer := 33333; --1200bps 

   type state is (start, send_data, delay); 

   signal current, caller : state;  

   signal out_reg : std_logic_vector (9 downto 0); 

begin 

   process (clk, reset) 

      variable i, count : integer; 

   begin 

 if reset = '1' then  

         current <= start; 

    send <= '1'; 

    i := 0; 

      elsif clk = '1' and clk'event then  

    case current is 

    when start =>  

       out_reg <= '1' & data_in & '0'; 

  current <= send_data; 

  i := 0; 

  send <= '1'; 

    when send_data => 

  if i < 10 then 

     send <= out_reg (0); 

     i := i + 1; 

     caller <= send_data; 

     count := bit_time; 

     current <= delay; 

     out_reg <= out_reg(0) & out_reg(9 downto 1);  

  else 

     out_reg <= '1' & data_in & '0'; 

        current <= send_data; 

 

     i := 0; 

  end if; 

    when delay => 



  
   

 

  count := count - 1; 

  if count = 0 then 

     current <= caller; 

  end if; 

    when others => 

  current <= start; 

    end case; 

 end if; 

   end process; 

end Behavioral; 

 

 گيشًذُ: FPGAثشًبهِ 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity serial_receiver is 

   Port ( clk : in std_logic; 

          reset : in std_logic; 

          receive : in std_logic; 

          data_out : out std_logic_vector(7 downto 0)); 

end serial_receiver; 

 

architecture Behavioral of serial_receiver is  

   constant bit_time : integer := 33333; --1200bps 

   constant max_delay : integer := bit_time + 1; 

   type state is (start, receive_data, delay); 

   signal current, caller : state;  

   signal in_reg : std_logic_vector (9 downto 0); 

begin 

   process (clk, reset) 

      variable i : integer; 

 variable count : integer range 0 to max_delay; 

 variable part : std_logic; 

   begin 

 if reset = '1' then  

    current <= start; 

    i := 0; 

    part := '0'; 

      elsif clk = '1' and clk'event then  

    case current is 

    when start => 

       if part = '0' then  

     if receive = '1' then 

        part := '1'; 

     end if; 

  else 

     if receive = '0' then 

        i := 0; 

        part := '0'; 

        caller <= receive_data; 



  

  

 

 

        count := bit_time / 2; 

 

        current <= delay; 

     end if; 

       end if; 

    when receive_data => 

       if i < 9 then 

          i := i + 1; 

          caller <= receive_data; 

          count := bit_time; 

          in_reg <= receive & in_reg (9 downto 1); 

          current <= delay; 

       else 

          if receive = '1' and in_reg (1) = '0' then 

             in_reg <= receive & in_reg (9 downto 1); 

        data_out <= in_reg (9 downto 2); 

        current <= start; 

          else 

        caller <= start; 

        count := bit_time; 

        current <= delay; 

          end if; 

       end if; 

         when delay => 

       count := count - 1; 

       if count = 0 then 

          current <= caller; 

        end if; 

    when others => 

       current <= start; 

    end case; 

      end if; 

   end process; 

end Behavioral;



  
   

 

 FPGAاًشقبل اًتػبر ثلَسر هبدٍى قشهض ثب اػش بدُ اص  -26

 
 

 (1. )ؿکل ثشای دسيبفز اؿؼِ هبدٍى قشهض اػش بدُ ؿذُ اػز TSOP1238اص ػٌؼَس  هذاسي يدس ا

 

             
 ٍ ثتک ديبگشام داخلي آى TSOP1238ّبی دبيِ   1ؿکل 

 

38ثب دسيبفز هَػي ثب فشکابًغ   TSOP1238خشٍػي 
KHz  ؿاَد ثٌابثشايي دس قؼاوز    ( هى'0') فؼابل

38فشػشذُ اص يک هَلذ دبلغ 
KHz  ُ( 2)ؿاکل   555ايي ػول سا ثب اػش بدُ اص سشاؿاِ   کٌين.هىاػش بد

 دّين.هىاًؼبم 

اياي   '0'ٍ ثشای فشػشبدى ػذد  ثبيذ هذاس هَلذ دبلغ غيش فؼبل ؿَد '1'ثذليل ايٌکِ ثشای فشػشبدى ػذد 

 555کشدى  RESET( ثشای3)ؿکل  BC107هظل  NPNاًضيؼشَسهَلذ ثبيذ دبلغ سَليذ کٌذ. اص يک سش

ؿَد هيغيش فؼبل  555فشػشبدُ ؿَد سشاًضيؼشَس فؼبل ؿذُ ٍ سشاؿِ  '1'اػش بدُ ؿذُ اػز. ّشگبُ ػذد 

هبًذ. ثب فشػاشبدى  هيثبقي  'TSOP1238، '1گشدد، دس ًش  گيشًذُ، خشٍػي ًهيٍؿَى دبلؼي اسػبل 

38ُ ٍ سشاؿِ ؿشٍع ثِ سَليذ دبلغ سشاًضيؼشَس غيش فؼبل ؿذ '0'هقذاس 
KHz ًوبيذ، دسًشيؼِ خشٍػاي  هي

 ؿَد.هي '0'( TSOP1238گيشًذُ )



  

  

 

 

( اػش بدُ ؿذُ اػز. ثشد ايي ديَد کن 4دس قؼوز فشػشٌذُ اص يک ديَد فشػشٌذُ هبدٍى قشهض )ؿکل 

ش هذاس سَاى اص يک سشاًضيؼشَس ػْز افضايؾ ًَل ثشد هَطهي IRثبؿذ ٍ ثشای سقَيز اؿؼِ خشٍػي هي

 اػش بدُ کشد.

 

 

 

 ٍ ثتک ديبگشام داخلي آى 555ّبی سشاؿِ دبيِ   2ؿکل 

                                                                                   

                                                ػشٌذُ           ّبی ديَد فش ؿکل دبيِ   4ؿکل                                BC107 سشاًضيؼشَس ّبی دبيِ   3ؿکل    



  
   

 

 دّذ.هىفشػشٌذُ سا ًـبى  FPGAاسلبلار  5هذاس ؿکل 

 

 FPGAثِ  فشػشٌذُ هبدٍى قشهضاسلبل هذاس    5ؿکل 

ثذٍى دشيشاي ٍ ثاب    1200bpsسا ثب ًشم اسػبل  data_inاًتػبر هَػَد دس  sendخشٍػي ثشًبهِ صيش اص 

STOP BIT = '1'  کٌذ. هى)ثِ ًَل يک ثيز( اسػبل 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity serial_sender is 

   Port ( clk : in std_logic; 

          reset: in std_logic; 

     data_in : in std_logic_vector (7 downto 0); 

          send : out std_logic); 

end serial_sender; 

 

architecture Behavioral of serial_sender is 

   constant bit_time : integer := 33333; --1200bps 

   type state is (start, send_data, delay); 

   signal current, caller : state;  



  

  

 

 

   signal out_reg : std_logic_vector (9 downto 0); 

begin 

   process (clk, reset) 

      variable i, count : integer; 

   begin 

 if reset = '1' then  

         current <= start; 

    send <= '1'; 

    i := 0; 

      elsif clk = '1' and clk'event then  

    case current is 

    when start =>  

       out_reg <= '1' & data_in & '0'; 

  current <= send_data; 

  i := 0; 

  send <= '1'; 

    when send_data => 

  if i < 10 then 

     send <= out_reg (0); 

     i := i + 1; 

     caller <= send_data; 

     count := bit_time; 

     current <= delay; 

     out_reg <= out_reg(0) & out_reg(9 downto 1);  

  else 

     out_reg <= '1' & data_in & '0'; 

        current <= send_data; 

 

     i := 0; 

  end if; 

    when delay => 

  count := count - 1; 

  if count = 0 then 

     current <= caller; 

  end if; 

    when others => 

  current <= start; 

    end case; 

 end if; 

   end process; 

end Behavioral; 

 

 

 .دّذهىًـبى گيشًذُ سا  FPGAاسلبلار  6 کلهذاس ؿ



  
   

 

 

 FPGAثِ  هبدٍى قشهض اسلبل گيشًذُهذاس   6 ؿکل

 دّذ.ًـبى هي data_outثبؿذ کِ اًتػبر دسيبفز ؿذُ سا سٍی گيشًذُ هي FPGAثشًبهِ صيش ّن هشثَى ثِ 

 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity serial_receiver is 

   Port ( clk : in std_logic; 

          reset : in std_logic; 

          receive : in std_logic; 

          data_out : out std_logic_vector(7 downto 0)); 

end serial_receiver; 

 

architecture Behavioral of serial_receiver is  

   constant bit_time : integer := 33333; --1200bps 

   constant max_delay : integer := bit_time + 1; 

   type state is (start, receive_data, delay); 

   signal current, caller : state;  

   signal in_reg : std_logic_vector (9 downto 0); 

begin 

   process (clk, reset) 

      variable i : integer; 

 variable count : integer range 0 to max_delay; 



  

  

 

 

 variable part : std_logic; 

   begin 

 if reset = '1' then  

    current <= start; 

    i := 0; 

    part := '0'; 

      elsif clk = '1' and clk'event then  

    case current is 

    when start => 

       if part = '0' then  

     if receive = '1' then 

        part := '1'; 

     end if; 

  else 

     if receive = '0' then 

        i := 0; 

        part := '0'; 

        caller <= receive_data; 

        count := bit_time / 2; 

 

        current <= delay; 

     end if; 

       end if; 

    when receive_data => 

       if i < 9 then 

          i := i + 1; 

          caller <= receive_data; 

          count := bit_time; 

          in_reg <= receive & in_reg (9 downto 1); 

          current <= delay; 

       else 

          if receive = '1' and in_reg (1) = '0' then 

             in_reg <= receive & in_reg (9 downto 1); 

        data_out <= in_reg (9 downto 2); 

        current <= start; 

          else 

        caller <= start; 

        count := bit_time; 

        current <= delay; 

          end if; 

       end if; 

         when delay => 

       count := count - 1; 

       if count = 0 then 

          current <= caller; 

        end if; 

    when others => 

       current <= start; 

    end case; 

      end if; 

   end process; 

end Behavioral; 

 

 

 

 

 



  
   

 

 FPGAاًشقبل اًتػبر ثلَسر ساديَيي ثب اػش بدُ اص  -27
 

ػبخز ؿاشکز   TX-C1 (Hybird Transmitter  ٍRXD1 (Hybird Receiver)دٍ دکيغ هَسد ًظش )

Keymark ذ.ٌدّّبی ايي دٍ سا ًـبى هيدبيِ 2ٍ  1 ّبیثبؿٌذ. ؿکلهى 

 

 
Connections Pin 

GND 1 
DATA 2 
VCC 3 
ANT 4 

 TX-C1بی هبطٍل فشػشٌذُ ّدبيِ   1ؿکل 

 

 
Connections Pin Connections Pin 

VCC 5 ANT 1 
DATA 6 GND 2 
DATA 7 GND 3 
GND 8 VCC 4 

 RXD1ّبی هبطٍل گيشًذُ دبيِ   2ؿکل 

       

315دٍ فشکبًغ کبسی  ثشای ايي دکيغ ّب
MHz  ٍ434

MHz  ثبؿذ، ثشای ّشکذام اص فشکبًغ ّب هيهَػَد

 هقبديش صيش اػز: ًَل آًشي ثشاثش

434
MHz  :17.2 cm 

 315
MHz :22.6 cm 



  

  

 

 

 .دّذهىًـبى فشػشٌذُ سا  FPGAاسلبلار  3ؿکل هذاس 

 

 FPGAاسلبل فشػشٌذُ ساديَيي ثِ هذاس    3ؿکل 

 

ثذٍى دشيشاي ٍ ثاب    1200bpsسا ثب ًشم اسػبل  data_inاًتػبر هَػَد دس  sendخشٍػي ثشًبهِ صيش اص 

 ٌذ. کهىاسػبل   STOP BITيک

 

 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity serial_sender is 

   Port ( clk : in std_logic; 

          reset: in std_logic; 

     data_in : in std_logic_vector (7 downto 0); 

          send : out std_logic); 

end serial_sender; 

 



  
   

 

architecture Behavioral of serial_sender is 

   constant bit_time : integer := 33333; --1200bps 

   type state is (start, send_data, delay); 

   signal current, caller : state;  

   signal out_reg : std_logic_vector (9 downto 0); 

begin 

   process (clk, reset) 

      variable i, count : integer; 

   begin 

 if reset = '1' then  

         current <= start; 

    send <= '1'; 

    i := 0; 

      elsif clk = '1' and clk'event then  

    case current is 

    when start =>  

       out_reg <= '1' & data_in & '0'; 

  current <= send_data; 

  i := 0; 

  send <= '1'; 

    when send_data => 

  if i < 10 then 

     send <= out_reg (0); 

     i := i + 1; 

     caller <= send_data; 

     count := bit_time; 

     current <= delay; 

     out_reg <= out_reg(0) & out_reg(9 downto 1);  

  else 

     out_reg <= '1' & data_in & '0'; 

        current <= send_data; 

     i := 0; 

  end if; 

    when delay => 

  count := count - 1; 

  if count = 0 then 

     current <= caller; 

  end if; 

    when others => 

  current <= start; 

    end case; 

 end if; 

   end process; 

end Behavioral; 

 

دقز کٌيذ کاِ فشکابًغ کابسی دکايغ ّابی       دّذ.ىهگيشًذُ سا ًـبى  FPGAاسلبلار  4ؿکل هذاس 

 فشػشٌذُ ٍ گيشًذُ يکي ثبؿذ.

 



  

  

 

 

 

 FPGAاسلبل گيشًذُ ساديَيي ثِ هذاس    4ؿکل 

گيشًذُ ًَؿشِ ؿذُ اػز کاِ اًتػابر دسيبفاز ؿاذُ اص فشػاشٌذُ سا دس       FPGAثشًبهِ صيش ّن ثشای 

data_out دّذ.ًـبى هي 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity serial_receiver is 

   Port ( clk : in std_logic; 

          reset : in std_logic; 

          receive : in std_logic; 

          data_out : out std_logic_vector(7 downto 0)); 

end serial_receiver; 

 

architecture Behavioral of serial_receiver is  

   constant bit_time : integer := 33333; --1200bps 

   constant max_delay : integer := bit_time + 1; 

   type state is (start, receive_data, delay); 

   signal current, caller : state;  

   signal in_reg : std_logic_vector (9 downto 0); 

begin 

   process (clk, reset) 



  
   

 

      variable i : integer; 

 variable count : integer range 0 to max_delay; 

 variable part : std_logic; 

   begin 

 if reset = '1' then  

    current <= start; 

    i := 0; 

    part := '0'; 

      elsif clk = '1' and clk'event then  

    case current is 

    when start => 

       if part = '0' then  

     if receive = '1' then 

        part := '1'; 

     end if; 

  else 

     if receive = '0' then 

        i := 0; 

        part := '0'; 

        caller <= receive_data; 

        count := bit_time / 2; 

 

        current <= delay; 

     end if; 

       end if; 

    when receive_data => 

       if i < 9 then 

          i := i + 1; 

          caller <= receive_data; 

          count := bit_time; 

          in_reg <= receive & in_reg (9 downto 1); 

          current <= delay; 

       else 

          if receive = '1' and in_reg (1) = '0' then 

             in_reg <= receive & in_reg (9 downto 1); 

        data_out <= in_reg (9 downto 2); 

        current <= start; 

          else 

        caller <= start; 

        count := bit_time; 

        current <= delay; 

          end if; 

       end if; 

         when delay => 

       count := count - 1; 

       if count = 0 then 

          current <= caller; 

        end if; 

    when others => 

       current <= start; 

    end case; 

      end if; 

   end process; 

end Behavioral; 

 



  

  

 

 

 آى touch  ٍadcی اسلبل سشاؿِ -28
 

 
 هقذهِ:

ثب اػش بدُ اص هقبٍهشْبيي کِ دس خَد داسد دٍ هقذاس هخشلف ثِ هاب هيذّاذ يکاي ثاشای      Touchهيذاًين کِ 

کِ ثِ كَسر ٍلشبط آًبلَگ هي ثبؿذ ثٌبثشايي ثشای ايي دشٍطُ دس اثشذا ثبيذ ياک هاذاس    yديگشی ثشای  xهقذاس

هقبديش آًبلَگ سا ؿٌبػابيي ًويکٌاذ ٍ ػاذغ هقابديش      FPGAداؿشِ ثبؿين صيشا  سجذيل آًبلَگ ثِ ديؼيشبل

سجذيل کٌاين کاِ ثشاَاًين     segment,page ,column  ٍDataديؼيشبل ثذػز آهذُ سا سجذيل ثِ ؿْبس هقذاس 

 ًوبيؾ دّين. GLCDسا دس  Touchًقٌِ هشٌبظش فـشدُ ؿذُ دس 

ّش کذام ٍظي ِ هٌللش ثِ خَد سا داسد کِ ثشای ّش کاذام  ّبی هخشل ي هي ثبؿذ کِ   Stateثشًبهِ هبؿبهل 

 دس خَد ثشًبهِ کبهٌز گزاسی ؿذُ  ٍ سَهيق دادُ ؿذُ اػز.

 

 ی ك لِ لوؼي ٍ سـشيق دبيِ ّبی آى:ؿکل ظبّش

 

 (Touch Screen)هقبٍهشي سبؽ اػکشيي

 

 

 
 

 

 در صفحِ لوسي هي باضذ. yٍ خزٍجي   xػذٍل صيش هشثَى ثِ هلبػجِ ٍلشبط خشٍػي

 

    

    

    



  
   

 

 

آًاشا   4ٍ دبيِ ؿاوبسُ   GNDسبؽ سا ثِ  2ّوبًٌَس کِ دس ػذٍل فَق هـبّذُ هي ؿَد ٌّگبهيکِ دبيِ ؿوبسُ 

ٍلز خبسع هي ؿَد کِ ايي ٍلشبط دس اطش فـبس آٍسدى  5سب  0ٍلشبطی ثيي  3هشلل کٌين اص دبيِ ؿوبسُ  Vccثِ 

سابؽ سا ثاِ    1ٍ دبيِ  GNDسبؽ سا ثِ  3آيذ.ّوـٌيي ٌّگبهيکِ دبيِ  ّب ثَػَد هي xثِ سبؽ دس اًلٌبی هلَس 

Vcc  هشلل هيکٌين ثب فـبس آٍسدى ثِ سبؽ دس اهشذاد هلَسY  ُسبؽ ٍلشبط هَسد ًظش ايؼبد هاي   2اص دبيِ ؿوبس

 ؿَد.

قٌؼاِ سا  كبل قجل ايٌکِ سبؽ سا ثِ هذاس اػوبل کٌين ،هيشَاًين ثب اػش بدُ اص آًـِ کِ دس قؼوز ثبلا رکش ؿذ 

 سؼز کٌين ٍ اص ػبلن ثَدى آى اًويٌبى كبكل ًوبيين.

دس ّش دٍ ًش  سبؽ هقبٍهشي ای کِ دس ايي هذاس اػش بدُ هيکٌين اص يک لايِ دتػشيکي دَؿايذُ ؿاذُ کاِ    

سَكيِ اکيذ هيـَد ايي لايِ ّب سا اص سبؽ ػذا ًٌوبييذ،ؿَى ثبػض هيـَد سبؽ كبلز ٍلشبط دّي هٌبػت خاَد  

ذ ٍ دس هذاس ًَيض ايؼبد کٌذ،لزا خشٍػي هَسد ًظش ًيض اص ثيي خَاّذ سفز ٍ ًقبًي ػاتٍُ ثاش   سا اص دػز ثذّ

 آًـِ کِ هب ايؼبد هي کٌين دس ك لِ ًوبيؾ ايؼبد هي کٌذ.

 ؿکل هذاسی:

 



  

  

 

 

 کذ ثشًبهِ:

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

entity touch is 

   Port ( data : out std_logic_vector(7 downto 0);--<= GLCD 

          di : out std_logic;--<= GLCD 

          rw : out std_logic;--<= GLCD 

          e : out std_logic;--<= GLCD 

          rst : out std_logic;--<= GLCD 

          clk : in std_logic;--<= system clock 

          reset : in std_logic;--<= system reset 

    sw: in std_logic_vector(1 downto 0); 

--          x_select : out std_logic;--<= GLCD 

--          y_select : out std_logic;--<= GLCD 

          Cs : out std_logic_vector(1 downto 0);--<= GLCD 

 ---ADS 7843 Interface ------------ 

     SClk : out std_logic;-- Serial Clock for ADS 

    SDIn : out std_logic; -- Serial Data inpout for ADS 

    SDOut: in std_logic; -- Serial Data outpout from ADS  

--    Sw   : in std_logic; 

          --wr_adc_x,rd_adc_x:out std_logic;--<= Read X & Y 

          --intr_x : in std_logic;--<= Read X & Y 

          --data_adc_x :in std_logic_vector(7 downto 0);--<= Read X & Y 

          --wr_adc_y,rd_adc_y:out std_logic;--<= Read X & Y 

          --intr_y : in std_logic;--<= Read X & Y 

          --data_adc_y :in std_logic_vector(7 downto 0);--<= Read X & Y 

------- Leds for Check 

          Leds : out std_logic_vector(7 downto 0)--<= For Check State's 

          ); 

end touch; 

architecture Behavioral of touch is  

   signal page : std_logic_vector (7 downto 0);  --jame B8H + y_digital (7 

downto 5) 

   signal tpage:std_logic_vector(2 downto 0); 

 signal column,tcol : std_logic_vector(7 downto 0); --jame 40H + 

x_digital(6 downto 1) 

   signal DePixel,Out_Pixel : std_logic_vector(7 downto 0);  --decod shode 

y_digital(4 downto 2) 

 Signal Pixel: std_logic_vector(2 downto 0); 

   constant Delay_for_e : integer := 25; --23 * 19 NS = 450 NS  baraye 

eijade labe 

   constant delay_between_data : integer := 500; --baraye eijade delay 

monaseb ta data roye khat gharar girad 

   type Main_state is 

(Init,Pattern,Clear_GLcd,Select_Mode,Read_IN3,Read_IN4, READ_x, READ_Y, 

Calc,Make_Adr, WRITE_Ram, Set_Page,Set_Column,Write_Pixel); -- main state  

   type Glcd_state is (None,Enable, Write); --write  to GLCD 

   signal State : Main_state; 

 Signal GLCD  : GLCD_State; 

 signal iData :std_logic_vector(7 downto 0); 

--------expalin RAM_2-------------- 

  --type mem_array_2 is array (0 to 7,0 to 127) of std_logic_vector(7 

downto 0);  -- must be 1024 

  --signal ram : mem_array_2; 

--------explain RAM_1-------------- 



  
   

 

  signal C_Byte : std_logic_vector(7 downto 0);  

  signal ADS_Data : std_logic_vector(11 downto 0);  

  signal Ads_Sum : std_logic_vector(15 downto 0); 

  Signal X,Y,y1,y2,y4,y8,yt: Std_Logic_vector(7 downto 0); 

  Signal ADS_Enable: std_logic:='0'; 

  Signal xt,x1,x2,x4,x8:std_logic_vector(11 downto 0); 

begin 

   process (clk, reset) 

     variable i,c,CIndx,BIndx,DIndx,Delay,Part, count,iPage,iCol : 

integer:=0; 

    

    begin 

     if reset = '1' then  

      di <= '0'; 

      rw <= '0'; 

      e <= '0'; 

    c:=0; 

      Cs <= "11"; 

      rst <= '1'; 

      i := 0; 

    Part:=0; 

      page <= "00000000"; 

        leds<="11111111"; 

    cIndx:=0; 

    BIndx:=1; 

    DIndx:=0; 

    C_Byte<="10010111"; 

    State<=Init; 

    GLCD<=None; 

    Delay:=0; 

    iPage:=0; 

    iCol:=0; 

    elsif clk = '1' and clk'event then  

    if Delay>0 then 

       delay:=Delay-1; 

    else    

     case GLcd is 

       when Enable=> 

         Delay:=Delay_For_E; 

         E<='1'; 

         GLCD<= Write; 

      when Write=> 

           Delay:=delay_between_data; 

         E<='0'; 

         GLCD <= None; 

      when none=> 

           case state is 

           when Init => 

--           

 if Part=0 then 

--            

 if iPage<8 then 

--            

    if iCol<127 then 

--            

     Ram(iPage,iCol)<="00000000"; 

--            

   iCol:=iCol+1; 

--            

  else 



  

  

 

 

--            

     iPage:=ipage+1; 

--            

   iCol:=0; 

--            

  end if; 

--            

 else 

--            

  i:=0; 

--            

  part:=1; 

--            

 end if; 

--           

 else 

           

 part:=0; 

                data <= 

"00111111"; 

                di <= '0'; 

           

 i:=0; 

           

 Page<="00000000"; 

            

 Glcd<=Enable; 

           

 State<=Pattern; 

--           

 end if; 

         when Pattern=> 

                

 cs<="11"; 

           

 if i = 0 then 

                  

 data <= "10111000" + page; 

                  

 di <= '0'; 

                 

 glcd <= Enable; 

                  i 

:= i + 1; 

                elsif i 

= 1 then 

                  

 data <= "01000000"; 

                  

 di <= '0'; 

                  

 glcd <= enable; 

                  

 i := i + 1; 

                 

 elsif i < 66 then 

                  

   data <= "10101010"; 

                  

   di <= '1'; 



  
   

 

                  

   glcd <= enable; 

                  

   i := i + 1; 

                 

  else 

            

    page <= page + 1; 

                  

   i := 0; 

                  

   if page = 7 then  

                    

   State <= clear_GLCD; 

            

     delay:=100000000; 

                  

   end if; 

                end if; 

         when Clear_GLCD=> 

                 if i = 

0 then 

                  

 data <= "10111000" + page; 

                  

 di <= '0'; 

                 

 glcd <= Enable; 

                  i 

:= i + 1; 

                elsif i 

= 1 then 

                  

 data <= "01000000"; 

                  

 di <= '0'; 

                  

 glcd <= enable; 

                  

 i := i + 1; 

                 

 elsif i < 66 then 

                  

   data <= "00000000"; 

                  

   di <= '1'; 

                  

   glcd <= enable; 

                  

   i := i + 1; 

                 

  else 

            

    page <= page + 1; 

                  

   i := 0; 

                  

   if page = 7 then  

            

      State <= Select_Mode; 



  

  

 

 

                  

   end if; 

                end if; 

         when Select_Mode => 

           

 Part:=0; 

           

 i:=0; 

           

 CS<="00"; 

           

 Count:=32; 

           

 ADS_Enable<='1'; 

           

 Ads_Sum<="0000000000000000"; 

           

 if Sw(1)='0' then 

            

 State <= read_x; 

            

 C_Byte<="10010011"; 

           

 elsif sw(0)='0' then 

            

  State <= read_IN3; 

            

  C_Byte<="10100111"; 

            

 else 

            

  State <= read_IN4; 

            

  C_Byte<="11100111"; 

           

 end if; 

              

Delay:=5000000; 

         when Read_IN3=> 

            if 

ADS_Enable='0' then 

             if 

Ads_Data(11 downto 1)>"0010001000" then 

              

leds<="11111111"; 

             elsif 

ads_Data(11 downto 1)<="0000001000" then 

                

Leds<="00000000"; 

             else 

              

 leds<=Ads_Data(8 downto 1)-"00001000"; 

             end 

if; 

             

State<=Select_Mode; 

            end if ; 

         When Read_IN4=> 

            if 

ADS_Enable='0' then 



  
   

 

             

leds<=Ads_Data(10 downto 3); 

             

State<=Select_Mode; 

            end if; 

         when Read_X => 

           if 

Ads_Enable='0' then 

           

 if part=0 then  

            

 Xt<=ADS_sum(11 downto 0)- "00010110000"; 

            

 --leds<=Ads_sum(11 downto 4)- "00001001";  

            

 Part:=1; 

           

 elsif Part=1 then  

            

  x1<="00000"&xt(11 downto 5); 

            

  x2<="0000"&xt(11 downto 4); 

            

  x4<="000"&xt(11 downto 3); 

            

  x8<="00"&xt(11 downto 2); 

            

   Part:=2; 

            

  elsif Part=2 then 

            

     Xt <= Xt+X8; 

            

    Part:=3; 

            

   elsif Part=3 then 

            

    --leds<=xt(11 downto 4); 

            

    if Xt>"011111110000" then 

            

       X<="01111111"; 

            

    elsif Xt<"000000001111" then 

            

        X<="00000000"; 

            

     else 

            

       X<=Xt(11 downto 4); 

               

   end if; 

            

    part:=0; 

            

    C_Byte<="11010011"; 

            

   ADS_Enable<='1'; 

            

   Ads_Sum<="0000000000000000"; 



  

  

 

 

            

   Delay:=10; 

            

   State<=Read_Y; 

            

   Count:=32; 

           

 end if; 

           end if; 

         when Read_Y => 

           if 

Ads_Enable='0' then 

           

 if Part=0 then  

            

  Yt<= ADS_Sum(11 downto 4)- "00011010"; 

            

  --leds<=Ads_Sum(11 downto 4)- "00010011"; 

            

  Part:=1; 

           

 elsif Part=1 then  

            

  y1<="00000"&yt(7 downto 5); 

            

  y2<="0000"&yt(7 downto 4); 

            

  y4<="000"&yt(7 downto 3); 

            

  y8<="00"&yt(7 downto 2); 

            

   Part:=2; 

            

  elsif Part=2 then 

            

     yt <= yt+y8+y8+y8; 

            

    Part:=3; 

            

   elsif Part=3 then 

--            

    if yt>"11110000" then 

--            

       y<="00000000"; 

--            

    els  

            

   if yt>"01111110" then 

            

       y<="01111110"; 

            

    elsif yt<"00000000" then 

            

        y<="00000000"; 

            

     else 

            

       y<=yt; 

            

    end if; 



  
   

 

            

    part:=0; 

            

   C_Byte<="10010011"; 

            

   State<=Calc; 

           

 end if; 

           end if; 

         when Calc=> 

              if X<64 then 

               

CS<="01"; 

             

Column<=64+x; 

             

TCol<=x+64; 

           Else  

           

 Cs<="10"; 

           

 column<=x; 

           

 Tcol<=x; 

           end if; 

          

 leds<=y; 

          

 Page<="10111"& Y(6 downto 4); 

          

 TPage<=y(6 downto 4); 

          

 Pixel<=Y(3 downto 1); 

          

 part:=0; 

          

 State<=Make_adr; 

         when make_adr=> 

--            if part=0 

then 

--             

part:=1; 

--             if 

TPage>0 then 

--                

Tpage<=TPage-1; 

--              

iPage:=iPage+1; 

--              

Part:=0; 

--         end if; 

--       if TCol>0 then 

--                

TCol<=TCol-1; 

--              

iCol:=iCol+1; 

--              

Part:=0; 

--         end if; 

--            else 



  

  

 

 

--             

 Part:=0; 

           

 State<=Write_Ram; 

--            end if; 

         when write_ram=> 

--           

 if Part=0 then 

--            

 Ram(iPage,iCol)<=Ram(iPage,iCol)or dePixel; 

--            

 Part:=1; 

--           

 else 

--              

 Out_Pixel<=Ram(iPage,iCol); 

--                

 State<= Set_Page; 

--            

 part:=0; 

--           

 end if; 

            -

--/* 

--           else 

             

 Out_Pixel<=depixel; 

 State<= Set_Page; 

 part:=0; 

--           end if; 

           ---*/ 

         when Set_page=> 

                 rw <= '0'; 

                   data <= page; 

                   di <= '0'; 

                   state <= Set_Column; 

                   GLCD <= Enable; 

         when Set_column=> 

                   data <= column; 

                   di <= '0'; 

                   state <= write_Pixel; 

                   GLCD <= Enable; 

         when Write_pixel=> 

                   data <= out_Pixel; 

                   di <= '1'; 

                   GLCD <= Enable;   

          

 State<=Select_Mode; 

       when others=> 

 State<=Select_Mode; 

         end case; 

     end case; 

    end if; 

    if ADS_Enable='1' then  

      c:=c+1; 

      if Cindx<8 then 

       if C=2 then 

    if BIndx=1 then  -- Send Control Byte To ADS 

       SDIn<= C_Byte(7-Cindx); 

      end if; 



  
   

 

     end if; 

     if c=200 then 

        -- Read 12 Bit Data from ADS  

      if Bindx>1 then 

        if DIndx<12 then 

          ADs_Data(11-DIndx)<=SDOut; 

        Dindx:=Dindx+1; 

       end if;    

      end if; 

     end if; 

     -- Make Clock out For ADS  

     if c<200 then 

           SClk<='0'; 

        elsif c<400 then 

            SClk<='1'; 

         else 

          C:=0; 

        SClk<='0'; 

          CIndx:=CIndx+1; 

       end if; 

      else 

         SdIn<='0'; 

     if C=1600 then 

        Cindx:=0; 

      if BIndx=3 then 

         BIndx:=1; 

       CIndx:=0; 

       DIndx:=0; 

       if Count>0 then  

        if Count<=16 then 

        

 Ads_Sum<=Ads_Sum+"0000"&Ads_Data; 

        end if; 

          count:=count-1; 

       else 

        Ads_Enable<='0'; 

        delay:=100; 

       end if; 

      else 

         BIndx:=BIndx+1; 

      end if; 

      C:=0; 

     end if; 

      end if; 

 

     end if; 

 

       end if; 

    end process; 

Depixel<="00000001" when Pixel="000" 

 else  "00000010" when Pixel="001" 

 else  "00000100" when Pixel="010" 

 else  "00001000" when Pixel="011" 

 else  "00010000" when Pixel="100" 

 else  "00100000" when Pixel="101" 

 else  "01000000" when Pixel="110" 

 else  "10000000" when Pixel="111"; 

end Behavioral; 
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 ,VREFثيشي هي ثبؿذ کِ ثشای ّش يک اص هجذل ّب سشهيٌبل ّبی  12هجذل ديؼيشبل ثِ آًبلَگ  4ؿبهل  AD7564سشاؿِ 

IOUT1, IOUT2  ٍRFB  ٍلز کبس هي کٌذ. ايي سشاؿِ ثاِ ٍػايلِ ياک     5ٍلز يب  3.3ثلَسر هؼضا ٍػَد داسد ٍ ثب ٍلشبط

ای، هظلظي ٍ ػيٌَػي ًشاكي ؿذُ اػز. سيضی  اػز . ثشًبهِ صيش ثشای سَليذ هَع هشثؼي، دًذاى اسُ قبثل ثشًبهِاسسجبى ػشيبل 

 ًشيؼِ سا هـبّذُ ًوبييذ. سا ثِ اػيلَػکخ ٍكل کٌيذ ٍ  هذاسخشٍػي 

 ؿَد: دّيذ، اًؼبم هيهى waveاًشخبة ًَع هَع خشٍػي ثِ ٍػيلِ ػذدی کِ ثِ 

wave = 00 هَع خشٍػي هشثؼي 

wave = 01 ُایهَع خشٍػي دًذاى اس 

wave = 10 هَع خشٍػي هظلظي 

wave = 11 هَع خشٍػي ػيٌَػي 

 قبثل سٌظين اػز    fast  ٍslowفشکبًغ ّن  ثَػيلِ کليذ ّبی 

 ؿکل هذاس ثِ كشٍر صيش هي ثبؿذ

 

 

 
 

 

 

 

 

 

 

 

 

 

 



  
   

 

 
 

 

 

 : کذ ثشًبهِ

library IEEE; 

USE ieee.std_logic_1164.all; 

USE ieee.numeric_std.all; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

entity ad7564 is 

    Port ( clk:       in std_logic; 

           reset:     in std_logic; 

     slow:     in std_logic; 

     fast:     in std_logic; 

     --data : in std_logic_vector(11 downto 0); 

     wave : in std_logic_vector (1 downto 0 ); 



  

  

 

 

     --ds : in std_logic_vector (1 downto 0 ); 

     output : out std_logic_vector(15 downto 0); 

           clkin :    out std_logic; 

           clr : out std_logic; 

           ldac :   out std_logic; 

           fsin :   out std_logic; 

     sdin: out std_logic; 

           sdout: in std_logic); 

end ad7564; 

 

architecture Behavioral of ad7564 is 

type two_dim is array (0 to 179) of std_logic_vector (11 downto 0);   -- 

jadvale zarayebe sinusi 

 

constant table : two_dim := (  

"100000000000","100001000111","100010001110","100011010110","100100011100

","100101100011","100110101001","100111101111", 

"101000110100","101001111000","101010111100","101011111111","101101000000

","101110000001","101111000001","101111111111", 

"110000111101","110001111000","110010110011","110011101100","110100100100

","110101011010","110110001110","110111000000", 

"110111110001","111000100000","111001001101","111001111000","111010100001

","111011001000","111011101101","111100001111", 

"111100110000","111101001110","111101101010","111110000100","111110011011

","111110110000","111111000010","111111010010", 

"111111100000","111111101011","111111110100","111111111010","111111111110

","111111111111","111111111110","111111111010", 

"111111110100","111111101011","111111100000","111111010010","111111000010

","111110110000","111110011011","111110000100", 

"111101101010","111101001110","111100110000","111100001111","111011101101

","111011001000","111010100001","111001111000", 

"111001001101","111000100000","110111110001","110111000000","110110001110

","110101011010","110100100100","110011101100", 

"110010110011","110001111000","110000111101","101111111111","101111000001

","101110000001","101101000000","101011111111", 

"101010111100","101001111000","101000110100","100111101111","100110101001

","100101100011","100100011100","100011010110", 

"100010001110","100001000111","100000000000","011110111000","011101110001

","011100101001","011011100011","011010011100", 

"011001010110","011000010000","010111001011","010110000111","010101000011

","010100000000","010010111111","010001111110", 

"010000111110","010000000000","001111000010","001110000111","001101001100

","001100010011","001011011011","001010100101", 

"001001110001","001000111111","001000001110","000111011111","000110110010

","000110000111","000101011110","000100110111", 

"000100010010","000011110000","000011001111","000010110001","000010010101

","000001111011","000001100100","000001001111", 

"000000111101","000000101101","000000011111","000000010100","000000001011

","000000000101","000000000001","000000000000", 

"000000000001","000000000101","000000001011","000000010100","000000011111

","000000101101","000000111101","000001001111", 

"000001100100","000001111011","000010010101","000010110001","000011001111

","000011110000","000100010010","000100110111", 

"000101011110","000110000111","000110110010","000111011111","001000001110

","001000111111","001001110001","001010100101", 

"001011011011","001100010011","001101001100","001110000111","001111000010

","010000000000","010000111110","010001111110", 

"010010111111","010100000000","010101000011","010110000111","010111001011

","011000010000","011001010110","011010011100", 

"011011100011","011100101001","011101110001","011110111000"); 



  
   

 

type state is (square, saw, triangle, sine, delay); 

--signal data : std_logic_vector(11 downto 0); 

signal current : state; 

signal data_i : std_logic_vector (11 downto 0); 

signal data :  std_logic_vector(11 downto 0); ---------------------------

- 

signal ds :  std_logic_vector (1 downto 0 );----------------------------- 

begin 

  

    

process(clk,reset) 

variable c,c1,i, j : integer; 

    variable down : std_logic; 

    variable count,period : std_logic_vector (15 downto 

0):="0000000100000000"; 

variable mode,count1,sending : integer; 

begin 

 

 if (reset='1') then 

   

  ldac<='1'; 

  clr<='1'; 

  c:=0; 

  c1:=0; 

  clkin<='0'; 

  sending:=0; 

  data<="000000000000";-------------------- 

  ds<="00";-------------------- 

 

 

  current <= square; 

            data_i <= "000000000000"; 

            i := 0; 

            j := 0; 

            down := '0'; 

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

    if slow='1' then         -- kelid slow baraye 

kaheshe frequecy             

                c:=c+1; 

                if c>=2500000 then          -- kelid slow baraye kaheshe 

frequecy     

                    c:=0; 

                    if period<"1000000000000000" then 

                        period:=std_logic_vector (unsigned(period) sll 

1); --shifte chap baraye afzayeshe ta'khir => kaheshe frequency 

                    end if; 

                end if; 

            end if; 

            if fast='1' then              -- kelid fast baraye afzayeshe 

frequecy       

                c:=c+1; 

                if c>=2500000 then          -- ta'khire nim saniye      

                    c:=0; 

                    if period>"0000000000000001" then 

                        period:=std_logic_vector (unsigned(period) srl 

1); --shifte rast baraye kaheshe ta'khir => afzayeshe frequency 

                    end if; 

                end if; 

            end if; 

        



  

  

 

 

  c1:=c1+1; 

  if(c1=4)then 

   c1:=0; 

   if sending<=64 then 

   sending:=sending+1; 

   end if; 

 

 

  case sending is 

   when 0=> 

    ldac<='1'; -- baryae shorue ersal payeh 

ldac,clr,bayad gheire fa'al bashand 

    clr<='1'; 

    clkin<='1'; 

    fsin<='1';-- baryae shorue ersal yek labe paeen 

ravande roye payeh fsin bayad emal shavad 

    sdin<=data(11); 

   when 1=> 

    clkin<='1'; 

    fsin<='0';-- baryae shorue ersal yek labe paeen 

ravande roye fsin bayad emal shavad 

    sdin<=data(11); -- bit 11(MSB) roye payeh sdin 

migozarim va bad yek labeye paeen ravande roye payeh clkin emal mikonim 

   when 2=> 

    clkin<='0';--yek labeye paeen ravande roye payeh 

clkin emal mikonim 

   when 3=> 

    clkin<='1'; 

    sdin<=data(10);-- bit 10 roye payeh sdin 

migozarim va bad yek labeye paeen ravande roye payeh clkin emal mikonim 

   when 4=> 

    clkin<='0';--yek labeye paeen ravande roye payeh 

clkin emal mikonim 

   when 5=> 

    clkin<='1'; 

    sdin<=data(9);-- bit 9 roye payeh sdin migozarim 

va bad yek labeye paeen ravande roye payeh clkin emal mikonim 

   when 6=> 

    clkin<='0';--yek labeye paeen ravande roye payeh 

clkin emal mikonim 

   when 7=> 

    clkin<='1'; 

    sdin<=data(8);-- bit 8 roye payeh sdin migozarim 

va bad yek labeye paeen ravande roye payeh clkin emal mikonim 

   when 8=> 

    clkin<='0';--yek labeye paeen ravande roye payeh 

clkin emal mikonim 

   when 9=> 

    clkin<='1'; 

    sdin<=data(7);-- bit 7 roye payeh sdin migozarim 

va bad yek labeye paeen ravande roye payeh clkin emal mikonim 

   when 10=> 

    clkin<='0';--yek labeye paeen ravande roye payeh 

clkin emal mikonim 

   when 11=> 

    clkin<='1'; 

    sdin<=data(6);-- bit 6 roye payeh sdin migozarim 

va bad yek labeye paeen ravande roye payeh clkin emal mikonim 

   when 12=> 



  
   

 

    clkin<='0';--yek labeye paeen ravande roye payeh 

clkin emal mikonim 

   when 13=> 

    clkin<='1'; 

    sdin<=data(5);-- bit 5 roye payeh sdin migozarim 

va bad yek labeye paeen ravande roye payeh clkin emal mikonim 

   when 14=> 

    clkin<='0';--yek labeye paeen ravande roye payeh 

clkin emal mikonim 

   when 15=> 

    clkin<='1'; 

    sdin<=data(4);-- bit 4 roye payeh sdin migozarim 

va bad yek labeye paeen ravande roye payeh clkin emal mikonim 

   when 16=> 

    clkin<='0';--yek labeye paeen ravande roye payeh 

clkin emal mikonim 

   when 17=> 

    clkin<='1'; 

    sdin<=data(3);-- bit 3 roye payeh sdin migozarim 

va bad yek labeye paeen ravande roye payeh clkin emal mikonim 

   when 18=> 

    clkin<='0';--yek labeye paeen ravande roye payeh 

clkin emal mikonim 

   when 19=> 

    clkin<='1'; 

    sdin<=data(2);-- bit 2 roye payeh sdin migozarim 

va bad yek labeye paeen ravande roye payeh clkin emal mikonim 

   when 20=> 

    clkin<='0';--yek labeye paeen ravande roye payeh 

clkin emal mikonim 

   when 21=> 

    clkin<='1'; 

    sdin<=data(1);-- bit 1 roye payeh sdin migozarim 

va bad yek labeye paeen ravande roye payeh clkin emal mikonim 

   when 22=> 

    clkin<='0';--yek labeye paeen ravande roye payeh 

clkin emal mikonim 

   when 23=> 

    clkin<='1'; 

    sdin<=data(0);-- bit 0(LSB) roye payeh sdin 

migozarim va bad yek labeye paeen ravande roye payeh clkin emal mikonim 

   when 24=> 

    clkin<='0';--yek labeye paeen ravande roye payeh 

clkin emal mikonim 

   when 25=> 

    clkin<='1'; 

    sdin<='0';  --data(3); adrese sakhtafzariye 

tarashe A1=0,Payeh A1 be zamin vasl shode 

   when 26=> 

    clkin<='0';--yek labeye paeen ravande roye payeh 

clkin emal mikonim 

   when 27=> 

    clkin<='1'; 

    sdin<='0';  --data(2);adrese sakhtafzariye 

tarashe A0=0,Payeh A0 be zamin vasl shode 

   when 28=> 

    clkin<='0';--yek labeye paeen ravande roye payeh 

clkin emal mikonim 

   when 29=> 

    clkin<='1'; 



  

  

 

 

    sdin<=ds(1); --be vasileye bit haye ds1, ds0 

yeki az 4 dac dakhele tarashe ghabele entekhab mibashad 

   when 30=> 

    clkin<='0';--yek labeye paeen ravande roye payeh 

clkin emal mikonim 

   when 31=> 

    clkin<='1'; 

    sdin<=ds(0); --be vasileye bit haye ds1, ds0 

yeki az 4 dac dakhele tarashe ghabele entekhab mibashad 

   when 32=> 

    clkin<='0';--yek labeye paeen ravande roye payeh 

clkin emal mikonim 

   when 33=> 

    fsin<='1'; --payane ersale 16 bit be tarasheye 

7564 

    clkin<='1'; 

    output(15)<= sdout; -- shorue daryafte 16bit az 

7564 be fpga va namayesh bit ha roye led ha 

   when 34=> 

    clkin<='0';--yek labeye paeen ravande roye payeh 

clkin emal mikonim 

    ldac<='0';-- baraye bargozariye(load) adade 12 

biti dar dac entekhab shodeh 

   when 35=> 

    ldac<='1';-- baraye bargozariye(load) adade 12 

biti dar dac entekhab shodeh 

    clkin<='1'; 

    output(14)<= sdout; 

   when 36=> 

    clkin<='0';   

   when 37=> 

    clkin<='1'; 

    output(13)<= sdout; 

   when 38=> 

    clkin<='0';  

   when 39=> 

    clkin<='1'; 

    output(12)<= sdout; 

   when 40=> 

    clkin<='0';   

   when 41=> 

    clkin<='1'; 

    output(11)<= sdout; 

   when 42=> 

    clkin<='0';   

   when 43=> 

    clkin<='1'; 

    output(10)<= sdout; 

   when 44=> 

    clkin<='0';   

   when 45=> 

    clkin<='1'; 

    output(9)<= sdout; 

   when 46=> 

    clkin<='0';   

   when 47=> 

    clkin<='1'; 

    output(8)<= sdout; 

   when 48=> 

    clkin<='0';   



  
   

 

   when 49=> 

    clkin<='1'; 

    output(7)<= sdout; 

   when 50=> 

    clkin<='0';   

   when 51=> 

    clkin<='1'; 

    output(6)<= sdout; 

   when 52=> 

    clkin<='0';   

   when 53=> 

    clkin<='1'; 

    output(5)<= sdout; 

   when 54=> 

    clkin<='0';   

   when 55=> 

    clkin<='1'; 

    output(4)<= sdout; 

   when 56=> 

    clkin<='0'; 

   when 57=> 

    clkin<='1'; 

    output(3)<= sdout; 

   when 58=> 

    clkin<='0';  

   when 59=> 

    clkin<='1'; 

    output(2)<= sdout; 

   when 60=> 

    clkin<='0';  

   when 61=> 

    clkin<='1'; 

    output(1)<= sdout; 

   when 62=> 

    clkin<='0';  

   when 63=> 

    clkin<='1'; 

    output(0)<= sdout; 

   when 64=> 

    clkin<='0'; 

    

    --sending:=0; 

    --sending:=0; 

    --data<=data+'1'; 

   when 65=> 

    --count:=count+1; 

    --if count=period then 

    --count:="0000000000000000"; 

    --sending:=0; 

    --data<=data+'1'; 

    --end if; 

   data <= data_i; 

 

    case current is 

                when square =>   --shekle moje morabaee 

                    if i <= 100  then 

                            i:=i+1; 

                            data_i <= "000000000000"; 

                    elsif i<=200 then 

                        i:=i+1; 



  

  

 

 

                        data_i <= "111111111111"; 

                    else  

                        i:=0; 

                    end if; 

                    count := period; 

                    current <= delay; 

                when saw =>     --shekle moje dandane arehee 

                    data_i <= data_i + 1;  --baraye shekle moje dandane 

arehee az 0 ta 4095 ra ba surate afzayeshi be porte khoruji ersal mikonad 

                    count := period;       --va pas az shomaresh az 4096 

be 0  overflew rokh midahad kedobareh az 0 ta 4096 tekrar mishavad 

                    current <= delay; 

                when triangle => --shekle moje mosallasi 

                    if down = '0' then     --shomaresh az 0 ta 4095 

(so'udi) 

                        data_i <= data_i + 1; 

                        if data_i = "111111111110" then 

                            down := '1'; 

                        end if; 

                    else                   --shomaresh az 4095 ta 0 

(nozuli) 

                        data_i <= data_i - 1; 

                        if data_i = "000000000001" then 

                        down := '0'; 

                        end if; 

                    end if; 

                    count := period; 

                    current <= delay; 

                when sine =>     --shekle moje sinusi 

                    if j < 180 then 

                        data_i <= table(j); -- jaygozariye maghdire 

zaribe sinusi az table be registere data_i baraye enteghal be porte 

khoruji 

                        j := j + 1; 

                    else                         

                        j := 0; 

                    end if; 

                    count := period; 

                    current <= delay;     -- ta'khire beyne ersale har 

yek az maghadire jadvale zaribe sinus 

                when delay =>             -- halate "delay" baraye ijad 

ta'khir beyen har yek az ersal ha be porte khorujiye fpga mibashad 

                    count := count - 1 ;  -- ke ba tagheere in delay az 

tarighe "period" va "count" mitavan frekans ra tagheer dad 

                    if count = 0 then 

                        case wave is 

                            when "00" => 

                                current <= square; 

            sending:=0; 

                            when "01" => 

                                current <= saw; 

            sending:=0; 

                            when "10" => 

                                current <= triangle; 

            sending:=0; 

                            when others => 

                                current <= sine; 

            sending:=0; 

                        end case; 

                    end if; 



  
   

 

                end case;       

   when others => 

    null; 

    --sending:=0; 

  end case; 

  end if; 

 end if; 

end process; 

end architecture; 
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سا ثِ اػيلَػکخ  (EO)ای، هظلظي ٍ ػيٌَػي ًشاكي ؿذُ اػز. خشٍػي هجذل ثشًبهِ صيش ثشای سَليذ هَع هشثؼي، دًذاى اسُ

 ًشيؼِ سا هـبّذُ ًوبييذ. ٍكل کٌيذ ٍ

 ؿَد: دّيذ، اًؼبم هيهى waveػذدی کِ ثِ اًشخبة ًَع هَع خشٍػي ثِ ٍػيلِ 

wave = 00 هَع خشٍػي هشثؼي 

wave = 01 ُایهَع خشٍػي دًذاى اس 

wave = 10 هَع خشٍػي هظلظي 

wave = 11 هَع خشٍػي ػيٌَػي 

 

 ؿوبسيک:

 

 
 کذ ثشًبهِ:

library IEEE; 

USE ieee.std_logic_1164.all; 

USE ieee.numeric_std.all; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

entity dac is 

Port ( data : out std_logic_vector (11 downto 0 ); 

a : out std_logic_vector (3 downto 0 ); 

wave : in std_logic_vector (1 downto 0 ); 



  
   

 

clk : in std_logic; 

slow : in std_logic; 

fast : in std_logic; 

reset : in std_logic); 

end dac; 

architecture Behavioral of dac is 

type state is (square, saw, triangle, sine, delay); 

signal current : state; 

signal data_i : std_logic_vector (11 downto 0); 

type two_dim is array (0 to 179) of std_logic_vector (11 downto 0);   -- 

jadvale zarayebe sinusi 

constant table : two_dim := 

("100000000000","100001000111","100010001110","100011010110","10010001110

0","100101100011","100110101001","100111101111", 

"101000110100","101001111000","101010111100","101011111111","101101000000

","101110000001","101111000001","101111111111", 

"110000111101","110001111000","110010110011","110011101100","110100100100

","110101011010","110110001110","110111000000", 

"110111110001","111000100000","111001001101","111001111000","111010100001

","111011001000","111011101101","111100001111", 

"111100110000","111101001110","111101101010","111110000100","111110011011

","111110110000","111111000010","111111010010", 

"111111100000","111111101011","111111110100","111111111010","111111111110

","111111111111","111111111110","111111111010", 

"111111110100","111111101011","111111100000","111111010010","111111000010

","111110110000","111110011011","111110000100", 

"111101101010","111101001110","111100110000","111100001111","111011101101

","111011001000","111010100001","111001111000", 

"111001001101","111000100000","110111110001","110111000000","110110001110

","110101011010","110100100100","110011101100", 

"110010110011","110001111000","110000111101","101111111111","101111000001

","101110000001","101101000000","101011111111", 

"101010111100","101001111000","101000110100","100111101111","100110101001

","100101100011","100100011100","100011010110", 

"100010001110","100001000111","100000000000","011110111000","011101110001

","011100101001","011011100011","011010011100", 

"011001010110","011000010000","010111001011","010110000111","010101000011

","010100000000","010010111111","010001111110", 

"010000111110","010000000000","001111000010","001110000111","001101001100

","001100010011","001011011011","001010100101", 

"001001110001","001000111111","001000001110","000111011111","000110110010

","000110000111","000101011110","000100110111", 

"000100010010","000011110000","000011001111","000010110001","000010010101

","000001111011","000001100100","000001001111", 

"000000111101","000000101101","000000011111","000000010100","000000001011

","000000000101","000000000001","000000000000", 

"000000000001","000000000101","000000001011","000000010100","000000011111

","000000101101","000000111101","000001001111", 

"000001100100","000001111011","000010010101","000010110001","000011001111

","000011110000","000100010010","000100110111", 

"000101011110","000110000111","000110110010","000111011111","001000001110

","001000111111","001001110001","001010100101", 

"001011011011","001100010011","001101001100","001110000111","001111000010

","010000000000","010000111110","010001111110", 

"010010111111","010100000000","010101000011","010110000111","010111001011

","011000010000","011001010110","011010011100", 

"011011100011","011100101001","011101110001","011110111000"); 

begin 

process (clk,reset) 

    variable c,i, j : integer; 



  

  

 

 

    variable down : std_logic; 

    variable count,period : std_logic_vector (15 downto 

0):="0000000100000000"; 

    begin 

        if reset = '1' then 

            current <= square; 

            data_i <= "000000000000"; 

            i := 0; 

            j := 0; 

            down := '0'; 

        elsif clk = '1' and clk'event then 

            if slow='1' then                     -- kelid slow baraye 

kaheshe frequecy 

                c:=c+1; 

                if c>=25000000 then              -- ta'khire nim saniye 

                    c:=0; 

                    if period<"1000000000000000" then 

                        period:=std_logic_vector (unsigned(period) sll 

1); --shifte chap baraye afzayeshe ta'khir => kaheshe frequency 

                    end if; 

                end if; 

            end if; 

            if fast='1' then                     -- kelid fast baraye 

afzayeshe frequecy 

                c:=c+1; 

                if c>=25000000 then              -- ta'khire nim saniye 

                    c:=0; 

                    if period>"0000000000000001" then 

                        period:=std_logic_vector (unsigned(period) srl 

1); --shifte rast baraye kaheshe ta'khir => afzayeshe frequency 

                    end if; 

                end if; 

            end if; 

            case current is 

                when square =>   --shekle moje morabaee 

                    if i <= 100  then 

                            i:=i+1; 

                            data_i <= "000000000000"; 

                    elsif i<=200 then 

                        i:=i+1; 

                        data_i <= "111111111111"; 

                    else  

                        i:=0; 

                    end if; 

                    count := period; 

                    current <= delay; 

                when saw =>     --shekle moje dandane arehee 

                    data_i <= data_i + 1;  --baraye shekle moje dandane 

arehee az 0 ta 4095 ra ba surate afzayeshi be porte khoruji ersal mikonad 

                    count := period;       --va pas az shomaresh az 4096 

be 0  overflew rokh midahad kedobareh az 0 ta 4096 tekrar mishavad 

                    current <= delay; 

                when triangle => --shekle moje mosallasi 

                    if down = '0' then     --shomaresh az 0 ta 4095 

(so'udi) 

                        data_i <= data_i + 1; 

                        if data_i = "111111111110" then 

                            down := '1'; 

                        end if; 



  
   

 

                    else                   --shomaresh az 4095 ta 0 

(nozuli) 

                        data_i <= data_i - 1; 

                        if data_i = "000000000001" then 

                        down := '0'; 

                        end if; 

                    end if; 

                    count := period; 

                    current <= delay; 

                when sine =>     --shekle moje sinusi 

                    if j < 180 then 

                        data_i <= table(j); -- jaygozariye maghdire 

zaribe sinusi az table be registere data_i baraye enteghal be porte 

khoruji 

                        j := j + 1; 

                    else                         

                        j := 0; 

                    end if; 

                    count := period; 

                    current <= delay;     -- ta'khire beyne ersale har 

yek az maghadire jadvale zaribe sinus 

                when delay =>             -- halate "delay" baraye ijad 

ta'khir beyen har yek az ersal ha be porte khorujiye fpga mibashad 

                    count := count - 1 ;  -- ke ba tagheere in delay az 

tarighe "period" va "count" mitavan frekans ra tagheer dad 

                    if count = 0 then 

                        case wave is 

                            when "00" => 

                                current <= square; 

                            when "01" => 

                                current <= saw; 

                            when "10" => 

                                current <= triangle; 

                            when others => 

                                current <= sine; 

                        end case; 

                    end if; 

                end case; 

        end if; 

    end process; 

a<="0000"; -- fa'al kardane paye haye A0,A1,A2,A3 dar tarasheye ad667 

data <= data_i; 

end Behavioral; 

 

 

 

 

 

 



  

  

 

 

 ad976 هجذل آًبلَگ ثِ ديؼيشبل اسلبل -31
 

 

 : AD976ًوبيي اص آی ػي  

 

 ثشای ايي هٌظَس دَسر ّبی صيش سا دس ًظش هي گيشين :

RC: کِ دٍ ػولREAD   ٍCONVERT .سا اًؼبم هيذّذ 

CS   ِثشای فؼبل کشدى سشاؿ : 

BUSY ِثشای سـخيق هـغَل ثَدى سشاؿ : 

DATA ثيشي اػز. 16ِ ديؼيشبل کِ خشٍػي : دادُ ی سجذيل ؿذُ ی آًبلَگ ث 



  
   

 

Seven segment   دَسر خشٍػي :FPGA 

Sevensegment_en  7:  دبيِ ی فؼبل کٌٌذُ یseg 

 اػش بدُ کشدين : stateكبلز يب  5هب دس ايي کذ اص 

start, read, wait_for_busy, convert_pulse_delay,convert2decimal 

ثشای ًـبى دادى يکبى ٍ دّگبى سب دُ  digit_1,digit_10,digit_100,digit_1000,digit_10000ػيگٌبلْبی 

 ّضاسگبى اػز.

هيخَاّاذ ٍ ياک دادُ اصؽ هيخاَاًي ٍ دس ثشًبهاِ       data ثيشي اػز اص  16کِ دَسسي data_registerهشغيش 

هيخَاّي اص آى اػش بدُ کٌي ّش للظِ هوکي اػز هقذاس دبيِ ّب ػَم ؿَد کِ هقذاس آًبلَگ ػَم هيـَد 

 شللظِ ، ثشای ايٌکِ ػَم ًـَد هقذاسی سا گشفشِ ٍ هيجشين سغييش هيذّين.ّ

Convert_delay ؿوشدى صهبى سبخيش ثشای سجذيل : 

ًويخَسد ٍ هٌٌق آى ثبيٌشی اػز هب ثبيذ هؼابدل ياک    7segثيشي اػز کِ ايي ثِ دسد  16ػذد خشٍػي هب 

 ػذد دػيوبل کٌين آى ساٍ ثبيذ سجذ يل کٌين آى سا...

ايي دشٍطُ اص الگَسيشن داثل دثل اػش بدُ کشدين کِ الگَسيشوي اػز کِ ثب ؿي ز دادى ٍ ػوغ کشدى ٍ هب دس 

 هقبيؼِ کشدى ػول هيکٌذ.

 ....65535سب  0سب سقن دّذّي دّذ اص  5ثيشي سا هيخَاّذ سجذيل کٌذ  16يک هشغيش 

ثااِ ًاابم ّاابی  ثيشااي اػااز  4هشغيااش دػاايوبل دس ًظااش گااشفشين کااِ ّااش کااذام    5هااب دس ايااي دااشٍطُ  

one,ten,hund,thou,tthou   .کِ اص يکبى سب دُ ّضاسگبى ّؼشٌذ ٍ دس كبلز ديؾ فشم ثِ آًْاب كا ش داديان 

 5ػذد سا يک ثيز يک ثيز ثِ ػوز ؿخ ؿي ز دادُ ثيز اٍل ٍاسد هشغيش هي ؿَد ثؼذ اص هقبيؼِ ثاب ػاذد   

س ايي کبس سا اًؼبم هي دّذ اگاش ػاذد   ثب 16ػوغ ثؼشِ ؿَد.  3ثَد آى ٍقز ثبيذ ثب ػذد  4اگش ػذد ثضسگشش اص 

ؿي ز اًؼبم ؿَد کِ ّوِ ايي ثيز ّب سک سک ٍاسد ايي هشغيشّاب ثـاًَذ ثؼاذ اص     16ثيشي ثبؿذ ثبيذ  16هب 

ًـبى دادُ ؿذُ اًذ کاِ هاب     BCDّؼشٌذ کِ ثِ كبلز   9ثبس هب ػذدّبيي داسين کِ اص ك ش سب  16اسوبم ايي 

ثيز  16هشكلِ سجذيل  16ٌز سب اػذاد سجذيل ؿذُ سا ًـبى دّذ كبل ايي اػذاد سا هي فشػشين ثِ ػَى ػگو



  

  

 

 

دـز ػش ّن داسيان کاِ دس ياک کاتک      if 5ؿي ز دادُ ؿذُ ٍ هقبيؼِ ّب اًؼبم ؿذُ اًذ. هب دس کذ ثشًبهِ 

 .ONEاًؼبم هي ؿَد ٍ ّوضهبى اػز. ثيز آخش ديشب سػيؼشش ّويـِ ٍكل اػز ثِ ثيز کن اسصؽ 

ؿذُ اػذاد ثذػز آهذُ هؼبدل اػذاد ثبيٌشی اػز. دس ّاش سجاذيل ثبياذ سابخيشی     ؿي ز اًؼبم  16صهبًي کِ 

ػاَى   5ايؼبد کٌين سب ػشيغ ايي سجذل اًؼبم ًـَد ؿَى قبثل ديذى ٍ سٍيز ثشای هاب ًيؼاز. دس هاذاس ّاش     

ػگوٌز ثب ّن هقذاس هي گيشد ٍلي ثِ ؿشًي ًـبى هي دّذ کِ سشاًضيؼشَس هشثَى ثِ آى سٍؿي ثبؿاذ داغ   

يؼشَس اٍل سا سٍؿي هي کٌين ٍ هقذاس يکبى سا داخل آى هي سيضين ٍ ثٌب ثش کذ يک دٌؼن طبًيِ هٌشظش هب سشاًض

هي هبًذ ٍ كبل کِ ايي صهبى ػذشی ؿذ ايي سشاًضيؼشَس خبهَؽ ٍ دٍهي سا سٍؿي هي کٌذ. )دّگبى(. اػذاد 

. اگش کوشش اص ايي هقذاس ثِ دػز آهذُ دس کذ ثشای هقذاس دّي سبخيش صهبًي ثِ كَسر سؼشثي ثذػز آهذُ اًذ

ثبؿٌذ لشصؽ ثِ ؿـن ًوي آيذ ٍلي اگش ثيـشش ثبؿذ سًٍذ کبس هب کٌذ هي ؿَد، ػشػز کن ٍ سبخيش صيابد هاي   

ؿَد ٍ ثب ؿـن هي سَاى ايي سبخيش سا هـبّذُ ًوَد ٍ اگش ّن ايي هقذاس سا خيلي کن کٌين ًَس ػَى ػگوٌز 

 کن هي ؿَد.

ػَى ػگوٌز ثِ ّوذيگش ٍكل ّؼاشٌذ ٍ دس ّاش للظاِ ياک      5ايي  دس ًْبيز ثبيذ گ ز کِ ثِ دليل آًکِ

هقذاس سا ًـبى هي دٌّذ ثبيذ دس آى للظِ يک ػَى ػگوٌز سا ثشای ًـابى دادى آى هقاذاس فؼابل کٌاين ٍ     

ؿَى ايي سبخيش ثيي ًـبى دادى دس ػَى ػگوٌز ّب دس كذ هيلي طبًيِ اػز هب ايي سغييش هقاذاس دّاي دس   

ؽ هـبّذُ هي کٌين ٍ ايي سغييش ثِ ؿـن ًوي آيذ ٍ دس آى ٍاكذ هيشَاًين دس ّش ػَى ػگوٌز ّب سا ثب لشص

ػَى ػگوٌز يک هقذاس هش بٍر داؿشِ ثبؿين ثب سَػِ ثِ فؼبل يب غيشفؼبل ؿذى آى ػاَى ػاگوٌز دس آى   

 سًغ صهبًي.

 ثِ ايي ؿکل هي ثبؿذ: ic976aؿوبسيک 



  
   

 

 

 

 

 کذ ثشًبهِ ثذيي ؿکل هي ثبؿذ :

library IEEE; 

USE ieee.std_logic_1164.all; 

USE ieee.numeric_std.all; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

entity a2d is 

Port ( 

rc : out std_logic; 

cs : out std_logic; 

busy : in std_logic; 

data : in std_logic_vector(15 downto 0); 

seven_segment : out std_logic_vector(6 downto 0); 

segment_en : out std_logic_vector (4 downto 0); 

clk : in std_logic; 

reset : in std_logic); 

end a2d; 

architecture Behavioral of a2d is 

type state is (start, read, wait_for_busy, 

convert_pulse_delay,convert2decimal); 

signal current : state; 



  

  

 

 

signal digit_1,digit_10,digit_100,digit_1000,digit_10000 : 

std_logic_vector(6 downto 0); 

begin 

process (clk, reset) 

variable c1,i,j,convert_delay : integer; 

variable one,ten,hund,thou,tthou: std_logic_vector(3 downto 0) := "0000;" 

variable data_register: std_logic_vector(15 downto 0) := 

"0000000000000000"; --16 BIT 

begin 

if reset = '1' then 

i:=0; 

rc <= '1;' 

cs <= '0;' 

current <= start; 

elsif clk = '1' and clk'event then 

case current is 

when start  <=  

cs <= '0;' 

rc <= '0;' 

convert_delay:=0; 

current <= convert_pulse_delay; 

when convert_pulse_delay =>            -- dar in marhale pulse monaseb 

baraye aghaze tabdil voltage analog be yek adade binery be ad976 frestade 

mishavad 

convert_delay:=convert_delay+1; 

if convert_delay <= 2 then   ----convert_delay:=0,1,2 

=>3*20ns=60ns 

current <= convert_pulse_delay; 

else 

current <= wait_for_busy; 

rc<='1;' 

end if; 

when wait_for_busy =>----4us   --barname dar in state montazer mimanad ta 

tarshe ad976 az halate "busy" kharej shavad 

if busy = '0' then     ----Data Valid Delay 

after R/C Low=> 4us tebghe datasheet(t2 dar jadvale safheye 4( 

current <= wait_for_busy; 

elsif busy = '1' then        --agar tarashe ad976 az halat "busy" kharej 

shod barname be state "read" miravad 

current <=read; 

end if; 

when read =>   ----25ns 

data_register := data ;  --enteghale adad binerye 16biti be ye 

moteghayere dakheli baraye anjame amaliate tabdil be decimal 

current<=convert2decimal;-- sepas be marhaleye tabdil az binery be 

decimal miravad 

i:=0; 

when convert2decimal =>----18clk*20ns=>360ns baraye tabdile bin to dec 

if i=0 then  ----ta inja kollan:4.440us: 

60ns+4000ns+20ns+360ns=4440ns 

i:=i+1; 

tthou := "0000"; --pak kardane moteghayerha ke hanuz maghadire  marhaleye 

ghabli ra darand 

thou := "0000";  --pak kardane moteghayerha ke hanuz maghadire  marhaleye 

ghabli ra darand 

hund := "0000";  --pak kardane moteghayerha ke hanuz maghadire  marhaleye 

ghabli ra darand 

ten :=  "0000";  --pak kardane moteghayerha ke hanuz maghadire  marhaleye 

ghabli ra darand 



  
   

 

one :=  "0000";  --pak kardane moteghayerha ke hanuz maghadire  marhaleye 

ghabli ra darand 

elsif i=1 then 

i:=i+1; 

data_register(15):=not data_register(15)    ;   -- tabdile moteghayere 

alamat dar be moteghayere bedune alamat 

elsif i<=17 then                                    -- tabdile binery be 

decimal (bcd( 

i:=i+1; 

current <= convert2decimal; 

if (tthou >= "0101") then 

tthou := std_logic_vector (unsigned(tthou) +3;( 

end if; 

if (thou >= "0101") then 

thou := std_logic_vector (unsigned(thou) +3); 

end if; 

if (hund >= "0101") then 

hund := std_logic_vector (unsigned(hund) +3); 

end if; 

if (ten >= "0101") then 

ten := std_logic_vector (unsigned(ten) +3); 

end if; 

if (one >= "0101") then 

one := std_logic_vector (unsigned(one) +3); 

end if; 

tthou := tthou(2 downto 0) & thou(3);          -- THE SHIFTING 

thou := thou(2 downto 0)& hund(3);         -- THE SHIFTING 

hund := hund(2 downto 0)& ten(3);          -- THE SHIFTING 

ten := ten(2 downto 0)& one(3);            -- THE SHIFTING 

one := one(2 downto 0)& data_register(15); -- THE SHIFTING 

data_register := std_logic_vector (unsigned(data_register) sll 1);   -- 

THE SHIFTING 

else 

if c1<=28000000 then   ----28*20ns=560ns+4440ns=5000ns=5us  -- Ta'khire 

beyne har tabdil 

c1:=c1+1;                          -- barname be andazeye ta'khir dar 

halat "convert2decimal" mimanad 

current<=convert2decimal; 

else                                   -- pas az tamamshodan ta'khir 

barname be halat start bazmigardad 

current<=start; 

i:=0; 

c1:=0; 

end if; 

end if; 

end case; 

case one IS 

-------------------- codhaye marbut be seven-segment ha ---------------  

when "0000" => digit_1 <= "0111111" ; -- 0 

when "0001" => digit_1 <= "0000110" ; -- 1 

when "0010" => digit_1 <= "1011011" ; -- 2 

when "0011" => digit_1 <= "1001111" ; -- 3 

when "0100" => digit_1 <= "1100110" ; -- 4 

when "0101" => digit_1 <= "1101101" ; -- 5 

when "0110" => digit_1 <= "1111101" ; -- 6 

when "0111" => digit_1 <= "0000111" ; -- 7 

when "1000" => digit_1 <= "1111111" ; -- 8 

when "1001" => digit_1 <= "1101111" ; -- 9 

when others => digit_1 <= "0000000  ; "--  

end case; 



  

  

 

 

case ten IS 

when "0000" => digit_10 <= "0111111" ; -- 0 

when "0001" => digit_10 <= "0000110" ; -- 1 

when "0010" => digit_10 <= "1011011" ; -- 2 

when "0011" => digit_10 <= "1001111" ; -- 3 

when "0100" => digit_10 <= "1100110" ; -- 4 

when "0101" => digit_10 <= "1101101" ; -- 5 

when "0110" => digit_10 <= "1111101" ; -- 6 

when "0111" => digit_10 <= "0000111" ; -- 7 

when "1000" => digit_10 <= "1111111" ; -- 8 

when "1001" => digit_10 <= "1101111" ; -- 9 

when others => digit_10 <= "0000000  ; "--  

end case; 

case hund IS 

when "0000" => digit_100 <= "0111111" ; -- 0 

when "0001" => digit_100 <= "0000110" ; -- 1 

when "0010" => digit_100 <= "1011011" ; -- 2 

when "0011" => digit_100 <= "1001111" ; -- 3 

when "0100" => digit_100 <= "1100110" ; -- 4 

when "0101" => digit_100 <= "1101101" ; -- 5 

when "0110" => digit_100 <= "1111101" ; -- 6 

when "0111" => digit_100 <= "0000111" ; -- 7 

when "1000" => digit_100 <= "1111111" ; -- 8 

when "1001" => digit_100 <= "1101111" ; -- 9 

when others => digit_100 <= "0000000  ; "--  

end case; 

case thou IS 

when "0000" => digit_1000 <= "0111111" ; -- 0 

when "0001" => digit_1000 <= "0000110" ; -- 1 

when "0010" => digit_1000 <= "1011011" ; -- 2 

when "0011" => digit_1000 <= "1001111" ; -- 3 

when "0100" => digit_1000 <= "1100110" ; -- 4 

when "0101" => digit_1000 <= "1101101" ; -- 5 

when "0110" => digit_1000 <= "1111101" ; -- 6 

when "0111" => digit_1000 <= "0000111" ; -- 7 

when "1000" => digit_1000 <= "1111111" ; -- 8 

when "1001" => digit_1000 <= "1101111" ; -- 9 

when others => digit_1000 <= "0000000  ; "--  

end case; 

case tthou IS 

when "0000" => digit_10000 <= "0111111" ; -- 0 

when "0001" => digit_10000 <= "0000110" ; -- 1 

when "0010" => digit_10000 <= "1011011" ; -- 2 

when "0011" => digit_10000 <= "1001111" ; -- 3 

when "0100" => digit_10000 <= "1100110" ; -- 4 

when "0101" => digit_10000 <= "1101101" ; -- 5 

when "0110" => digit_10000 <= "1111101" ; -- 6 

when "0111" => digit_10000 <= "0000111" ; -- 7 

when "1000" => digit_10000 <= "1111111" ; -- 8 

when "1001" => digit_10000 <= "1101111" ; -- 9 

when others => digit_10000 <= "0000000  ; "--  

end case; 

j:=j+1; 

case j is 

when 1          => segment_en<="00001";   -- transistor marbut be 

seven-segmente "yakan" fa'al mishavad , va sayere transistor ha gheire 

fa'al mishavand 

seven_segment<=digit_1;     -- raghame yekan roye bus moshtarak(porte 

seven_segment) gozashte mishavad 

when 50000          => segment_en<="00000;" 



  
   

 

seven_segment<="0000000;" 

when 100000     => segment_en<="00010";             -- transistor marbut 

be seven-segmente "dahgan" fa'al mishavad ,va sayere transistor ha gheire 

fa'al mishavand 

seven_segment<=digit_10;    -- raghame dahgan roye bus moshtarak(porte 

seven_segment) gozashte mishavad 

when 150000          => segment_en<="00000;" 

seven_segment<="0000000;" 

when 200000    => segment_en<="00100";             -- transistor marbut 

be seven-segmente "sadgan" fa'al mishavad ,va sayere transistor ha gheire 

fa'al mishavand 

seven_segment<=digit_100;   -- raghame sadgan roye bus moshtarak(porte 

seven_segment) gozashte mishavad 

when 250000          => segment_en<="00000;" 

seven_segment<="0000000;" 

when 300000    => segment_en<="01000";             -- transistor marbut 

be seven-segmente "hezargan" fa'al mishavad ,va sayere transistor ha 

gheire fa'al mishavand 

seven_segment<=digit_1000;  -- raghame hezargan roye bus moshtarak(porte 

seven_segment) gozashte mishavad 

when 350000          => segment_en<="00000;" 

seven_segment<="0000000;" 

when 400000    => segment_en<="10000";             -- transistor marbut 

be seven-segmente "dah hezargan" fa'al mishavad ,va sayere transistor ha 

gheire fa'al mishavand 

seven_segment<=digit_10000; -- raghame dah hezargan roye bus 

moshtarak(porte seven_segment) gozashte mishavad 

when 450000          => segment_en<="00000;" 

seven_segment<="0000000;" 

when 500000    => j:=0; 

when others     => null; 

end case; 

end if; 

end process; 

end Behavioral; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

  

 

 

32- pwm 
 

يک دابلغ ٍسٍدی   Duty Cycleهذاس دشٍطُ ػبسی ثِ ٍػيلِ سکٌيک هذٍلاػيَى ػشم دبلغ ثبػض سغييش دس 

، ياک دابلغ   Duty Cycleهي ؿاَد.   DCؿذُ ٍ اص ايي ًشيق هَػت سغييش دس ػشػز ؿشخؾ يک هَسَس  

ثش خت  ( اػز.  ّوبًٌَس کِ هي داًين Periodى دس يک دٍسُ کبهل )ًؼجز يک ثَدى دبلغ ثِ ك ش ثَدى آ

ػبدگي قبثل سغيياش اػاز، ػاشػز ٍ    ِ ثِ ًظش ًشاف هذاس ث ى ثٌبدلِ ای کِ ػشػز ٍ ػْز ؿشخؾ آ سهَسَ

ثِ ًَس هؼوَل قبثل کٌششل ًيؼز. يکي اص ساُ ّبی کٌششل ػشػز ؿشخؾ هَساَس   DCػْز ؿشخؾ هَسَس 

DC  اػش بدُ اص هذاسPWM  اػز. هذاسPWM   َ سَسّابی  اهشٍصُ دس كٌؼز ثشای کٌششل ػاشػز ؿاشخؾ ه

 . اػش بدُ گؼششدُ ای داسد.، دس سثبسيک ٍ..كٌؼشي 

 

 ؿشف دشٍطُ : 

ٍ يک خشٍػي ثشای اسلبل ثِ هَسَس اػاز. ثاب    up  ٍdownهذاس ايي دشٍطُ کت داسای دٍ ٍسٍدی ثِ ًبم ّبی 

بثذ. هشغيش اكالي  ي ػشػز هَسَس کبّؾ هي downػشػز هَسَس افضايؾ ٍ ثب فـشدى کليذ  upفـشدى کليذ 

ياک   downى افضٍدُ ٍ ثب ّش ثابس فـاشدى کلياذ    يک ٍاكذ ثِ آ upاػز کِ ثب ّش ثبس فـشدى کليذ  xِ ثشًبه

يک هشغيش کوکي اػاز کاِ ّاش     yاػز. هشغيش  HZ 500ى کبػشِ هي ؿَد. فشکبًغ کبسی ثشًبهِ ٍاكذ اص آ

   ِ ًَؿاشِ ؿاذُ ٍ    RTLؿايَُ   طبًيِ هقذاس آى يک ٍاكذ اهبفِ هي ؿَد. ثشًبهِ ًشم افضاسی ايي داشٍطُ ثا

 اػز.  counting  ٍwaitingثِ ًبم ّبی  stateداسای دٍ 

کَؿکشش ثَد ،  yاص هقذاس  xهقبيؼِ هي ؿَد اگش  yثب هقذاس  xهقذاس كبل كبهش  countingدس كبلز  .1

اػز اياي سًٍاذ اداهاِ      x > y هي ؿَد.  سب صهبًيکِ  1، خشٍػي ثشًبهِ  xثِ سؼذاد دبلغ ّبی ػذد 

 ذ.هي يبث

سفشاِ ٍ خشٍػاي ثشًبهاِ     waitingثشاثش ؿذ ثشًبهِ ثِ كبلاز   x   ٍyصهبًيکِ هقذاس ػذدی دٍ هشغيش  .2

ثشػذ خشٍػاي ثشًبهاِ كا ش     xثِ كذ ًْبيز ػذدی هشغيش  yك ش هي ؿَد ٍ ثِ اًذاصُ ای کِ هشغيش 

 هي هبًذ. 



  
   

 

داسد. دس ايي دشٍطُ هشغيش ثؼشگي  x، ثِ ًَل ثشداس هشغيش  xلاصم ثِ سَهيق اػز کِ كذ ًْبيز ػذدی هشغيش 

x  اص ًَعStd_logic_vector  ثيز اػز. دغ اگش ثِ ػٌَاى هظبل هشغيش  دٌغٍ ثِ ًَلx   01001داسای ػاذد 

کشدُ ٍ ثِ اًذاصُ اخاشت    ‟1„خشٍػي هذاس دشٍطُ سا  yثبؿذ، ثِ اًذاصُ ّـز ثبس اهبفِ ؿذى هشغيش  9يب ػذد 

هاي کٌاذ. ثاذيي     ‟0„خشٍػي هذاس سا  yبس اهبفِ ؿذى هشغيش ث 32-9;23يؼٌي  xآى ثب ًْبيز ػذدی هشغيش 

ػاَم   x  ٍyٍ سغييش هقبديش دٍ هشغيش  Up  ٍDownدبلغ خشٍػي ثب فـشدى دٍ کليذ  Duty Cycleكَسر 

 هي ؿَد. DCؿذُ ٍ هَػت سغييش دس ػشػز ؿشخؾ هَسَس 

 دس ك لِ ثؼذ ؿکل هذاس ايي دشٍطُ آهذُ اػز :

 

 

 
 PWMى ػشم دبلغ ؿکل هذاس دشٍطُ هذٍلاػيَ

 

 ٍ ديبگشام كبلز هذاس ايي دشٍطُ ثِ كَسر ؿکل صيش هي ثبؿذ.

 



  

  

 

 

 
 PWMديبگشام كبلز ثشای ثشًبهِ دشٍطُ 

 

  دس صيش آٍسدُ ؿذُ اػز : VHDLکذ ثشًبهِ ًشم افضاسی هذاس دشٍطُ ثِ صثبى 

 
-- Company: 

-- Engineer: 

-- 

-- Create Date:    16:18:39 12/25/11 

-- Design Name: 

-- Module Name:    pwm - Behavioral 

-- Project Name: 

-- Target Device: 

-- Tool versions: 

-- Description: 

-- 

-- Dependencies: 

-- 

-- Revision: 

-- Revision 0.01 - File Created 

-- Additional Comments: 

-- 

-------------------------------------------------------------------------

------- 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity pwm is 

port( 

 

clk,pwm_reset,pwm_up,pwm_down : in std_logic;                        -- 

up and down are the main inputs. 



  
   

 

pwm_out,pwm_led_out : out std_logic              -- pwm_out is 

the main output. 

 

); 

 

 

end pwm; 

 

architecture Behavioral of pwm is 

 

 

constant pwm_debounce_time : integer := 25000;                --  500 us. 

Baraye zamane debounce 

constant pwm_led_time : integer := 25000000;                     --  500 

ms. Modat zamane roshan budane LED 

type pwm_state is (pwm_counting,pwm_waiting); -- tarife hAlathaye PWM 

signal pwm_current : pwm_state; 

signal pwm_x : std_logic_vector(4 downto 0) ;      -- main signal that 

change with up or down. Meghdare marja baraye amalkarde PWM 

signal 

pwm_flag_up,pwm_flag_down,pwm_before,pwm_debounce_flag,pwm_led_flag : 

std_logic; 

signal pwm_count,pwm_temp : integer;  --tarife timer haye debounce va LED 

 

 

begin 

 

 

 

 

-- PWM Process ----------------------------------------------------- 

 

 

process (clk) 

 

variable pwm_frequency : integer := 0;                -- variable for 

dividing frequency. Taghsime ferekanse baraye bedast avardane ferekanse 

500Hz 

variable pwm_y : std_logic_vector(4 downto 0) := "00000";     -- this 

variable should compare with "x". 

 

begin 

 

if (pwm_reset='1') then --meghdar dehie avvalie be tamame parameter haye 

zir 

pwm_out <= '0'; 

pwm_led_out <= '0'; 

pwm_x <= "00011";                -- initial variable "x" with "00011" 

that begins at 3rd step. 

pwm_current <= pwm_counting; 

pwm_flag_up <= '0'; 

pwm_flag_down <= '0'; 

pwm_debounce_flag <= '0'; 

pwm_led_flag <= '0'; 

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

pwm_frequency := pwm_frequency+1;                        -- increament 

the frequency variable. 

 

-- pwm up button ----------------------------------------------- 

 



  

  

 

 

if (pwm_up = '1' and pwm_flag_up='0')then        -- Detecting the input 

"UP".Input is Low Active. 

if (pwm_debounce_flag = '0') then 

pwm_before <= pwm_up;  --hAlate ghablie pwm_up ra negah midarad 

pwm_debounce_flag <= '1';  --ba inkar timer count fa'al migardad 

pwm_flag_up <='1';  -- baraye jelogiri az vorude mojaddad be in block 

end if; 

 

else 

if (pwm_count = pwm_debounce_time) then                     -- Debouncing 

the input "UP". Debounc anjam shod 

 

If (pwm_before = pwm_up ) then   --agar hanuz dokmeye up paein ast 

pwm_x <= pwm_x+1;  --meghdare marja ra yeki ezafe kon 

pwm_led_out <= '1';--By activating this output,user can realize that the 

key is pressed once. LED ra roshan mikonad ta karbar motevajehe feshorde 

shodane dokme shavad 

pwm_debounce_flag <= '0';   --count ra sefr mikonad 

pwm_led_flag <='1';    --timer LED ra fa'al mikonad 

else 

pwm_debounce_flag <= '0';   --yani yek noise baese fa'al shodane pwm_up 

shode pas timere count ra sefr kon 

end if; 

end if; 

 

 

if (pwm_temp = pwm_led_time)then  --agar timer LED be 500ms resid LED ra 

khamush kon va timere LED ra ba sefr kardane led_flag, sefr kon 

pwm_led_out <= '0'; 

pwm_led_flag <='0'; 

end if; 

 

 

end if; 

 

 

if (pwm_up='0') then  --agar digar dokmeye up feshorde shode nist flag_up 

ra sefr kon 

pwm_flag_up<= '0'; 

end if; 

 

 

------ pwm down button---------------------------------------------------

------- 

-- Tozihate in bakhsh daghighan mesle up button ast 

if (pwm_down = '1' and pwm_flag_down='0')then   -- Detecting the input 

"DOWN".Input is Low Active. 

 

if (pwm_debounce_flag = '0') then 

pwm_before <= pwm_down; 

pwm_debounce_flag <= '1'; 

pwm_flag_down <='1'; 

end if; 

else 

 

if (pwm_count = pwm_debounce_time) then                -- Debouncing the 

input "DOWN". 

If (pwm_before = pwm_down ) then 

pwm_x <= pwm_x-1; 



  
   

 

pwm_led_out <= '1';    --By activating this output,user can realize that 

the key is pressed once. 

pwm_debounce_flag <= '0'; 

pwm_led_flag <='1'; 

else 

pwm_debounce_flag <= '0'; 

end if; 

end if; 

 

 

if (pwm_temp = pwm_led_time)then 

pwm_led_out <= '0'; 

pwm_led_flag <='0'; 

end if; 

 

end if; 

 

 

if (pwm_down='0') then 

pwm_flag_down<= '0'; 

end if; 

 

----- pwm main-----------------------------------------------------------

------ 

 

case pwm_current is 

--> 

when pwm_counting => 

if (pwm_frequency = 100000) then                           -- program 

frequency is 500 Hz. 

if ( pwm_x>pwm_y ) then                     --agar y kamtar x ast khoruji  

ra 1 negahdar va y ra yeki ezafe kon 

pwm_y := pwm_y+1; 

pwm_out <= '1';                                    -- activate the main 

output 

pwm_current <= pwm_counting;                      -- dar hAlate counting 

baghi beman 

else                                                           -- dar 

gheire insurat khoruji ra sefr va be hAlate waiting boro 

pwm_out <= '0';                                    -- deactivate the 

output. 

pwm_current <= pwm_waiting;                               -- go to state 

"waiting". 

end if; 

 

pwm_frequency := 0;                                          -- ferekans 

ra sefr kon 

end if; 

--> 

when pwm_waiting => 

if (pwm_frequency = 100000) then                      -- program 

frequency is 500 Hz. 

if ( pwm_y = "11111" ) then                  -- agar y be hadde aksare 

meghdare khod reseid, An ra sefr kon va be hAlate counting boro 

pwm_y := "00000"; 

pwm_current <= pwm_counting;                            -- go to state 

"counting" 

else                                     -- agar be hadde aksare meghdare 

khod naresid An ra yeki ezafe kon va dar hAlate waiting baghi beman 

pwm_y := pwm_y+1; 



  

  

 

 

pwm_current <= pwm_waiting;                  -- return to state "Waiting" 

(this state). 

end if; 

pwm_frequency := 0;                                         -- reset the 

frequency variable. 

end if; 

end case; 

 

end if; 

 

-- in ghesmat marbut be shomarande hast---- 

if (pwm_reset ='1')then --agar reset zade shod timer ha ra sefr kon 

pwm_count <= 0; 

pwm_temp <= 0; 

 

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

 

if (pwm_debounce_flag = '1') then --agar debounce_flag yek bud count be 

shomaresh edame dahad, dar gheire in surat An ra sefr kon 

pwm_count <= pwm_count + 1; 

else 

pwm_count <= 0; 

end if; 

 

 

if (pwm_led_flag='1') then 

pwm_temp <= pwm_temp+1;        --agar led_flag yek bud, temp be shomaresh 

edame dahad, dar gheire in surat An ra sefr kon 

else 

pwm_temp <= 0; 

end if; 

 

end if; 

 

end process; 

end Behavioral; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  
   

 

33- logic probe 
 

 logic probe ای ثشهقذهِ

ِ  ثَػيلِ دبلغ صهبى ايي هذر کِ هيٌبهٌذ "دبلغ سک ػبصّبی ًَػبى" سا هًََاػشبثل ػبصّبی ًَػبى  ؿاجک

  .هيـَد هـخق RCخبسػي 

 خشٍػي هيگشدد اػوبل دبلغ ٍسٍدی کِ صهبًي .داسد قشاس ك ش ػٌق دس هذاس خشٍػي هؼوَلأ دبيذاس دسكبلز

 (Vcc).هيشٍد يک ػٌق ثِ

 ػيگٌبل صهبى هذر ايي اص ثؼذ .داسد ثؼشگي RCؿجکِ  ثِ هيوبًذ ثبقي يک ػٌق دس کِ خشٍػي صهبًي هذر

كا ش ػاٌق    ػاٌق  دس ثؼاذی  ٍسٍدی دبلغ سػيذى سب هذاس خشٍػي .ك شثشهيگشدد دبيذاس ػٌق ثِ خشٍػي

 .هيوبًذ دبيذاس ثبقي

 .هيـًَذ ًبهيذُ Monostableرهذاسا داسًذ (Stable)دبيذاسی ػٌق يک سٌْب هذاسّب ايٌگًَِ کِ آًؼب اص

 كبل ؿگًَِ هيشَاى ايي هذاسار سا ؿجيِ ػبصی کشد .         

دس ايي دشٍطُ ثب اػش بدُ اص کبًشش ٍکتک ٍسٍدی اػوبل ؿذُ کِ کبًشش ٍاثؼشِ ثِ آى اػز ؿوبسؽ هيکٌذ کِ 

دس اياي داشٍطُ اص دٍ     ثب اػش بدُ اص ايي کبًشش هذر صهبى لاصم ثشای ثبلا ًگِ داؿشي لجاِ فاشاّن ؿاذُ اػاز .    

ی هًََاػشبثل اٍلي  qهًََاػشبثل اػش بدُ ؿذُ کِ ٍسٍدی اٍلي، دبلغ ٍسٍدی اػز ٍ ٍسٍدی دٍهي ػيگٌبل 

سفشِ اػاز،   dffی هًََاػشبثل اٍلي ثِ دبيِ ی سيؼز    qسفشِ ٍ  dffهًََاػشبثل دٍم ثِ کتک  q_barاػز 

ًوَدُ ٍ اگش  1سا  q1دبيذاسی هًََاػشبثل اٍل ثشػذ، ثِ اًذاصُ ی صهبى ػٌق  pulseاگش ػشم دبلغ ػيگٌبل 

q1  ثبقي ثوبًذ،  1يب ّوبى ٍسٍدی هًََاػشبثل دٍم، ّويـِ دسq2_bar    ِخَاّاذ ؿاذ، ؿاَى     1آى ّويـا

ّشگض لجِ ای سم ًوي دّذ سب هًََاػشبثل دٍم آى سا سـخيق دّاذ، ٍ دس ؿاشى ثشًبهِ)قؼاوز ػاشبسُ داس(     

 َد.ثِ آى سخليق دادُ هيـ 1هقذاس 

سفشاِ ٍ   1ثاِ   0اص   اػاز،  1( ػاٌق  q1( دس كبلي کِ سيؼز )يب q2_bar)يب   dffثٌبثشايي ػيگٌبل کتک   

( ٍ pulseديگش سغييش ًويکٌذ)كذاقل سب سغيياش   (q1)يب ّوبى  dffهي ًوبيذ ٍ ؿَى کتک   1سا  dffخشٍػي 



  

  

 

 

ثابقي هبًاذُ ٍ ساب سغيياش دابلغ       1ًيض  dffثبقي هيوبًذ ، خشٍػي  1دسػٌق هٌٌقي  (q2_bar)يب  dffکتک 

 ٍسٍدی دس هًََاػشبثل اٍل دس ّويي كبلز قشاس خَاّذ داؿز.

 

 ؿوبسيک کلي :

 
 

 

 
 

 



  
   

 

 
  

 

 
 

 

 



  

  

 

 

 ثشًبهِ:

 ------------------------------------------------------------------------

-------- 

-- Company: 

-- Engineer: 

-- 

-- Create Date:    16:10:58 12/25/11 

-- Design Name: 

-- Module Name:    probe - Behavioral 

-- Project Name: 

-- Target Device: 

-- Tool versions: 

-- Description: 

-- 

-- Dependencies: 

-- 

-- Revision: 

-- Revision 0.01 - File Created 

-- Additional Comments: 

-- 

-------------------------------------------------------------------------

------- 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity probe is 

port( 

 

 

clk:in std_logic; 

pulse : in std_logic; 

q : out std_logic 

 

 

); 

 

 

end probe; 

 

architecture Behavioral of probe is 

 

 

 

--logic probe signals --------------------------------------------------- 

 

signal counter1,counter2 : integer range 0 to 50000; -- baraye taghsime 

ferekans, ta ferekanse 1KHz bedast Ayad 

signal flag1,flag2: std_logic; 

signal q1,q2_bar : std_logic; 

signal decide1,decide2 : std_logic_vector(1 downto 0) :="00"; 

 



  
   

 

 

 

begin 

 

 

 

 

 

 

-- Probe Process ----------------------------------------------------- 

 

 

process (clk) 

 

begin 

 

-- monostabale 1 

 

 

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

decide1(1) <= decide1(0); --jahate tashkhise labe 

decide1(0) <= pulse; 

 

 

case decide1 is     --agar labe tashkhis dade shod flag ra yek kon 

when "01" => 

flag1 <= '1'; 

when others => 

flag1 <= '0'; 

end case; 

 

 

 

--  agar flag yek shaved yek palse sathe balaye farzi ( q1 = 1 )  ijad 

kon va be andazeye yek periode yek signal 1KHz An ra edAme bede. 

if flag1 = '1' then 

counter1 <= 50000; --q1  ra yek kon 

q1 <= '1'; 

else 

if counter1 = 0 then  -- agar countere 1  sefr shod q1 ra sefr kon 

q1 <= '0'; 

else    -- dar gheire in surat countere 1 ra yeki kam kon va q1 ra dar 

halite yek negah dar 

counter1 <= counter1 - 1 ; 

q1 <= '1'; 

end if; 

end if; 

 

-- monostable 2 , mesle monostable 1 

decide2(1) <= decide2(0); 

decide2(0) <= q1; 

 

 

case decide2 is 

when "01" => 

flag2 <= '1'; 

when others => 

flag2 <= '0'; 

end case; 

 



  

  

 

 

--  agar flag yek shaved yek palse sathe paeine farzi ( q2_bar = 0 )  

ijad kon va be andazeye yek periode yek signal 1KHz An ra edAme bede. 

 

 

 

 

if flag2 = '1' then 

counter2 <= 50000; --q2_bar  ra sefr kon 

q2_bar <= '0'; 

else 

if counter2 = 0 then -- agar countere 2 sefr shod q2_bar ra yek kon 

 

q2_bar <= '1'; 

else -- dar gheire in surat countere 2 ra yeki kam kon va q2_bar ra dar 

halte sefr negah dar 

counter2 <= counter2 - 1 ; 

q2_bar <= '0'; 

end if; 

end if; 

 

 

 

end if; 

 

 

------- D flip flop , zamani ke periode signal vorudi kamtar az 

zamane  fa'aliate mono stable shaved q1 dar sathe yek baghi mimanad, va 

q1-bar sefr migardad, va chon q1 be vorudie pulse monostable 2 vared 

migardad, ba tavajjoh be khassiate monostable agar vorudi hamishe 1 ya 

hamishe 0 bashad q_bar 1 shode va q sefr migardad ke ba tavajjoh be proje 

agar q1 hamishe 1 shavad q2_bar hamishe 1 migardad va agar in sharayet 

bargharar shod dff khorujiash yek mishavad, chon q2_bar be clk e dff va 

q1 be reset e dff mottasel ast 

 

if (clk='1' ) then 

if (q2_bar = '1' ) then   -- vorudie clk 

if (q1 = '1') then --vorudie reset 

q <= '1';  

end if; 

else 

q<='0'; 

end if; 

end if; 

 

 

end process; 

 

end Behavioral; 

 

 

 

 

 

 



  
   

 

 ٍ هَسَس دلِ ای PPIکي دذ ٍ  -34
 

 ؿوبسيک هذاس:

 

 ثشًبهِ:

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 



  

  

 

 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

-- synopsys translate_off 

library UNISIM; 

use UNISIM.Vcomponents.ALL; 

-- synopsys translate_on 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity ppi is 

    Port (   

     -- Motor rotate direction 

       dir : in std_logic; 

     -- seven sgement Output 

    Seg : out std_logic_vector(7 downto 0); 

    --led out for digit & Steper motor out 

    led : out std_logic_vector(7 downto 0); 

     -- Data port to 8255 

    data : inout std_logic_vector(7 downto 0); 

           --PPI 8255 program mode 

     a : out std_logic_vector(1 downto 0); 

           rd : out std_logic; 

           wr : out std_logic; 

           clk : in std_logic; 

           reset : in std_logic); 

 

end ppi; 

 

architecture Behavioral of ppi is 

 

   component IOBUF 

      port ( I  : in    std_logic;  

             IO : inout std_logic;  

             O  : out   std_logic;  

             T  : in    std_logic); 

   end component; 

 

   constant rd_wr_delay : integer := 10; -- 10 us 

   type state is (init, write, read, normal); 

   signal current : state; 

   signal part : integer; 

   signal direction : std_logic; 

   signal temp, data_in, data_out : std_logic_vector (7 downto 0); 

   --motor speed data 

 signal  Speed :  std_logic_vector(7 downto 0); 

 -- Motor connection dcba 

   signal  motor_abcd : std_logic_vector(3 downto 0); 

   signal  MCount : std_logic_vector(23 downto 0); 

   constant debounce_time : integer := 200000; --200 ms 

   signal debounce_flag : std_logic; 

   signal  column_encoded, row_encoded,column,Column_i,column_before, 

digit : std_logic_vector (3 downto 0); 

   signal row,row_i: std_logic_vector (3 downto 0):="1110"; 

   signal Keycount,RowCount : integer; 

   -- keybord presed indicator 

   signal key_pressed : std_logic:='0'; 

 



  
   

 

begin 

   process (clk, reset) 

      variable PPIcount : integer; 

   begin 

      if reset = '1' then 

   -- reet all datas  

    rd <= '1'; 

    wr <= '1'; 

    part <= 0; 

    current <= init; 

    PPIcount := 0; 

  motor_abcd <= "0011"; 

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

     -- set digit to 0 

     digit <= "0000"; 

   --Set Keyboard Scanner 

     row <= "1110"; 

   -- Debounce bitwin 2 key press 

     debounce_flag <= '0'; 

   --Debounce Counter 

      Keycount <= 0; 

 

      elsif clk = '1' and clk'event then 

   -- steper motor controler 

    if Mcount < "0000"&speed & "000000000000" then 

       Mcount <= mcount + 1; 

    else  

   if dir = '0' then  

       --if  dir is low make clock wise  rotation 

       motor_abcd <= motor_abcd(2 downto 0) &   

                               motor_abcd (3); 

   else  

       -- make none clock wise rotation 

       motor_abcd <= motor_abcd (0) &  

                               motor_abcd(3 downto 1); 

   end if; 

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

    end if; 

  -- keypad driver 

    if KeyCount>0 then 

     key_Pressed<='1'; 

     KeyCount<=KeyCount-1; 

    else 

       Debounce_flag<='0'; 

     Key_Pressed<='0'; 

    end if; 

    if Debounce_flag='0' then 

       if Column/="1111" then 

    --encode   keboard row and column to its key code 

digit 

       digit <= column_encoded + row_encoded; 

       Column_i<=Column; 

     Row_i<=Row;  

     Debounce_Flag<='1'; 

     KeyCount<=Debounce_time; 

     end if; 

    end if; 

  -- PPI 8255 driver 

    case current is  

         when init => 



  

  

 

 

        -- set program mode 

    a <= "11";   

    direction <= '0'; 

    data_out <= "10011000";  -- pa,Pc Hi : in   pb, 

pc Low : out 

    PPIcount := rd_wr_delay; 

    current <= write; 

     when normal => 

    -- programming 

    if part = 0 then 

     -- read Speed Value from Port A 

       a <= "00"; 

       direction <= '1'; 

       PPIcount := rd_wr_delay; 

       current <= read; 

       part <= 1; 

    elsif part = 1 then 

      -- Set Speed Value 

      Speed<=Data_In; 

      -- Set Steper motor drive value to 

port B 

        a <= "01"; 

        direction <= '0'; 

        data_out <= "0000"&motor_abcd; 

        PPIcount := rd_wr_delay;     

        current <= write; 

        part <= 2; 

       row <= row(2 downto 0) & row(3); 

     elsif part = 2 then 

       --write key Rows to Port c 

         a <= "10"; 

         direction <= '0'; 

         data_out <= "1111"&Row; 

         PPIcount := rd_wr_delay; 

         current <= write; 

         part <= 3; 

      elsif part = 3 then 

        -- Read Key Colomn from 

port C 

          a <= "10"; 

          direction <= '1'; 

          PPIcount := rd_wr_delay; 

          current <= read; 

          part <= 4; 

       elsif Part=4 then 

         Column<=temp(7 

downto 4); 

          Part<=0; 

       end if; 

   -- write program byte 

     when write => 

    if PPIcount /= 0 then 

       if PPIcount < rd_wr_delay / 2 then 

          wr <= '1'; 

       else 

      wr <= '0'; 

       end if; 

     PPIcount := PPIcount - 1; 

    else 

       current <= Normal; 



  
   

 

            end if; 

     when read => 

    if PPIcount /= 0 then 

       if PPIcount < rd_wr_delay / 2 then 

          rd <= '1'; 

       else 

      rd <= '0'; 

      temp <= data_in; 

       end if; 

       PPIcount := PPIcount - 1; 

    else 

       current <= normal; 

            end if; 

    end case; 

      end if; 

   end process; 

   io_block_8 : for j in 0 to 7 generate 

      io_block : iobuf port map (data_out(j),data(j),                                       

data_in(j), direction); 

   end generate; 

 -- colomun encoding 

   column_encoded <= "0000" when column = "1110" else 

      "0001" when column = "1101" else 

      "0010" when column = "1011" else 

      "0011" when column = "0111" else 

      "0000"; 

 -- make row encoding 

   row_encoded <= "0000" when row = "1110" else 

             "0100" when row = "1101" else 

   "1000" when row = "1011" else 

   "1100" when row = "0111" else 

   "0000"; 

   --show keypad presed  digit 0n led 

 led(3 downto 0) <= digit; 

   --show Steper motor abcd out on led 

 led(7 downto 4) <= Motor_abcd; 

 --Send seven segement code for digit  

   seg <= "11000000" when digit = "0000" else  

             "11111001" when digit = "0001" else 

         "10100100" when digit = "0010" else 

         "10110000" when digit = "0011" else 

         "10011001" when digit = "0100" else 

         "10010010" when digit = "0101" else 

         "10000010" when digit = "0110" else 

         "11111000" when digit = "0111" else 

         "10000000" when digit = "1000" else 

         "10010000" when digit = "1001" else 

         "01000000" when digit = "1010" else 

         "01111001" when digit = "1011" else 

         "00100100" when digit = "1100" else 

            "00110000" when digit = "1101" else 

            "00011001" when digit = "1110" else 

            "00010010" when digit = "1111"; 

 

end Behavioral; 

 

 

 

 



  

  

 

 

 ٍ ًوبيؾ سٍی آى FPGAاسلبل سلَيضيَى ثِ  -35
 

 

ثبؿذ سب هيکشٍ ثشَاًذ دس كا لِ ؿياضی سا   ثِ هيکشٍ هي Videoّذ ، اسلبل يک سلَيضيَى اص ًشيق ٍسٍدی 

داًياذ، دس  اًذاصی ؿذُ کِ ّوبى ًاَس کاِ هاي   ًُـبى دّذ. دس ايي هذاس، سلَيضيَى ثِ كَسر ػيبُ ٍ ػ يذ سا

ايي دٍ سًگ، سًگْبی ديگشی ثيي ايٌذٍ داسين کِ اًَاع سًگْبی خبکؼششی سا ػيؼشن ػيبُ ٍ ػ يذ، ػتٍُ ثش 

دٌّذ کِ ؿذر ًَسؿبى هش بٍر اػز )ثيي خبکؼششی خيلي سٍؿي کِ سقشيجابً دس ػاٌق ػا يذ    سـکيل هي

اػز ٍ خبکؼششی خيلي سيشُ کِ دس ػٌق ػيبُ اػز(. ايي هذاس، سٍی ك لِ سلَيضيَى، دٌغ ػشَى ػايبُ ٍ  

 دٌّذ.ّبی هخشلف خبکؼششی، سغييش سًگ هيدّذ کِ دٍ ػشَى ػ يذ آى، ثيي دسػِػ يذ ًـبى هي

 

 :آؿٌبيي ثب ًلَُ کبس سلَيضيَى

 

(، ّوبًگًَِ کِ دس ؿاکل  Interlaced)سٍؽ  کٌذس ٌگ الکششًٍي ك لِ سلَيضيَى سا دس دٍ ًَثز ديوبيؾ هي

 ؿَد.هـخق اػز، سلَيش دس دٍ هشكلِ ػذاگبًِ سَليذ هي 1

 

 ساختار داخلی تلویسیون و نحوه پیمایش صفحه    1شکل 

 

، اثشذا خٌَى فشد ديوبيؾ ؿذُ ػذغ س ٌگ الکششًٍي ثِ ثبلای كا لِ ثبصگـاشِ ٍ خٌاَى    2هٌبثق ؿکل 

 گيشد.کٌذ، ثذيي سشسيت سلَيش ؿکل هيصٍع سا ديوبيؾ هي



  
   

 

 

 خطوط فرد و زوج و نحوه پیمایش   2شکل 

ّاب ٍ ؿاذر   دّذ ٍ ػٌَف ٍلشبط ثشای سَلياذ ػايگٌبل  ص سا ًـبى هيًلَُ اسػبل ػيگٌبلْبی هَسد ًيب 3ؿکل 

 ًـبى دادُ ؿذُ اػز. 4سٍؿٌبيي دس ؿکل 

 

 سیگنالها و فرکانسهای مورد نیاز برای تولید تصویر   3شکل 
 



  

  

 

  

 ولتاشهای مربوط به تنظیم شدت نور   4شکل 

کٌذ. ٌّگبهي کِ ب اػش بدُ هيٍ سًگْ HSYNC ،VSYNCسلَيضيَى فقي اص يک دبيِ ثشای دسيبفز فشکبًغ 

هقاذاس   5.8µsؿاذُ، ػاذغ ثاِ هاذر      0Vخي  4.7µsؿَد، اثشذا ثِ هذر يک ػٌش ثِ سلَيضيَى اسػبل هي

0.3V سٍی خي قشاس هي( گيشدHSYNC ػذغ دس هذر .)52µs  0.3سًگْب دس ػٌق ٍلشبطV  1سبV   اسػابل

 اػز. 64µsثشاثش  HSYNCگشدًذ )ديکؼلْب(. هؼوَع صهبى هي

32اًشْبی ك لِ اٍل )خٌَى فشد( خي آخش دس 
µs    32صهبى داسد ٍ خي اٍل كا لِ دٍم ًياض

µs   .صهابى داسد

32ػبصًذ ثبيذ ثٌبثشايي ثيي دٍ فشين کِ يک سلَيش سا هي
µs .اخشت  فبص ٍػَد داؿشِ ثبؿذ 

160ّش ك لِ  ثشای ؿشٍع
µs خي ك ش هي( .ؿَدVSYNC) 

 

ٍ ػوَدی سلَيضيَى اص سبيوش ك ش اػاش بدُ ؿاذُ اػاز. دس صياش      دس ايي هذاس ثشای سَليذ فشکبًغ ّبی افقي

ك لِ سلَيضيَى ثِ دٌغ ػشَى )دٍ ػشَى ػ يذ ٍ ػِ ػشَى هـکي( سقؼاين ؿاذُ ٍ سًاگ دٍ     colorثشًبهِ 

 ؿَد.کٌذ ٍ ايي کبس سکشاس هيػشَى ػ يذ ثؼذ اص هذر صهبى هؼيٌي اص ػ يذ ثِ خبکؼششی سغييش هي



  
   

 

 

 FPGAسیون به مدار اتصال تلوی   5شکل 
 

 

 STATE DIAGRAM:ًوَداس 

 
 

 



  

  

 

 

ّابی آى دس خاَد   ثشًبهِ دس اداهِ آٍسدُ ؿذُ اػز. سَهيلبر لاصم دس هَسد ؿگًَگي کبس ثشًبهِ ٍ صيش ثشًبهِ

 ثشًبهِ قيذ ؿذُ اػز.

      

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity TV is 

    Port ( clk : in std_logic; 

           reset : in std_logic; 

           color : out std_logic_vector(3 downto 0); 

           composite : out std_logic); 

end TV; 

 

architecture Behavioral of TV is 

type tv_state 

is(start_page1,hsync_1,color_data1,end_page1,vsync_1,start_page2,page2_47

us,hsync_2,color_data2,vsync_2);-- 

signal bri:std_logic_vector(3 downto 0); 

 

begin 

process(clk,reset) 

variable state:tv_state:=start_page1; 

variable count:integer; 

variable bri_counter:integer; 

 

variable line_counter:integer; 

begin 

 if(reset='1')then 

 bri<="1000"; 

 bri_counter:=0; 

 state:=start_page1; 

 count:=0; 

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

 count:=count+1; 

 bri_counter:= bri_counter+1; 

 if bri_counter=0 then 

  bri<="1000"; 

 elsif bri_counter=50000000 then 

  bri<="0100"; 

 elsif bri_counter=100000000 then 

  bri<="0010"; 

 elsif bri_counter=150000000 then 

  bri<="0001"; 

 elsif bri_counter=200000000 then 

  bri_counter:=0; 

 end if;   

    

 case state is 

 when start_page1 => --4.7us 



  
   

 

    if(count<235)then      

   state:=start_page1; 

                composite<='0'; 

   color<="0000"; 

  elsif(count=235)then 

   state:=hsync_1; 

  end if; 

 when hsync_1  => --5.8us 

  if(count>235 and count<525)then 

   state:=hsync_1; 

   composite<='1'; 

   color<="0000"; 

  elsif(count=525)then 

   state:=color_data1; 

   count:=0; 

  end if; 

 when color_data1 => --53.5us 

  if(count>0 and count<2675)then 

   state:=color_data1; 

   composite<='1'; 

   case count is 

   when 0 => color<="0000"; 

   when 525=> color<=bri; 

   when 1070=> color<="0000"; 

   when 1605=> color<=bri; 

   when 2140=> color<="0000"; 

   when others => null; 

  end case; 

         

  elsif(count=2675)then 

   line_counter:=line_counter+1; 

   color <= "0000"; 

   composite<='1';  -- 

   if (line_counter<314)then 

    state := start_page1; 

    count := 0; 

   elsif (line_counter=314)then 

    state := end_page1; 

    count := 0; 

    line_counter := 0; 

   end if; 

  end if; 

 when end_page1 => 

  if(count<1600 )then 

   state := end_page1; 

   composite <= '1'; --or '0' 

   color <= "0000";  --or"1111" 

   elsif(count=1600)then --or >= 

   state := vsync_1; 

   composite <= '0'; 

   color <= "0000"; 

   count := 0; 

   end if; 

 when vsync_1  => 

  if (count<8000)then 

   state := vsync_1; 

   composite <= '0'; 

   color <= "0000"; 

  elsif(count=8000)then 

   state := start_page2; 



  

  

 

 

   composite <= '1'; 

   color <= "0000"; 

   count := 0; 

  end if; 

 when start_page2 => 

  if(count<1600)then 

   state := start_page2; 

   composite <= '1'; 

   color <= "0000"; 

  elsif(count=1600)then 

   state := page2_47us; 

   composite <= '0'; 

   color <= "0000"; 

   count := 0; 

  end if; 

 when  page2_47us => 

  if(count<235)then 

   state := page2_47us; 

   composite <= '0'; 

   color <= "0000"; 

  elsif(count=235)then 

   state := hsync_2; 

   composite <= '1'; 

   color <= "0000"; 

   count := 0; 

  end if; 

 when hsync_2   => 

  if(count<290)then 

   state := hsync_2; 

   composite <= '1'; 

   color <= "0000"; 

  elsif(count=290)then  

   state := color_data2; 

   composite <= '1'; 

   color <= "0000"; 

   count := 0; 

  end if;  

 when color_data2 => 

  if(count>0 and count<2675)then 

   state:=color_data2; 

   composite<='1'; 

   case count is 

   when 0 => color<="0000"; 

   when 525 => color<=bri; 

   when 1070=> color<="0000"; 

   when 1605=> color<=bri; 

   when 2140=> color<="0000"; 

   when others => null; 

   end case; 

  elsif(count=2675)then 

   line_counter:=line_counter+1; 

   color <= "0000"; 

   composite<='1';   

   if (line_counter<314)then 

    state := page2_47us; 

    count := 0; 

   elsif (line_counter=314)then 

    state := vsync_2; 

    count := 0; 

    line_counter := 0; 



  
   

 

   end if; 

  end if; 

 when vsync_2   => 

  if (count<8000)then 

   state := vsync_2; 

   composite <= '0'; 

   color <= "0000"; 

  elsif(count=8000)then 

   state := start_page1; 

   composite <= '1';  

   color <= "0000"; 

   count := 0; 

  end if; 

 end case; 

 end if; 

end process; 

end Behavioral;  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    



  

  

 

 

 ٍ فشػشبدى هشي ثِ آى FPGAاسلبل سلَيضيَى ثِ  -36
 هقذهِ :

هاي   VHDLثاب صثابى    TVثاِ   FPGAدس ايي فلل ثِ ثشسػي ٍ سؼضيِ ٍ سلليل ثشًبهِ فشػشبدى هشي ثِ اص 

دشداصين ّوـٌيي ثِ ثشسػي ًلَُ سٍؿي کشدى ديکؼال ّابی سلَيضياَى ٍ ؿگاًَگي ديوابيؾ ػاٌشی دس       

 صين . ( هي دشداInterlacedسلَيضيَى )سٍؽ 

 

 : اسلبل سلَيضيَى ٍ ًوبيؾ سٍی آى

ثشَاًاذ دس   FPGAهي ثبؿذ سب  FPGAثِ  Videoٍسٍدی دَسر ، اسلبل يک سلَيضيَى اص ًشيق اص دشٍطُ ّذ 

ًوبيؾ دّذ. دس ايي هذاس، سلَيضيَى ثِ كاَسر    هشي ّبی هخشل ي سا دس ًقبى هخشلف )ًقبى دلخَاُ(ك لِ 

وبى ًَس کِ هي داًيذ ، دس ػيؼشن ػيبُ ٍ ػ يذ ، ػتٍُ ثش ايي دٍ سًگ ػيبُ ٍ ػ يذ سا ُ اًذاصی ؿذُ کِ ّ

، سًگْبی ديگشی ثيي ايي دٍ داسين کِ اًَاع سًگْبی خبکؼششی سا سـکيل هاي دٌّاذ کاِ ؿاذر ًَسؿابى      

هش بٍر اػز )ثيي خبکؼششی خيلي سٍؿي کِ سقشيجبً دس ػٌق ػ يذ اػز ٍ خبکؼششی خيلي سياشُ کاِ دس   

دّذ ثذيي ًـبى هيدس ًقبى دلخَاُ هَسد ًظش سا  َىيي هذاس ، سٍی ك لِ سلَيضيَى ، هشػٌق ػيبُ اػز( . ا

دس  9*7ّابيي دس اًاذاسُ    Character Box( دس A-Z  ٍ0-9لاسيي ) ٍ اػذاد  كَسر کِ دس اثشذا سوبم كشٍ 

شکيت آًْب ثب ّن آسايِ ّب رخيشُ گشديذُ اػز ثشًبهِ دغ اص ديذى هشي هَسد ايي آسايِ ّب سا يبفشِ ٍ دغ اص س

 دس ك لِ سلَيضيَى ًوبيؾ هي دّذ .

 

 

 

 هذار ضکل سيز را ببٌذيذ ٍ ًتيجِ را هطاّذُ کٌيذ.



  
   

 

 

 
 
 

 : بزاي تغييز رًگ بصَرت دستيkeyکليذ 
 :بزاي تغييز رًگ بصَرت اتَهاتيکkey_Autoکليذ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



  

  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

State TV 
 

Line_Counter < 626 

 

 

 

Start_Page1 

Delay 4.7 µs 

0 V 

Count < 235 

 

 

Hsync_1 

Delay 5.8 µs 

0.3 V 

235 < Count < 525 

 

 

Color_Data1 

Delay 53.5 µs 

0.3 – 1 V 

0 < Count < 2675 

 

 

Vsync_1 

Delay 160 µs 

0 V 

Count < 8000 

 

 

Start_Page2 

Delay 32 µs 

1 V 

Count < 1600 

 

 

End_Page1 

Delay 32 µs 

1 V 

Count < 1600 

 

 

Color_Data2 

Delay 53.5 µs 

0.3 – 1 V 

0 < Count < 2675 

 

 

 

Hsync_2 

Delay 5.8 µs 

0.3 V 

Count < 290 

 

 

Page2_47us 

Delay 4.7 µs 

0 V 

Count < 235 

 

 

Vsync_2 

Delay 160 µs 

0 V 

Count < 8000 
Count = 525 

Count = 235 

Line_Counter < 625 

 

Count = 8000 

Line_Counter = 626 

Count = 290 

Count = 8000 

Count = 1600 

Line_Counter = 625 

Count = 235 

Count = 1600 



  
   

 

هِ دس اداهِ آٍسدُ ؿذُ اػز. سَهيلبر لاصم دس هَسد ؿگًَگي کبس ثشًبهِ ٍ صيش ثشًبهِ ّابی آى دس خاَد   ثشًب

 ثشًبهِ قيذ ؿذُ اػز.

Library IEEE; 

Use IEEE.STD_LOGIC_1164.ALL; 

Use IEEE.STD_LOGIC_ARITH.ALL; 

Use IEEE.STD_LOGIC_UNSIGNED.ALL; 

------------------------------------------------------------------------------------

-- 

ثشًبهِ سؼشيف  entityهب ًيبص ثِ ؿٌذيي ٍسٍدی ٍ خشٍػي داسين کِ دس قؼوز  FPGAثِ  TVثشای اسلبل --

کِ ايي هشغيش ثاشای ايؼابد    colorٍ يک خشٍػي ؿْبس ثيشي ثِ ًبم  clk  ٍresetهي ؿًَذ.يک ٍسٍدی ثِ ًبم 

ثشای ػٌق ٍلشبط ثاِ   composite( ثِ کبس هي سٍد. ٍيک خشٍػي سک ثيشي ثِ ًبم سًگ )سٍؿي کشدى ديکؼل

ثاشای سغيياش سًاگ ثلاَسر      key_Auto ثشای سغيياش سًاگ ثلاَسر دػاشي ٍ کلياذ      keyکليذ کبس هي سٍد.

 --اسَهبسيک

Entity tv is 

 Port (clk: in std_logic; 

  reset: in std_logic; 

  color: out std_logic_vector(3 downto 0); 

  composite: out std_logic); 

key_Auto:in std_logic; 

     key:std_logic_vector(3 downto 0); 

End tv; 

------------------------------------------------------------------------------------

-- 

Architecture Behavioral of tv is 

ّاا را در واَل بزًاهاِ باِ واَر       state تعزيف کزدُ اين کِ کاربزد ايي  stateدر ايي قسوت ها چٌذيي --



  

  

 

 

 --کاهل تَضيح هي دّين. 

type tv_state is(start_page1, hsync_1, color_data1, end_page1, vsync_1, 

start_page2, page2_47us, hsync_2, color_data2, vsync_2); 

 

 nٍ اص  TVثشای سؼيايي سؼاذاد ػاٌشّبی     mسؼشيف ؿذُ کِ اص  m ٍ nدس ايي قؼوز دٍ طبثز ثِ ًبهْبی --

اػش بدُ هي ؿَد کِ سَػي کبسثش ٍاسد ثشًبهِ هي ؿًَذ . سؼذاد ػٌشّبی  TVثشای سؼييي سؼذاد ػشَى ّبی 

هاي ثبؿاذ.    535دس ايٌؼاب   TVهي ثبؿذ ٍ ػشَى ّبی ٍاقؼي اػشبًذاسد  625دس ايٌؼب  TVٍاقؼي اػشبًذاسد 

 --دس ًظش گشفشِ ؿذُ اػز( 3/4َى ثِ ًؼجز )سؼذاد ػٌش ثِ ػش

Constant m : integer := 627;           -- 

Row 

Constant n : integer := 535;               -- 

Column  

ػاٌش   mػبخشِ هي ؿَد کِ  m  ٍnدس ايي قؼوز ٍاسد آسايِ هي ؿًَذ ٍ آسايِ ای ثب اثؼبد  m  ٍnطبثشْبی --

 ٍn .ػشَى هي ثبؿذ-- 

type rom_type is array (0 to m) of std_logic_vector(0 to n);  

 --ػبخشِ هي ؿَد. 7دس  9دس ايي قؼوز يک آسايِ دٍ ثؼذی --

type charbox_2d is array (0 to 8) of std_logic_vector(0 to 6); 

کاِ ثاشای    سـکيل ؿذُ اػاز  7دس  9آسايِ  36دس ايي قؼوز يک آسايِ ػِ ثؼذی ػبخشِ هي ؿَد کِ اص --

 --فوبی خبلي اػش بدُ هي ؿَد. 1ٍ سقن(  10) 9سب  0ٍ اسقبم كش  اًگليؼي  26قشاس گشفشي 

type charbox_3d is array (0 to 63) of charbox_2d; 

ؿَى هـخق ًيؼز کِ کبسثش ؿٌذ کلوِ سا هي خَاّذ ٍاسد کٌذ اص آسايِ ًبهلذٍد اػش بدُ دس ايي قؼوز --

 --يلبر لاصم دادُ هي ؿَدؿذُ اػز کِ دس اداهِ سَه

type str_type is array (natural range<>, natural range<>) OF CHARACTER; 



  
   

 

ؿَى هـخق ًيؼز کِ ًَل کلوِ ای سا کِ کبسثش  هي خَاّذ ٍاسد کٌذ ؿقذس اػاز ، اص  دس ايي قؼوز --

 --آسايِ ًبهلذٍد اػش بدُ ؿذُ اػز کِ دس اداهِ سَهيلبر لاصم دادُ هي ؿَد

type len is array (natural range<>) OF integer; 

ايي ثخؾ اٍل ٍسٍدی ثشًبهِ هي ثبؿذ، يؼٌي ثخـي کِ کبسثش هـخق هي کٌذ کِ کلوبر ؿاِ ؿياضی ٍ   --

اص ّوذيگش ػذا , )   ( کلوبسي سا کِ هي خَاّين سا هي ًَيؼين ٍ ثب str_typeًَل آًْب ؿقذس ثبؿذ ، دس سبثغ 

ًَؿشِ اين سا ثاِ ّوابى سشسيات ٍاسد هاي      str_typeًَل کلوبسي سا کِ دس سبثغ  str_lenهي کٌين ٍ دس سبثغ 

 --کٌين .

--------------------------- < User Input part 1 > ----------------------------------------

-- 

constant str: str_type := ("This","is","a","test");  -- Araye characterie 2boadi 

namahdod 

constant str_len: len := (4,2,1,4);  -- Arayei namahdod az noe 

integer        

 --قشاس هي دّذ.  _arrayدس آسايِ   strدس ايي قؼوز ًَل آسايِ --

constant array_len : integer := str'length;     -- toole arayeye str dar str_len 

gharar migirad   

type int is array (0 to array_len-1) of integer; 

ايي ثخؾ دٍم ٍسٍدی ثشًبهِ هي ثبؿذ ، يؼٌي ثخـي کِ کبسثش آدسع ػٌش ٍ ػشَى )ًقبى ؿشٍع کلوِ(ّش --

هشثاَى ثاِ ػاشَى ّاب ٍ آساياِ       row1کلوِ ای سا کِ ٍاسد کشدُ سا دس ايي آسايِ ّب ٍاسد هي کٌذ کاِ آساياِ   

column1   هشثَى ثِ ػٌش ّب-- 

----------------------------------<User Input part 2>------------------------------------

-- 

constant row1 : int :=(50,50,80,80);   -- Addresse satrhaye 

noghate shoro     



  

  

 

 

constant column1 : int :=(0,90,0,60);  -- Addresse sotunhaye 

noghate shoro       

----------------------------------------------------------------------------------------------

-- 

signal rom : rom_type;               -- Rom 

628*535 

signal array_3d:charbox_3d;             -- Array Character 

Box 

signal state:tv_state; 

signal type_color:std_logic_vector(3 downto 0); 

signal clock:std_logic:='0'; 

--Count  يک ضوارًذُ کِ اس ًَع :integer .هي باضذ 

line_counter  يک ضوارًذُ کِ اس ًَع :integer .هي باضذ کِ بزاي ضوارش سطزّا بِ کار هي رٍد 

counter1  ضوارًذُ اي کِ بزاي صفحِ اٍل :TV .بِ کار هي رٍد 

counter2 ي کِ بزاي صفحِ دٍم : ضوارًذُ اTV .بِ کار هي رٍد 

pixel_counter .ضوارًذُ اي است کِ بزاي ضوارش پيکسل ّا هي باضذ :-- 

signal counter1,counter2,pixel_counter,count,line_counter:integer; 

( 9ساب   0سقن )سقان ّابی    10ٍ كش   36دس ايي قؼوز هي سَاى كشٍ  ال جبی اًگليؼي سا کِ سؼذاد آى --

( هي ثبؿذ سا دس آسايِ ّبيي Character Boxکبساکشش ثبکغ ) 36ّوشاُ ثب يک فوبی خبلي کِ دس كبلز کلي 

ػٌش هي ثبؿذ سا کاِ ثلاَسر ثياز ثاِ ثياز       9ػشَى ٍ سؼذاد ػٌش ّبی آًْب  7کِ سؼذاد ػشَى ّبی آًْب 

 --هقذاسدّي ؿذُ سا هـبّذُ کشد.

Begin 

array_3d<= ( 
  ("0000000",    -- null 

   "0000000", 
   "0000000", 
   "0000000", 
   "0000000", 



  
   

 

   "0000000", 
   "0000000", 
   "0000000", 
   "0000000"), 
 
  ("0011100",    -- A 

   "0100010", 
   "1000001", 
   "1000001", 
   "1111111", 
   "1000001", 
   "1000001", 
   "1000001", 
   "1000001"), 
 

 ...  

  

 
  ("0111110",  -- 0 
   "1000001", 
   "1000001", 
   "1000001", 
   "1000001", 
   "1000001", 
   "1000001", 
   "1000001", 
   "0111110"), 
... 
  ("1111111",  -- 9 
   "1000001", 
   "1000001", 
   "1000001", 
   "1111111", 
   "0000001", 
   "0000001", 
   "0000001", 
   "1111111")); 
 

Process (clk, reset) 

--i  ٍj  ٍk  ِدس ػِ كلقfor .سَ دس سَ اػش بدُ ؿذُ اػز کِ دس اداهِ ثشسػي هي ؿًَذ 

row .آدسع ػٌش ًقٌِ ای کِ هي خَاّين هشي سا دس آى ًقٌِ ًوبيؾ دّين : 



  

  

 

 

column .آدسع ػشَى ًقٌِ ای کِ هي خَاّين هشي سا دس آى ًقٌِ ًوبيؾ دّين : 

variable row, column : int; 

variable  i,c,j,k,str_counter,char_index:integer; 

variable secend :integer; 

begin 

-(ثِ سوبم ػيگٌبل ّب هقذاس اٍليِ هي دّين..reset=1)  resetدس ايي قؼوز اص ثشًبهِ دس كَسر يک ثَدى --

- 

 

if(reset='1')then 

 آدسع ًقٌِ ّبی ؿشٍع ػٌش ّب--

    row:=row1;   -- Addresse satrhaye noghate shoro  

 

        آدسع ًقٌِ ّبی ؿشٍع ػشَى ّب--

     

    column:=column1;  -- Addresse sotunhaye noghate shoro                      

 

    clock<='0'; 

    c:=0; 

    i:=0; 

    j:=0; 

    k:=0; 

    str_counter:=0; 

    counter1<=0; 

    counter2<=0; 

    pixel_counter<=0; 

    count<=0; 



  
   

 

    line_counter<=1;      -- First Odd Line 

    state<=start_page1; 

    

     

   for str_counter in 0 to array_len-1 loop   -- be tedade matnhaye vared shode 

tavassote karbar tekrar mishavad 

      

    for i in 0 to str_len(str_counter)-1 loop        

     

        case str(str_counter,i) is        

 -- Checking Character For Specifying Index 

          when 'A'|'a'=> char_index:=1; 

          when 'B'|'b'=> char_index:=2; 

          ... 

          when 'Z'|'z'=> char_index:=26; 

 when '0'=> char_index:=27; 

          ... 

          when '9'=> char_index:=36; 

          when others=> char_index:=0; 

        end case; 

   

 --کذي هي ؿًَذ. romدس ايي قؼوز کبساکشش ثبکغ ّب ثيز ثِ ثيز دسٍى --

        for j in 0 to 8 loop  -- Find Character and Send It to Rom 

          for k in 0 to 6 loop 

 --ؿک کشدى آخش خي کِ دس كَسسي کِ ثِ اًشْبی خي ثشػذ ثِ ثقيِ ًَؿشِ ّب سا ثِ خي ثؼذی ثجشد--



  

  

 

 

            if (column(str_counter) < n-9) then   -- ta zamani ke be akhare khat 

nareside in ghesmat ejra mishavad 

              rom(j+row(str_counter))(k+column(str_counter)) <= 

array_3d(char_index)(j)(k); 

 --ايي ؿشى صهبًي سم هي دّذ کِ ثِ آخش خي سػيذُ ثبؿذ کِ ثقيِ ًَؿشِ ّب سا ثِ خي ثؼذی هي ثشد--

            else      -- zamani ke be akhare khat resid baghie matn dar khatte ba'd 

namayesh dade mishavad 

              column(str_counter) := 0; 

              row(str_counter) := row(str_counter) + 12; 

              rom(j+row(str_counter))(k+column(str_counter)) <= 

array_3d(char_index)(j)(k); 

            end if;    

          end loop; 

        end loop; 

 

        column(str_counter):=column(str_counter)+9;     -- Column tv + 9 , for 

next character        

    end loop; 

    end loop; 

 --ثب ّش کتک يکي اهبفِ هي ؿَد. countايي قؼوز ثب ّش کتک ثبلاسًٍذُ فؼبل هي ؿَد ٍ ثِ هشغييش --

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

  count<=count+1; 

ؿذُ،ػاذغ ثاِ هاذر     0vخي   4.7usقجل اص ايٌکِ يک ػٌش ثِ سلَيضيَى اسػبل کٌين اثشذا ثبيذ ثِ هذر--

5.8us  0.3هقذاسv خي قشاس گيشد. ثب سَػِ ثِ سَهايق دادُ ؿاذُ دس    سٍیstate- start_page1     اثشاذا ثبياذ

ػٌق ٍلشبط ّبی هَسد ًظش سا سَليذ کٌين سب ثشَاًين يک ػٌش سا اسػبل کٌين کِ دس قؼوز اثشذای ثشًبهِ ثاِ  



  
   

 

هاي   سٍی خاي قاشاس   0.3vهقذاس  5.8usًيض ثِ هذر  state=hsync_1 سَليذ ؿذُ ٍ دس 0vخي  4.7usهذر 

 --گيشد.

  Case state is 

---------------------------------- < Page1 = Odd Lines > -----------------------------

--- 

ٍ 'composite<='0 اسػاابل هااي ؿااَد.) TVثااِ  0v)هيکشٍطبًيااِ( ٍلشاابط  4.7usثااِ هااذر  stateدسايااي --

color<="0000" )-- 

  when start_page1 =>        -- 4.7 

µs 

  if (count<235)then 

   composite<='0'; 

   color<="0000"; 

  elsif(count=235)then 

   state<=hsync_1; 

  end if; 

ٍ  'composite<='1اسػابل هاي ؿاَد. )    TVثاِ   0.3v)هيکشٍطبًياِ( ٍلشابط    5.8usثِ هاذر   stateدسايي --

color<="0000")-- 

  when hsync_1=>          -- 

5.8µs 

  if(count>235 and count<525)then 

   composite<='1'; 

   color<="0000"; 

  elsif (count=525)then 

   state<=color_data1; 

   count<=0; 

  end if; 



  

  

 

 

دس ايي قؼوز اص ثشًبهِ سًگ ّبی سَليذ ؿاذُ سا هاي خاَاّين دس فبكالِ ّابی هخشل اي اص ّان اسػابل         --

)هيکشٍطبًيِ( هي ثبؿذ. صهبًي  53.5usهي ثبؿذ کِ هؼبدل  2675سب  0اص کٌين.کل صهبى فشػشبدى يک ػٌش 

هاي   2675سا يک هي کٌين ٍ اص آًؼبيي کِ ًَل هبًيشَس   compositeيب دادُ سا ث شػشين  dataکِ ثخَاّين

 سقؼين کشدُ سب فبكلِ ثيي سًگْب هـخق ؿَد. دس 5سا ثش  2675ثبؿذ ثشای ايٌکِ سًگْب سا اسػبل کٌين اثشذا 

( ٍ ثشای سَليذ سًگ هـاکي  "composite<='1'  ٍcolor<="0000) 0.3vايٌؼب ثشای سَليذ سًگ ػ يذ ٍلشبط 

 --( سا اػش بدُ کشدُ اين."composite<='1'  ٍcolor<="1111) 1vٍلشبط 

 

  when color_data1 =>      -- 53.5 

µs 

  if(count>0 and count<2675)then 

   counter1<=counter1+1; 

   composite<='1'; 

ًاي هاي کٌاذ( ياک ٍاكاذ ثاِ        4ساب   0اص  counter1کاتک )صهابًي کاِ     5دس ايي قؼوز ثؼاذ اص ّاش   --

pixel_counter  ِاهبفِ هي ؿَد، کpixel_counter .ًـبى دٌّذُ ؿوبسُ ديکؼل ّب هي ثبؿذ-- 

  if (counter1=4) then            -- 5 Clk For Each 

Pixel 

   counter1<=0; 

   pixel_counter<=pixel_counter+1;       -- Next 

Pixel 

  if (pixel_counter<=n and line_counter<m) then 

  if (rom(line_counter)(pixel_counter)='1') then 

   color <= type_color      

 else 

   color <= "0000";       -- Black 

Color 



  
   

 

  end if; 

  end if; 

  end if; 

 

 ؿذ يؼٌي يک ػٌش دَؿؾ دادُ ؿذُ اػاز ٍ هاب   2675ثشاثش count دس ايي قؼوز اص ثشًبهِ ،صهبًي کِ --

Counter .هشثَى ثِ ؿوبسؽ ػٌش سا يک ٍاكذ افضايؾ هي دّين-- 

هب دس سلَيضيَى ثبيذ خٌَى سا دٍ ثبس ديوبيؾ کٌين کِ اثشذا خٌَى فشد ٍ ػذغ خٌَى صٍع ديوبيؾ هاي  

هي کٌين سب سؼاذاد   2ػٌش هي ثبؿذ هب ايي خٌَى سا سقؼين ثش  625َى سلَيضيَى ؿَد ٍ اص آًؼبيي کِ خٌ

خي ّبی فشد ٍ صٍع هـخق ؿَد. کِ دس ايي قؼوز اص ثشًبهِ خٌَى فشد ديوبيؾ هي ؿاَد ٍ دس اًشْابی   

هي کٌين يؼٌي خٌَى فشد کبهتً دَؿؾ دادُ ؿذُ ٍ دفؼِ ثؼذ ثبيذ خٌَى  2سا  line_counterايي قؼوز 

 --دَؿؾ دّذ.صٍع سا 

 

  elsif(count=2675)then 

  line_counter<=line_counter+2;           -- Next Odd 

Line 

   color <= "0000"; 

   composite <='1'; 

   pixel_counter <=0; 

   count <= 0; 

   counter1 <= 0; 

  if (line_counter<625)then 

  state <= start_page1; 

  elsif (line_counter=625)then 

  state <= end_page1; 

   line_counter <= 2;           -- First Even 

Line 



  

  

 

 

  end if; 

  end if; 

ٍ  'composite<='1اسػابل هاي ؿاَد. )    TVثاِ   0.3v)هيکشٍطبًياِ( ٍلشابط    32usثاِ هاذر    stateدسايي --

color<="0000"  شای خٌْابی فاشد هاي ثبؿاذ سػبياز      ( )صهبًي کِ ًيبص اػز دس اًشْبی ك لِ اٍل کاِ ثا

 —ؿَد(

 

  when end_page1 => 

  if(count<1600 )then                  -- 32 

µs 

   composite <= '1';                   -- or 

'0' 

   color <= "0000";            -- 

or"1111" 

  elsif (count=1600)then                  -- or 

>= 

state <= vsync_1; 

   composite <= '0'; 

   color <= "0000"; 

   count <= 0; 

  end if; 

 

هيکشٍ طبًيِ كجش هي کٌين سب اص آخشيي ػٌش فشد ثِ اٍليي ػٌش صٍع ثاشٍد. ٍ   160ثِ هذر   stateدس ايي --

 --("composite<='0'  ٍcolor<="0000اسػبل هي ؿَد. ) TVثِ  0vٍلشبط 

  when vsync_1 => 

  if (count<8000)then       -- 160 

µs 



  
   

 

   composite <= '0'; 

   color <= "0000"; 

  elsif(count=8000)then 

  state <=start_page2; 

   composite <= '1'; 

   color <= "0000"; 

   count <= 0; 

  end if; 

---------------------------------- < Page2 = Even Lines > -----------------------------

-- 

ٍ  'composite<='1اسػابل هاي ؿاَد. )    TVثاِ   0.3v)هيکشٍطبًياِ( ٍلشابط    32usثاِ هاذر    stateدسايي --

color<="0000")صهبًي کِ ًيبص اػز دس اثشذای ك لِ دٍم کِ ثشای خٌْبی صٍع هي ثبؿذ سػبيز ؿَد( )-

- 

 

  when start_page2 => 

  if(count<1600)then         -- 32 

µs 

   composite <= '1'; 

   color <= "0000"; 

  elsif (count=1600)then 

  state <= page2_47us; 

   composite <= '0'; 

   color <= "0000"; 

   count <= 0; 

  end if; 



  

  

 

 

ٍ 'composite<='0 اسػاابل هااي ؿااَد.) TVثااِ  0v)هيکشٍطبًيااِ( ٍلشاابط  4.7usثااِ هااذر  stateدسايااي --

color<="0000" )-- 

  when page2_47us =>        -- 4.7 

µs 

  if (count<235)then 

   composite <= '0'; 

   color <= "0000"; 

  elsif(count=235)then 

  state <= hsync_2; 

   composite <= '1'; 

   color <= "0000"; 

   count <= 0; 

  end if; 

ٍ  'composite<='1ػابل هاي ؿاَد. )   اس TVثاِ   0.3v)هيکشٍطبًياِ( ٍلشابط    5.8usثِ هاذر   stateدسايي --

color<="0000")-- 

  when hsync_2 =>         -- 5.8 

µs 

  if(count<290)then 

   composite<='1'; 

   color<="0000"; 

  elsif(count=290)then 

  state<=color_data2; 

   composite <= '1'; 

   color <= "0000"; 

   count <= 0; 

  end if; 

  



  
   

 

س ايي قؼوز اص ثشًبهِ سًگ ّبی سَليذ ؿاذُ سا هاي خاَاّين دس فبكالِ ّابی هخشل اي اص ّان اسػابل         د--

)هيکشٍطبًيِ( هي ثبؿذ. صهبًي  53.5usهي ثبؿذ کِ هؼبدل  2675سب  0کٌين.کل صهبى فشػشبدى يک ػٌش اص 

هاي   2675بًيشَس سا يک هي کٌين ٍ اص آًؼبيي کِ ًَل ه  compositeيب دادُ سا ث شػشين  dataکِ ثخَاّين

سقؼين کشدُ سب فبكلِ ثيي سًگْب هـخق ؿَد. دس  5سا ثش  2675ثبؿذ ثشای ايٌکِ سًگْب سا اسػبل کٌين اثشذا 

( ٍ ثشای سَليذ سًگ هـاکي  "composite<='1'  ٍcolor<="0000) 0.3vايٌؼب ثشای سَليذ سًگ ػ يذ ٍلشبط 

 --ُ کشدُ اين.( سا اػش بد"composite<='1'  ٍcolor<="1111) 1vٍلشبط 

 

  when color_data2 =>      -- 53.5 

µs 

  if(count>0 and count<2675)then 

   counter2 <=counter2+1; 

   composite <='1'; 

ًاي هاي کٌاذ( ياک ٍاكاذ ثاِ        4ساب   0اص  counter1کاتک )صهابًي کاِ     5دس ايي قؼوز ثؼاذ اص ّاش   --

pixel_counter  ِاهبفِ هي ؿَد، کpixel_counter .ًـبى دٌّذُ ؿوبسُ ديکؼل ّب هي ثبؿذ-- 

 

  if (counter2=4) then            -- 5 Clk For Each 

Pixel 

   counter2<=0; 

   pixel_counter<=pixel_counter+1;       -- Next 

Pixel 

  if (pixel_counter<n and line_counter<=m) then 

  if (rom(line_counter)(pixel_counter)='1') then 

   color <= type_color        

 else 



  

  

 

 

   color <= "0000";       -- Black 

Color 

  end if; 

  end if; 

  end if; 

 ؿذ يؼٌي يک ػٌش دَؿؾ دادُ ؿذُ اػاز ٍ هاب   2675ثشاثش count دس ايي قؼوز اص ثشًبهِ ،صهبًي کِ --

Counter ّين.هشثَى ثِ ؿوبسؽ ػٌش سا يک ٍاكذ افضايؾ هي د-- 

هي کٌين  1سا  line_counterدس ايي قؼوز اص ثشًبهِ خٌَى صٍع ديوبيؾ هي ؿَد ٍ دس اًشْبی ايي قؼوز 

 —يؼٌي خٌَى صٍع کبهتً دَؿؾ دادُ ؿذُ ٍ دفؼِ ثؼذ ثبيذ خٌَى فشد سا دَؿؾ دّذ.

 

  elsif(count=2675)then 

   line_counter<=line_counter+2;         -- Next Even 

Line 

   color <= "0000"; 

   composite<='1'; 

   pixel_counter<=0;  

   count <= 0; 

   counter2 <= 0; 

  if (line_counter<626)then 

  state <= page2_47us; 

  elsif (line_counter=626)then 

  state <= vsync_2; 

   line_counter <= 1;             -- First Odd 

Line 

  end if; 

  end if; 



  
   

 

هيکشٍ طبًيِ كجش هي کٌين سب اص آخشيي ػٌش صٍع ثِ اٍليي ػٌش فشد ثاشٍد. ٍ   160ثِ هذر   stateدس ايي --

 ("composite<='0'  ٍcolor<="0000اسػبل هي ؿَد. ) TVثِ  0vٍلشبط 

  when vsync_2 =>                 -- 160 

µs 

  if (count<8000)then 

   composite <= '0'; 

   color <= "0000"; 

  elsif (count=8000)then 

  state <= start_page1; 

   composite <= '1'; 

   color <= "0000"; 

   count <= 0; 

  end if; 

  End Case; 

  

End if; 

-----clk generation. For Osilator 50 MHz clock----  

 

  if rising_edge(clock) then  --bedast avardan clk ba meghdare 1 sanie 

 

   secend:=secend+1; 

   if key_Auto ='1' then 

   if secend<3 then  -- after 3 secend 

  type_color<="0001"; 

  elsif secend<6 then -- after 6 secend 

    type_color<="0010";  --change color 

   elsif secend<9 then   -- after 9 secend 



  

  

 

 

    type_color<="0100"; --change colo 

    elsif secend<12 then -- after 12 secend 

    type_color<="1000";  --change colo 

    elsif secend<15 then -- after 15 secend 

    type_color<="0000"; --change color 

    else 

  secend:=0; 

  end if; 

    

   else 

    case key is  --change by key 

    when "1000" => 

      type_color<="0000";  

     when "0100" => 

      type_color<="1000" ; 

     when "0010" => 

      type_color<="0100" ; 

      when "0001" => 

      type_color<="0010" ; 

     when "0000" => 

      type_color<="1111"; 

    when others=> null; 

    end case; 

     end if; 

     end if; 

End process; 

End Behavioral; 

 



  
   

 

 بزًاهِ :کاهل کذ 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

--------------------------------------------------------- 

entity tv is 

    Port ( clk : in std_logic; 

           reset : in std_logic; 

           color : out std_logic_vector(3 downto 0); 

     key_Auto:in std_logic; 

     key:std_logic_vector(3 downto 0); 

           composite : out std_logic); 

end tv; 

--------------------------------------------------------- 

architecture Behavioral of tv is 

 

type tv_state 

is(start_page1,hsync_1,color_data1,end_page1,vsync_1,start_page2,page2_47

us,hsync_2,color_data2,vsync_2); 

 

constant m : integer := 100; -- Row  real value = 628 for 

example(test)=100 

constant n : integer := 100;  -- Column  real value = 535 ,for 

example(test)=100 

 

type rom_type is array (0 to m) of std_logic_vector(0 to n);      

type charbox_2d is array (0 to 8) of std_logic_vector(0 to 6); 

type charbox_3d is array (0 to 36) of charbox_2d; 

type str_type is array (natural range<>, natural range<>) OF CHARACTER; 

type len is array (natural range<>) OF integer; 

 

--------------------------- < User Input part 1 > -----------------------

------------------- 

constant str: str_type := ("This","is","a","test");  -- Araye characterie 

2boadi namahdod 

constant str_len: len := (4,2,1,4); -- Arayei namahdod az noe integer 

       

-------------------------------------------------------------------------

--------------------- 

 

 

constant array_len : integer := str'length;     -- toole arayeye str dar 

str_len gharar migirad   

type int is array (0 to array_len-1) of integer; 

 

 

----------------------------------<User Input part 2>--------------------

------------------ 

constant row1 : int :=(50,50,80,80);   -- Addresse

 satrhaye noghate shoro     

constant column1 : int :=(0,90,0,60);  -- Addresse

 sotunhaye noghate shoro       

-------------------------------------------------------------------------

---------------------- 

signal rom : rom_type;      -- rom 628*535 



  

  

 

 

signal array_3d:charbox_3d;     -- array character 

box 

signal state:tv_state; 

signal counter1,counter2,pixel_counter,count,line_counter:integer; 

signal type_color:std_logic_vector(3 downto 0); 

signal clock:std_logic:='0';  

begin 

 

array_3d<=( 

 

   ("0000000",    -- null 

    "0000000", 

    "0000000", 

    "0000000", 

    "0000000", 

    "0000000", 

    "0000000", 

    "0000000", 

    "0000000"), 

 

    ("0011100",    -- A 

    "0100010", 

    "1000001", 

    "1000001", 

    "1111111", 

    "1000001", 

    "1000001", 

    "1000001", 

    "1000001"), 

 

   ("1111100",    -- B 

    "1000010", 

    "1000001", 

    "1000001", 

    "1111110", 

    "1000001", 

    "1000001", 

    "1000010", 

    "1111100"), 

 

   ("0011100",  -- C 

    "0100010", 

    "1000001", 

    "1000000", 

    "1000000", 

    "1000000", 

    "1000001", 

    "0100010", 

    "0011100"), 

 

   ("1111100",  -- D 

    "1000010", 

    "1000001", 

    "1000001", 

    "1000001", 

    "1000001", 

    "1000001", 

    "1000010", 

    "1111100"), 

 



  
   

 

   ("1111111",  -- E 

    "1000000", 

    "1000000", 

    "1000000", 

    "1111110", 

    "1000000", 

    "1000000", 

    "1000000", 

    "1111111"), 

 

   ("1111111",  -- F 

    "1000000", 

    "1000000", 

    "1000000", 

    "1111110", 

    "1000000", 

    "1000000", 

    "1000000", 

    "1000000"), 

 

   ("0011100",  -- G 

    "0100010", 

    "1000001", 

    "1000000", 

    "1000000", 

    "1000111", 

    "1000001", 

    "0100011", 

    "0011101"), 

 

   ("1000001",  -- H 

    "1000001", 

    "1000001", 

    "1000001", 

    "1111111", 

    "1000001", 

    "1000001", 

    "1000001", 

    "1000001"), 

 

   ("0111110",  -- I 

    "0001000", 

    "0001000", 

    "0001000", 

    "0001000", 

    "0001000", 

    "0001000", 

    "0001000", 

    "0111110"), 

 

   ("0111110",  -- J 

    "0001000", 

    "0001000", 

    "0001000", 

    "0001000", 

    "0001000", 

    "0001000", 

    "1001000", 

    "0110000"), 

 



  

  

 

 

   ("1000001",  -- K 

    "1000010", 

    "1000100", 

    "1001000", 

    "1110000", 

    "1001000", 

    "1000100", 

    "1000010", 

    "1000001"), 

 

   ("0100000",  -- L 

    "0100000", 

    "0100000", 

    "0100000", 

    "0100000", 

    "0100000", 

    "0100000", 

    "0100000", 

    "0111110"), 

 

   ("1000001",  -- M 

    "1100011", 

    "1010101", 

    "1001001", 

    "1001001", 

    "1001001", 

    "1000001", 

    "1000001", 

    "1000001"), 

 

   ("1000001",  -- N 

    "1000001", 

    "1100001", 

    "1010001", 

    "1001001", 

    "1000101", 

    "1000011", 

    "1000001", 

    "1000001"), 

 

   ("0011100",  -- O 

    "0100010", 

    "1000001", 

    "1000001", 

    "1000001", 

    "1000001", 

    "1000001", 

    "0100010", 

    "0011100"), 

 

   ("1111100",  -- P 

    "1000010", 

    "1000001", 

    "1000001", 

    "1111110", 

    "1000000", 

    "1000000", 

    "1000000", 

    "1000000"), 

 



  
   

 

   ("0011100",  -- Q 

    "0100010", 

    "1000001", 

    "1000001", 

    "1000001", 

    "1001001", 

    "1000101", 

    "0100010", 

    "0011101"), 

 

   ("1111100",  -- R 

    "1000010", 

    "1000001", 

    "1000001", 

    "1111110", 

    "1001000", 

    "1000100", 

    "1000010", 

    "1000001"), 

 

   ("0111100",  -- S 

    "1000010", 

    "1000001", 

    "0100000", 

    "0011100", 

    "0000010", 

    "1000001", 

    "0100001", 

    "0011110"), 

 

   ("0111110",  -- T 

    "0001000", 

    "0001000", 

    "0001000", 

    "0001000", 

    "0001000", 

    "0001000", 

    "0001000", 

    "0001000"), 

 

   ("1000001",  -- U 

    "1000001", 

    "1000001", 

    "1000001", 

    "1000001", 

    "1000001", 

    "1000001", 

    "0100010", 

    "0011100"), 

 

   ("1000001",  -- V 

    "1000001", 

    "1000001", 

    "1000001", 

    "1000001", 

    "1000001", 

    "0100010", 

    "0010100", 

    "0001000"), 

 



  

  

 

 

   ("1000001",  -- W 

    "1000001", 

    "1000001", 

    "1000001", 

    "1000001", 

    "1001001", 

    "1001001", 

    "1010101", 

    "0100010"), 

 

   ("1000001",  -- X 

    "1000001", 

    "0100010", 

    "0010100", 

    "0001000", 

    "0010100", 

    "0100010", 

    "1000001", 

    "1000001"), 

 

   ("1000001",  -- Y 

    "0100010", 

    "0010100", 

    "0001000", 

    "0001000", 

    "0001000", 

    "0001000", 

    "0001000", 

    "0001000"), 

 

   ("1111111",  -- Z 

    "1000001", 

    "0000010", 

    "0000100", 

    "0001000", 

    "0010000", 

    "0100000", 

    "1000001", 

    "1111111"), 

 

  ("0111110",  -- 0 

   "1000001", 

   "1000001", 

   "1000001", 

   "1000001", 

   "1000001", 

   "1000001", 

   "1000001", 

   "0111110"), 

 

  ("0001000",  -- 1 

   "1111000", 

   "0001000", 

   "0001000", 

   "0001000", 

   "0001000", 

   "0001000", 

   "0001000", 

   "1111111"), 

    



  
   

 

   ("1111111",  -- 2 

   "0000001", 

   "0000001", 

   "0000001", 

   "1111111", 

   "1000000", 

   "1000000", 

   "1000000", 

   "1111111"), 

 

  ("1111111",  -- 3 

   "0000001", 

   "0000001", 

   "0000001", 

   "1111111", 

   "0000001", 

   "0000001", 

   "0000001", 

   "1111111"), 

 

  ("1000001",  -- 4 

   "1000001", 

   "1000001", 

   "1000001", 

   "1111111", 

   "0000001", 

   "0000001", 

   "0000001", 

   "0000001"), 

    

  ("1111111",  -- 5 

   "1000000", 

   "1000000", 

   "1000000", 

   "1111111", 

   "0000001", 

   "0000001", 

   "0000001", 

   "1111111"), 

 

  ("1111111",  -- 6 

   "1000000", 

   "1000000", 

   "1000000", 

   "1111111", 

   "1000001", 

   "1000001", 

   "1000001", 

   "1111111"), 

 

 

   ("1111111",  -- 7 

   "1000001", 

   "0000010", 

   "0000100", 

   "0001000", 

   "0010000", 

   "0100000", 

   "1000000", 

   "1000000"), 



  

  

 

 

 

  ("1111111",  -- 8 

   "1000001", 

   "1000001", 

   "1000001", 

   "1111111", 

   "1000001", 

   "1000001", 

   "1000001", 

   "1111111"), 

 

  ("1111111",  -- 9 

   "1000001", 

   "1000001", 

   "1000001", 

   "1111111", 

   "0000001", 

   "0000001", 

   "0000001", 

   "1111111"));  

   

    

    

process(clk,reset,clock) 

variable row, column : int; 

variable i,c,j,k,str_counter,char_index:integer; 

variable secend :integer; 

 

begin 

 

  if(reset='1')then 

 

    row:=row1;       -- Addresse

 satrhaye noghate shoro        

      

    column:=column1;     -- Addresse

 sotunhaye noghate shoro                      

  clock<='0'; 

    c:=0; 

    i:=0; 

    j:=0; 

    k:=0; 

    str_counter:=0; 

    counter1<=0; 

    counter2<=0; 

    pixel_counter<=0; 

    count<=0; 

    line_counter<=1;     -- First Odd Line 

    state<=start_page1; 

    

     

   for str_counter in 0 to array_len-1 loop   -- be tedade matnhaye vared 

shode tavassote karbar tekrar mishavad 

      

    for i in 0 to str_len(str_counter)-1 loop       

      

        case str(str_counter,i) is       

  -- Checking Character For Specifying Index 

          when 'A'|'a'=> char_index:=1; 

          when 'B'|'b'=> char_index:=2; 



  
   

 

          when 'C'|'c'=> char_index:=3; 

          when 'D'|'d'=> char_index:=4; 

          when 'E'|'e'=> char_index:=5; 

          when 'F'|'f'=> char_index:=6; 

          when 'G'|'g'=> char_index:=7; 

          when 'H'|'h'=> char_index:=8; 

          when 'I'|'i'=> char_index:=9; 

          when 'J'|'j'=> char_index:=10; 

          when 'K'|'k'=> char_index:=11; 

          when 'L'|'l'=> char_index:=12; 

          when 'M'|'m'=> char_index:=13; 

          when 'N'|'n'=> char_index:=14; 

          when 'O'|'o'=> char_index:=15; 

          when 'P'|'p'=> char_index:=16; 

          when 'Q'|'q'=> char_index:=17; 

          when 'R'|'r'=> char_index:=18; 

          when 'S'|'s'=> char_index:=19; 

          when 'T'|'t'=> char_index:=20; 

          when 'U'|'u'=> char_index:=21; 

          when 'V'|'v'=> char_index:=22; 

          when 'W'|'w'=> char_index:=23; 

          when 'X'|'x'=> char_index:=24; 

          when 'Y'|'y'=> char_index:=25; 

          when 'Z'|'z'=> char_index:=26; 

 when '0'=> char_index:=27; 

          when '1'=> char_index:=28; 

          when '2'=> char_index:=29; 

          when '3'=> char_index:=30; 

          when '4'=> char_index:=31; 

          when '5'=> char_index:=32; 

          when '6'=> char_index:=33; 

          when '7'=> char_index:=34; 

          when '8'=> char_index:=35; 

          when '9'=> char_index:=36; 

          when others=> char_index:=0; 

        end case; 

         

        for j in 0 to 8 loop   -- Find Character and Send It 

to Rom 

          for k in 0 to 6 loop 

            if (column(str_counter) < n-9) then   -- ta zamani ke be 

akhare khat nareside in ghesmat ejra mishavad 

              rom(j+row(str_counter))(k+column(str_counter)) <= 

array_3d(char_index)(j)(k); 

            else      -- zamani ke be akhare khat resid baghie matn dar 

khatte ba'd namayesh dade mishavad 

              column(str_counter) := 0; 

              row(str_counter) := row(str_counter) + 12; 

              rom(j+row(str_counter))(k+column(str_counter)) <= 

array_3d(char_index)(j)(k); 

            end if;    

          end loop; 

        end loop; 

 

        column(str_counter):=column(str_counter)+9;     -- Column tv + 

9 , for next character        

    end loop; 

    end loop; 

 



  

  

 

 

-------------------------------------------------------------------------

-----------------------     

     

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

        c :=c+1; 

      if(c = 25000000) then 

        clock <= not clock; 

        c :=1; 

      end if; 

   

 

 

 

      

     

    count<=count+1; 

       

    case state is 

 

--------------------------------- < Page1 = Odd Lines > -----------------

----------------- 

 

      when start_page1 =>        

 -- 4.7 us       

        if(count<235)then      

          composite<='0'; 

          color<="0000"; 

        elsif(count=235)then 

          state<=hsync_1; 

        end if; 

 

      when hsync_1  =>       

  -- 5.8us 

        if(count>235 and count<525)then 

          composite<='1'; 

          color<="0000"; 

        elsif(count=525)then 

          state<=color_data1; 

          count<=0; 

        end if; 

 

      when color_data1 =>        

 -- 53.5 us 

        if(count>0 and count<2675)then 

          counter1<=counter1+1; 

          composite<='1'; 

          if (counter1=4) then    -- 5 Clk For Each 

Pixel 

            counter1<=0; 

            pixel_counter<=pixel_counter+1;  -- Next Pixel  

     

            if (pixel_counter<=n and line_counter<m) then   

  

              if (rom(line_counter)(pixel_counter)='1') then 

                color <= type_color;     

              else 

                 color <= "0000";     -- Black 

Color 

              end if; 

            end if; 



  
   

 

          end if; 

        elsif(count=2675)then 

          line_counter<=line_counter+2;    -- Next Odd 

Line 

          color <= "0000"; 

          composite<='1';   

          pixel_counter<=0; 

          count <= 0; 

          counter1 <= 0; 

          if (line_counter<625)then 

            state <= start_page1; 

          elsif (line_counter=625)then 

            state <= end_page1; 

            line_counter <= 2;    -- First Even Line 

          end if; 

        end if; 

 

      when end_page1 => 

        if(count<1600 )then      -- 32 us 

          composite <= '1';     -- or '0' 

          color <= "0000";     -- or"1111" 

         elsif(count=1600)then     -- or >= 

          state <= vsync_1; 

          composite <= '0'; 

          color <= "0000"; 

          count <= 0; 

        end if; 

 

      when vsync_1  => 

        if (count<8000)then         -- 160 us 

          composite <= '0'; 

          color <= "0000"; 

        elsif(count=8000)then 

          state <= start_page2; 

          composite <= '1'; 

          color <= "0000"; 

          count <= 0; 

        end if; 

 

-------------------------------- < Page2 = Even Lines > -----------------

----------------- 

 

      when start_page2 => 

        if(count<1600)then         -

- 32 us 

          composite <= '1'; 

          color <= "0000"; 

        elsif(count=1600)then 

          state <= page2_47us; 

          composite <= '0'; 

          color <= "0000"; 

          count <= 0; 

        end if; 

 

      when  page2_47us =>        

 -- 4.7 us 

        if(count<235)then 

          composite <= '0'; 

          color <= "0000"; 

        elsif(count=235)then 



  

  

 

 

          state <= hsync_2; 

          composite <= '1'; 

          color <= "0000"; 

          count <= 0; 

        end if; 

 

      when hsync_2   =>       

  -- 5.8 us 

        if(count<290)then 

          composite <= '1'; 

          color <= "0000"; 

        elsif(count=290)then  

          state <= color_data2; 

          composite <= '1'; 

          color <= "0000"; 

          count <= 0; 

        end if;  

   

      when color_data2 =>        

 -- 53.5 us 

        if(count>0 and count<2675)then 

          counter2<=counter2+1; 

          composite<='1'; 

          if (counter2=4) then    -- 5 Clk For Each 

Pixel 

            counter2<=0; 

            pixel_counter<=pixel_counter+1;  -- Next Pixel 

            if (pixel_counter<n and line_counter<=m) then  

              if (rom(line_counter)(pixel_counter)='1') then 

                color <= type_color;     

              else 

                 color <= "0000";     -- Black 

Color 

              end if; 

            end if; 

          end if; 

        elsif(count=2675)then 

          line_counter<=line_counter+2;      -- Next Even 

Line 

          color <= "0000"; 

          composite<='1'; 

          pixel_counter<=0;  

          count <= 0; 

          counter2 <= 0;  

          if (line_counter<626)then 

            state <= page2_47us; 

          elsif (line_counter=626)then 

            state <= vsync_2; 

            line_counter <= 1;     -- First Odd Line 

          end if; 

        end if; 

      when vsync_2   =>       

  -- 160 us 

        if (count<8000)then         

          composite <= '0'; 

          color <= "0000"; 

        elsif(count=8000)then 

          state <= start_page1; 

          composite <= '1';  

          color <= "0000"; 



  
   

 

          count <= 0; 

        end if; 

    end case; 

  end if; 

        

-----clk generation. For Osilator 50 MHz clock----  

 

  if rising_edge(clock) then  --bedast avardan clk ba meghdare 1 sanie 

 

   secend:=secend+1; 

   if key_Auto ='1' then 

   if secend<3 then  -- after 3 secend 

  type_color<="0001"; 

  elsif secend<6 then -- after 6 secend 

    type_color<="0010";  --change color 

   elsif secend<9 then   -- after 9 secend 

    type_color<="0100"; --change colo 

    elsif secend<12 then -- after 12 secend 

    type_color<="1000";  --change colo 

    elsif secend<15 then -- after 15 secend 

    type_color<="0000"; --change color 

    else 

  secend:=0; 

  end if; 

    

   else 

    case key is  --change by key 

    when "1000" => 

      type_color<="0000";  

     when "0100" => 

      type_color<="1000" ; 

     when "0010" => 

      type_color<="0100" ; 

      when "0001" => 

      type_color<="0010" ; 

     when "0000" => 

      type_color<="1111"; 

    when others=> null; 

    end case; 

    

       

    

     

     end if; 

     end if; 

end process; 

 

end Behavioral; 

 

 
 
 
 
 



  

  

 

 

 FPGAثِ  اسلبل هبًيشَس -37

 

 

 بًيشَس ّب ٍ آدادشَسّبی سلَيش :اػبع ه

 

 : اضعِ الکتزًٍي در هاًيتَر1ل ضک

 سٍؽ ديوبيؾ:

ثِ ٍػيلِ ايي ؿؼبع    لِ ًوبيؾ اصؿؼبع الکششًٍي اػش بدُ هي کٌٌذ.دس ك سلَيش دس ايي سٍؽ ثشای ًوبيؾ 

ًاي  ثشای اياي هٌظاَس ؿاؼبع الکششٍ   .ّب سٍؿي هي ؿًَذ  ديکؼل يب ّوبىًوبيؾ  ًقبى فؼ شی سٍی ك لِ 

هؼيش خَد سا اص گَؿِ ثبلا ػوز ؿخ آغبص هي کٌذ ٍ ثب ػوز ساػز دبييي خبسوِ هي يبثذ . ثب خبهَؽ ؿذى 

 س ٌگ الکششًٍي دٍثبسُ  ثِ اثشذای خي ثبص هي گشدد.

 هي ًبهٌذ. (HORIZONTAL  RETRACE)کِ ايي ػول سا 

ِ ػوز ؿخ ثبلا ثشدُ هي م سػيذى ثِ گَؿِ ػوز ساػز دبييي س ٌگ خبهَؽ ؿذُ ٍؿؼبع  ثِ گَؿبثِ ٌّگ

خَاًاذُ هاي    (VERTICAL RETRACE)ؿَد . ايي خبهَؽ ؿذى ٍ ثبصگـز ثِ ثبلا  ثبصگـاز ػواَدی   

 ؿَد.



  
   

 

 هبًيشَس ّبی سًگي:

 ّب ّش ًقٌِ فؼ شی اص ػِ سًگ  سـکيل ؿذُ اػز :هبًيشَس ايي ًَعدس

 قشهض 

   آثي 

 ػجض 

   هبًيشَسّابی سشکيجاي دس هبًيشَسّابی    گزاؿشِ اًذ.  ثاش خات   RGBثِ ّويي ػْز ًبم ايي هبًيشَس ّب سا 

هؼوَلي ثشای كول ّش ؿؼبع الکششًٍي يک ًَاس هؼضا ٍػَد داسد کِ ّش کذام سًگ هخلَف ثِ خَد سا ًـبى 

سا ايؼبد هاي کٌاذ . دس اياي سشکيات ٍ ػاذا        RGBهي دّذ. دس هبًيشَسّبی سشکيجي يک ًَاس ّش ػِ سًگ 

 اص کي يز سلَيش هي کبّذ.  RGBػبصی 

    ديگش ثيي هبًيشَس ّبی سًگي ٍسک سًگ ٍػَد دَؿؾ ػبيِ داس هبًيشَسّبی سًگي اػز.اخشت

 دَؿؾ ػبيِ :  

قجل اصك لِ فؼ شی يک ك لِ فلضی ػَسام داس قشاس گشفشِ کِ ثذيي ٍػيلِ ّش دشسبة ؿاؼبع الکششًٍاي اص   

 ٌگ ّوابى سًاگ   يک ػَسام ػجَس هي کٌذ . ٍ ثبػض س کيک سًگ ّب هي ؿَد يؼٌي ايؼبد ّش سًگ سَػي س

 سوويي خَاّذ ؿذ.

:  اضعِ الکتزًٍي در هاًيتَر ّاي رًگي 5ضکل                                       



  

  

 

 

VGA دَسر: 

ايي دَسر ثِ هٌظَس اسلبل ثِ هبًيشَس کبهذيشَس هَسد اػش بدُ قشاس هي گيشد ٍ اص دٌغ ػايگٌبل صياش سـاکيل    

 ؿذُ اػز :

 ( سيگٌال ّوشهاًي افقي1 

 ٌال ّوشهاًي  عوَدي          ( سيگ5 

 (RGB)قزهش  ٍ سبش سِ سيگٌال رًگ: آبي ٍ( 6

اص يک اؿؼِ الکششًٍي  ثشای ًوبيؾ  سلبٍيش ثِ سٍی ك لِ ای فؼ شی اػاش بدُ هاي    CRT)ًوبيـگشّبی )

 کٌٌذ. 

ؿاذر  اص سؼذادی ديکؼل سـکيل ؿذُ اًذ کِ ثب سغييش ٍلشبط اػوبلي ثِ آًْب   LCDدس كبلي کِ ًوبيـگشّبی 

 ؿذُ اص آًْب سغييش هي يبثذ. ًَس ػبًغ 

سلَيشی کِ  ثبيذ ًوبيؾ دادُ  ؿَد  اص فشين ّبی هشؼذدی  سـکيل ؿذُ اػز کِ ّش فشين ًيض ثاِ خٌاَى    

 هشؼذدی سقؼين هي ؿَد.

قشهض دس ّش ًقٌِ سًاگ  آًاشا    ػجض ٍ ّش خي اص سؼذادی ًقٌِ سـکيل هي ؿَد کِ سشکيت اؿؼِ ّبی  آثي ٍ

 .هـخق هي کٌٌذ

ي ًوبيؾ دادُ ؿذُ يک دبلغ ثِ ثِ هٌظَس ػٌکشٍى ػبصی اؿؼِ الکششًٍي ثب اًتػبر سلَيش هشٌبظش ثب ّش خ

ٍ ثِ اصای ًوبيؾ کليِ خٌَى سلَيش )يک فشين( ياک دابلغ ثاِ     (HSYNC) ػيگٌبل ّوضهبًي افقيسٍی 

 ايؼبد هي ؿَد . (VSYNC)ّوضهبًي ػوَدی    سٍی ػيگٌبل

هگاب   50ي افقي ٍ ػوَدی ٍ ّوـٌيي سؼذاد ؿوبسؽ ّبی کتک  اػايتسَس  فشکبًغ  ػيگٌبل ّبی ّوضهبً

ٍ سؼاذاد   480)سؼذاد خي ّبی سلَيش ثشاثاش    640*480ّشسض ػْز ثِ کبس گيشی هبًيشَس دس كبلز ًوبيؾ 

 (  640ديکؼل ّب دس ّش خي 

  



  
   

 

 ؿکل هذاس:

 

 

 برنامه:
LIBRARY IEEE; 

USE IEEE.std_logic_1164.ALL; 

USE IEEE.std_logic_unsigned.ALL; 

ENTITY vga IS  

PORT ( 

   -- keybaraye move vataghirandazehmorabavataghir rang 

morabahvasafheyenamayesh 

   screen, square, left, right, up, down, stretch_left, 

stretch_right,   

   stretch_up, stretch_down, clk, rst: IN std_logic; 

   -- keybarayetaghir rang red, green & blue 



  

  

 

 

   Btn_R,Btn_G,Btn_B:in std_logic;  

   -- signal hamzamaniofoghi 

   hsync: BUFFER BIT;  

   -- signal hamzamaniamodi 

   vsync: OUT BIT; 

   led: out std_logic_vector(7 downto 0); 

   --omghe rang red, green , blue 

   Red,Green,Blue: out std_logic_vector(3 downto 0)); 

END vga ; 

------------------------------------------------ 

ARCHITECTURE behav OF vga IS 

Signal Square_Red,Square_Green,Square_Blue: std_logic_vector(3 downto 

0):="0000"; 

Signal Screen_Red,Screen_Green,Screen_Blue: std_logic_vector(3 downto 

0):="1111"; 

SHARED VARIABLE x1: INTEGER RANGE 0 TO 2000:=200; 

SHARED VARIABLE x2: INTEGER RANGE 0 TO 2000:=400; 

SHARED VARIABLE y1: INTEGER RANGE 0 TO 1000:=200; 

SHARED VARIABLE y2: INTEGER RANGE 0 TO 1000:=400; 

CONSTANT h: INTEGER :=  809; 

CONSTANT v: INTEGER := 530; 

SIGNAL clr1: BIT_VECTOR(2 DOWNTO 0); 

SIGNAL clr2: BIT_VECTOR(2 DOWNTO 0);   

BEGIN 

------------------------------------------------  

PROCESS (clk, rst)   

 VARIABLE hcnt: INTEGER RANGE 0 TO h;  

 VARIABLE vcnt: INTEGER RANGE 0 TO v; 

 VARIABLE c,l: INTEGER RANGE 0 TO 3; 

 --------------------------------------------------- 

 VARIABLE dbnc1 : INTEGER RANGE 0 TO  200000000 ; 

  

BEGIN 

 IF (rst='1') THEN 

  hcnt :=0; 

  ------------------- 

  Screen_Red<="1111"; 

  Screen_Green<="0000"; 

  Screen_blue<="0000"; 

  Square_Red<="0000"; 

  Square_Green<="0000"; 

  Square_Blue<="1111"; 

  x1:=400; 

  x2:=600; 

  y1:=200; 

  y2:=400; 

  --------------------- 

 ELSIF (clk='1' AND clk'EVENT ) THEN 

   c := c+1; 

   l:=l+1; 

   -- clock is 50MH/2=25mh 

  IF (c=1) THEN 

   c := 0; 

if  hcnt< 799  then 

hcnt := hcnt+ 1; 

else 

 

 

 

hcnt := 0; 



  
   

 

if  vcnt< 524  then -- less than oh 

vcnt := vcnt + 1; 

else 

vcnt := 0;       -- is set to zero 

end if; 

end if;    

  -- define H pulse 

if  hcnt>= 662  and  hcnt< 755  then 

hsync<= '0'; 

else 

hsync<= '1'; 

end if; 

 

  -- define V pulse 

if  vcnt>= 491  and  vcnt< 493  then 

vsync<= '0'; 

else 

vsync<= '1'; 

end if; 

   -- ifh_counter and v_counterdarmantaghehmorababashand 

rang morabahnamayeshdadehshavad. 

   IF (y1<vcnt AND vcnt<y2 AND x1<hcnt AND hcnt<x2) THEN 

    Red<=Square_Red; 

    Green<=Square_Green; 

    Blue<=Square_Blue; 

    -- else if 

h_conter&v_counterdarmahdodehnamayeshbashand rang 

zaminehnamayeshdadehshavad 

   ELSif (480>vcnt and 640 >hcnt) then 

     Red<=Screen_Red; 

     Green<=Screen_Green; 

     Blue<=Screen_Blue; 

    -- elsedarmantagegkhamosh (h return bak  or v 

Reterbak) rang 0 yanikhamoshferestadehshavad 

    else 

       Red<="0000"; 

     Green<="0000"; 

     Blue<="0000"; 

   END IF; 

  END IF;  

   -- clock is 50MH/2=25mh 

  IF (l=1) THEN 

   l:=0; 

   -- if time beyn 2 key 

   if (dbnc1>0)THEN 

    dbnc1:=dbnc1-1; 

   else 

      --------------------------- ifmoraba 

selected 

     

    IF(square='1')THEN 

     --   ifBtn Red pushed 

     if(Btn_R='1') then 

      IF (Square_Red<"1111" )THEN 

       Square_Red<=Square_Red+1; 

      ELSE  

       Square_Red<="0000"; 

      END if; 

      dbnc1:=10000000; 

      led(3 downto 0)<=Square_Red; 



  

  

 

 

     --   ifBtn green pushed 

     elsif Btn_G='1' Then 

       IF (Square_Red<"1111" )THEN 

       

 Square_Green<=Square_Green+1; 

       ELSE  

        Square_Green<="0000"; 

       END if; 

       dbnc1:=10000000; 

       led(3 downto 0)<=Square_Green; 

     --   ifBtn Blue pushed 

      elsif Btn_B='1' Then 

        IF (Square_Blue<"1111" 

)THEN 

        

 Square_Blue<=Square_Blue+1; 

        ELSE  

        

 Square_Blue<="0000"; 

        END if; 

        dbnc1:=10000000; 

        led(3 downto 

0)<=Square_Blue; 

       else 

           dbnc1:=0;  

       END If; 

    END IF; 

      ----------------------------- 

    --   ifBtn Screen Selected 

    IF (screen='1')THEN 

     --   ifBtn Red pushed 

     if(Btn_R='1') then 

      IF (Screen_Red<"1111" )THEN 

       Screen_Red<=Screen_Red+1; 

      ELSE  

       Screen_Red<="0000"; 

      END if; 

      dbnc1:=10000000; 

      led(3 downto 0)<=Screen_Red; 

     --   ifBtn green pushed 

     elsif Btn_G='1' Then 

       IF (Screen_green<"1111" )THEN 

       

 Screen_Green<=Screen_Green+1; 

       ELSE  

        Screen_Green<="0000"; 

       END if; 

       dbnc1:=10000000; 

       led(3 downto 0)<=Screen_Green; 

      --   ifBtn Blue pushed 

      elsif Btn_B='1' Then 

        IF (Screen_Blue<"1111" 

)THEN 

        

 Screen_Blue<=Screen_Blue+1; 

        ELSE  

        

 Screen_Blue<="0000"; 

        END if; 

        dbnc1:=10000000; 



  
   

 

        led(3 downto 

0)<=Screen_Blue; 

       else 

           dbnc1:=0;  

       END If; 

    END IF; 

      -----------------------------left 

     --   ifBtn Left pushed 

     IF (left='1') AND (x1>0) THEN 

      x1 := x1-1; 

      x2 := x2-1; 

      dbnc1 := 200000; 

     END IF; 

      ---------------------------------

right 

     --   ifBtn Right pushed 

     IF (right='1') and (x2<639) THEN 

      x1 := x1+1; 

      x2 := x2+1; 

      dbnc1 := 200000; 

     END IF; 

      ---------------------------------up 

     --   ifBtn Up pushed 

     IF (up='1') and (y1>0)THEN 

      y1 := y1-1; 

      y2 := y2-1; 

      dbnc1 := 200000; 

     END IF; 

      --------------------------------down 

     --   ifBtn Down pushed 

     IF (down='1') and (y2<479)THEN 

      y1 := y1+1; 

      y2 := y2+1; 

      dbnc1 := 200000; 

     END IF; 

      --------------------------------

stretch left 

     --   ifBtnStrech_left pushed  width 

morabakamshavad 

     IF (stretch_left='1') and (x2>(x1+10))THEN 

      x2 := x2-1; 

      dbnc1 := 200000; 

     END IF; 

      --------------------------------

stretch right 

     --   ifBtnStrech Right pushed  width 

morabaezafehshavad 

     IF (stretch_right='1') and (x2<639)THEN 

      x2 := x2+1; 

      dbnc1 := 200000; 

     END IF; 

      --------------------------------

stretch up 

     --   ifBtnStrech_uP pushed Height 

morabakamshavad 

     IF (stretch_up='1') and (y2>y1+10)THEN 

      y2 := y2-1; 

      dbnc1 := 200000; 

     END IF; 



  

  

 

 

      -------------------------------

stretch down 

     --   ifBtnStrech_down pushed height 

morabaezafehshavad 

     IF (stretch_down ='1') and (y2<479) THEN 

      y2 := y2+1; 

      dbnc1 := 200000; 

     END IF; 

   END IF; --dbnc1 

  END IF; 

 END IF;   --clk 

END PROCESS; 

led(4)<=btn_r;-- Btn Red Pushed 

led(5)<=btn_g;-- Btn Green Pushed 

led(6)<=btn_b;-- Btn Blue Pushed 

led(7)<=Screen; -- btn Screen Pushed 

END behav; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  
   

 

 SDاسلبل کبسر  -38
 

 MP3 هبًٌاذ  كولي قبثل دػشگبّْبی دس هشػَم كَسر ثِ ٍ هيجبؿٌذFLASH ًَع اص کِ ّب كبفظِ ًَع ايي

PLAYER ّبCOOL DISKثابلا  ػاشػز  ثِ هيشَاى آى ثبسص خلَكيبر اص .هيـًَذ اػش بدُ هَثبيلْب ٍ ّب ٍ 

  هيجبؿذ گيگبثبيز ؿٌذيي سب هگبثبيز ؿٌذيي اص کِ ثبلا كؼن ايي .کشد اؿبسُ آى ثبلای ثؼيبس كؼن

ِ  خاي  ػِ ايي اص يکي کِ هيجبؿذ اسسجبًي اكلي خي ػِ داسای هؼوَل ًَس ثِ اسسجبًي دشٍسکل ايي  ٍظي ا

 .هيجبؿذ کتک كبهل ػَم خي ٍ دادُ دسيبفز ديگشی دادُ، اسػبل

 3.6 ٍلشابط  بثا  ؿذُ سَكيِ آى کبس كلز اص اًويٌبى ثشای کِ هيجبؿذ ٍلز 3.6 سب ٍلز 2.7 ثيي هوَسی سغزيِ

ٍ  ٍلشبط اهبفِ ثذليل آى ديذى آػيت اهکبى ٍ اػز كؼبع خَد کبسی ٍلشبط ثِ ثؼيبس كبفظِ ٍ ؿَد سغزيِ ٍلز

 اػز صيبد ثؼيبس ًَيض

ِ  اػشبًذاسدهي ثبؿذ ايي FAT دادُ اسائِ هبيکشٍػبفز ؿشکز کِ سکٌَلَطيْبيي سشيي الؼبدُ خبسق اص يکي  کا

 دّي آدسع قبثليزاسائِ ؿذ کِ FAT12اػشبًذاسد ثب اثشذا دس آهذ َدثَػ كؼين ثؼيبس كبفظْْبی هکبى ثشای

 FAT 16هي کشد ٍثؼذ اص آى  دـشيجبًي سا ّبسدديؼک يب هوَسی هگبثبيز 16 سب ٍ داؿز سا کتػششّب ثيشي 12

 ثَد داسا سا کتػششّب ثيشي 32 دّي آدسع قبثليز FAT32. آهذ  FAT32ثِ دليل هلذٍديز ّبی ظشفيز       

 :Sectorکبسسْبی هوَسی ثشای هيـًَذکِ سقؼين ػکشَس سؼذادی ثِ ديؼکْب ّبسد يب کبسسْب هوَسی فوبی Sd 

ٍmmc  ػش ثبيشْب ثب هؼشقين ثٌَس خَاًذى ٍ ًَؿشي دسٌّگبم کبسر هوَسی ٍ هيجبؿذ ثبيز 512 ؿبهل ػکشَس 

 . هيکٌذ کبس ػکشَسّب ثب ثلکِ ًذاسد کبس ٍ

CLUSTER: اػشبًذاسد دس فقي ٍ ًذاسد خبسػي ٍػَد شکتػش افضاسی ػخز ديذ اصfat ثؼابی  ػيؼشن فبيل 

 ػکشَسّب اص ایهؼوَػِ ثِ کتػشش ٍ کبس هيکٌذ، کتػشش ثب هيجبؿٌذ صيبدی سؼذاد کِ کٌذ کبس ػکشَسّب ثب ايٌکِ

 هيجبؿذ كبفظِ ظشفيز ثِ ٍاثؼشِ ٍ هش بٍر   fat12,fat16,fat32 اػن اصfat  ع  ًَ ّش ثشای کِ هيـَد اًتق

MBR :MBR (MASTER BOOT RECORD) قشاس كبفظِ اص ثخـي دس کِ اػز کَؿکي اػشايي کذ يک 

 .ؿَد BOOT اكٌتف ثِ آى اص ػيؼشن سب هيگيشد



  

  

 

 

 . ؿَد فؼبلcsا اثشذ ثبيذ هوَسی ثِ دػشَس يب دادُ ّش اسػبل ثشای

 ثبيز اػز. 512ايي ًَع كبفظِ ؿبهل ؿٌذيذ ػکشَس اػز کِ ّوِ ػکشَسّب دس ّوِ اًَاع هوَسی کبسر 

 هوَسی ثلض دسکِ LSBبي ؿَد اسػبلMSBاثشذا کِ کشد اًشخبة هيشَاى اسسجبى ايي دس ايٌکِ ديگش هْن ًکشِ

 اثشذا اسػبل هي ؿَد.MSB کبسر

 ذسا ًـبى  هي دّ هوَسی فيضيکي اثؼبدکبسر ٍ هوَسی ّبی دبيِ ٍهؼيز صيش ؿکل

 

 

 
Command and Response 

 
 

 



  
   

 

 FAT 
 

 
 

 
library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

Entity sd is 

 

   Port( 

        clk,reset_ms:in std_logic; 

    mosi: out std_logic; 

        ss : out std_logic; 

        miso : in std_logic; 

        sclk : out std_logic; 

    -------lcd 

    data_lcd : out std_logic_vector(7 downto 0); 

          rs_lcd : out std_logic; 

          rw_lcd : out std_logic; 

          e_lcd : out std_logic; 

          bl_lcd : out std_logic; 

   led:out std_logic_vector(13 downto 0); 

  pin :out bit := '0'); 

           

End sd; 

 

Architecture Gate_Level_1 of sd is 

   type sector is array(0 to 160) of std_logic_vector(7 downto 

0); 

       Type State is 

(spi_start,Start_Sample,Start_Sample2,sd_state,lcd_cmd,start_lcd,write_lc

d,delay_lcd,stop_lcd,sel_arg); 

       signal sdc_state : state:=sd_state; 

   signal arg:std_logic_vector(31 downto 0):=(others=>'0'); 



  

  

 

 

       signal bit_cnt : integer := 7; 

       signal b:integer:=0; 

       signal c,q:std_logic:='0'; 

   signal data_in:std_logic_vector(7 downto 0); 

   signal sec:sector:=(others=>"00100000"); 

   constant delay_for_e : integer := 2; --18 * 25 NS = 450 

NS 

       constant delay_between_data : integer := 1250; 

   type two_array is array (0 to 2)of std_logic_vector (7 

downto 0); 

   signal clust:std_logic_vector(22 downto 0):=(others=>'0'); 

       constant table_lcd : two_array :=("00111000", "00001110", 

"00000001");--dastoorate lcd 

   signal boot_address:std_logic_vector(31 downto 

0):=(others=>'0'); 

   signal num_boot_sec:std_logic_vector(16 downto 

0):=(others=>'0'); 

   signal fat_byte:std_logic_vector(25 downto 

0):=(others=>'0'); 

   signal first_cluster:std_logic_vector(31 downto 

0):=(others=>'0'); 

   type file_name is array (0 to 2) of std_logic_vector(7 

downto 0);   

 

   constant name:file_name:=("01001101","01000101","01000101");  

--mee  

     

   type root_name is array (0 to 5) of std_logic_vector(7 

downto 0); 

   signal root: root_name 

:=("01001101","01010011","01000100","01001111","01010011","00110101"); --

MSDOS5 

 

Begin  

        

 process(clk) 

  begin 

   if clk'event and clk='1' then  

    

    if b=100 then  

     b<=0; 

     q<=c; 

     c<=not c; 

    else   

     b<=b+1; 

 

  end if; 

   

  end if; 

 end process; 

   

   

   

   

   

Process(q,reset_ms) 

    variable falling,rising:std_logic:='0'; 

   variable 

x,y,aa,bb,level,cnt,cntff,cntloop,cmd_cnt,part,s_level,s_cnt:integer:=0; 

    variable i_lcd, count_lcd,m : integer;          



  
   

 

begin 

--

*************************************************************************

   

    if q'event and q='1' then 

--

************************************************************************* 

if (reset_ms = '1') then 

  sdc_state <= sd_state; 

         

       level:=0; 

    

 e_lcd<='0'; 

 rw_lcd<='0'; 

 bl_lcd<='1'; 

      --  

else 

case sdc_state is 

--

*************************************************************************

             

   

   

    when sd_state => 

   if level=0 then 

      cnt:=10;    

     level:=1; 

         elsif level=1 then 

       if cnt>0 then 

     data_in<="11111111"; 

     ss<='1'; 

     level:=1; 

     cnt:=cnt-1; 

     sdc_state <= spi_start; 

     else 

     level:=2; 

     end if; 

          elsif level=2 then 

       data_in<="01000000"; 

     ss<='0'; 

     level:=3; 

     sdc_state <= spi_start; 

     cnt:=4; 

     elsif level=3 then 

       if cnt>0 then 

     data_in<="00000000"; 

     ss<='0'; 

     level:=3; 

     cnt:=cnt-1; 

     sdc_state <= spi_start; 

     else 

     level:=4; 

     end if; 

   elsif level=4 then 

       data_in<="10010101"; 

     ss<='0';    

     level:=5; 

     sdc_state <= spi_start;     

     elsif level=5 then 

       if data_in="00000001" then   



  

  

 

 

       ss<='1'; 

       level:=6;   

             else 

       data_in<="11111111"; 

     level:=5; 

     sdc_state <= spi_start; 

     ss<='0'; 

      end if; 

    ------------------------------------------RESET

 command (cmd0) 

    

   elsif level=6 then  

        data_in<="01000001"; 

     ss<='0';        

     level:=7; 

     sdc_state <= spi_start; 

     cnt:=4;  

    elsif level=7 then 

       if cnt>0 then 

     data_in<="00000000"; 

     ss<='0'; 

     level:=7; 

     cnt:=cnt-1; 

     sdc_state <= spi_start; 

     else 

     level:=72; 

     cntff:=8;   

     end if;  

    elsif level=72 then  

        data_in<="11111111"; 

     ss<='0';        

     level:=8; 

     sdc_state <= spi_start; 

    elsif level=8 then 

       if data_in="00000000" then 

   --  arg<=(others=>'0');     

       level:=9; 

             else 

       if cntff>0 then 

     cntff:=cntff-1; 

       data_in<="11111111";     

     level:=8;      

   

     sdc_state <= spi_start; 

     ss<='0'; 

     else 

     level:=6; 

     end if; 

      end if;  

      -----------------------------------------INIT 

command   (cmd41) 

     elsif level=9 then 

       data_in<="01010001"; 

     ss<='0'; 

     level:=10; 

     if s_level=0 then 

     arg(31 downto 0)<=clust(22 downto 0) & 

"000000000"; 

     end if; 

     sdc_state <= spi_start; 



  
   

 

    -- cnt:=4; 

    elsif level=10 then 

       --  data_in<="00000000";   ---addrese morede nazar 

     data_in<=arg(31 downto 24); 

     ss<='0'; 

     sdc_state <= spi_start; 

     level:=101; 

     elsif level=101 then 

        -- data_in<="00000001";   ---addrese morede nazar 

     data_in<=arg(23 downto 16); 

     ss<='0'; 

     sdc_state <= spi_start; 

     level:=102; 

      elsif level=102 then 

        -- data_in<="00001010";   ---addrese morede nazar 

     data_in<=arg(15 downto 8); 

     ss<='0'; 

     sdc_state <= spi_start; 

     level:=103; 

     elsif level=103 then 

      --   data_in<="00000000";   ---addrese morede nazar 

     data_in<=arg(7 downto 0); 

     ss<='0'; 

     sdc_state <= spi_start; 

     level:=11; 

         -----------------------------

----------- 

     elsif level=11 then 

       data_in<="00000000"; 

     ss<='0'; 

     level:=12; 

     sdc_state <= spi_start; 

     cntff:=8; 

     elsif level=12 then 

      

       if data_in="11111110" then -- if clust > 

"00000000000000000000000" then pin<='1'; end if; 

       level:=13; 

     cnt:=0; 

             else 

      if cntff>0 then 

       data_in<="11111111"; 

     level:=12; 

     sdc_state <= spi_start; 

     ss<='0'; 

     cntff:=cntff-1; 

     else 

      level:=9; 

     end if; 

      end if; 

    elsif level=13 then 

      sdc_state <= spi_start; 

      data_in<="11111111"; 

      -- clust<=clust+1; 

     level:=14; 

     elsif level=14 then 

     if cnt=511 then 

    -- led(7 downto 0)<=sec(0); 

   --  i_lcd:=0; 



  

  

 

 

     --   arg(31 downto 0)<=clust(22 

downto 0) & "000000000"; 

   --   sdc_state <= lcd_cmd; 

       sdc_state <=sel_arg; -- led(7)<='1'; 

      cmd_cnt:=0; 

      ss<='1'; 

      sec(160)<=data_in; 

     elsif cnt<511 then 

     if cnt<160 then  

      sec(cnt)<=data_in; 

      level:=15; 

      else 

      sec(160)<=data_in; 

       level:=15; 

      end if; 

      end if; 

     elsif level=15 then 

      cnt:=cnt+1; 

      level:=13; 

 

     end if; 

  ------------------------------------------- cmd(51) 

  when sel_arg => 

          if s_level=0 then     

          if sec(3 to 8) = 

("01001101","01010011","01000100","01001111","01010011","00110101") then

    --msdos5 

       -- led(8 downto 0)<=clust(8 downto 

0); 

                     boot_address(31 downto 0)<=arg(31 downto 0);    

pin<='1'; 

        s_level:=1; 

        else 

      clust<=clust+1;    

       level:=0; ----read next block 

       s_level:=0; 

       sdc_state <= sd_state; 

        end if; 

      elsif s_level=1 then   

       led(13)<='1'; 

      --  num_boot_sec<=sec(14) & "000000000";--

-root sector 

     --  fat_byte<=sec(22) & sec(23) & 

"0000000000"; --tedade fat 

     --  arg(31 downto 0)<=boot_address 

+ num_boot_sec + fat_byte; 

       arg(31 downto 0)<=boot_address + 

(sec(14) & "000000000") + (sec(23) & sec(22) & "0000000000"); 

        

        s_level:=2; 

        s_cnt:=0; 

        level:=0; 

       sdc_state <= sd_state; 

      elsif s_level=2 then  

                --    if (s_cnt < 130) then 

            if sec(s_cnt)=name(0) and sec(s_cnt 

+ 1)=name(1) and  sec(s_cnt+2)=name(2) then   ----mem 

          arg(31 downto 0)<=((sec(s_cnt + 

26) &  sec(s_cnt + 27) & "000000000") + (boot_address)); 

           level:=0; 



  
   

 

         sdc_state <= 

sd_state;   led(12)<='1'; 

         s_level:=22; 

         else 

         s_cnt:=s_cnt + 32; -

-   led(11)<='1'; 

         s_level:=2; 

         end if; 

     --  else 

       

          --    end if; 

      elsif s_level=22 then 

       led(11 downto 0)<=arg(19 downto 

8); 

        s_level:=3; 

 

       elsif s_level=3 then 

        

         i_lcd:=0; 

       -- led(10)<='1'; 

              sdc_state <= lcd_cmd; 

        cmd_cnt:=0; 

       end if; 

  ----------------------------------- sd controler 

   when spi_start=>  

     bit_cnt <= 7; 

      sclk<='0'; 

      sdc_state <= Start_Sample; 

 

   when Start_Sample =>      

        sclk<='0'; 

             mosi <= data_in(7); 

           for i in 7 downto 1 loop 

               data_in(i) <= data_in(i-1); 

           end loop; 

        sdc_state <= Start_Sample2; 

          

       

 

   when Start_Sample2 => 

     sclk<='1'; 

      data_in(0) <=miso; 

  

            bit_cnt <=bit_cnt - 1; 

 

     

          if bit_cnt=0 then       

    

                     sdc_state <= sd_state; 

       

                  else 

                   sdc_state <= Start_Sample; 

          

     

           end if;  

 

        

 

--******************************************************************--spi 

            -- when lcd_start=>      



  

  

 

 

              when lcd_cmd => 

       -- led(9)<='1'; 

      

        if cmd_cnt<3 then  

       rs_lcd <= '0'; 

       data_lcd(7 downto 0) <= 

table_lcd(cmd_cnt)(7 downto 0); 

        sdc_state <= write_lcd; 

        cmd_cnt:=cmd_cnt+1; 

        else 

       sdc_state <= start_lcd; 

       end if; 

 

     when start_lcd =>   

     --  led(8)<='1'; 

           data_lcd(7 downto 0) <= sec(i_lcd)(7 downto 

0); 

     -- data_lcd <= table_test(i_lcd)(7 

downto 0); 

      rs_lcd <= '1'; 

      i_lcd := i_lcd + 1; 

      if i_lcd < 8 then 

         sdc_state <= write_lcd; 

      else 

         sdc_state <= stop_lcd; 

              end if; 

      

       when write_lcd => 

              if part = 0 then 

         e_lcd <= '1'; 

        count_lcd := delay_for_e; 

         part := part + 1; 

        sdc_state <= delay_lcd; 

      elsif part = 1 then 

         e_lcd <= '0'; 

         count_lcd := delay_between_data; 

         sdc_state <= delay_lcd; 

         part := part + 1; 

      else 

         sdc_state <= lcd_cmd; 

         part := 0; 

      end if; 

 

       when delay_lcd => 

      count_lcd := count_lcd - 1; 

      if count_lcd = 0 then 

         sdc_state <= write_lcd; 

              end if; 

 

       when stop_lcd =>                   

end case; 

end if; 

 

--******************************************************************--lcd           

 end if; 

end process; 

 

  

End Gate_Level_1; 

 



  
   

 

Write data: 
 

 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

Entity sd is 

 

   Port( 

        clk,reset_ms:in std_logic; 

    mosi: out std_logic; 

        ss : out std_logic; 

        miso : in std_logic; 

        sclk : out std_logic; 

   led:out std_logic_vector(13 downto 0); 

  pin :out bit := '0'); 

           

End sd; 

 

Architecture Gate_Level_1 of sd is 

   type sector is array(0 to 159) of std_logic_vector(7 downto 

0); 

       Type State is 

(spi_start,Start_Sample,Start_Sample2,sd_state,sel_arg); 

       signal sdc_state : state:=sd_state; 

   signal arg:std_logic_vector(31 downto 0):=(others=>'0'); 

       signal bit_cnt : integer := 7; 

       signal b:integer:=0; 

       signal c,q:std_logic:='0'; 

   signal data_in:std_logic_vector(7 downto 0); 

   signal sec:sector:=(others=>"00100000"); 

   constant delay_for_e : integer := 2; --18 * 25 NS = 450 

NS 

       constant delay_between_data : integer := 1250; 

   type two_array is array (0 to 2)of std_logic_vector (7 

downto 0); 

   signal clust:std_logic_vector(22 downto 0):=(others=>'0'); 

       constant table_lcd : two_array :=("00111000", "00001110", 

"00000001");--dastoorate lcd 

   signal boot_address:std_logic_vector(31 downto 

0):=(others=>'0'); 

   signal num_boot_sec:std_logic_vector(16 downto 

0):=(others=>'0'); 

   signal fat_byte:std_logic_vector(25 downto 

0):=(others=>'0'); 

   signal first_cluster:std_logic_vector(31 downto 

0):=(others=>'0'); 

   type file_name is array (0 to 2) of std_logic_vector(7 

downto 0); 

   constant name:file_name:=("01001101","01000101","01000101"); 

--mee 

   type root_name is array (0 to 5) of std_logic_vector(7 

downto 0); 

   type name_sec is array(0 to 159) of std_logic_vector(7 

downto 0); 



  

  

 

 

   signal root: root_name 

:=("01001101","01010011","01000100","01001111","01010011","00110101"); --

MSDOS5 

   signal 

new_data:sector:=("01101000","01100101","01101100","01101100","01101111", 

"01101111", "01101110",others=>"00000000"); --

("01010011","01000001","01001100","01000001","01010011","01010011"); 

Begin  

        

 process(clk) 

  begin 

   if clk'event and clk='1' then  

    

    if b=100 then  

     b<=0; 

     q<=c; 

     c<=not c; 

    else   

     b<=b+1; 

 

  end if; 

   

  end if; 

 end process; 

   

   

   

   

   

Process(q,reset_ms) 

    variable falling,rising:std_logic:='0'; 

   variable 

x,y,aa,bb,level,cnt,cntff,cntloop,cmd_cnt,part,s_level,s_cnt,write_sd,wr_

cnt,offset, data_cnt:integer:=0; 

    variable i_lcd, count_lcd,m : integer;          

begin 

--

*************************************************************************

   

    if q'event and q='1' then 

--

************************************************************************* 

if (reset_ms = '1') then 

  sdc_state <= sd_state; 

         

       level:=0; 

    

-- e_lcd<='0'; 

-- rw_lcd<='0'; 

-- bl_lcd<='1'; 

      --  

else 

case sdc_state is 

--

*************************************************************************

             

   

   

    when sd_state => 

   if level=0 then 



  
   

 

      cnt:=10;    

     level:=1; 

         elsif level=1 then 

       if cnt>0 then 

     data_in<="11111111"; 

     ss<='1'; 

     level:=1; 

     cnt:=cnt-1; 

     sdc_state <= spi_start; 

     else 

     level:=2; 

     end if; 

          elsif level=2 then 

       data_in<="01000000"; 

     ss<='0'; 

     level:=3; 

     sdc_state <= spi_start; 

     cnt:=4; 

     elsif level=3 then 

       if cnt>0 then 

     data_in<="00000000"; 

     ss<='0'; 

     level:=3; 

     cnt:=cnt-1; 

     sdc_state <= spi_start; 

     else 

     level:=4; 

     end if; 

   elsif level=4 then 

       data_in<="10010101"; 

     ss<='0';    

     level:=5; 

     sdc_state <= spi_start;     

     elsif level=5 then 

       if data_in="00000001" then   

       ss<='1'; 

       level:=6;   

             else 

       data_in<="11111111"; 

     level:=5; 

     sdc_state <= spi_start; 

     ss<='0'; 

      end if; 

    ------------------------------------------RESET

 command (cmd0) 

    

   elsif level=6 then  

        data_in<="01000001"; 

     ss<='0';        

     level:=7; 

     sdc_state <= spi_start; 

     cnt:=4;  

    elsif level=7 then 

       if cnt>0 then 

     data_in<="00000000"; 

     ss<='0'; 

     level:=7; 

     cnt:=cnt-1; 

     sdc_state <= spi_start; 

     else 



  

  

 

 

     level:=72; 

     cntff:=8;   

     end if;  

    elsif level=72 then  

        data_in<="11111111"; 

     ss<='0';        

     level:=8; 

     sdc_state <= spi_start; 

    elsif level=8 then 

       if data_in="00000000" then 

   --  arg<=(others=>'0');  

    

    if write_sd=1 then  

        cnt:=10;   

        level:=16; 

      elsif write_sd=0 then     

       level:=9; 

     end if; 

             else 

       if cntff>0 then 

     cntff:=cntff-1; 

       data_in<="11111111";     

     level:=8;      

   

     sdc_state <= spi_start; 

     ss<='0'; 

     else 

     level:=6; 

     end if; 

      end if;  

      -----------------------------------------INIT 

command   (cmd41) 

     elsif level=9 then  

         

       data_in<="01010001"; 

     ss<='0'; 

     level:=10; 

     if s_level=0 then 

     arg(31 downto 0)<=clust(22 downto 0) & 

"000000000"; 

     end if; 

     sdc_state <= spi_start; 

    -- cnt:=4; 

    elsif level=10 then 

       --  data_in<="00000000";   ---addrese morede nazar 

     data_in<=arg(31 downto 24); 

     ss<='0'; 

     sdc_state <= spi_start; 

     level:=101; 

     elsif level=101 then 

        -- data_in<="00000001";   ---addrese morede nazar 

     data_in<=arg(23 downto 16); 

     ss<='0'; 

     sdc_state <= spi_start; 

     level:=102; 

      elsif level=102 then 

        -- data_in<="00001010";   ---addrese morede nazar 

     data_in<=arg(15 downto 8); 

     ss<='0'; 

     sdc_state <= spi_start; 



  
   

 

     level:=103; 

     elsif level=103 then 

      --   data_in<="00000000";   ---addrese morede nazar 

     data_in<=arg(7 downto 0); 

     ss<='0'; 

     sdc_state <= spi_start; 

     level:=11; 

         -----------------------------

----------- 

     elsif level=11 then 

       data_in<="00000000"; 

     ss<='0'; 

     level:=12; 

     sdc_state <= spi_start; 

     cntff:=8; 

     elsif level=12 then 

      

       if data_in="11111110" then -- if clust > 

"00000000000000000000000" then pin<='1'; end if; 

       level:=13; 

     cnt:=0; 

             else 

      if cntff>0 then 

       data_in<="11111111"; 

     level:=12; 

     sdc_state <= spi_start; 

     ss<='0'; 

     cntff:=cntff-1; 

     else 

      level:=9; 

     end if; 

      end if; 

    elsif level=13 then 

      sdc_state <= spi_start; 

      data_in<="11111111"; 

      -- clust<=clust+1; 

      data_cnt:=0; 

     level:=14; 

     elsif level=14 then 

     if cnt=511 then 

    -- led(7 downto 0)<=sec(0); 

   --  i_lcd:=0; 

     --   arg(31 downto 0)<=clust(22 

downto 0) & "000000000"; 

   --   sdc_state <= lcd_cmd; 

       sdc_state <=sel_arg; -- led(7)<='1'; 

      cmd_cnt:=0; 

      ss<='1'; 

      sec(159)<=data_in; 

     elsif cnt<511 then 

      

      if cnt<159 then  

       sec(cnt)<=data_in; 

       level:=15; 

       else 

       sec(159)<=data_in; 

        level:=15; 

       end if; 

     

      end if; 



  

  

 

 

     elsif level=15 then 

      cnt:=cnt+1; 

      level:=13; 

 

     elsif level=151 then 

      cnt:=cnt+1; 

      data_cnt:=data_cnt+1; 

      level:=13; 

     ------------------------------------ 

     

   

    ----------------write 

    elsif level=16 then 

     

     if cnt>0 then     

     data_in<="11111111"; 

     ss<='1'; 

     level:=16; 

     cnt:=cnt-1; 

     sdc_state <= spi_start; 

     else 

    level:=161; 

     end if; 

      

    elsif level=161 then   -- led(11 downto 

0)<=arg(19 downto 8); 

      data_in<="01011000";     

---0x58 

     ss<='0';        

     level:=17; 

     sdc_state <= spi_start; 

     elsif level=17 then 

      data_in<=arg(31 downto 24); 

     ss<='0';        

     level:=18; 

     sdc_state <= spi_start; 

      elsif level=18 then 

      data_in<=arg(23 downto 16); 

     ss<='0';        

     level:=19; 

     sdc_state <= spi_start; 

     elsif level=19 then 

      data_in<=arg(15 downto 8); 

     ss<='0';        

     level:=20; 

     sdc_state <= spi_start; 

     elsif level=20 then 

      data_in<=arg(7 downto 0); 

     ss<='0';        

     level:=200; 

     sdc_state <= spi_start; 

      

    elsif level=200 then 

      data_in<="11111111"; 

     ss<='0';        

     level:=201; 

     sdc_state <= spi_start; 

     cnt:=2; --15 

     

    elsif level=201 then 



  
   

 

      if data_in/="00000000" then 

      level:=21; 

      else 

      level:=161; 

      end if; 

 

    elsif level=21 then 

                 --  if data_in /= "11111111" then 

       led(7 downto 0)<=data_in; 

       led(11)<='1'; 

       led(10)<='1'; 

       led(9)<='0'; 

       led(8)<='0'; 

     --    level:=22;    

       --  else 

       if cnt>0 then 

                  data_in<="11111111"; 

         ss<='0'; 

        level:=21; 

         cnt:=cnt-1; 

         sdc_state <= spi_start; 

        else 

       -- cnt:=0;   

       -- level:=16;  

       level:=22; 

       end if;   

      -- end if; 

    elsif level=22 then 

    data_in<="11111110"; 

     ss<='0'; 

     data_cnt:=0;        

     level:=23; 

      --   wr_l_h_cnt:=0; 

     sdc_state <= spi_start; 

     cnt:=0; 

     elsif level=23 then 

     if cnt<512 then 

             if cnt <159  then 

                       --  

          level:=24;         

----baraye ezafe kardan be cnt 

             ss<='0'; 

           

data_in<=sec(cnt); 

           sdc_state <= 

spi_start; 

         else  

           

data_in<="00000000"; 

          level:=24;         

----baraye ezafe kardan be cnt 

           ss<='0'; 

           sdc_state <= 

spi_start; 

           end if; 

       else 

       level:=25; 

       cnt:=2; 

      end if; 

    elsif level=24 then 



  

  

 

 

     cnt:=cnt+1; 

     level:=23; 

      elsif level=241 then 

     cnt:=cnt+1; 

     data_cnt:=data_cnt+1; 

     level:=23; 

 

      

     elsif level=25 then 

        if cnt>0 then 

      data_in<="11111111"; 

      ss<='0'; 

      level:=25; 

      cnt:=cnt-1; 

      sdc_state <= spi_start; 

      else 

      sdc_state <= sel_arg; 

      ss<='1'; 

    --  if wr_cnt=1 then 

    --  level:=16; 

    --  cnt:=10; 

    --  wr_cnt:=wr_cnt +  1; 

    --  else 

         pin<='1'; 

    --  end if; 

      end if; 

 

     end if; 

  ------------------------------------------- cmd(51) 

  when sel_arg => 

          if s_level=0 then     

          if sec(3 to 8) = 

("01001101","01010011","01000100","01001111","01010011","00110101") then

    --msdos5 

       -- led(8 downto 0)<=clust(8 downto 

0); 

                     boot_address(31 downto 0)<=arg(31 downto 0);     

        s_level:=1; 

        else 

      clust<=clust+1;    

       level:=0; ----read next block 

       s_level:=0; 

       sdc_state <= sd_state; 

        end if; 

      elsif s_level=1 then   

       led(13)<='1'; 

      --  num_boot_sec<=sec(14) & "000000000";--

-root sector 

     --  fat_byte<=sec(22) & sec(23) & 

"0000000000"; --tedade fat 

     --  arg(31 downto 0)<=boot_address 

+ num_boot_sec + fat_byte; 

       arg(31 downto 0)<=boot_address + 

(sec(14) & "000000000") + (sec(23) & sec(22) & "0000000000"); 

       offset:=0; 

        s_level:=2; 

        s_cnt:=0; 

        level:=0; 

       sdc_state <= sd_state; 

      elsif s_level=2 then  



  
   

 

                     

            if sec(s_cnt)=name(0) and sec(s_cnt 

+ 1)=name(1) and  sec(s_cnt+2)=name(2) then   ----mem 

          arg(31 downto 0)<=((sec(s_cnt + 

26) &  sec(s_cnt + 27) & "000000000") + (boot_address)); 

        --   level:=0; 

       cnt:=10; 

        ss<='1'; 

      -- level:=16; 

         level:=16;    

         write_sd:=1; 

      --  

 sec(0)<=new_data(0); 

      --  

 sec(1)<=new_data(1); 

      --  

 sec(2)<=new_data(2); 

      --  

 sec(3)<=new_data(3); 

      --  sec(4)<=new_data(4); 

      --    

 sec(5)<=new_data(5); 

          wr_cnt:=1; 

          sec(0 to 159) 

<= new_data(0 to 159); 

         sdc_state <= 

sd_state;   led(12)<='1'; 

         s_level:=22; 

         else 

         s_cnt:=s_cnt + 32; -

-   led(11)<='1'; 

         s_level:=2; 

         end if; 

       

     

      elsif s_level=22 then 

     

      

      s_level:=3; 

       

       level:=0; 

          

        sdc_state <= sd_state; 

      

         write_sd:=1; 

       

       elsif s_level=3 then 

        

         i_lcd:=0; 

        

          --    sdc_state <= lcd_cmd; 

        cmd_cnt:=0; 

       end if; 

  ----------------------------------- sd controler 

   when spi_start=>  

     bit_cnt <= 7; 

      sclk<='0'; 

      sdc_state <= Start_Sample; 

 

   when Start_Sample =>      



  

  

 

 

        sclk<='0'; 

             mosi <= data_in(7); 

           for i in 7 downto 1 loop 

               data_in(i) <= data_in(i-1); 

           end loop; 

        sdc_state <= Start_Sample2; 

          

       

 

   when Start_Sample2 => 

     sclk<='1'; 

      data_in(0) <=miso; 

  

            bit_cnt <=bit_cnt - 1; 

 

     

          if bit_cnt=0 then       

    

                     sdc_state <= sd_state; 

       

                  else 

                   sdc_state <= Start_Sample; 

          

     

           end if;  

 

        

 

--******************************************************************--spi 

              

                

end case;   

end if; 

 

--******************************************************************--lcd           

 end if; 

end process; 

 

  

End Gate_Level_1; 

 

 

Write file name: 
 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

Entity sd is 

 

   Port( 

        clk,reset_ms:in std_logic; 

    mosi: out std_logic; 

        ss : out std_logic; 

        miso : in std_logic; 

        sclk : out std_logic; 

 

  led:out std_logic_vector(13 downto 0); 



  
   

 

  pin :out bit := '0'); 

           

End sd; 

 

Architecture Gate_Level_1 of sd is 

   type sector is array(0 to 159) of std_logic_vector(7 downto 

0); 

       Type State is 

(spi_start,Start_Sample,Start_Sample2,sd_state,sel_arg); 

       signal sdc_state : state:=sd_state; 

   signal arg:std_logic_vector(31 downto 0):=(others=>'0'); 

       signal bit_cnt : integer := 7; 

       signal b:integer:=0; 

       signal c,q:std_logic:='0'; 

   signal data_in:std_logic_vector(7 downto 0); 

   signal sec:sector:=(others=>"00100000"); 

   constant delay_for_e : integer := 2; --18 * 25 NS = 450 

NS 

       constant delay_between_data : integer := 1250; 

   type two_array is array (0 to 2)of std_logic_vector (7 

downto 0); 

   signal clust:std_logic_vector(22 downto 0):=(others=>'0'); 

       constant table_lcd : two_array :=("00111000", "00001110", 

"00000001");--dastoorate lcd 

   signal boot_address:std_logic_vector(31 downto 

0):=(others=>'0'); 

   signal num_boot_sec:std_logic_vector(16 downto 

0):=(others=>'0'); 

   signal fat_byte:std_logic_vector(25 downto 

0):=(others=>'0'); 

   signal first_cluster:std_logic_vector(31 downto 

0):=(others=>'0'); 

   type file_name is array (0 to 5) of std_logic_vector(7 

downto 0); 

   constant 

name:file_name:=("01001101","01000101","01000101","00100000","00100000","

00100000"); --mee 

    constant 

new_name:file_name:=("01001101","01000101","01000101", 

"01001101","00100000","00100000"); --mem 

   type root_name is array (0 to 5) of std_logic_vector(7 

downto 0); 

   signal root: root_name 

:=("01001101","01010011","01000100","01001111","01010011","00110101"); --

MSDOS5 

 

Begin  

        

 process(clk) 

  begin 

   if clk'event and clk='1' then  

    

    if b=100 then  

     b<=0; 

     q<=c; 

     c<=not c; 

    else   

     b<=b+1; 

 

  end if; 



  

  

 

 

   

  end if; 

 end process; 

   

   

   

   

   

Process(q,reset_ms) 

    variable falling,rising:std_logic:='0'; 

   variable 

x,y,aa,bb,level,cnt,cntff,cntloop,cmd_cnt,part,s_level,s_cnt,write_sd,wr_

cnt,offset, data_cnt:integer:=0; 

    variable i_lcd, count_lcd,m : integer;          

begin 

--

*************************************************************************

   

    if q'event and q='1' then 

--

************************************************************************* 

if (reset_ms = '1') then 

  sdc_state <= sd_state; 

         

       level:=0; 

    

-- e_lcd<='0'; 

-- rw_lcd<='0'; 

-- bl_lcd<='1'; 

      --  

else 

case sdc_state is 

--

*************************************************************************

             

   

   

    when sd_state => 

   if level=0 then 

      cnt:=10;    

     level:=1; 

         elsif level=1 then 

       if cnt>0 then 

     data_in<="11111111"; 

     ss<='1'; 

     level:=1; 

     cnt:=cnt-1; 

     sdc_state <= spi_start; 

     else 

     level:=2; 

     end if; 

          elsif level=2 then 

       data_in<="01000000"; 

     ss<='0'; 

     level:=3; 

     sdc_state <= spi_start; 

     cnt:=4; 

     elsif level=3 then 

       if cnt>0 then 

     data_in<="00000000"; 



  
   

 

     ss<='0'; 

     level:=3; 

     cnt:=cnt-1; 

     sdc_state <= spi_start; 

     else 

     level:=4; 

     end if; 

   elsif level=4 then 

       data_in<="10010101"; 

     ss<='0';    

     level:=5; 

     sdc_state <= spi_start;     

     elsif level=5 then 

       if data_in="00000001" then   

       ss<='1'; 

       level:=6;   

             else 

       data_in<="11111111"; 

     level:=5; 

     sdc_state <= spi_start; 

     ss<='0'; 

      end if; 

    ------------------------------------------RESET

 command (cmd0) 

    

   elsif level=6 then  

        data_in<="01000001"; 

     ss<='0';        

     level:=7; 

     sdc_state <= spi_start; 

     cnt:=4;  

    elsif level=7 then 

       if cnt>0 then 

     data_in<="00000000"; 

     ss<='0'; 

     level:=7; 

     cnt:=cnt-1; 

     sdc_state <= spi_start; 

     else 

     level:=72; 

     cntff:=8;   

     end if;  

    elsif level=72 then  

        data_in<="11111111"; 

     ss<='0';        

     level:=8; 

     sdc_state <= spi_start; 

    elsif level=8 then 

       if data_in="00000000" then 

   --  arg<=(others=>'0');  

    

    if write_sd=1 then  

        cnt:=10;   

        level:=16; 

      elsif write_sd=0 then     

       level:=9; 

     end if; 

             else 

       if cntff>0 then 

     cntff:=cntff-1; 



  

  

 

 

       data_in<="11111111";     

     level:=8;      

   

     sdc_state <= spi_start; 

     ss<='0'; 

     else 

     level:=6; 

     end if; 

      end if;  

      -----------------------------------------INIT 

command   (cmd41) 

     elsif level=9 then  

         

       data_in<="01010001"; 

     ss<='0'; 

     level:=10; 

     if s_level=0 then 

     arg(31 downto 0)<=clust(22 downto 0) & 

"000000000"; 

     end if; 

     sdc_state <= spi_start; 

    -- cnt:=4; 

    elsif level=10 then 

       --  data_in<="00000000";   ---addrese morede nazar 

     data_in<=arg(31 downto 24); 

     ss<='0'; 

     sdc_state <= spi_start; 

     level:=101; 

     elsif level=101 then 

        -- data_in<="00000001";   ---addrese morede nazar 

     data_in<=arg(23 downto 16); 

     ss<='0'; 

     sdc_state <= spi_start; 

     level:=102; 

      elsif level=102 then 

        -- data_in<="00001010";   ---addrese morede nazar 

     data_in<=arg(15 downto 8); 

     ss<='0'; 

     sdc_state <= spi_start; 

     level:=103; 

     elsif level=103 then 

      --   data_in<="00000000";   ---addrese morede nazar 

     data_in<=arg(7 downto 0); 

     ss<='0'; 

     sdc_state <= spi_start; 

     level:=11; 

         -----------------------------

----------- 

     elsif level=11 then 

       data_in<="00000000"; 

     ss<='0'; 

     level:=12; 

     sdc_state <= spi_start; 

     cntff:=8; 

     elsif level=12 then 

      

       if data_in="11111110" then -- if clust > 

"00000000000000000000000" then pin<='1'; end if; 

       level:=13; 

     cnt:=0; 



  
   

 

             else 

      if cntff>0 then 

       data_in<="11111111"; 

     level:=12; 

     sdc_state <= spi_start; 

     ss<='0'; 

     cntff:=cntff-1; 

     else 

      level:=9; 

     end if; 

      end if; 

    elsif level=13 then 

      sdc_state <= spi_start; 

      data_in<="11111111"; 

      -- clust<=clust+1; 

      data_cnt:=0; 

     level:=14; 

     elsif level=14 then 

     if cnt=511 then 

    -- led(7 downto 0)<=sec(0); 

   --  i_lcd:=0; 

     --   arg(31 downto 0)<=clust(22 

downto 0) & "000000000"; 

   --   sdc_state <= lcd_cmd; 

       sdc_state <=sel_arg; -- led(7)<='1'; 

      cmd_cnt:=0; 

      ss<='1'; 

      sec(159)<=data_in; 

     elsif cnt<511 then 

      if cnt<159 then  

       sec(cnt)<=data_in; 

       level:=15; 

       else 

       sec(159)<=data_in; 

        level:=15; 

       end if; 

     end if; 

     elsif level=15 then 

      cnt:=cnt+1; 

      level:=13; 

 

     elsif level=151 then 

      cnt:=cnt+1; 

      data_cnt:=data_cnt+1; 

      level:=13; 

     ------------------------------------ 

     

   

    ----------------write 

    elsif level=16 then 

     

     if cnt>0 then     

     data_in<="11111111"; 

     ss<='1'; 

     level:=16; 

     cnt:=cnt-1; 

     sdc_state <= spi_start; 

     else 

    level:=161; 

     end if; 



  

  

 

 

      

    elsif level=161 then   -- led(11 downto 

0)<=arg(19 downto 8); 

      data_in<="01011000";     

---0x58 

     ss<='0';        

     level:=17; 

     sdc_state <= spi_start; 

     elsif level=17 then 

      data_in<=arg(31 downto 24); 

     ss<='0';        

     level:=18; 

     sdc_state <= spi_start; 

      elsif level=18 then 

      data_in<=arg(23 downto 16); 

     ss<='0';        

     level:=19; 

     sdc_state <= spi_start; 

     elsif level=19 then 

      data_in<=arg(15 downto 8); 

     ss<='0';        

     level:=20; 

     sdc_state <= spi_start; 

     elsif level=20 then 

      data_in<=arg(7 downto 0); 

     ss<='0';        

     level:=200; 

     sdc_state <= spi_start; 

      

    elsif level=200 then 

      data_in<="11111111"; 

     ss<='0';        

     level:=201; 

     sdc_state <= spi_start; 

     cnt:=2; --15 

     

    elsif level=201 then 

      if data_in/="00000000" then 

      level:=21; 

      else 

      level:=161; 

      end if; 

 

    elsif level=21 then 

                 --  if data_in /= "11111111" then 

       led(7 downto 0)<=data_in; 

       led(11)<='1'; 

       led(10)<='1'; 

       led(9)<='0'; 

       led(8)<='0'; 

     --    level:=22;    

       --  else 

       if cnt>0 then 

                  data_in<="11111111"; 

         ss<='0'; 

        level:=21; 

         cnt:=cnt-1; 

         sdc_state <= spi_start; 

        else 

       -- cnt:=0;   



  
   

 

       -- level:=16;  

       level:=22; 

       end if;   

      -- end if; 

    elsif level=22 then 

    data_in<="11111110"; 

     ss<='0'; 

     data_cnt:=0;        

     level:=23; 

      --   wr_l_h_cnt:=0; 

     sdc_state <= spi_start; 

     cnt:=0; 

     elsif level=23 then 

     if cnt<512 then 

             if cnt <159  then 

                       --  

          level:=24;         

----baraye ezafe kardan be cnt 

             ss<='0'; 

           

data_in<=sec(cnt); 

           sdc_state <= 

spi_start; 

         else  

           

data_in<="00000000"; 

          level:=24;         

----baraye ezafe kardan be cnt 

           ss<='0'; 

           sdc_state <= 

spi_start; 

           end if; 

       else 

       level:=25; 

       cnt:=2; 

      end if; 

    elsif level=24 then 

     cnt:=cnt+1; 

     level:=23; 

      elsif level=241 then 

     cnt:=cnt+1; 

     data_cnt:=data_cnt+1; 

     level:=23; 

 

      

     elsif level=25 then 

        if cnt>0 then 

      data_in<="11111111"; 

      ss<='0'; 

      level:=25; 

      cnt:=cnt-1; 

      sdc_state <= spi_start; 

      else 

      sdc_state <= sel_arg; 

      ss<='1'; 

    --  if wr_cnt=1 then 

    --  level:=16; 

    --  cnt:=10; 

    --  wr_cnt:=wr_cnt +  1; 

    --  else 



  

  

 

 

         pin<='1'; 

    --  end if; 

      end if; 

 

     end if; 

  ------------------------------------------- cmd(51) 

  when sel_arg => 

          if s_level=0 then     

          if sec(3 to 8) = 

("01001101","01010011","01000100","01001111","01010011","00110101") then

    --msdos5 

       -- led(8 downto 0)<=clust(8 downto 

0); 

                     boot_address(31 downto 0)<=arg(31 downto 0);     

        s_level:=1; 

        else 

      clust<=clust+1;    

       level:=0; ----read next block 

       s_level:=0; 

       sdc_state <= sd_state; 

        end if; 

      elsif s_level=1 then   

       led(13)<='1'; 

      --  num_boot_sec<=sec(14) & "000000000";--

-root sector 

     --  fat_byte<=sec(22) & sec(23) & 

"0000000000"; --tedade fat 

     --  arg(31 downto 0)<=boot_address 

+ num_boot_sec + fat_byte; 

       arg(31 downto 0)<=boot_address + 

(sec(14) & "000000000") + (sec(23) & sec(22) & "0000000000"); 

       offset:=0; 

        s_level:=2; 

        s_cnt:=0; 

        level:=0; 

       sdc_state <= sd_state; 

      elsif s_level=2 then  

                    

            if sec(s_cnt)=name(0) and sec(s_cnt 

+ 1)=name(1) and  sec(s_cnt+2)=name(2) then   ----mem 

     --     arg(31 downto 0)<=((sec(s_cnt + 

26) &  sec(s_cnt + 27) & "000000000") + (boot_address)); 

        --   level:=0; 

       cnt:=10; 

        ss<='1'; 

      -- level:=16; 

         level:=16;    

         write_sd:=1; 

        

 sec(s_cnt)<=new_name(0); 

        

 sec(s_cnt+1)<=new_name(1); 

        

 sec(s_cnt+2)<=new_name(2); 

          

 sec(s_cnt+3)<=new_name(3); 

        

 sec(s_cnt+4)<=new_name(4); 

        

 sec(s_cnt+5)<=new_name(5); 



  
   

 

 

         wr_cnt:=1; 

         sdc_state <= 

sd_state;   led(12)<='1'; 

         s_level:=22; 

         else 

         s_cnt:=s_cnt + 32; -

-   led(11)<='1'; 

         s_level:=2; 

         end if; 

       

      

      elsif s_level=22 then 

        s_level:=3; 

          level:=0; 

        sdc_state <= sd_state; 

         write_sd:=1; 

       

       elsif s_level=3 then 

        

         i_lcd:=0; 

        

          --    sdc_state <= lcd_cmd; 

        cmd_cnt:=0; 

       end if; 

  ----------------------------------- sd controler 

   when spi_start=>  

     bit_cnt <= 7; 

      sclk<='0'; 

      sdc_state <= Start_Sample; 

 

   when Start_Sample =>      

        sclk<='0'; 

             mosi <= data_in(7); 

           for i in 7 downto 1 loop 

               data_in(i) <= data_in(i-1); 

           end loop; 

        sdc_state <= Start_Sample2; 

          

       

 

   when Start_Sample2 => 

     sclk<='1'; 

      data_in(0) <=miso; 

  

            bit_cnt <=bit_cnt - 1; 

 

     

          if bit_cnt=0 then       

    

                     sdc_state <= sd_state; 

       

                  else 

                   sdc_state <= Start_Sample; 

          

     

           end if;  

 

        

 



  

  

 

 

--******************************************************************--spi 

              

--              when lcd_cmd => 

        

      

 --       if cmd_cnt<3 then  

 --      rs_lcd <= '0'; 

 --      data_lcd(7 downto 0) <= 

table_lcd(cmd_cnt)(7 downto 0); 

 --       sdc_state <= write_lcd; 

 --       cmd_cnt:=cmd_cnt+1; 

 --       else 

 --      sdc_state <= start_lcd; 

 --      end if; 

 

 --    when start_lcd =>   

      

 --          data_lcd(7 downto 0) <= sec(i_lcd)(7 

downto 0); 

 --    

 --     rs_lcd <= '1'; 

 --     i_lcd := i_lcd + 1; 

 --     if i_lcd < 8 then 

 --        sdc_state <= write_lcd; 

 --     else 

 --        sdc_state <= stop_lcd; 

     --         end if; 

  --    

    --   when write_lcd => 

      --        if part = 0 then 

   --      e_lcd <= '1'; 

    --    count_lcd := delay_for_e; 

   --      part := part + 1; 

    --    sdc_state <= delay_lcd; 

   --   elsif part = 1 then 

     --    e_lcd <= '0'; 

     --    count_lcd := delay_between_data; 

     --    sdc_state <= delay_lcd; 

     --    part := part + 1; 

   --   else 

     --    sdc_state <= lcd_cmd; 

     --    part := 0; 

   --   end if; 

 

     --  when delay_lcd => 

   --   count_lcd := count_lcd - 1; 

   --   if count_lcd = 0 then 

     --    sdc_state <= write_lcd; 

         --     end if; 

 

     --  when stop_lcd =>                   

end case;   

end if; 

 

--******************************************************************--lcd           

 end if; 

end process; 

 

  

End Gate_Level_1; 



  
   

 

 هشة ثَص -39
اص  اػبع آًْب سقشيجبً طبثز اػز ٍ هشـاکل  ػذاد ثبيٌشی ٍػَد داسد کِکشدى ا ّبی صيبدی ثشای هشة هکبًيضم

ّاب  سا   شػز ٍ سؼذاد اياي هاشة  اّبئي ٍػَد داسد کِ ػ ؿيَُ ثبؿذ. اهب ّبی ػضئي ٍ ػوغ هي ػشی هشة يک

ِ   ؿاَد. دس يکاي اص اياي سٍؽ    سؼشيغ هشة ثبيٌشی هي کبّؾ دادُ ٍ هَػت ًابم داسد سؼاذاد    booth ّاب کا

  .ؿَد ٍ ثبػض سؼشيغ هشة هي  دّذ کبّؾ هي ػضئي سا ّبی هشة

ضئي کوشاشی خاَاّين   اّبی ػ هشة ؿَد هب ّبی هشة ػشيغ هلؼَة هي کِ يکي اص سٍؽ booth دس سٍؽ

ثب ّن ػوغ کشدُ ايي سٍؽ ّش ؿٌاذ سًٍاذ    ّبی هخشلف ّبی ػضئي سا ثِ سٍؽ سَاى ايي هشة کِ هي  داؿز

  .اّذ کشدخَ سش کٌذ ٍلي آى سا ديـيذُ سش هي هشة سا ػشيغ

 کبّؾ کٌين،ثشای هشة هشثـًَذُ دس سا هشة کٌٌذُ ثيشْبی سک سک ايٌکِ ػبی ثِ ثَص کشدى کذ سٍؽ دس

هشة  ثيشْبی ػوز ساػز ثِ ثبيذ ك ش ثيز اثشذا يک .هيکٌين ػول صيش سشسيت ثِ ػضئي كبكلوشثْبی سؼذاد

 کِ َسیااااً ثِ کٌين هي قؼينس سبيي ِااادػشِ ّبی ػ ثِ سا هشة کٌٌذُ ثيشْبی ػذغ کٌين اهبفِ کٌٌذُ

)ثاِ ؿاکل   .هيکٌين دػشِ ثٌذی ساػز ػوز ّوبى اص سا ثيشْب ٍ ثبؿٌذ داؿشِ ّوذَؿبًي  يکذيگش ثب ثيز يک

 صيش(

 
 .کٌين هي ػوغ ّن ثب سا هشثـًَذُ ثيشْبی صيش ػذٍل دس آهذُ دػز ثِ دػشِ ّبی الگَی اػبع ثش ػذغ

 .هيـَد ًلف يػضئ كبكلوشة ّبی سدي ْبی سؼذاد سٍؽ ايي ثب

 



  

  

 

 

 
 سلاوين  هشة کٌٌذُ ثيز ػِ کشدى اهشلبى ثب ثَص کذکٌٌذُ ی :هيـَد اًؼبم هشكلِ دٍ دس ثَص کشدى کذ

 هيگيشد

 ٍ ؿاَد،  ػواغ  قجلاي  سديف ثب ثبيذ ك ش يب ٍ آى هؼکَع ثشاثش دٍ يب ٍ آى، ثشاثش دٍ آى، هؼکَع ؿًَذُ، هشة

 .هيذّذ اًؼبم سا ػول ايي ثَص اًشخبة کٌٌذُ ی

 کٌششلاي  ػايگٌبل  a خشٍػاي  کلااااؿ ايي دس .اػز ؿذُ دادُ ًـبى صيش  ؿکل دس ثَص کٌٌذُ ی ذک هذاس

 .ؿَد ػوغ ثبيذ هشة ؿًَذُ خَد کِ اػز دٌّذُ ی اييًـبى  کِ اػز

خشٍػاي   ٍ ؿاَد،  ػواغ  ؿًَذُ ثبيذ شةاااااه ثشاثش دٍ کِ اػز ايي ٌذُ یاااااابى دّااااًـ 2aخشٍػي 

NEG ؿَد ػوغ ثبيذ هشة ؿًَذُ هؼکَع ِک اػز ايي ًـبى دٌّذُ ی. 

 

 
 

 
 خَد ٍسٍدی دس ًيض هذاس آى کِ ؿًَذ هي اػوبل ثَص اًشخبة کٌٌذُ ی هذاس صيش ثِ کٌششلي يگٌبل ّبیاػ ايي

 وشي اصااااااقؼ  .هيکٌذ سَليذ سا ػضيي كبكلوشثْبی اص ثيز يک خشٍػي دس ٍ داسد سا ثيز هشة ؿًَذُ دٍ

 اػز. a ،NEG، 2a کِ هشثَى ثِ  .اػز ؿذُ دادُ ًـبى ؿکل فَق  سد اًشخبة کٌٌذُ ی ثَص هذاس صيش

 

 
 
 
 



  
   

 

 
 

 2aدس كَسسي کِ  .ؿَد اهبفِ هشة ؿًَذُ ساػز ػوز ثِ ثبيذ ًيض ايٌؼب دس ك ش ثيز يک کِ اػز رکش قبثل

 ثشاثش کشدى (. 2فؼبل ثبؿذ )ثشای  

 
 X=169 , Y=107مثال : 

 
 ن ػذغ ػِ سب ػِ سب دػشِ ثٌذی هيکٌين . دغ داسينيک ك ش اهبفِ هيکٌي Yاثشذا ثِ ػوز ساػز 

 
ثشاثش هيکٌين ػذغ آًْب  64ثشاثش ٍ ثبس ؿْبسم  16ثشاثش ٍثبس ػَم  4ثشاثش ، ثبس دٍم  0دقز هيکٌين کِ ثبس اٍل 

 سا ػوغ هيکٌين . دس ايي ثشًبهِ اص ؿي ز ثشای ؿٌذ ثشاثش کشدى اػش بدُ کشدُ اين .



  

  

 

 

 
 ؼششؽ ثيز ػتهز ػذد دٍم سا ثش ػْذُ داسدٍ قؼوز صيش اص هذاس ٍظي ِ گ

 

 
 

 

 دسًْبيز ؿکل کلي هذاس اص سشکيت ايي دٍ ؿکل كبكل هي ؿَد:



  
   

 

 

 



  

  

 

 

  

 
 :vhdlکذ 

--------------------------------------- Register 16 bit  

library ieee  ;  

use ieee.std_logic_1164.all; 

use ieee.std_logic_unsigned.all; 

entity reg16 is 

 

port( I: in std_logic_vector(15 downto 0;( 

     clock: in std_logic; 

  set: in std_logic  ;  

 

    Q: Buffer std_logic_vector(15 downto 0):="0000000000000000;(" 

end reg16; 

architecture register16 of reg16 is    

begin 

    process(clock,I,set( 

    begin 

 if(clock='1' and clock'event) then 

   -- if set =1 set outpot ="000000000000000" 

 if set='1' then 

  Q <= "0000000000000000;" 

  else 

  -- set outpout = inpout 

  Q <= I; 

  end if; 

    end if; 

    end process; 



  
   

 

end Register16; 

 

----------------------------------------- Register 8 bit  

library ieee  ;  

use ieee.std_logic_1164.all; 

use ieee.std_logic_unsigned.all; 

 

entity reg8 is 

port( I: in std_logic_vector(7 downto 0;( 

     clock: in std_logic; 

  set: in std_logic  ;  

 

    Q: Buffer std_logic_vector(7 downto 0):="00000000;(" 

end reg8; 

architecture register8 of reg8 is    

begin 

    process(clock,I,set( 

    begin 

     

 if(clock='1' and clock'event) then 

   -- if set =1 set outpot ="000000000" 

   if set='1' then 

  Q <= (others => '0;(' 

  else 

  -- set outpout= inpout 

  Q <= I; 

  end if; 

   

    end if; 

    end process; 

end Register8; 

 

--------------------------------------- FullAdder 1 bit 

library ieee; 

use ieee.std_logic_1164.all; 

entity FAdder1 is  

  port (a, b, Cin : in std_ulogic; Sum, Cout: out std_ulogic;( 

end entity FAdder1; 

 

architecture FullAdder1 of FAdder1 is 

begin 

--anjame  amaliate  f.a  1bit 

  Sum <= a xor b xor Cin; 

  Cout <= (a and b) or (a and Cin) or (b and Cin;( 

end architecture FullAdder1; 

 

-------------------------------------- FullAdder 16 Bit 

library ieee; 

use ieee.std_logic_1164.all; 

entity fadder16 is  

  port (a:in std_logic_vector(15 downto 0;( 

  b:in std_logic_vector(15 downto 0;( 

  cin :in std_logic; 

        o:out std_logic_vector(15 downto 0;(( 

end entity fadder16; 

architecture FullAdder16 of fadder16 is 

 SIGNAL c: std_logic_vector(0 to 14); -- internal carry 

 signal cout : std_logic  ;  

begin 

 -- 01 bit start bit + 14 internal bit + end bit 



  

  

 

 

stage_1   :entity WORK.FAdder1 port map(a(0),b(0),cin,o(0),c(0;(( 

 jame :  for i in 1 to 14 generate 

 oo : entity WORK.FAdder1 port map(a(i),b(i),c(i-1),o(i),c(i;(( 

      end generate jame ;   

   

stage_2   :entity WORK.FAdder1 port map(a(15),b(15),c(14),o(15),cout;( 

      

end architecture FullAdder16; 

 

-----------------------------------------  Counter 4 Bit 

library ieee; 

use ieee.std_logic_1164.all, ieee.numeric_std.all; 

entity counter4 is 

  port(clk : in std_ulogic; 

       reset : in std_logic ; 

       count : out std_ulogic_vector(3 downto 0;(( 

end counter4; 

architecture rtl of counter4 is 

begin 

-- counter 4 bity 0000 to 1111 

p0: process (clk,reset ( 

      variable cnt : unsigned(3 downto 0):= (others => '0;(' 

    begin 

      if (reset='1') then 

        cnt := "0000;" 

     elsIF (clk = '1' AND clk'EVENT) THEN   

        cnt := cnt + 1; 

      end if; 

      count <= std_ulogic_vector(cnt ;( 

    end process p0; 

end rtl; 

 

----------------------------------------- Both Detector   

--3 bit b ra migirad moayan mikonad ke bayad dar 2a,-2a,a,-a,0 zarbe badi 

anjam girad 

library IEEE ; 

use IEEE.std_logic_1164.all ; 

ENTITY Booth_Calc IS  

     PORT(B: in std_logic_vector(2 downto 0;( 

     A1,A2,Neg :  out std_logic := '0 ;(   ' 

END Booth_Calc ; 

ARCHITECTURE behavioral OF Booth_Calc IS  

       SIGNAL S: std_logic_vector(6 downto 0;( 

 BEGIN  

  S(0)<= B(0) Xor B(1;( 

  S(1)<= B(0) And B(1;( 

  S(2)<= B(0) Nor B(1;( 

  S(3)<= Not B(2;( 

  S(4)<= S(1)And S(3;( 

  S(5)<= B(2) And S(2;( 

  A2  <= S(4) Or S(5;( 

  S(6)<= S(0) Or S(2;( 

  Neg <= B(2) And S(6;( 

  A1<=S(0;( 

END behavioral; 

 

----------------------------------- Booth Activer 

library IEEE ; 

use IEEE.std_logic_1164.all ; 

ENTITY BoothAct IS  



  
   

 

     PORT(A1,A2,Neg: in std_logic; 

   A : in Std_Logic_vector(7 downto 0;( 

     D :  BUFFER std_logic_vector(15 downto 0 ;(  ( 

--d hasele khoruji a,2a,-2a,-a,0 bar asas vurudihaye neg, a1,a2 mibashad 

END BoothAct ; 

-- Make X, 2X, 0, -x, -2x by Bouth detector result 

ARCHITECTURE behavioral OF BoothAct IS  

       SIGNAL S1: std_logic_vector(8 downto 0):="000000000;" 

       SIGNAL S2: std_logic_vector(8 downto 0):="000000000;" 

       SIGNAL S3: std_logic_vector(8 downto 0):="000000000;" 

 BEGIN  

      S1(0)<= '0;' 

      S2(0)<= A(0)  and A1; 

      S3(0)<= '0'   Or  S2(0;( 

      D(0) <= S3(0) XOr Neg;   

  

      S1(1)<= A(0)  and A2; 

      S2(1)<= A(1)  and A1; 

      S3(1)<= S1(1) Or  S2(1;( 

      D(1) <= S3(1) XOr Neg;   

  

      S1(2)<= A(1)  and A2; 

      S2(2)<= A(2)  and A1; 

      S3(2)<= S1(2) Or  S2(2;( 

      D(2) <= S3(2) XOr Neg;   

  

      S1(3)<= A(2)  and A2; 

      S2(3)<= A(3)  and A1; 

      S3(3)<= S1(3) Or  S2(3;( 

      D(3) <= S3(3) XOr Neg;   

  

      S1(4)<= A(3)  and A2; 

      S2(4)<= A(4)  and A1; 

      S3(4)<= S1(4) Or  S2(4;( 

      D(4) <= S3(4) XOr Neg;   

  

      S1(5)<= A(4)  and A2; 

      S2(5)<= A(5)  and A1; 

      S3(5)<= S1(5) Or  S2(5;( 

      D(5) <= S3(5) XOr Neg;   

  

      S1(6)<= A(5)  and A2; 

      S2(6)<= A(6)  and A1; 

      S3(6)<= S1(6) Or  S2(6;( 

      D(6) <= S3(6) XOr Neg;   

  

      S1(7)<= A(6)  and A2; 

      S2(7)<= A(7)  and A1; 

      S3(7)<= S1(7) Or  S2(7;( 

      D(7) <= S3(7) XOr Neg;   

  

      S1(8)<= A(7)  and A2; 

      S2(8)<= '0'  and A1; 

      S3(8)<= S1(8) Or  S2(8;( 

      D(8) <= S3(8) XOr Neg;   

  D(9)  <= Neg; 

  D(10) <= Neg; 

  D(11) <= Neg; 

  D(12) <= Neg; 

  D(13) <= Neg; 



  

  

 

 

  D(14) <= Neg; 

  D(15) <= Neg; 

  

END behavioral; 

 

-------------------------------------------------------------------------

--------- Add Shift Register 

--16 bit fa + 16 bit shift adder ya vorudi clk shift reg shod era *4 

karde +vurudi 

library IEEE ; 

use IEEE.std_logic_1164.all ; 

ENTITY Add_Sh_Reg IS  

     PORT(clk,Load,Neg : in std_logic; 

     D : in std_logic_vector(15 downto 0;( 

   Qout :  BUFFER std_logic_vector(15 downto 0 ;(  ( 

END Add_Sh_Reg ; 

-- 01 bit full adder + 16 bit shif register  

ARCHITECTURE behavioral OF Add_Sh_Reg IS  

       SIGNAL Add,B: std_logic_Vector(15 downto 0):="0000000000000000;" 

       SIGNAL O: std_logic_Vector(15 downto 0):="0000000000000000;" 

      signal Reset : std_logic  ; 

 BEGIN  

      Reset<= Load; 

  -- move result 2 bit left (shiftleft 2 bit)= * 4 

  B(15 downto 0)<= O(13 downto 0)&"00;" 

      A : entity WORK.fAdder16 port map(D(15 downto 0),B,Neg,Add;( 

      C : entity WORK.Reg16 port map(Add,Clk,Reset,O;( 

  QOut<=O; 

END behavioral; 

-------------------------------------------------------------------------

------------- Booth Spliter 

--tavasot shift 2 biti meghdar vurudi tashkhis dahande zarbe booth ra 

faraham mikonad 

library IEEE ; 

use IEEE.std_logic_1164.all ; 

ENTITY Booth_Split IS  

     PORT(clk,Load : in std_logic; 

        Y : in std_logic_vector(7 downto 0  ;( 

        B : BUFFER std_logic_Vector(2 downto 0) := "000 ;(   " 

END Booth_Split ; 

ARCHITECTURE behavioral OF Booth_Split IS  

       SIGNAL S,O: std_logic_Vector(7 downto 0):="00000000;" 

 BEGIN  

    -- split 3 bit from left to right of y 

  S <= Y when Load='1' else O(5 downto 0)&"00;" 

      a : entity WORK.Reg8 port map(S,Clk,'0',O;( 

      B(2 downto 0)<= O(7 downto 5;( 

END behavioral; 

 

-------------------------------------------------------------------------

------------ Clock Controler 

library IEEE ; 

use IEEE.std_logic_1164.all ; 

ENTITY Clk_Control IS  

     PORT(clk,Reset : in std_logic; 

     Clkout,Load :  Out std_logic     ;(  

END Clk_Control ; 

ARCHITECTURE behavioral OF Clk_Control IS  

       constant MaxCount:integer:=5; 

      signal EnClk,clk2,Max : std_logic:='0  ;' 



  
   

 

       Signal C : std_ulogic_vector(3 downto 0):="0000;" 

 BEGIN  

    -- make only 4 clock for calclute after load 

      Load <= '1' when Reset='1' else '0;' 

      Max<='1' when C(2)='1' else '0;' 

      a : entity WORK.Counter4 port map(EnClk,Reset,C;( 

      EnClk<= (Not Max) Nand Clk2; 

      ClkOut<=EnClk; 

      process (clk( 

      variable Count:integer:=0 ; 

      begin 

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

               if Count <MaxCount then 

                 Count:=Count+1; 

               else 

                  Count:=0; 

                  Clk2<= Not Clk2; 

         end if; 

            end if; 

      end process; 

END behavioral; 

         

-------------------------------- Posetive Maker 8 bit 

library IEEE ; 

use IEEE.std_logic_1164.all ; 

use ieee.std_logic_unsigned.all; 

 

ENTITY Posetive8 IS  

     PORT(res,clk  : in std_logic; 

        Xin  :  in  std_logic_vector(7 downto 0;( 

          xOut : out std_logic_vector(7 downto 0 ;(  ( 

END Posetive8 ; 

ARCHITECTURE behavioral OF Posetive8 IS  

BEGIN  

  -- make Posetive number if it is negetive 

  process (clk,res( 

      variable Count:integer:=0 ; 

      begin 

          -- mokamel 2 

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

            if Xin(7)='1' then 

     XOut<= (Xin xor "11111111")+1; 

           else 

       XOut<= XIn; 

    end if; 

    

   end if;  

      end process; 

END behavioral; 

 

 

---------------------------------- Posetive Maker 16 bit 

library IEEE ; 

use IEEE.std_logic_1164.all ; 

use ieee.std_logic_unsigned.all; 

 

ENTITY Posetive16 IS  

     PORT(clk  : in std_logic; 

        Neg  : in std_logic:='0;' 

        Xin  :  in  std_logic_vector(15 downto 0;( 



  

  

 

 

          xOut : buffer std_logic_vector(15 downto 0 ;(  ( 

END Posetive16 ; 

ARCHITECTURE behavioral OF Posetive16 IS  

 BEGIN  

  -- make Posetive number if it is negetive 

      process (clk( 

      variable Count:integer:=0 ; 

      begin 

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

           

        -- Mokamel 2   

            if Neg='1' then 

     XOut<= (XIn xor "0111111111111111")+1; 

        else 

       XOut<= XIn; 

    end if; 

     

   end if; 

      end process; 

END behavioral; 

 

 

-------------------------------------------- Main Madule 

 

library IEEE ; 

use IEEE.std_logic_1164.all ; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

entity bmul8 is   

 port (x : in  std_logic_vector(7 downto 0):=(others=>'0   ;(' 

       y : in  std_logic_vector(7 downto 0):=(others=>'0 ;(' 

   Negetive:out std_logic; 

   reset : in std_logic; 

   clk : in std_logic   ;  

       S: out std_logic_vector(4 downto 0;( 

   Seg: Out std_logic_vector(7 downto 0;( 

   led: out std_logic_vector(7 downto 0;(( 

       -- outpot: buffer std_logic_vector(15 downto 0  ;(( 

end entity bmul8 ; 

architecture B of bmul8 is  

   type State_Type is (Start,Calc,Show;( 

 signal State:State_Type:=Start; 

 Signal D: std_logic_vector (15 downto 0):="0000000000000000;" 

   Signal XP,YP: std_logic_vector(7 downto 0):="00000000;" 

   Signal B: std_logic_vector(2 downto 0):="000;" 

   Signal Clkout,Load,A1,A2,Neg: std_logic:='0;' 

   Signal PP: std_logic_vector(15 downto 0;( 

   signal p : std_logic_vector(15 downto 0;( 

 signal Digit,dig0, dig1, dig2, dig3,dig4 : std_logic_vector(3 

downto 0;( 

 Signal NegOut:Std_logic:='0;' 

begin  

  process (clk,reset( 

  variable i:integer:=0; 

  begin 

  if reset='1' then 

   S<="11111;" 

   Dig0<="0000;"  

   Dig1<="0000;"  

   Dig2<="0000;"  



  
   

 

   Dig3<="0000;"  

   Dig4<="0000;"  

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

   case State is 

        when Start<= 

           led<= xp(7 downto 0;( 

       P(15 downto 0)<= ' 5&' pp(14 downto 

0;( 

--       P(15 downto 0)<= " 5555550555555555;"  

      S<="11111;" 

      Dig0<="0000;"  

      Dig1<="0000;"  

      Dig2<="0000;"  

      Dig3<="0000;"  

      Dig4<="0000;"  

      State<=Calc; 

      when Calc<= 

       if p > 9999 then 

         P<=P-10000; 

          Dig4<=Dig4+1; 

      elsif P>999 then 

          P<=P-1000; 

           Dig3<=Dig3+1; 

        elsif p>99 then 

           P<=P-100; 

            Dig2<=Dig2+"0001;" 

          elsif p>9 then 

            P<=P-10; 

             

Dig1<=Dig1+"0001;" 

           else 

              Dig0<=P(3 

downto 0;( 

            

State<=Show; 

            i:=0; 

           end if; 

      when Show  <=  

           if i<2000 then 

        Digit<=Dig0; 

        S<="11110;" 

          i:=i+1; 

        elsif i<4000 then 

          Digit<=Dig1; 

          S<="11101;" 

           i:=i+1; 

               

          elsif i<6000 then 

          Digit<=Dig2; 

          S<="11011;" 

           i:=i+1; 

           elsif i<8000 then 

          

 Digit<=Dig3; 

          

 S<="10111;" 

           i:=i+1; 

           elsif i<10000 

then 



  

  

 

 

           

 Digit<=Dig4; 

           

 S<="01111;" 

           

 i:=i+1; 

            elsif 

i<12000 then 

               

S<="11111" ; 

             

 i:=i+1; 

           

 else 

             

  i:=0; 

             

State<=Start; 

           end if; 

       when others<= 

       State<=Start; 

   end case; 

   NegOut<= x(7) xor y(7;(   

  end if; 

  end process ; 

  PX: entity work.Posetive8 port map (reset,clk,X,Xp;( 

  PY: entity work.Posetive8 port map (reset,clk,y,yp;( 

  ClockControler : entity WORK.Clk_Control      port map 

(clk,Reset,ClkOut,Load;( 

    BoothSpliter   : entity WORK.Booth_split      port map 

(clkOut,Load,Yp,B;( 

      BoothDetector  : entity WORK.Booth_Calc       port map 

(B,A1,A2,Neg;( 

      BoothActor     : entity WORK.BoothAct   port map 

(A1,A2,Neg,Xp,D;( 

      Adder_Shift_Register : entity WORK.Add_Sh_Reg port map 

(clkOut,Load,Neg,D,PP;( 

  Negetive<=NEgOut; 

  --p(14 downto 0)<=PP(14 downto 0;( 

  --Pout: entity work.Posetive16 port map 

(clk,NegOut,p,outpot;( 

     seg <= "11000000" when digit = "0000" else  

             "00000550 " when digit = "0001" else 

         "05055055 " when digit = "0010" else 

         "05005555 " when digit = "0011" else 

         "05500550 " when digit = "0100" else 

         "05505505 " when digit = "0101" else 

         "05555505 " when digit = "0110" else 

         "00000555 " when digit = "0111" else 

         "05555555 " when digit = "1000" else 

         "05505555 " when digit = "1001" else 

         "00000000 " when digit = "1010" else 

         "00000000 " when digit = "1011" else 

         "00000000 " when digit = "1100" else 

            "00000000 " when digit = "1101" else 

            "00000000 " when digit = "1110" else 

            "00000000 " when digit = "1111;" 

end architecture  ;  

 



  
   

 

 ثشای ثَسد آهَصؿيدهَ  -40
 

-، ثبصس ٍ كبلز خشٍػاي داَسر  Seven segmentّب،  LCD ،LEDدس ايي ثشًبهِ، اػضاء خشٍػي ثَسد ؿبهل 

 ؿًَذ. ّبی کبسثش سؼز هي

آيذ ٍ دس اداهِ اػضاء ثَسد اًتػبسي اص ًبم ثَسد ٍ ٍة ػبيز ثِ كَسر سٍاى هي LCDثب ّوبى ؿشٍع کبس سٍی 

آى، ًاَس   dimmingٍ دس قؼاوز   LCDؿاًَذ. دس كايي هؼشفاي    ؼشفاي هاي  ٍ اهکبًبر آى دـز ػاش ّان ه  

Backlight ثب سٍؽ ثِ سذسيغ کن هي( ؿَدPWM  ثؼذ ثِ كبلز ػبدی ثاش هاي ٍ )   گاشدد. دس هؼشفايseven 

segmentؿَد ٍ دًٍقٌاِ  ، ًَس آى کِ اص اثشذا کن ًگِ داؿشِ ؿذُ ثَد، صيبد هي(colon)    ٍػاي آى ؿـاوک

ّب  LEDّب، دس اثشذا سوبم  LEDؿَد. دس هؼشفي ، ًَس ثِ سذسيغ کن هيdimming صًذ ٍ ػذغ دس قؼوزهي

ؿاًَذ ٍ ػاذغ دس   ؿذًذ، ثب ًَس کبهل سٍؿاي هاي  کِ قجتً ثب ًَس کن ثِ كبلز سقق ًَس سٍؿي ٍ خبهَؽ هي

گشدًاذ. دس قؼاوز هؼشفاي    ، ًَسؿبى ثِ سذسيغ کن ؿذُ ٍ ػذغ ثِ كبلز ػابدی ثاش هاي   dimmingقؼوز 

Buzzer  آيذ ٍ دغ اص آى كذای ؿٌذ سي اثشذا ثبصس دٍ ثبس ثب قذسر صيبد ثِ كذای دس هيّن(tone)  دـز ػش

ثشای کٌششل قذسر كذا اػش بدُ ؿذُ اػز. اگش كذای ثلٌاذ   PWMآيذ. ثبص ّن اص سٍؽ ّن ثب قذسر کن هي

ثبلای آى قشاس دادُ ؿاذُ،  سَاًيذ ثب کليذی کِ دس ؿَد يب کتً ًيبصی ثِ ثبصس ًذاسيذ هيثبصس هَػت ًبساكشي هي

ثجشياذ ٍ دس هَقاغ ًيابص     off(، ثاِ كبلاز   FPGA)آهبدُ ثِ کبس ٍ هٌشظاش دػاشَس اص    standbyآى سا اص كبلز 

ّبيي کِ ًيبص ثِ ثبصس ًذاسًذ، ثشای ايٌکِ ًَيض ثبػض ايؼبد كذاّبی اكشوابلي سياض هاضاكن    ثشگشداًيذ. دس ثشًبهِ

ی کابسثش ٍ خابهَؽ   هٌٌقي( ٍ ثِ ػْذُ '1'فؼبل کٌيذ )ثب فشػشبدى ًـَد، ثْشش اػز آى سا داخل ثشًبهِ غيش 

 افضاسی )سَػي کليذ( ًگزاسيذ.کشدى ػخز

دبيِ ٍسٍدی/خشٍػي(، يک داَسر   8ديٌي ثبکؼي )ثب  10ّب ؿبهل يک دَسر دس کل هذر صهبى اػشاء، دَسر

1ب فشکبًغ ديٌي ث 10دبيِ ٍسٍدی/خشٍػي( ٍ يک دَسر هبدگي ًظبهي  18)ثب  ديٌي ثبکؼي 20
Hz ،'0'  ٍ'1' 

20ؿًَذ. دَسر ديي گشدی ّن ثب فشم قشاس دادى اػيتسَس هي
MHz       ِدس ػاَکز اػايتسَس ثاِ ًشياق هـابث

 کٌذ.ًَػبى هي



  

  

 

 

فقي دس كذ اًويٌبى اص  PS/2ٍ دٍ دَسر  TV ،VGA(monitor) ،Serialّبی دس ايي ثشًبهِ ّوـٌيي دَسر

ّاب )ثاشای   سَاى اص كالز اياي داَسر   ؿًَذ. ثب ايي کبس هيهيدسػز ثَدى اسلبلار ٍ ًِ اهشلبى کبهل ؿک 

ثؼوي اص آًْب کِ ّن ٍسٍدی ٍ ّن خشٍػيٌذ، كلز خشٍػيـبى( اًويٌبى كبكل کشد. ػولکشد اكلي آًْب سا 

 اين. ّبی ديگش سؼز کشدُدس هظبل

ِ ثا  1Vسب  0Vًبم داسد ثِ كَسر آًبلَگ، ثيي  composite، سک خشٍػي دَسر کِ TVثشای دَسر  ی ب فبكال

0.3V  ثيي( 0دس اثشذاV  0.3سبV)   0.3ٍ اصV  1سبV ِ0.1ی ثب فبكلV ِطبًياِ سغيياش    1ّبی صهابًي  دس فبكل

هششّبی کٌذ اػش بدُ ًکٌيذ. دس غياش  ؿَد. ثشای ؿک کشدى ايي قؼوز، اص هبلشيکٌذ ٍ ايي کبس سکشاس هيهي

 ذ ٍ ثشای ؿک کشدى، صهبى ثيـششی هؼٌل ثوبًيذ!ی صهبًي سا اص داخل ثشًبهِ صيبد کٌيايٌلَسر ثبيذ فبكلِ

-ثب فبكلِ 3.3Vسب  0V( آى ثِ كَسر آًبلَگ ثيي 3ٍ  2، 1ّبی )دبيِ R ،G  ٍBّبی دبيِ VGAثشای دَسر 

( آى ّان ثاب فشکابًغ    13  ٍ14) hsync  ٍvsyncّبی دلِ( ٍ دبيِ 16کٌٌذ )دس طبًيِ سغييش هي 1ّبی صهبًي 

1
Hz ،'0'  ٍ'1' ّب اگش اص سٍثشٍ ثِ دَسر ًگبُ کٌياذ  ّب ديؼيشبل ّؼشٌذ(. ثشای سـخيق دبيِايي دبيِؿًَذ )هي

ی ػوز ؿذي سديف ی ٍ دبيِی ػوز ساػشي سديف ٍػي دبيِ، دبي1ِی ی ػوز ساػشي سديف ثبلا دبيِدبيِ

 ثبؿذ.هي 15ی دبييي دبيِ

1( ثب فشکبًغ TXD) 3ی ثشای دَسر ػشيبل، دبيِ
Hz ،'0'  ٍ'1' َد )الجشِ ثب اػشبًذاسد ؿهيRS232  کِ هقبديش

هشلل کٌيذ دس ًَل صهبى اسلابل، ثاِ    (RXD) 2ی ؿَد( ٍ اگش آى سا ثب ػين ثِ دبيِهٌ ي سا ّن ؿبهل هي

1سا فـبس دّيذ ٍ ًگِ داسيذ، ثبصس ثب فشکبًغ  8ؿشى ايٌکِ کليذ فـبسی هشلل ثِ دَسر 
Hz قٌغ ٍ ٍكل هي-

ّب اگش اص سٍثشٍ ثاِ داَسر ًگابُ    ؿَد(. ثشای سـخيق دبيِسر ّن ؿک هيؿَد )دس ايي كبلز، ٍسٍدی ايي دَ

ِ هي 1ی ی ؿوبسُسبيي( دبيِ 5ی ػوز ؿخ سديف ثبلا )سديف کٌيذ دبيِ ی ػاوز ؿاخ سدياف    ثبؿذ ٍ دبيا

 ّن ثِ صهيي هشلل ؿذُ اػز.  5ی ثبؿذ. دبيِهي 6ی ی ؿوبسُسبيي( دبيِ 4دبييي )سديف 

1( ثب فشکبًغ 3ٍ  1ّبی )دبيِ data  ٍclockی دبيِ، دٍ PS/2ّبی ثشای دَسر
Hz ،'0'  ٍ'1'  ؿاًَذ. ثاشای   هاي

ِ ّب اگش اص سٍثشٍ ثِ دَسر ًگبُ کٌيذ، دبيِسـخيق دبيِ ِ  1ی ی ثبلا ػوز ساػز، دبيا ی دابييي ػاوز   ٍ دبيا



  
   

 

 5ٍ  2ّبی ِّبی ػبػز اًؼبم دّيذ(. دبيّب سا دس ػْز كشکز ػقشثِثبؿذ )ؿوبسؽ دبيِهي 3ی ساػز، دبيِ

 ثبؿٌذ.ّن هشثَى ثِ صهيي ٍ سغزيِ هي

ثبؿذ کِ لضٍهي ًذاسد کِ دس اثشذای کبس كشوبً فـشدُ ؿَد. ، ثشای سيؼز هي41ی کليذ فـبسی هشلل ثِ دبيِ

1ثشای دبلغ ػبػز ّن اص ّش ػِ اػيتسَس داخل ثَسدی 
MHz ،10

MHz  ٍ50
MHz   ّوـٌيي ػَکز اػايتسَس ٍ

20ٍ دس ثؼوي ثَسدّب يک اػايتسَس )هؼواَلاً هشثؼاي     کِ دس اخشيبس کبسثش اػز
MHz   ُدس آى قاشاس دادُ ؿاذ )

1ّب اص فشکبًغ  VGA ،TV ،Serial  ٍPS/2ّبی اػش بدُ ؿذُ اػز. ثشای دَسر
MHz  ّاب ثؼاض   ، ثاشای داَسر

20)دَسر ديي گشد کِ اص ػَکز کبسثش 
MHz

50اػش بدُ ؿذُ، اص فشکبًغ  (
MHz ِی اػاضاء ثاَسد اص  ٍ ثشای ثقي 

10فشکبًغ 
MHz  .اػش بدُ ؿذُ اػز 

 

 ثشًبهِ:

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity demo is 

   Port (  

   --lcd-- 

   data : out std_logic_vector(7 downto 0); 

   rs : out std_logic; 

   rw : out std_logic; 

   e : out std_logic; 

   bl : out std_logic; 

 

   --general-- 

   clk_1M : in std_logic; 

   clk_10M : in std_logic; 

   clk_50M : in std_logic; 

   clk_20M : in std_logic; 

   reset : in std_logic; 

 

   --seven segment-- 

   seg: out std_logic_vector (3 downto 0);  

   seven_seg : out std_logic_vector (7 downto 0); 

 

   --leds-- 

   leds : out std_logic_vector (15 downto 0); 

 

   --buzzer-- 

   pwm_buz : out std_logic; 

 

   --tv-- 

   tv : out std_logic_vector(7 downto 0); 



  

  

 

 

 

   --vga-- 

   hsync, vsync : out std_logic; 

   blue, green, red : out std_logic_vector(3 downto 0); 

  

    --ports-- 

    port18: out std_logic_vector(17 downto 0); 

    port8: out std_logic_vector(7 downto 0); 

    port10: out std_logic_vector(9 downto 0); 

    port1: out std_logic; 

 

   --serial-- 

   txd :  out std_logic; 

   rxd:  in std_logic; 

   serial_test_pb:  in std_logic; 

   --ps2-- 

    ps2data1, ps2clock1, ps2data2, ps2clock2:  out 

std_logic  

 

  ); 

 

end demo; 

 

architecture Behavioral of demo is 

 

   constant datamarq : integer := 437;  --number of data to be showed in LCD 

   constant delay_FFFF : integer := 65536; 

   constant delay_0_2s : integer := 2000000; 

   constant delay_2s : integer := 20000000; 

   constant delay_4000 : integer := 16384;  

   constant delay_0_5s : integer := 5000000; 

   constant delay_3s : integer := 30000000; 

   constant delay_4_5s : integer := 45000000; 

   constant delay_0_4s : integer := 4000000; 

   signal colon, pwm_led:  std_logic;  

   signal seven_seg1 :  std_logic_vector (6 downto 0); 

   signal pwm_led_vec :  std_logic_vector (15 downto 0); 

   signal e1 : std_logic; 

   signal digit, pwm_7seg:  std_logic_vector (3 downto 0);  

   signal leds1:  std_logic_vector (15 downto 0);  

 signal buzzer_signal, buzzer_pwm :  std_logic; 

 signal blink_1M :  std_logic; 

 signal blink_20M :  std_logic; 

 signal blink_50M :  std_logic; 

 signal color : std_logic_vector(3 downto 0); 

 

 type state is (start, write, delay, stop); 

   signal current, return_state : state; 

   type arraymarq is array (0 to datamarq - 1)                                            

                           of std_logic_vector (8 downto 0); 

   constant tablemarq : arraymarq := ( 

          "000111000", "000001100", "000000001", "010000111", 

          "101000001", "000011000", "101101101", "000011000", --Am 

    "101001111", "000011000", "101001100",  --OL  

          "000011000", "100100000", "000011000", "101100101", -- e 

  "000011000", "101101100", "000011000", "101100101",  --le 

  "000011000", "101100011", "000011000", "101110100", --ct  

  "000011000", "101110010", "000011000", "101101111", --ro 

          "000011000", "101101110", "000011000", "101101001", --ni  

  "000011000", "101100011", "000011000", "101110011", --cs  

  "000011000", "100100000", "000011000", "100100000", -- 2 spaces 

 -- "000011000", "100100000", "000011000", "100100000", -- 2 spaces 

  "000011000", "101110111", "000011000", "101110111", --ww 

  "000011000", "101110111", "000011000", "100101110", --w. 

          "000011000", "101100001", "000011000", "101101101", --am 

  "000011000", "101101111", "000011000", "101101100",  --ol 



  
   

 

  "000011000", "100101101", "000011000", "101100101",  -- -e 

  "000011000", "100101110", "000011000", "101100011", --.c 

  "000011000", "101101111", "000011000", "101101101", --om 

  "000011000", "100100000", "000011000", "100100000", -- 2 spaces 

  "000011000", "100100000", "000011000", "100100000", -- 2 spaces 

  "000011000", "100100000", "000011000", "100100000", -- 2 spaces 

  "000011000", "100100000", "000011000", "100100000", -- 2 spaces 

   -- "000011000" --shift   

           

    "000000001", --83 

  "101001100", "101000011", "101000100", "100100000", --LCD 

  "100100000", "100100000", "100100000", "100100000", 

    "011000000", --92 

  "100100000", "100110010", "100101010", "100111000", --2*8 

    "100100000", "100100000", "100100000", "100100000", 

    "011000000",  --101 

        "101100100", "101101001", "101101101", "101101101", --dimm 

  "101101001", "101101110", "101100111", "100100000", --ing 

 

    "000000001", --110 

  "100110111", "101010011", "101100101", "101100111", --7Seg 

  "101101101", "101100101", "101101110", "101110100", --ment 

    "011000000", --119      

      --2nd line 

  "100100000", "100110100", "100101101", "101100100", -- 4-d 

  "101101001", "101100111", "101101001", "101110100", --igit 

    "011000000", --128      

      --2nd line 

  "100100000", "101100011", "101101111", "101101100", -- col 

  "101101111", "101101110", "100100000", "100111010", --on : 

    "000010000", "000001101", --blink 

      "000001100", --no blink  --139 

    --"100100000", 

    "011000000", 

  "101100100", "101101001", "101101101", "101101101",  --dimm 

  "101101001", "101101110", "101100111", "100100000", --ing 

 

    "000000001", --149  

  "100110001", "100110110", "100100000", "101001100", --16 L 

  "101000101", "101000100", "101110011", "100100000", --EDs 

    "011000000", --158 

  "101001000", "101101001", "101000010", "101110010", --HiBr 

  "101101001", "101100111", "101101000", "101110100", --ight 

    "011000000", --167 

  "101100100", "101101001", "101101101", "101101101", --dimm 

  "101101001", "101101110", "101100111", "100100000", --ing 

 

    "000000001", --176 

  "101000010", "101110101", "101111010", "101111010", --Buzz 

  "101100101", "101110010", "100100000", "100100000", --er 

    "011000000", --185 

  "101110100", "101101111", "101101110", "101100101", --tone 

  "101110011", "100100000", "100100000", "100100000", --s 

 

    "000000001", --194  

  "101010100", "101010110", "100100000", "100100000", --TV 

    "100100000", "100100000", "100100000", "100100000", -- 

    "011000000", --203  

  "100111000", "100100000", "101100111", "101110010", --8 gr 

  "101100001", "101111001", "100100000", "100100000", --ay 

 

    "000000001",  --212 

  "101001101", "101101111", "101101110", "101101001", --Moni 

  "101110100", "101101111", "101110010", "100100000", --tor 

    "011000000",  --221 

  "100110100", "100110000", "100111001", "100110110", --4096 



  

  

 

 

  "100100000", "101100011", "101101111", "101101100", -- col 

 

 

    "000000001", --230  

  "100111000", "100100000", "101010000", "101110101", --8 Pu 

  "101110011", "101101000", "100100000", "100100000", --sh 

    "011000000", 

  "100100000", "101000010", "101110101", "101110100", -- But 

  "101110100", "101101111", "101101110", "101110011", --tons 

     

    "000000001",  --248 

  "100111000", "100100000", "101101111", "101101110", --8 on 

  "100101111", "101101111", "101100110", "101100110", --/off 

    "011000000", 

  "101010011", "101110111", "101101001", "101110100", --Swit 

  "101100011", "101101000", "101100101", "101110011", --ches 

 

    "000000001",  --266  

  "101000100", "101001001", "101010000", "100100000", --DIP  

  "100100000", "100100000", "100100000", "100100000", -- 

    "011000000", 

  "100100000", "100100000", "101010011", "101110111", --  Sw 

  "101101001", "101110100", "101100011", "101101000", --itch 

 

    "000000001",  --284  

  "101001011", "101100101", "101111001", "100100000", --Key  

  "101110000", "101100001", "101100100", "100100000", --pad 

    "011000000", 

  "100100000", "100100000", "100110100", "100101010", --  4* 

  "100110100", "100100000", "100100000", "100100000", --4 

 

      "000000001",  --302  

  "100110011", "100110111", "100100000", "101010000", --37 P 

  "101101111", "101110010", "101110100", "101110011", --orts 

    "011000000",  --311 

  "100100000", "100111000", "100101011", "100110001", -- 8+1 

  "100111000", "100101011", "100110001", "100110001", --8+11 

 

    "000000001",  --320  

  "101010011", "101100101", "101110010", "101101001", --Seri 

  "101100001", "101101100", "100100000", "100100000", --al 

    "011000000", 

    "100100000", "100100000", "100100000", "100100000", 

  "101010000", "101101111", "101110010", "101110100",-- Port 

 

    "000000001",  --338 

  "101010000", "101010011", "100101111", "100110010", --PS/2 

    "100100000", "100100000", "100100000", "100100000", 

    "011000000",   

  "100100000", "100100000", "100100000", "101001101", --   M 

  "101101111", "101110101", "101110011", "101100101", --ouse 

 

    "000000001", --356 

  "101010000", "101010011", "100101111", "100110010", --PS/2 

    "100100000", "100100000", "100100000", "100100000", 

    "011000000",   

  "101001011", "101100101", "101111001", "101100010", --Keyb 

  "101101111", "101100001", "101110010", "101100100", --oard 

 

    "000000001",  --374 

  "101001111", "101110011", "101100011", "101101001", --Osci 

  "101101100", "101101100", "100101110", "101110011", --ll.s 

    "011000000", --383 

  "100110001", "100101100", "100110001", "100110000", --1,10 

  "100101100", "100110101", "100110000", "101001101", --,50M 

    "011000000",  --392 



  
   

 

  "100101011", "100100000", "101010011", "101101111",  --+ So 

  "101100011", "101101011", "101100101", "101110100",  --cket 

 

    "000000001",  --401 

  "101010000", "101101100", "101100001", "101110100", --Plat 

  "101100110", "101101111", "101110010", "101101101", --form 

    "011000000",  

  "100100000", "100100000", "101000110", "101101100", --  Fl  

  "101100001", "101110011", "101101000", "100100000", --ash 

 

    "000000001",  --419 

  "101010010", "101101001", "101100111", "101101001", --Rigi 

    "101100100", "100100000", "100100000", "100100000", --d 

    "011000000",  

    "100100000", "100100000", "100100000", "100100000", -- 

   "101100011", "101100001", "101110011", "101100101"  --case 

                  );  

 

begin 

  

   process (clk_10M, reset) 

      variable i, count, count1, c, c1, pwm_c, pwm_counter,  

     count_7seg, count1_7seg, count3, count4,  

     count5, count6, count7, count8, count9,  

     count10, count11, count12, count13,  

     count14, count15, count16, round : integer; 

      variable one, ten, hun, tou : std_logic_vector (3 downto 0); 

  variable ud, ud1, ud2, sil : std_logic; 

   begin            

 if reset = '1' then  

      current <= start; 

    rs <= '0'; 

  rw <= '0'; 

  e1 <= '1'; 

  bl <= '1'; 

  count := 0; 

  i := 0; 

  c1 := 0; 

  c:=0; 

  pwm_c :=0; 

  pwm_counter := 16384; 

  count_7seg:= 0; 

  count3 := 0; 

  count4 := 1000; 

  count5 := 0; 

  count6 := 0; 

  count7 := 0; 

  count8 := 0; 

  count9 := 1000; 

  count10 := 0; 

  count11 := 0; 

  count13 := 0; 

  count14 := 0; 

  count15 := 0; 

  count16 := 0; 

  ud := '0'; 

  ud1 := '0'; 

  ud2 := '0'; 

  sil := '1'; 

  round := 0; 

  buzzer_signal <= '1'; 

  buzzer_pwm <= '1'; 

    elsif clk_10M = '1' and clk_10M'event then 

 

----------LCD's back light dimming------------ 

  if c = 4096 then  



  

  

 

 

   c := 0; 

  else 

   c := c + 1; 

  end if; 

  pwm_c := pwm_c + 1; 

  if pwm_c = 20000 then 

   if pwm_counter < 16384 and i < 111 and i >108 then 

    pwm_counter := pwm_counter + 1; 

   else 

    pwm_counter := 0; 

   end if; 

   pwm_c := 0; 

  end if; 

 

  if c < pwm_counter and i < 111 and i >108 then 

   bl <= '0'; 

  else 

   bl <= '1'; 

  end if;  

 

------------------7seg--------------- 

    count_7seg:= count_7seg + 1; 

    if count_7seg =  1000000 then 

     count_7seg := 0; 

     one := one + 1; 

   if one = 10 then 

    one := "0000"; 

    ten := ten + 1; 

    if ten = 10 then 

     ten := "0000"; 

     hun := hun + 1; 

     if hun = 10 then 

      hun := "0000"; 

      tou := tou + 1; 

      if tou = 10 then 

       tou := "0000"; 

      end if; 

     end if; 

    end if; 

   end if; 

  end if; 

 

-----------4 digit multiplexing------------ 

  count1_7seg := count1_7seg + 1; 

  if count1_7seg < 10000 then 

   digit <= one; 

   seg <= "1110" or pwm_7seg; 

  elsif count1_7seg < 20000 then 

   digit <= ten; 

   seg <= "1101" or pwm_7seg; 

  elsif count1_7seg < 30000 then 

   digit <= hun; 

   seg <= "1011" or pwm_7seg; 

  elsif count1_7seg < 40000 then 

   digit <= tou; 

   seg <= "0111" or pwm_7seg; 

  elsif count1_7seg = 40000 then 

   count1_7seg := 0; 

  end if; 

 

  if i >121 and i <140 then 

   count4 := 511; 

  elsif i >139 and i <150 then 

     count3:=count3 + 1; 

  else 

   count4 := 50; -- 7seg's regular intensity 



  
   

 

  end if; 

  if count3 = 100000 then 

   if ud = '0' then 

      count4 := count4 + 1; 

    if count4 = 512 then 

       ud := '1'; 

    end if; 

   else 

    count4 := count4 - 1; 

    if count4 = 0 then 

       ud := '0'; 

    end if; 

   end if; 

   count3:= 0; 

  end if; 

  count5:= count5 + 1; 

  if count5 = 4096 then 

   count5 := 0; 

  elsif count5 < count4 then 

   pwm_7seg <= "0000"; 

  else 

     pwm_7seg <= "1111"; 

  end if; 

 

  if i >128 and i <141 then 

   if count6 = 5000000 then 

    colon <= not colon; 

    count6 := 0; 

   else 

    count6 := count6 + 1; 

   end if; 

  else 

   colon <= '0'; 

  end if; 

-----------------7seg end------------------------ 

-----------------leds---------------------------- 

    if i > 156 and i < 177 then 

     leds1 <= "1111111111111111"; 

     sil := '0'; 

     count7 := 0; 

     round := 0; 

    elsif (count7 = 1000000 and  

    (round <8 or (round >11 and round <20))) or 

             (count7 = 5000000 and  

  ((round >7 and round <12 )or (round >19 and round < 25))) then 

    if round < 8 then 

     leds1 <= sil & leds1 (15 downto 1); 

     if leds1 = "1111111111111111" then 

      sil := '0'; 

      round := round + 1; 

     elsif leds1 = "0000000000000000" then 

      sil := '1'; 

      round := round + 1; 

     end if; 

      elsif round < 12 then 

         leds1 <= not leds1; 

     round := round + 1; 

    elsif round < 20 then 

     leds1 <=  leds1 (14 downto 0) & sil; 

     if leds1 = "1111111111111111" then 

      sil := '0'; 

      round := round + 1; 

     elsif leds1 = "0000000000000000" then 

      sil := '1'; 

      round := round + 1; 

     end if; 



  

  

 

 

      elsif round < 24 then 

         leds1 <= not leds1; 

     round := round + 1; 

    else 

     round := 0; 

    end if; 

    count7 := 0; 

   else 

    count7 := count7 + 1; 

   end if; 

 

  if i >158 and i <168 then 

   count9 := 511; 

  elsif i >167 and i <177 then 

     count8:=count8 + 1; 

  else 

   count9 := 50;  -- led's regular intensity 

  end if; 

  if count8 = 100000 then 

   if ud1 = '0' then 

      count9 := count9 + 1; 

    if count9 = 512 then 

       ud1 := '1'; 

    end if; 

   else 

    count9 := count9 - 1; 

    if count9 = 0 then 

       ud1 := '0'; 

    end if; 

   end if; 

   count8:= 0; 

  end if; 

  count10:= count10 + 1; 

  if count10 = 4096 then 

   count10 := 0; 

  elsif count10 < count9 then 

   pwm_led <= '1'; 

  else 

     pwm_led <= '0'; 

  end if; 

 

-----------------leds end--------------------- 

-----------------buzzer----------------------- 

  if i <176 then 

   count12 := 3000; 

  elsif i <196 and i > 185 then 

   if count11 = 3000000  then 

    if ud2 = '0' then 

       count12 := count12 + 1000;  

     if count12 >= 19000 then  

        ud2 := '1'; 

     end if; 

    else 

     count12 := count12 - 1000; 

     if count12 <= 6000 then  

        ud2 := '0'; 

     end if; 

    end if; 

    count11:= 0; 

   else 

    count11:=count11 + 1; 

   end if; 

  end if; 

  count13:= count13 + 1; 

  if (i <186 and i > 177 and count >= 2500000) then  

    buzzer_signal <= '0'; 



  
   

 

  elsif i <196 and i > 193 then  

   if count13 > count12 then  

    buzzer_signal <= not buzzer_signal; 

    count13 := 0; 

   end if; 

  else 

    buzzer_signal <= '1'; 

  end if; 

 

  if count14 < 100 then 

   count14 := count14 + 1; 

  else  

   count14 := 0; 

  end if; 

  if count14 <= 30 and i <196 and i > 185 then  

   buzzer_pwm <= '1'; 

  else 

   buzzer_pwm <= '0'; 

  end if; 

 

----------------buzzer end------------------ 

    case current is 

  when start => 

       data <= tablemarq(i)(7 downto 0); 

   rs <= tablemarq(i)(8); 

   if i < datamarq  then 

    current <= write; 

    if (tablemarq(i)(8 downto 0) = "000011000") then 

     count1 := delay_FFFF; 

    elsif i = 100 or i = 127 or i = 138 or i = 157 or  

      i = 166 or i = 202 or i = 211 or  

    i = 220 or i = 229 or i = 247 or i = 265 or  

    i = 283 or i = 301 or i = 310 or i = 319 or  

    i = 337 or i = 355 or i = 373 or i = 382 or  

    i = 391 or i = 400 or i = 418 or i = 436 then 

     count1 := delay_2s; 

    elsif i = 91 or i = 118 then 

     count1 := delay_0_5s; 

    elsif i = 147 or i = 175 then 

     count1 := delay_3s; 

    elsif  i = 109 or i = 193  then 

     count1 := delay_4_5s;  

    elsif i = 184  then 

     count1 := delay_0_4s; 

    elsif i > 83 then 

     count1 := delay_4000; 

    else 

     count1 := delay_0_2s; 

    end if; 

    i := i + 1;      

   else 

    i := 1;          

      current <= start; 

         end if; 

    when write => 

     e1 <= not e1; 

     count := count1; 

    if e1 = '1' then 

     return_state <= write; 

   else 

     return_state <= start; 

   end if; 

     current <= delay; 

    when delay => 

   count := count - 1; 

   if count = 0 then 



  

  

 

 

      current <= return_state; 

         end if; 

 

    when others => 

    end case; 

      end if; 

   end process; 

 e <= e1; 

  seven_seg1 <= "0000001" when digit = "0000" else  

          "1001111" when digit = "0001" else 

        "0010010" when digit = "0010" else 

        "0000110" when digit = "0011" else 

        "1001100" when digit = "0100" else 

        "0100100" when digit = "0101" else 

        "0100000" when digit = "0110" else 

        "0001111" when digit = "0111" else 

        "0000000" when digit = "1000" else 

        "0000100" when digit = "1001" else 

        "0001000" when digit = "1010" else 

        "1100000" when digit = "1011" else 

        "0110001" when digit = "1100" else 

        "1000010" when digit = "1101" else 

        "0110000" when digit = "1110" else 

        "0111000" when digit = "1111"; 

   seven_seg <=   seven_seg1 & colon; 

 pwm_led_vec <= (others => pwm_led); 

   leds <= leds1 and pwm_led_vec; 

 pwm_buz <= buzzer_signal or buzzer_pwm when rxd='1' else 

            '0'  when rxd='0' and serial_test_pb = '1'; 

 

 

   process (clk_20M, reset) 

      variable count : integer; 

   begin            

  if reset = '1' then  

   count := 0; 

  elsif clk_20M = '1' and clk_20M'event then 

   if count = 20000000 then 

    count := 0; 

    blink_20M <= not blink_20M; 

   else 

    count := count + 1; 

   end if; 

  end if; 

 end process; 

 

   process (clk_50M, reset) 

      variable count : integer; 

   begin            

  if reset = '1' then  

   count := 0; 

  elsif clk_50M = '1' and clk_50M'event then 

   if count = 50000000 then 

    count := 0; 

    blink_50M <= not blink_50M; 

   else 

    count := count + 1; 

   end if; 

  end if; 

 end process; 

 

 --ports-- 

 port18 <= (others => blink_50M); 

 port8 <= (others => blink_50M); 

 port10 <= (others => blink_50M); 

 port1 <= blink_20M; 



  
   

 

 

 --vga & tv-- 

 process (clk_1M, reset) 

  variable count : integer; 

 begin 

  if reset = '1' then 

   count := 0; 

   color <= "0000"; 

   tv <= "00000000"; 

  elsif (clk_1M'event and clk_1M = '1') then 

    count := count + 1; 

   if count = 1000000 then 

    color <= color + 1; 

    blink_1M <= not blink_1M; 

    case tv is 

    when "00000000" =>  

     tv <= "10000000"; 

    when "10000000" =>  

     tv <= "11000000"; 

    when "11000000" =>  

     tv <= "10100000"; 

    when "10100000" =>  

     tv <= "10010000"; 

    when "10010000" =>  

     tv <= "10001000"; 

    when "10001000" =>  

     tv <= "10000100"; 

    when "10000100" =>  

     tv <= "10000010"; 

    when "10000010" =>  

     tv <= "10000001"; 

    when "10000001" =>  

     tv <= "00000000"; 

    when others =>  

     tv <= "00000000"; 

      end case; 

    count := 0; 

   end if; 

  end if; 

 end process; 

 hsync <= blink_1M; 

 vsync <= blink_1M; 

 blue<= color; 

 green<= color; 

 red<= color; 

 

 --serial-- 

 txd <= blink_1M;  

 

 --ps2-- 

 ps2data1 <= blink_1M;  

 ps2clock1 <= blink_1M;  

 ps2data2 <= blink_1M;  

 ps2clock2 <= blink_1M;  

 

end Behavioral; 

 

 

 

 

 

 

 

 



  

  

 

 

 ثشای ثَسد آهَصؿي دهَی ٍسٍدی -41
 

 On/Off) 0/1، کلياذّبی  (Push buttons)دس ايي ثشًبهاِ، اػاضاء ٍسٍدی ثاَسد ؿابهل کلياذّبی فـابسی       

Switches) ،keypad ،Dip switch ؿًَذ. ثشای ًوبيؾ دَسر( سؼز هي 3ّبی کبسثش )ٍ كبلز ٍسٍدی دَسر

 ثبصس اػش بدُ ؿذُ اػز.ٍ ّوـٌيي  Seven segmentّب ٍ  LCD ،LEDًشبيغ ّن اص 

آياذ ٍ ساب صهابًي کاِ     اًتػبسي اص ًبم ثَسد ٍ ٍة ػبيز ثاِ كاَسر سٍاى هاي    LCDثب ّوبى ؿشٍع کبس سٍی 

کٌذ. دس كَسر ايؼبد سغييش ّن داغ اص آًکاِ سغيياش    ّب ايؼبد ًـَد ايي کبس اداهِ ديذا هيسغييشی دس ٍسٍدی

 گشدد. الزکش ثش هيال دٍثبسُ ثِ كبلز فَقايؼبد ؿذ ٍ ػضء هَسد ٍقَع سغييش ًـبى دادُ ؿذ، سٍ

 LCD ،Push Bt.، 0/1 Swi:، Key pad:، DIPؿَد )دس ػضء هَسد سغييش ًـبى دادُ هي LCDدس ػٌش اٍل 

Swi:، Port  8P، Port 10P ٍ Port 18P ثيشي ًـبى دادُ  8. دس ػٌش دٍم ّن يک ػذد ثبيٌشی ثيٌيذ(سا هي

، ّش ثيز ثِ ياک کلياذ هاشسجي اػاز. دس     Dip switchٍ  0/1کليذّبی  ؿَد. دس هَسد کليذّبی فـبسی،هي

دٌّذ ٍ ؿْبس ثيز ػوز ی کليذ فـشدُ ؿذُ سا ًـبى هيّن ؿْبس ثيز ػوز ساػز، ؿوبسُ Keypadهَسد 

ثبؿذ. دس هاَسد  ديٌي ّش ثيز هشسجي ثب يک ديي هي 8ّب ّن ثشای دَسر ؿخ ّويـِ ك شًذ. دس هَسد دَسر

ثياز کان    8ديٌي ّن هشٌابظش   18سش دَسر ٍ دس هَسد دَسر ثيز دش اسصؽ 8ّب هشٌبظش ديٌي ثيز 10دَسر 

 ثبؿذ.سش دَسر هياسصؽ

ؿاَد. دس هاَسد   ثشای ًوبيؾ سغييشار اػاش بدُ هاي   LCDّبی سٍی ثَسد ّن ثِ هَاصار ػٌش دٍم  LEDاص 

ز ساػز ثَسد ثِ ػو LEDديٌي، ّـز  8ٍ دَسر  Dip switch ،Keypad، 0/1کليذّبی فـبسی، کليذّبی 

ديٌاي، اص دُ   10دٌّاذ. ثاشای داَسر    ؿَد، سغييشار سا ًـبى هيًوبيؾ دادُ هي LCDّوبى كَسسي کِ دس 

LED  ديٌاي، اص دُ   18ديي ثَسد اػش بدُ ؿاذُ ٍ ثاشای داَسر     10ػوز ساػز ثَسد ثشای ًوبيؾ سغييشار

LED  اسصؽ آى دايي کان   8 بدُ ؿذُ )سش ثَسد اػشديي دش اسصؽ 10ػوز ساػز ثَسد ثشای ًوبيؾ سغييشار

 ؿَد(. ًوبيؾ دادُ هي LCDدس 



  
   

 

 ( ٍ ّوـٌايي ثاِ ػاذد ًـابى دادُ ؿاذُ دس     Beepآياذ )كاذای   ثب ّش سغييش، يک للظِ ثبصس ثِ كذا دس هاي 

Seven segment  ؿَد. سَػِ داؿشِ ثبؿيذ کاِ ثاب فـاشدى ّاش     ثَدُ، يک ٍاكذ اهبفِ هي 0000کِ دس اثشذا

ؿَد. يکي ثشای فـبس دادى آى ٍ ديگشی ثشای سّب ػبصی آى. دس ًشيؼِ اگش ؼبة هيکليذ فـبسی، دٍ سغييش ك

 خَاّيذ سغييشار ثِ ػشػز اص ديذ ؿوب خبسع ًـَد، کليذ سا ػشيغ فـبس ًذّيذ.هي

ثبؿذ )ؿَى کليذّبی فـبسی ثاشای سؼاز خَدؿابى    )دَسر هشلل ثِ ديي گشد(، ثشای سيؼز هي 88ی دبيِ

( ؿَد. ثاشای ايٌکاِ ًَيضّاب سٍی آى اطاش     '1'ي ًذاسد کِ دس اثشذای کبس كشوبً فؼبل )ؿًَذ( ٍ لضٍهاػش بدُ هي

اين(. ثاشای دابلغ   ايي کبس سا اًؼبم دادُ UCFاين )دس فبيل کشدُ Pulldownًگزاسًذ، آى سا ثِ كَسر داخلي 

10ػبػز ّن اص اػيتسَس داخل ثَسدی 
MHz  .اػش بدُ ؿذُ اػز 

  
 ثشًبهِ:

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity demo_in is 

   Port (  

   --lcd-- 

   data : out std_logic_vector(7 downto 0); 

   rs : out std_logic; 

   rw : out std_logic; 

   e : out std_logic; 

   bl : out std_logic; 

 

   --general-- 

   clk_10M : in std_logic; 

   reset : in std_logic; 

 

   --seven segment-- 

   seg: out std_logic_vector (3 downto 0);  

   seven_seg : out std_logic_vector (7 downto 0); 

 

   --leds-- 

   leds : out std_logic_vector (15 downto 0); 

 

   --buzzer-- 

   buzzer : out std_logic; 

 

    --ports-- 



  

  

 

 

    port18: in std_logic_vector(17 downto 0); 

    port8: in std_logic_vector(7 downto 0); 

    port10: in std_logic_vector(9 downto 0); 

 

   --push buttons-- 

   pb : in std_logic_vector(7 downto 0); 

 

   --0/1 keys-- 

   keys : in std_logic_vector(7 downto 0); 

 

   --DIP switch-- 

   dip : in std_logic_vector(7 downto 0); 

 

   --keypad-- 

           row : out std_logic_vector(3 downto 0); 

           column : in std_logic_vector(3 downto 0) 

 

); 

 

end demo_in; 

 

architecture Behavioral of demo_in is 

   constant delay_3FFF : integer := 16384; 

   constant delay_0_2s : integer := 2000000;   

   constant delay_5s : integer := 50000000;   

   signal e1 : std_logic; 

   signal pb_old, keys_old,  

   dip_old, port8_old : std_logic_vector (7 downto 0); 

   signal port10_old : std_logic_vector (9 downto 0); 

   signal port18_old : std_logic_vector (17 downto 0); 

   constant datamarq : integer := 83;  --number of data to be showed in LCD 

 type state is (start, marq, write, delay, changed); 

   signal current, return_state : state; 

   constant debounce_time : integer := 200000; 

   signal row_i, column_encoded, row_encoded,  

   column_before, digit: std_logic_vector (3 downto 0); 

   signal key_pressed : std_logic; 

 type state1 is (start, waiting, prob_pressed, delay); 

 signal current1 : state1; 

   signal beep_en : std_logic; 

   signal digit1: std_logic_vector (3 downto 0); 

   signal seven_seg1: std_logic_vector (6 downto 0); 

  

   type arraymarq is array (0 to datamarq - 1)                                            

                           of std_logic_vector (8 downto 0); 

   type array_inputs is array (0 to 69)                                            

                           of std_logic_vector (8 downto 0); 

   constant tablemarq : arraymarq := ( 

          "000111000", "000001100", "000000001", "010000111", 

          "101000001", "000011000", "101101101", "000011000", --Am 

    "101001111", "000011000", "101001100",  --OL  

          "000011000", "100100000", "000011000", "101100101", -- e 

  "000011000", "101101100", "000011000", "101100101",  --le 

  "000011000", "101100011", "000011000", "101110100", --ct  

  "000011000", "101110010", "000011000", "101101111", --ro 

          "000011000", "101101110", "000011000", "101101001", --ni  

  "000011000", "101100011", "000011000", "101110011", --cs  

  "000011000", "100100000", "000011000", "100100000", -- 2 spaces 

  "000011000", "101110111", "000011000", "101110111", --ww 

  "000011000", "101110111", "000011000", "100101110", --w. 

          "000011000", "101100001", "000011000", "101101101", --am 

  "000011000", "101101111", "000011000", "101101100",  --ol 

  "000011000", "100101101", "000011000", "101100101",  -- -e 

  "000011000", "100101110", "000011000", "101100011", --.c 

  "000011000", "101101111", "000011000", "101101101", --om 

  "000011000", "100100000", "000011000", "100100000", -- 2 spaces 



  
   

 

  "000011000", "100100000", "000011000", "100100000", -- 2 spaces 

  "000011000", "100100000", "000011000", "100100000", -- 2 spaces 

  "000011000", "100100000", "000011000", "100100000"); -- 2 spaces 

 

   constant table_inputs : array_inputs := ( 

          "000000001",  

          "101010000", "101110101", "101110011","101101000",  --Push  

          "100100000", "101000010", "101110100","100111010",  -- Bt:  

    "011000000",  

          "000000001",  

          "100110000", "100101111", "100110001","100100000",  --0/1   

          "101010011", "101110111", "101101001","100111010",  --Swi:  

    "011000000",  

          "000000001",  

          "101000100", "101001001", "101010000", "100100000",  --DIP   

          "101010011", "101110111", "101101001", "100111010",  --Swi:  

    "011000000", 

          "000000001",  

          "101010000", "101101111", "101110010", "101110100",  --Port   

          "100100000", "100100000", "100111000", "101010000",  --  8P  

    "011000000",  

          "000000001",  

          "101010000", "101101111", "101110010", "101110100",  --Port   

          "100100000", "100110001", "100110000", "101010000",  -- 10P  

    "011000000",  

          "000000001",  

          "101010000", "101101111", "101110010", "101110100",  --Port   

          "100100000", "100110001", "100111000", "101010000",  -- 18P  

    "011000000",  

          "000000001",  

  "101001011", "101100101", "101111001", "100100000", --Key  

  "101110000", "101100001", "101100100", "100111010", --pad: 

    "011000000"  

 

  ); 

    

begin 

   process (clk_10M, reset) 

      variable i, j, pointer, count, count1 : integer; 

  variable anychanged : std_logic_vector (3 downto 0); 

  variable changed_value : std_logic_vector (7 downto 0); 

  variable first_pb, first_keys, first_dip,  

   first_port8, first_port10, first_port18,  

   first_keypad, first : std_logic; 

   begin            

  if reset = '1' then  

       current <= start; 

     rs <= '0'; 

   rw <= '0'; 

   e1 <= '1'; 

   bl <= '1'; 

   count := 0; 

   i := 0; 

   anychanged := "0000"; 

   first := '0'; 

     elsif clk_10M = '1' and clk_10M'event then 

     case current is 

   when start => 

    if anychanged = "0001" then 

     if first_pb = '1' then  

      j := 0; 

      pointer := 0; 

      first_pb := '0'; 

      changed_value := pb_old; 

      leds <= "00000000" & pb_old(0)& 

pb_old(1)& pb_old(2)&  



  

  

 

 

      pb_old(3)& pb_old(4)& pb_old(5)& 

pb_old(6)& pb_old(7); 

     end if; 

     current <= changed; 

    elsif anychanged = "0010" then 

     if first_keys = '1' then  

      j := 0; 

      pointer := 10; 

      first_keys := '0'; 

      changed_value := keys_old; 

      leds <= "00000000" & keys_old(0)& 

keys_old(1)& keys_old(2)& 

      keys_old(3)& keys_old(4)& keys_old(5)&  

      keys_old(6)& keys_old(7); 

     end if; 

     current <= changed; 

    elsif anychanged = "0011" then 

     if first_dip = '1' then  

      j := 0; 

      pointer := 20; 

      first_dip := '0'; 

      changed_value := dip_old; 

      leds <= "00000000" & dip_old(0)& 

dip_old(1)& dip_old(2)&  

      dip_old(3)& dip_old(4)& dip_old(5)& 

dip_old(6)& dip_old(7); 

     end if; 

     current <= changed; 

    elsif anychanged = "0100" then 

     if first_port8 = '1' then  

      j := 0; 

      pointer := 30; 

      first_port8 := '0'; 

      changed_value := port8_old; 

      leds <= "00000000" & port8_old(0)& 

port8_old(1)&  

       port8_old(2)& port8_old(3)& 

port8_old(4)&  

       port8_old(5)& port8_old(6)& 

port8_old(7); 

     end if; 

     current <= changed; 

    elsif anychanged = "0101" then 

     if first_port10 = '1' then  

      j := 0; 

      pointer := 40; 

      first_port10 := '0'; 

      changed_value := port10_old(7 downto 0); 

      leds <= "000000" & port10_old(0)& 

port10_old(1)&  

      port10_old(2)& port10_old(3)& 

port10_old(4)&   

      port10_old(5)& port10_old(6)& 

        port10_old(7)& port10_old(8)& 

port10_old(9); 

     end if; 

     current <= changed; 

    elsif anychanged = "0110" then 

     if first_port18 = '1' then  

      j := 0; 

      pointer := 50; 

      first_port18 := '0'; 

      changed_value := port18_old(7 downto 0); 

      leds <= "000000" & port18_old(17 downto 

8); 

     end if; 



  
   

 

     current <= changed; 

    elsif anychanged = "0111" then 

     if first_keypad = '1' then  

      j := 0; 

      pointer := 60; 

      first_keypad := '0'; 

      changed_value := digit(0)& digit(1)&  

           

 digit(2)& digit(3)& "0000"; 

      leds <= "000000000000" & digit; 

     end if; 

     current <= changed; 

    else 

     current <= marq; 

    end if; 

   when marq => 

    leds <= "0000000000000000"; 

        data <= tablemarq(i)(7 downto 0); 

    rs <= tablemarq(i)(8); 

    if i < datamarq  then 

     current <= write; 

     if (tablemarq(i)(8 downto 0) = "000011000") then 

      count1 := delay_3FFF; 

     else 

      count1 := delay_0_2s; 

     end if; 

     i := i + 1;      

    else 

     i := 1;          

       current <= start; 

          end if; 

      when changed=> 

        data <= table_inputs(j+pointer)(7 downto 0); 

    rs <= table_inputs(j+pointer)(8); 

    if j <= 9  then 

     count1 := delay_3FFF; 

     current <= write; 

     j := j + 1; 

    elsif j <=17 then 

     if changed_value(j-10) = '1' then 

        data <= "00110001"; 

     else 

        data <= "00110000"; 

     end if; 

     rs <= '1'; 

     count1 := delay_3FFF; 

     current <= write; 

     j := j + 1; 

    else 

     anychanged := "0000"; 

     return_state <= start; 

     count := delay_5s; 

     current <= delay; 

     i := 1; 

    end if; 

     when write => 

      e1 <= not e1; 

      count := count1; 

     if e1 = '1' then 

      return_state <= write; 

    else 

      return_state <= start; 

    end if; 

      current <= delay; 

     when delay => 

    count := count - 1; 



  

  

 

 

    if count = 0 or (anychanged /= "0000" and count > 

20000) then 

       current <= return_state; 

          end if; 

      when others => 

     end case; 

 

   if pb_old /= pb then 

    pb_old <= pb; 

    anychanged := "0001"; 

    first_pb := '1'; 

   end if; 

 

   if keys_old /= keys then 

    keys_old <= keys; 

    anychanged := "0010"; 

    first_keys := '1'; 

   end if; 

 

   if dip_old /= dip then 

    dip_old <= dip; 

    anychanged := "0011"; 

    first_dip := '1'; 

   end if; 

 

   if port8_old /= port8 then 

    port8_old <= port8; 

    anychanged := "0100"; 

    first_port8 := '1'; 

   end if; 

 

   if port10_old /= port10 then 

    port10_old <= port10; 

    anychanged := "0101"; 

    first_port10 := '1'; 

   end if; 

 

   if port18_old /= port18 then 

    port18_old <= port18; 

    anychanged := "0110"; 

    first_port18 := '1'; 

   end if; 

 

   if key_pressed = '1' then 

    anychanged := "0111"; 

    first_keypad := '1'; 

   end if; 

    

   if first = '0' then 

    anychanged := "0000"; 

    first := '1'; 

   end if; 

   if anychanged /= "0000" then 

    beep_en <= '1'; 

   else 

    beep_en <= '0'; 

   end if; 

    end if; 

   end process; 

 e <= e1; 

 

---------keypad-------------- 

 process (clk_10M, reset) 

   variable count, count1: integer; 

 begin 

 if reset = '1' then 



  
   

 

  current1 <= start; 

    key_pressed <= '0'; 

 elsif clk_10M = '1' and clk_10M'event then 

  case current1 is 

  when start => 

   row_i <= "0000"; 

   key_pressed <= '0'; 

   count := 0; 

   if column = "1111" then 

    current1 <= waiting; 

    row_i <= "1110"; 

     end if; 

  when waiting => 

   count := count + 1; 

   if count = 1000 then  

    row_i <= row_i(2 downto 0) & row_i(3); 

    count := 0; 

   end if; 

   if column /= "1111" then 

    current1 <= prob_pressed; 

    count1 := debounce_time; 

    column_before <= column; 

     end if; 

  when prob_pressed => 

   count1 := count1 - 1; 

   if count1 = 0 then 

    if column_before = column then 

     digit <= row_encoded + column_encoded; 

     key_pressed <= '1'; 

     current1 <= delay; 

     count1 := 10000; 

    else 

    current1 <= start; 

    end if; 

   end if; 

  when delay => 

   count1 := count1 -1; 

   if count1 = 0 then 

    current1 <= start; 

   end if; 

  when others => 

   current1 <= start; 

   end case; 

 

 end if; 

end process;   

   column_encoded <= "0000" when column = "1110" else 

      "0100" when column = "1101" else 

      "1000" when column = "1011" else 

      "1100" when column = "0111" else 

      "0000"; 

 

   row_encoded <= "0000" when row_i = "1110" else 

       "0001" when row_i = "1101" else 

   "0010" when row_i = "1011" else 

   "0011" when row_i = "0111" else 

   "0000"; 

   row <= row_i; 

 

--seven segment & buzzer -- 

 process (clk_10M, reset) 

   variable count, count1_7seg: integer; 

   variable part: std_logic; 

      variable one, ten, hun, tou : std_logic_vector (3 downto 0); 

 

 begin 



  

  

 

 

 if reset = '1' then 

  count := 0; 

  part :=  '0'; 

  buzzer <= '1'; 

  count1_7seg := 0; 

  one := "0000"; 

  ten := "0000"; 

  hun := "0000"; 

  tou := "0000"; 

 

 elsif clk_10M = '1' and clk_10M'event then 

   if part = '0' then 

    if beep_en = '1' then 

    part := '1'; 

   end if; 

  else 

   one := one + 1; 

   if one = 10 then 

    one := "0000"; 

    ten := ten + 1; 

    if ten = 10 then 

     ten := "0000"; 

     hun := hun + 1; 

     if hun = 10 then 

      hun := "0000"; 

      tou := tou + 1; 

      if tou = 10 then 

       tou := "0000"; 

      end if; 

     end if; 

    end if; 

   end if; 

 

   buzzer <= '0'; 

   if count = 1000000 then 

    buzzer <= '1'; 

    count := 0; 

    part := '0'; 

   else 

    count := count + 1; 

   end if; 

  end if; 

 

-----------4 digit multiplexing------------ 

  count1_7seg := count1_7seg + 1; 

  if count1_7seg < 10000 then 

   digit1 <= one; 

   seg <= "1110" ; 

  elsif count1_7seg < 20000 then 

   digit1 <= ten; 

   seg <= "1101" ; 

  elsif count1_7seg < 30000 then 

   digit1 <= hun; 

   seg <= "1011" ; 

  elsif count1_7seg < 40000 then 

   digit1 <= tou; 

   seg <= "0111"; 

  elsif count1_7seg = 40000 then 

   count1_7seg := 0; 

  end if; 

 

 end if; 

 end process; 

 

  seven_seg1 <= "0000001" when digit1 = "0000" else  

             "1001111" when digit1 = "0001" else 



  
   

 

        "0010010" when digit1 = "0010" else 

        "0000110" when digit1 = "0011" else 

        "1001100" when digit1 = "0100" else 

        "0100100" when digit1 = "0101" else 

        "0100000" when digit1 = "0110" else 

        "0001111" when digit1 = "0111" else 

        "0000000" when digit1 = "1000" else 

        "0000100" when digit1 = "1001" else 

        "0001000" when digit1 = "1010" else 

        "1100000" when digit1 = "1011" else 

        "0110001" when digit1 = "1100" else 

        "1000010" when digit1 = "1101" else 

        "0110000" when digit1 = "1110" else 

        "0111000" when digit1 = "1111"; 

   seven_seg <=   seven_seg1 & '1';  -- colon off 

 

end Behavioral; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

  

 

 

 ثشای ثَسد آهَصؿي هبًيشَس -42
 

ّابی هابًيشَس کواي ثاضسگ     سٍی ثَسد ٍكل کٌيذ )دقز کٌيذ کِ ثؼوي اص ػاک  VGAسر هبًيشَس سا ثِ دَ

ّؼشٌذ ٍ هوکي اػز دس كيي اسلبل ثِ ثَسد فـبس ٍاسد کٌٌذ؛ دس ايي هَاسد کوي ثب اكشيابى ػوال کٌياذ(.     

ـابّذُ کٌياذ.   سَاًياذ ه سا هاي    electronics    دس ٍػي هبًيشَس ػجبسر ،ثتفبكلِ دغ اص اسلبل

-ثبؿذ. سَػي ػِ کليذ فـبسی هشلل ثِ دَسری قشهض هيًَؿشِ ثِ كَسر ديؾ فشم آثي سٍی صهيٌِ سًگ

ّبی قشهض، ػجض ٍ آثي سا ثشای هشي ٍ صهيٌِ )کِ ثاِ سشسيات   سَاًيذ ثِ سشسيت ؿذر سًگهي 15ٍ  10، 8ّبی 

. ثب ّش ثابس فـابس   ؿَد( سغييش دّيذسؼييي هي« صهيٌِ» 37ٍ «هشي» 35ّبی سَػي کليذّبی هشللِ ثِ دَسر

( ؿاذر  15ؿَد ٍ ثب سػيذى ثِ كذاکظش )ػاذد  ّش يک اص کليذّب ثِ ؿذر سًگ هشثًَِ، يک ٍاكذ اهبفِ هي

 سًگ هش بٍر ثِ ٍػَد آٍسيذ. 4096سَاًيذ سب ّبی هش بٍر ؿذر ايي ػِ سًگ هيؿَد. ثب سشکيتهي 0ثؼذی 

ّابی  ، ؿذر ّش کذام اص سًاگ 37ٍ  35 ػوز ساػز سٍی ثَسد دس ّش للظِ ثؼشِ ثِ کليذّبی LEDدٍاصدُ 

ػاوز ؿاخ ّان     LED(. دٍ LEDدٌّذ )ّش سًگ، ؿْابس  قشهض، ػجض ٍ آثي سا ثشای هشي يب صهيٌِ ًـبى هي

 دٌّذ کِ ثشای سغييش سًگ، هشي اًشخبة ؿذُ يب صهيٌِ. ًـبى هي

س كشوبً فـشدُ ؿَد. ثبؿذ کِ لضٍهي ًذاسد کِ دس اثشذای کب، ثشای سيؼز هي41ی کليذ فـبسی هشلل ثِ دبيِ

50ثشای دبلغ ػبػز ّن اص اػيتسَس 
MHz        سٍی ثَسد اػش بدُ ؿذُ اػز. ثبصس ثاَسد ّان غياش فؼابل ؿاذُ ساب

 ًَيضّبی هَػَد ثبػض سَليذ اكشوبلي كذاّبی هضاكن ًـًَذ.

 

 ثشًبهِ:

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity monitor is 

 port( 

   screen, text, clk_50M, reset: in std_logic; 

   btn_r, btn_g, btn_b: in std_logic;  



  
   

 

   hsync: out std_logic;  

   vsync: out std_logic; 

   vgaled: out std_logic_vector(15 downto 0); 

   red, green, blue: out std_logic_vector(3 downto 0); 

   buzzer: out std_logic  

  ); 

end monitor; 

 

architecture Behavioral of monitor is 

 

 signal screen_red, screen_green, screen_blue : std_logic_vector(3 downto 

0); 

 signal text_red, text_green, text_blue : std_logic_vector(3 downto 0); 

 constant h: integer := 809; 

 constant v: integer := 530; 

 type pic_rom is array (0 to 9999) of std_logic;   -- AmOL electronics 

 constant pic_matrix : pic_rom := 

('0','0','0','0','0','0','0','1','1','1','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','1','1','1','1','0','0','0','0','0','0','0','0','0','1','1','1

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','1','1','1','1','1','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','1','1','1','1','1','1','1','1','0','0','0','0','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','1','1','1','1','1','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','1','1','1','1','1','1','1','1','1','1','1','1','0','0','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','1','1','0','1','1','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','1','1','1','0','0','0','0','0','0','1','1','1','0','0','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','1','1','1','0','1','1','1','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','1','1','1','0','0','0','0','0','0','0','0','1','1','1','0','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0



  

  

 

 

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','1','1','0','0','0','1','1','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','1','1','0','0','0','0','0','0','0','0','0','0','1','1','0','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','1','1','1','0','0','0','1','1','1','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','1','1','0','0','0','0','0','0','0','0','0','0','1','1','0','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','1','1','0','0','0','0','0','1','1','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'1','1','1','0','0','0','0','0','0','0','0','0','0','1','1','1','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','1','1','0','0','0','0','0','1','1','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'1','1','1','0','0','0','0','0','0','0','0','0','0','1','1','1','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','1','1','1','0','0','0','0','0','1','1','1','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'1','1','1','0','0','0','0','0','0','0','0','0','0','1','1','1','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','1','1','1','1','1','1','1','1','1','1','1','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'1','1','1','0','0','0','0','0','0','0','0','0','0','1','1','0','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','1','1','1','1','1','1','1','1','1','1','1','1','1','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','1','1','0','0','0','0','0','0','0','0','0','0','1','1','0','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0



  
   

 

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','1','1','1','1','1','1','1','1','1','1','1','1','1','0','0','0','0'

,'1','1','1','0','0','1','1','1','0','0','0','0','1','1','0','0','0','0','0','0',

'0','1','1','1','0','0','0','0','0','0','0','0','1','1','1','0','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','1','1','0','0','0','0','0','0','0','0','0','1','1','0','0','0','0'

,'1','1','1','0','1','1','1','1','1','0','0','1','1','1','1','1','0','0','0','0',

'0','0','1','1','1','0','0','0','0','0','0','1','1','1','0','0','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','1','1','1','0','0','0','0','0','0','0','0','0','1','1','1','0','0','0'

,'1','1','1','1','1','1','1','1','1','1','1','1','1','1','1','1','0','0','0','0',

'0','0','1','1','1','1','1','1','1','1','1','1','1','1','0','0','0','0','0','1','

1','1','1','1','1','1','1','1','1','1','1','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','1','1','0','0','0','0','0','0','0','0','0','0','0','1','1','0','0','0'
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1','0','0','0','1','1','1','0','0','1','1','0','0','0','0','0','0','0','0','1','1

','1','0','0','0','0','0','0','0','0','0','1','1','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','1','1','1','0','0','0','0','0','0','0','0','1','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'1','1','1','0','0','0','0','0','1','1','0','0','0','0','0','0','1','1','0','0','

0','0','0','0','0','0','1','1','1','0','0','0','0','0','1','1','0','0','0','0','0

','1','1','1','0','0','0','0','0','0','0','0','0','0','0','0','1','1','1','0','0'

,'0','0','0','0','0','0','0','1','1','1','0','0','1','1','0','0','0','0','0','0',

'1','1','1','0','0','0','0','0','0','0','0','1','1','0','1','1','1','1','1','1','

1','0','0','1','1','1','0','0','0','1','1','0','0','0','0','0','0','0','0','1','1

','1','0','0','0','0','0','0','0','0','1','1','1','0','0','0','0','0','0','0','0'

,'0','0','0','0','1','1','1','1','0','0','0','0','0','0','0','1','1','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'1','1','0','0','0','0','0','1','1','1','0','0','0','0','0','1','1','1','0','0','

0','0','0','0','0','1','1','1','0','0','0','0','0','1','1','1','0','0','0','0','0

','1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','1','1','1','0','0'

,'0','0','0','0','0','0','0','1','1','0','0','1','1','0','0','0','0','0','0','0',

'1','1','0','0','0','0','0','0','0','0','0','1','1','0','0','0','0','0','0','1','

1','0','0','1','1','0','0','0','0','1','1','0','0','0','0','0','0','0','0','1','1

','1','0','0','0','0','0','0','0','1','1','1','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','1','0','1','1','1','0','0','0','0','0','1','1','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'1','1','0','0','0','0','1','1','0','0','0','0','0','0','1','1','1','1','0','0','

0','0','0','0','0','1','1','1','0','0','0','0','1','1','0','0','0','0','0','0','1

','1','1','0','0','0','0','0','0','0','0','0','0','0','0','1','1','1','1','0','0'

,'0','0','0','0','0','0','0','1','1','0','0','1','0','0','0','0','0','0','0','1',

'1','1','0','0','0','0','0','0','0','0','1','1','1','0','0','0','0','0','0','1','

1','0','1','1','0','0','0','0','0','1','1','1','0','0','0','0','0','0','1','1','1

','0','0','0','0','0','0','0','0','1','1','1','0','0','0','0','0','0','0','0','0'

,'0','0','0','1','0','0','0','1','1','0','0','0','0','1','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','1',

'1','1','1','1','1','1','1','0','0','0','0','0','0','1','1','1','1','1','0','0','

0','0','0','0','1','1','1','1','1','1','1','1','1','0','0','0','0','0','0','1','1

','1','1','0','0','0','0','0','0','0','0','0','0','0','1','1','1','1','1','0','0'

,'0','0','0','0','0','0','0','1','1','0','1','0','0','0','0','0','0','0','0','1',

'1','1','0','0','0','0','0','0','0','0','1','1','1','0','0','0','0','0','1','1','

1','1','1','0','0','0','0','0','0','1','1','1','0','0','0','0','0','1','1','1','1



  
   

 

','0','0','0','0','0','0','0','1','1','1','1','0','0','0','0','0','0','0','0','0'

,'0','0','1','1','0','0','0','1','1','1','0','1','1','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','1',

'1','1','0','0','0','0','0','0','0','0','0','0','1','1','0','1','1','1','0','0','

0','0','0','1','1','1','1','1','0','0','0','0','0','0','0','0','0','0','1','1','1

','1','1','0','0','0','0','0','0','0','0','0','0','1','1','0','1','1','0','0','0'

,'0','0','0','0','0','0','0','1','1','1','1','0','0','0','0','0','0','0','0','1',

'1','0','0','0','0','0','0','0','0','0','1','1','0','0','0','0','0','0','1','1','

1','1','1','0','0','0','0','0','0','1','1','1','0','0','0','0','1','1','1','1','1

','0','0','0','0','0','0','1','1','1','1','1','0','0','0','0','0','0','0','0','0'

,'0','1','1','0','0','0','0','0','1','1','1','1','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','1',

'1','1','0','0','0','0','0','0','0','0','0','1','1','0','0','1','1','1','0','0','

0','0','1','1','1','1','1','1','0','0','0','0','0','0','0','0','0','1','1','0','0

','1','1','0','0','0','0','0','0','0','0','0','1','1','0','0','1','1','1','0','0'

,'0','0','0','1','0','0','1','1','1','1','0','0','0','0','0','0','0','0','0','1',

'1','1','0','0','0','0','0','0','0','0','1','1','0','0','0','0','0','0','1','1','

1','1','0','0','0','0','0','0','0','1','1','1','0','0','0','1','1','1','1','1','1

','0','0','0','0','0','1','1','0','0','1','1','0','0','0','0','0','0','0','0','0'

,'1','1','0','0','0','0','0','1','1','1','1','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','1',

'1','1','0','0','0','0','0','0','0','0','1','1','0','0','0','1','1','1','0','0','

0','1','1','1','0','1','1','1','0','0','0','0','0','0','0','0','1','1','0','0','0

','1','1','1','0','0','0','0','0','0','0','1','1','0','0','0','1','1','1','0','0'

,'0','0','1','1','0','0','1','1','1','0','0','0','0','0','0','0','0','0','0','1',

'1','1','0','0','0','0','0','0','0','1','1','0','0','0','0','0','0','0','1','1','

1','1','0','0','0','0','0','0','0','1','1','1','0','0','1','1','1','0','1','1','1

','0','0','0','0','1','1','0','0','0','1','1','1','0','0','0','0','0','0','0','1'

,'1','0','0','0','0','1','1','1','0','1','1','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'1','1','1','0','0','0','0','0','1','1','1','0','0','0','0','1','1','1','1','1','

1','1','1','0','0','0','1','1','1','0','0','0','0','0','1','1','1','0','0','0','0

','1','1','1','1','0','0','0','0','1','1','1','0','0','0','0','1','1','1','1','1'

,'1','1','1','0','0','0','1','1','1','0','0','0','0','0','0','0','0','0','0','0',

'1','1','0','0','0','0','0','0','1','1','0','0','0','0','0','0','0','0','1','1','

1','0','0','0','0','0','0','0','0','1','1','1','1','1','1','1','0','0','1','1','1

','0','0','0','1','1','0','0','0','0','1','1','1','1','0','0','0','0','1','1','1'

,'0','0','0','0','1','1','0','0','0','1','1','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','1','1','1','1','1','1','1','1','0','0','0','0','0','0','0','1','1','1','1','

1','1','0','0','0','0','0','1','1','1','1','1','1','1','1','0','0','0','0','0','0

','0','1','1','1','1','1','1','1','1','0','0','0','0','0','0','0','1','1','1','1'

,'1','1','0','0','0','0','1','1','0','0','0','0','0','0','0','0','0','0','0','0',

'0','1','1','0','0','0','0','1','1','0','0','0','0','0','0','0','0','0','1','1','

0','0','0','0','0','0','0','0','0','0','1','1','1','1','1','0','0','0','0','1','1

','1','1','1','1','0','0','0','0','0','0','1','1','1','1','1','1','1','1','0','0'

,'0','0','0','1','1','0','0','0','0','1','1','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','1','1','1','1','1','0','0','0','0','0','0','0','0','0','0','1','1','1','

0','0','0','0','0','0','0','0','1','1','1','1','1','0','0','0','0','0','0','0','0

','0','0','1','1','1','1','1','0','0','0','0','0','0','0','0','0','0','1','1','1'

,'0','0','0','0','0','0','1','1','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','1','1','1','1','1','0','0','0','0','0','0','0','0','0','0','0','1','1','

0','0','0','0','0','0','0','0','0','0','0','1','1','1','0','0','0','0','0','0','1

','1','1','0','0','0','0','0','0','0','0','0','1','1','1','1','1','0','0','0','0'

,'0','0','0','1','1','0','0','0','1','1','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0



  

  

 

 

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','1','1','1','1','1','1','1','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','1','1','1','1','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'); 

 

begin 

 

 process (clk_50M, reset)   

  VARIABLE hcnt: integer RANGE 0 TO h;  

  VARIABLE vcnt: integer RANGE 0 TO v; 

  VARIABLE dbnc1, x: integer RANGE 0 TO 200000000; 

   

 begin 

  if reset='1' then 



  
   

 

   hcnt := 0; 

   vcnt := 0; 

   screen_red <= "1111"; 

   screen_green <= "0000"; 

   screen_blue <= "0000"; 

   text_red <= "0000"; 

   text_green <= "0000"; 

   text_blue <= "1111"; 

   buzzer <= '1';  

  elsif (clk_50M = '1' and clk_50M'event) then 

   if hcnt < 799 then 

    hcnt := hcnt + 1; 

   else 

    hcnt := 0; 

    if vcnt < 524 then  

     vcnt := vcnt + 1; 

    else 

     vcnt := 0;        

    end if; 

   end if;    

   if hcnt >= 662 and hcnt < 755 then 

    hsync <= '0'; 

   else 

    hsync <= '1'; 

   end if; 

   if vcnt >= 491  and vcnt < 493 then 

    vsync <= '0'; 

   else 

    vsync <= '1'; 

   end if; 

   if (215 < vcnt and vcnt < 266 and 220 < hcnt and hcnt < 421) 

then 

    if x < 9999 then 

     x := x + 1; 

    else 

     x := 0; 

    end if; 

    if pic_matrix(x) = '0' then 

     red <= screen_red; 

     green <= screen_green; 

     blue <= screen_blue; 

    else  

     red <= text_red; 

     green <= text_green; 

     blue <= text_blue; 

    end if; 

   elsif (480 > vcnt and 640 > hcnt) then 

    red <= screen_red; 

    green <= screen_green; 

    blue <= screen_blue; 

   else 

      red <= "0000"; 

    green <= "0000"; 

    blue <= "0000"; 

   end if; 

   if dbnc1 > 0 then 

    dbnc1 := dbnc1 - 1; 

   else 

    if text = '1' then 

     if btn_r = '1' then 

      text_red <= text_red + 1; 

      dbnc1 := 10000000; 

     elsif btn_g = '1' then 

      text_green <= text_green + 1; 

      dbnc1 := 10000000; 

     elsif btn_b = '1' then 



  

  

 

 

      text_blue <= text_blue + 1; 

      dbnc1 := 10000000; 

     else 

      dbnc1 := 0;  

     end if; 

    end if; 

      ----------------------------- 

    if screen = '1' then 

     if btn_r = '1' then 

      screen_red <= screen_red + 1; 

      dbnc1 := 10000000; 

     elsif btn_g = '1' then 

      screen_green <= screen_green + 1; 

      dbnc1 := 10000000; 

     elsif btn_b='1' then 

      screen_blue <= screen_blue + 1; 

      dbnc1 := 10000000; 

     else 

      dbnc1 := 0;  

     end if; 

    end if; 

   end if; --dbnc1 

   if screen = '1' then 

    vgaled(11 downto 8) <= screen_red; 

    vgaled(7 downto 4) <= screen_green; 

    vgaled(3 downto 0) <= screen_blue; 

   elsif text = '1' then 

    vgaled(11 downto 8) <= text_red; 

    vgaled(7 downto 4) <= text_green; 

    vgaled(3 downto 0) <= text_blue; 

   end if; 

  end if;  

  vgaled(13 downto 12)<= "00"; 

  vgaled(14)<= screen; 

  vgaled(15)<=  text; 

 end process; 

 

end Behavioral; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  
   

 

 ثشای ثَسد آهَصؿي PS/2کي ثَسد  -43
 

ثب فـشدى ّش کليذ سٍی آى سٍی ثَسد ٍكل کٌيذ.  )ثٌ ؾ سًگ( 2ی ؿوبسُ PS/2سا ثِ دَسر  PS/2ثَسد کي

make code ّـز  آى سٍیLED ّبی اسػبلي اصؿَد. الجشِ دس كقيقز ثبيزػوز ؿخ ثَسد ًـبى دادُ هي 

ؿاًَذ. ثاشای اکظاش    ّب ًـبى دادُ هي LEDؿًَذ سٍی هيثَسد ثِ ّوبى كَسسي کِ اص ًش  آى فشػشبدُ کي

ٍ  F0Hکاِ خاَد آى ؿابهل ثبياز      break codeٍ دٍ ثبياز   make codeکليذّب ػِ ثبيز ؿبهل يک ثبيز 

ثيٌاين ٍ  سا هي make codeؿَد کِ دس ًشيؼِ دس آخش ّوبى ثبؿذ فشػشبدُ هيهي make codeدٍثبسُ ّوبى 

سا ثاشای اکظاش    make codeسَاًين ثگَيين کاِ فقاي ّوابى    ؿَد هيبم هيؿَى ايي کبس ثب ػشػز ثبلايي اًؼ

 کٌين.کليذّب هـبّذُ هي

ثبؿذ کِ لضٍهي ًذاسد کِ دس اثشذای کبس كشوبً فـشدُ ؿَد. ، ثشای سيؼز هي41ی کليذ فـبسی هشلل ثِ دبيِ

1ثشای دبلغ ػبػز ّن اص اػيتسَس 
MHz     غياش فؼابل ؿاذُ ساب     سٍی ثَسد اػش بدُ ؿذُ اػز. ثابصس ثاَسد ّان

 ًَيضّبی هَػَد ثبػض سَليذ اكشوبلي كذاّبی سيض هضاكن ًـًَذ.

 

 

 ثشًبهِ:

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity ps2keyboard is 

  port (reset:  in  std_logic;                      

        clk_1M:   in  std_logic;                     -- system clk_1M 

        ps2_clk: in  std_logic;                     -- PS/2 clk line 

        ps2_dta: in  std_logic;                     -- PS/2 data line 

    leds:    out std_logic_vector(7 downto 0); -- LED outputs 

    buzzer : out std_logic 

 ); 

end ps2keyboard; 

 

architecture Behavioral of ps2keyboard is 

 type state_type is (IDLE, START, DATA, PARITY);   -- FSM states 

 signal ps2_dv: std_logic;                         -- PS/2 data valid 

 signal prv_ps2_clk, act_ps2_clk: std_logic;       -- auxiliary signals 

 signal recdata: std_logic_vector(7 downto 0);     -- read data 



  

  

 

 

 signal shift: std_logic;                          -- enable for shift reg. 

 signal n_shift: std_logic;                        -- auxiliary signal 

 signal latch: std_logic;                          -- latch read data 

 signal n_latch: std_logic;                        -- auxiliary signal 

 signal err: std_logic;                            -- parity or stop error 

 signal n_err: std_logic;                          -- auxiliary signal 

 signal parset: std_logic;                         -- preset for parity 

check 

 signal n_parset: std_logic;                       -- auxiliary signal 

 signal c_state, n_state: state_type;              -- current & next states 

 signal cntval: std_logic_vector(2 downto 0);      -- counter of data bits 

 signal zero: std_logic;                           -- counter is zero 

 signal parbit: std_logic;                         -- odd parity of data 

 

begin 

 -- Provides a one-shot pulse after every falling edge of PS/2 clk 

 PS_CLK_SYNC: process(clk_1M, reset) 

 begin 

  if (reset = '1') then 

   prv_ps2_clk <= '1'; 

   act_ps2_clk <= '1'; 

   buzzer <= '1'; 

  elsif (clk_1M'event and clk_1M = '1') then 

   act_ps2_clk <= ps2_clk; 

   prv_ps2_clk <= act_ps2_clk; 

  end if; 

 end process; 

 

 ps2_dv <= (not act_ps2_clk) and prv_ps2_clk; 

 

 -- Serial input, parallel output shift register 

 SIPO: process(clk_1M, reset) 

 begin 

  if (reset = '1') then 

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

  elsif (clk_1M'event and clk_1M = '1') then 

   if (shift = '1') then 

    recdata <= ps2_dta & recdata(7 downto 1); 

   end if; 

  end if; 

 end process; 

 

 -- Counter of data bits 

 COUNT8: process(reset, clk_1M) 

 begin 

  if (reset = '1') then 

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

  elsif (clk_1M'event and clk_1M = '1') then 

   if (shift = '1') then 

    cntval <= cntval + 1; 

   end if; 

  end if; 

 end process; 

 

 zero <= not (cntval(0) or cntval(1) or cntval(2)); 

 

 -- Parity check of received data 

 PARITY_CHECK: process(clk_1M, parset) 

 begin 

  if (parset = '1') then 

   parbit <= '1'; 

  elsif (clk_1M'event and clk_1M = '1') then 

   if (shift = '1' and ps2_dta = '1') then 

    parbit <= not parbit; 

   end if; 

  end if; 



  
   

 

 end process; 

 

 -- Synchronous process of control state machine 

 FSM_SYNC: process(clk_1M, reset) 

 begin 

  if (reset = '1') then 

   c_state <= IDLE; 

   shift <= '0'; 

   latch <= '0'; 

   err <= '0'; 

   parset <= '1'; 

  elsif (clk_1M'event and clk_1M = '1') then 

   c_state <= n_state; 

   shift <= n_shift; 

   latch <= n_latch; 

   err <= n_err; 

   parset <= n_parset; 

  end if; 

 end process; 

 

 -- Combinatorial process of control state machine 

 FSM_COMB: process(c_state, ps2_dv, ps2_dta, zero) 

 begin 

  -- default values 

  n_shift <= '0'; 

  n_latch <= '0'; 

  n_err <= '0'; 

  n_parset <= '0'; 

  case c_state is 

  when IDLE =>      -- wait to receive data 

   if ((ps2_dv and (not ps2_dta)) = '1') then 

    n_state <= START; 

    n_parset <= '1'; 

   else 

    n_state <= IDLE; 

   end if; 

  when START =>    -- receive first data bit 

   if (ps2_dv = '0') then 

    n_state <= START; 

   else 

    n_state <= DATA; 

    n_shift <= '1'; 

   end if; 

  when DATA =>    -- receive remaining data bits and parity 

   if (ps2_dv = '0') then 

    n_state <= DATA; 

   elsif (zero = '0') then 

    n_state <= DATA; 

    n_shift <= '1'; 

   else 

    n_state <= PARITY; 

    if (parbit /= ps2_dta) then 

     n_err <= '1'; 

    end if; 

   end if; 

  when PARITY =>   -- receive stop bit 

   if (ps2_dv = '0') then 

    n_state <= PARITY; 

   else 

    n_state <= IDLE; 

    n_latch <= '1'; 

    n_err <= not ps2_dta; 

   end if; 

  end case; 

 end process; 

 



  

  

 

 

 -- Output latch 

 LED_OUTPUTS: process(reset, clk_1M) 

 begin 

  if (reset = '1') then 

   leds <= (others => '1'); 

  elsif (clk_1M'event and clk_1M = '1') then 

   if (err = '1') then 

    leds <= (others => '1'); 

   elsif (latch = '1') then 

    leds <= recdata; 

   end if; 

  end if; 

 end process; 

 

end Behavioral; 
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ثب فـشدى ّش يک اص ػاِ کلياذ   سٍی ثَسد ٍكل کٌيذ.  )ػجض سًگ( 1ی ؿوبسُ PS/2سا ثِ دَسر  PS/2هَع 

ؿَد. هيّبی ػوز ؿخ ثَسد سٍؿي  LEDسٍی هَع ٍ كشکز هَع ثِ يکي اص ؿْبس ػْز اكلي، يکي اص 

ّبی هشثَى ثِ كشکز، ّش دفؼِ  LEDسَػِ کٌيذ ؿَى كشکبر هَع دقيق ّؼشٌذ ؿبيذ ػخز ثبؿذ کِ اص 

 فقي يکي سٍؿي ؿَد، هگش ايٌکِ دقز سا ثبلا ثجشيذ ٍ هَع سا دقيقبً ثِ ّوبى ػْز اكلي كشکز دّيذ.

LED ًُـابى دادُ ؿاذُ    سٍد )ػاذد ی كشکز هَع ثِ کبس هيّبی ػوز ساػز ثَسد ّن ثشای ًوبيؾ اًذاص

 هبًذ.ثبؿذ(. ايي ػذد سب سغييش كشکز ثؼذی ثبقي هيهشٌبػت ثب ػشػز سغييش هي

ثبؿذ کِ لضٍهي ًذاسد کِ دس اثشذای کبس كشوبً فـشدُ ؿَد. ، ثشای سيؼز هي41ی کليذ فـبسی هشلل ثِ دبيِ

10ثشای دبلغ ػبػز ّن اص اػيتسَس 
MHz   ّان غياش فؼابل ؿاذُ ساب      سٍی ثَسد اػش بدُ ؿذُ اػز. ثبصس ثاَسد

 ًَيضّبی هَػَد ثبػض سَليذ اكشوبلي كذاّبی سيض هضاكن ًـًَذ.

 

 

 ثشًبهِ:

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

 

ENTITY ps2mouse IS  

 PORT (   

    clk_10M: in std_logic; 

    reset:in std_logic;    

    led :out std_logic_vector(7 downto 0); 

          mov_LEFT      : out   std_logic;  

          mov_Right     : out   std_logic;  

          Mov_Up      : out   std_logic;  

          Mov_Down      : out   std_logic;  

    Click_Left     : out   std_logic;  

          Click_Middel   : out   std_logic;  

          Click_Right    : out   std_logic;  

          mPS2_CLK    : inout std_logic;  

          mPS2_DATA   : inout std_logic; 

    buzzer : out std_logic 

  ); 

END ps2mouse;  

------------------------------------------------ 

ARCHITECTURE Behavioral OF ps2mouse IS 



  

  

 

 

    

  component mouse port(CLK        : in    std_logic;  

    RESOLUTION : in    std_logic;  

    Reset        : in    std_logic;  

    SWITCH     : in    std_logic;  

    LEFT       : out   std_logic;  

    MIDDLE     : out   std_logic;  

    --NEW_EVENT  : out   std_logic;  

    RIGHT      : out   std_logic;  

    XPOS       : out   std_logic_vector (9 downto 0);  

    YPOS       : out   std_logic_vector (9 downto 0);  

    --ZPOS       : out   std_logic_vector (3 downto 0);  

    PS2_CLK    : inout std_logic;  

    PS2_DATA   : inout std_logic); 

  end component; 

 

 signal X, Y, xpos, yPos : std_logic_vector(9 downto 0); 

 signal mRESOLUTION :     std_logic:='1';  

   signal mSWITCH     :    std_logic:='1';  

 begin 

  mouse1:mouse port map(

 CLK=>clk_10M,RESOLUTION=>mRESOLUTION,Reset=>Reset, 

         

 SWITCH=>mSWITCH,LEFT=>Click_Left,MIDDLE=>Click_Middel, 

         

 RIGHT=>Click_Right,XPOS=>X,YPOS=>Y, 

           --ZPOS=>mZPOS, 

          

 PS2_CLK=>mPS2_CLK,PS2_DATA=>mPS2_DATA); 

 process (clk_10M, Reset) 

  variable Delay: integer; 

 begin 

  if Reset = '1' then 

   Led <= "11111111"; 

   delay := 1000000; 

   Xpos <= "1000000000"; 

   YPos <= "1000000000"; 

   mSWITCH <= '1'; 

   mRESOLUTION <= '1'; 

   buzzer <= '1'; 

  else 

     if (clk_10M='1' and clk_10M'event) then 

    mSWITCH <= '0'; 

    led <= x(9 downto 2); 

    if Delay > 0 then 

      delay := delay - 1; 

    else 

     delay := 1000000; 

     if XPos < X then 

      Mov_Right <= '1'; 

     else 

       Mov_Right <= '0'; 

     end if;    

     if XPos > X then 

      Mov_Left <= '1'; 

     else 

       Mov_Left <= '0'; 

     end if;    

     if YPos > Y then 

       Mov_Up <= '1'; 

     else 

       Mov_Up <= '0'; 

     end if;    

     if YPos < Y then 

       Mov_Down <= '1'; 

     else 



  
   

 

       Mov_Down <= '0'; 

     end if;   

     XPOs <= X; 

     YPOs <= Y; 

    end if; 

   end if; 

  end if; 

 end process; 

end Behavioral; 

 

   -------------------------------------------------------------

--------------------- 

-- Company: Digilent RO 

-- Engineer: Mircea Dabacan 

--  

-- Create Date:    12:57:12 03/01/2008  

-- Design Name:  

-- Module Name:    MouseRefComp - Structural  

-- Project Name:  

-- Target Devices:  

-- Tool versions:  

-- Description: This is the structural VHDL code of the  

--              Digilent Mouse Reference Component. 

--              It instantiates three components: 

--                - ps2interface 

--                - mouse_controller 

--                - resolution_mouse_informer 

-- 

-- Dependencies:  

-- 

-- Revision:  

-- Revision 0.01 - File Created 

-- Additional Comments:  

-- 

---------------------------------------------------------------------------------

- 

library ieee; 

use ieee.std_logic_1164.ALL; 

use ieee.numeric_std.ALL; 

library UNISIM; 

use UNISIM.Vcomponents.ALL; 

 

entity mouse is 

   port ( CLK        : in    std_logic;  

          RESOLUTION : in    std_logic;  

          Reset        : in    std_logic;  

          SWITCH     : in    std_logic;  

          LEFT       : out   std_logic;  

          MIDDLE     : out   std_logic;  

          NEW_EVENT  : out   std_logic;  

          RIGHT      : out   std_logic;  

          XPOS       : out   std_logic_vector (9 downto 0);  

          YPOS       : out   std_logic_vector (9 downto 0);  

          ZPOS       : out   std_logic_vector (3 downto 0);  

          PS2_CLK    : inout std_logic;  

          PS2_DATA   : inout std_logic); 

end mouse; 

 

architecture Structural of mouse is 

 

   signal TX_DATA    : std_logic_vector (7 downto 0); 

   signal bitSetMaxX    : std_logic; 

   signal vecValue    : std_logic_vector (9 downto 0); 

   signal bitRead   : std_logic; 

   signal bitWrite   : std_logic; 

   signal bitErr   : std_logic; 



  

  

 

 

   signal bitSetX   : std_logic; 

   signal bitSetY   : std_logic; 

   signal bitSetMaxY   : std_logic; 

   signal vecRxData   : std_logic_vector (7 downto 0); 

 

   component mouse_controller 

      port ( clk       : in    std_logic;  

             rst       : in    std_logic;  

             read      : in    std_logic;  

             write     : out   std_logic;  

             err       : in    std_logic;  

             setx      : in    std_logic;  

             sety      : in    std_logic;  

             setmax_x  : in    std_logic;  

             setmax_y  : in    std_logic;  

             value     : in    std_logic_vector (9 downto 0);  

             rx_data   : in    std_logic_vector (7 downto 0);  

             tx_data   : out   std_logic_vector (7 downto 0);  

             left      : out   std_logic;  

             middle    : out   std_logic;  

             right     : out   std_logic;  

             xpos      : out   std_logic_vector (9 downto 0);  

             ypos      : out   std_logic_vector (9 downto 0);  

             zpos      : out   std_logic_vector (3 downto 0);  

             new_event : out   std_logic); 

   end component; 

    

   component resolution_mouse_informer 

      port ( clk        : in    std_logic;  

             rst        : in    std_logic;  

             resolution : in    std_logic;  

             switch     : in    std_logic;  

             setx       : out   std_logic;  

             sety       : out   std_logic;  

             setmax_x   : out   std_logic;  

             setmax_y   : out   std_logic;  

             value      : out   std_logic_vector (9 downto 0)); 

   end component; 

    

   component ps2interface 

      port ( clk      : in    std_logic;  

             rst      : in    std_logic;  

             read     : out   std_logic;  

             write    : in    std_logic;  

             rx_data  : out   std_logic_vector (7 downto 0);  

             tx_data  : in    std_logic_vector (7 downto 0);  

             busy     : out   std_logic;  

             err      : out   std_logic;  

             ps2_clk  : inout std_logic;  

             ps2_data : inout std_logic); 

   end component; 

    

begin 

 

   MouseCtrlInst : mouse_controller 

      port map (clk=>CLK, 

                rst=>Reset, 

                read=>bitRead, 

                write=>bitWrite, 

                err=>bitErr, 

                setmax_x=>bitSetMaxX, 

                setmax_y=>bitSetMaxY, 

                setx=>bitSetX, 

                sety=>bitSetY, 

                value(9 downto 0)=>vecValue(9 downto 0), 

                rx_data(7 downto 0)=>vecRxData(7 downto 0), 



  
   

 

                tx_data(7 downto 0)=>TX_DATA(7 downto 0), 

                left=>LEFT, 

                middle=>MIDDLE, 

                right=>RIGHT, 

                xpos(9 downto 0)=>XPOS(9 downto 0), 

                ypos(9 downto 0)=>YPOS(9 downto 0), 

                zpos(3 downto 0)=>ZPOS(3 downto 0), 

                new_event=>NEW_EVENT); 

    

   ResMouseInfInst : resolution_mouse_informer 

      port map (clk=>CLK, 

                resolution=>RESOLUTION, 

                rst=>Reset, 

                switch=>SWITCH, 

                setmax_x=>bitSetMaxX, 

                setmax_y=>bitSetMaxY, 

                setx=>bitSetX, 

                sety=>bitSetY, 

                value(9 downto 0)=>vecValue(9 downto 0)); 

    

   Pss2Inst : ps2interface 

      port map (clk=>CLK, 

                rst=>Reset, 

                tx_data(7 downto 0)=>TX_DATA(7 downto 0), 

                read=>bitRead, 

                write=>bitWrite, 

                busy=>open, 

                err=>bitErr, 

                rx_data(7 downto 0)=>vecRxData(7 downto 0), 

                ps2_clk=>PS2_CLK, 

                ps2_data=>PS2_DATA); 

    

end Structural; 

 

  

------------------------------------------------------------------------ 

-- mouse_controller.vhd 

------------------------------------------------------------------------ 

-- Author : Ulrich Zolt?n 

--          Copyright 2006 Digilent, Inc. 

------------------------------------------------------------------------ 

-- Software version : Xilinx ISE 7.1.04i 

--                    WebPack 

-- Device         : 3s200ft256-4 

------------------------------------------------------------------------ 

-- This file contains a controller for a ps/2 compatible mouse device. 

-- This controller is a client for the ps2interface module. 

------------------------------------------------------------------------ 

--  Behavioral description 

------------------------------------------------------------------------ 

-- Please read the following article on the web for understanding how 

-- to interface a ps/2 mouse: 

-- http://www.computer-engineering.org/ps2mouse/ 

 

-- This controller is implemented as described in the above article. 

-- The mouse controller receives bytes from the ps2interface which, in 

-- turn, receives them from the mouse device. Data is received on the 

-- rx_data input port, and is validated by the read signal. read is 

-- active for one clock period when new byte available on rx_data. Data 

-- is sent to the ps2interface on the tx_data output port and validated 

-- by the write output signal. 'write' should be active for one clock 

-- period when tx_data contains the command or data to be sent to the 

-- mouse. ps2interface wraps the byte in a 11 bits packet that is sent 

-- through the ps/2 port using the ps/2 protocol. Similarly, when the 

-- mouse sends data, the ps2interface receives 11 bits for every byte, 

-- extracts the byte from the ps/2 frame, puts it on rx_data and 



  

  

 

 

-- activates read for one clock period. If an error occurs when sending 

-- or receiving a frame from the mouse, the err input goes high for one 

-- clock period. When this occurs, the controller enters reset state. 

 

-- When in reset state, the controller resets the mouse and begins an 

-- initialization procedure that consists of tring to put mouse in 

-- scroll mode (enables wheel if the mouse has one), setting the 

-- resolution of the mouse, the sample rate and finally enables 

-- reporting. Implicitly the mouse, after a reset or imediately after a 

-- reset, does not send data packets on its own. When reset(or power-up) 

-- the mouse enters reset state, where it performs a test, called the 

-- bat test (basic assurance test), when this test is done, it sends 

-- the result: AAh for test ok, FCh for error. After this it sends its 

-- ID which is 00h. When this is done, the mouse enters stream mode, 

-- but with reporting disabled (movement data packets are not sent). 

-- To enable reporting the enable data reporting command (F4h) must be 

-- sent to the mouse. After this command is sent, the mouse will send 

-- movement data packets when the mouse is moved or the status of the 

-- button changes. 

 

-- After sending a command or a byte following a command, the mouse 

-- must respond with ack (FAh). For managing the intialization 

-- procedure and receiving the movement data packets, a FSM is used. 

-- When the fpga is powered up or the logic is reset using the global 

-- reset, the FSM enters reset state. From this state, the FSM will 

-- transition to a series of states used to initialize the mouse. When 

-- initialization is complete, the FSM remains in state read_byte_1, 

-- waiting for a movement data packet to be sent. This is the idle 

-- state if the FSM. When a byte is received in this state, this is 

-- the first byte of the 3 bytes sent in a movement data packet (4 bytes 

-- if mouse in scrolling mode). After reading the last byte from the 

-- packet, the FSM enters mark_new_event state and sets new_event high. 

-- After that FSM enterss read_byte_1 state, resets new_event and waits 

-- for a new packet. 

-- After a packet is received, new_event is set high for one clock 

-- period to "inform" the clients of this controller a new packet was 

-- received and processed. 

 

-- During the initialization procedure, the controller tries to put the 

-- mouse in scroll mode (activates wheel, if mouse has one). This is 

-- done by successively setting the sample rate to 200, then to 100, and 

-- lastly to 80. After this is done, the mouse ID is requested by  

-- sending get device ID command (F2h). If the received ID is 00h than 

-- the mouse does not have a wheel. If the received ID is 03h than the 

-- mouse is in scroll mode, and when sending movement data packets 

-- (after enabling data reporting) it will include z movement data. 

-- If the mouse is in normal, non-scroll mode, the movement data packet 

-- consists of 3 successive bytes. This is their format: 

-- 

-- 

-- 

-- bits      7     6     5     4     3     2     1     0 

--        ------------------------------------------------- 

-- byte 1 | YOVF| XOVF|YSIGN|XSIGN|  1  | MBTN| RBTN| LBTN| 

--        ------------------------------------------------- 

--        ------------------------------------------------- 

-- byte 2 |                  X MOVEMENT                   | 

--        ------------------------------------------------- 

--        ------------------------------------------------- 

-- byte 3 |                  Y MOVEMENT                   | 

--        ------------------------------------------------- 

-- OVF = overflow 

-- BTN = button 

-- M = middle 

-- R = right 

-- L = left 



  
   

 

-- 

-- When scroll mode is enabled, the mouse send 4 byte movement packets. 

-- bits      7     6     5     4     3     2     1     0 

--        ------------------------------------------------- 

-- byte 1 | YOVF| XOVF|YSIGN|XSIGN|  1  | MBTN| RBTN| LBTN| 

--        ------------------------------------------------- 

--        ------------------------------------------------- 

-- byte 2 |                  X MOVEMENT                   | 

--        ------------------------------------------------- 

--        ------------------------------------------------- 

-- byte 3 |                  Y MOVEMENT                   | 

--        ------------------------------------------------- 

--        ------------------------------------------------- 

-- byte 4 |                  Z MOVEMENT                   | 

--        ------------------------------------------------- 

-- x and y movement counters are represented on 8 bits, 2's complement 

-- encoding. The first bit (sign bit) of the counters are the xsign and 

-- ysign bit from the first packet, the rest of the bits are the second 

-- byte for the x movement and the third byte for y movement. For the 

-- z movement the range is -8 -> +7 and only the 4 least significant 

-- bits from z movement are valid, the rest are sign extensions. 

-- The x and y movements are in range: -256 -> +255 

 

-- The mouse uses as axes origin the lower-left corner. For the purpose 

-- of displaying a mouse cursor on the screen, the controller inverts 

-- the y axis to move the axes origin in the upper-left corner. This 

-- is done by negating the y movement value (following the 2s complement 

-- encoding). The movement data received from the mouse are delta 

-- movements, the data represents the movement of the mouse relative 

-- to the last position. The controller keeps track of the position of 

-- the mouse relative to the upper-left corner. This is done by keeping 

-- the mouse position in two registers x_pos and y_pos and adding the 

-- delta movements to their value. The addition uses saturation. That 

-- means the value of the mouse position will not exceed certain bounds 

-- and will not rollover the a margin. For example, if the mouse is at 

-- the left margin and is moved left, the x position remains at the left 

-- margin(0). The lower bound is always 0 for both x and y movement. 

-- The upper margin can be set using input pins: value, setmax_x, 

-- setmax_y. To set the upper bound of the x movement counter, the new 

-- value is placed on the value input pins and setmax_x is activated 

-- for at least one clock period. Similarly for y movement counter, but 

-- setmax_y is activated instead. Notice that value has 10 bits, and so 

-- the maximum value for a bound is 1023. 

 

-- The position of the mouse (x_pos and y_pos) can be set at any time, 

-- by placing the x or y position on the value input pins and activating 

-- the setx, or sety respectively, for at least one clock period. This 

-- is useful for setting an original position of the mouse different 

-- from (0,0). 

------------------------------------------------------------------------ 

--  Port definitions 

------------------------------------------------------------------------ 

-- clk            - global clock signal (100MHz) 

-- rst            - global reset signal 

-- read           - input pin, from ps2interface 

--                - active one clock period when new data received 

--                - and available on rx_data 

-- err            - input pin, from ps2interface 

--                - active one clock period when error occurred when 

--                - receiving or sending data. 

-- rx_data        - input pin, 8 bits, from ps2interface 

--                - the byte received from the mouse. 

-- xpos           - output pin, 10 bits 

--                - the x position of the mouse relative to the upper 

--                - left corner 

-- ypos           - output pin, 10 bits 



  

  

 

 

--                - the y position of the mouse relative to the upper 

--                - left corner 

-- zpos           - output pin, 4 bits 

--                - last delta movement on z axis 

-- left           - output pin, high if the left mouse button is pressed 

-- middle         - output pin, high if the middle mouse button is 

--                - pressed 

-- right          - output pin, high if the right mouse button is 

--                - pressed 

-- new_event      - output pin, active one clock period after receiving 

--                - and processing one movement data packet. 

-- tx_data        - output pin, 8 bits, to ps2interface 

--                - byte to be sent to the mouse 

-- write          - output pin, to ps2interface 

--                - active one clock period when sending a byte to the 

--                - ps2interface. 

------------------------------------------------------------------------ 

-- Revision History: 

-- 09/18/2006(UlrichZ): created 

------------------------------------------------------------------------ 

 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

-- simulation library 

library UNISIM; 

use UNISIM.VComponents.all; 

 

-- the mouse_controller entity declaration 

-- read above for behavioral description and port definitions. 

entity mouse_controller is 

port( 

   clk         : in std_logic; 

   rst         : in std_logic; 

   read        : in std_logic; 

   err         : in std_logic; 

   rx_data     : in std_logic_vector(7 downto 0); 

    

   xpos        : out std_logic_vector(9 downto 0); 

   ypos        : out std_logic_vector(9 downto 0); 

   zpos        : out std_logic_vector(3 downto 0); 

   left        : out std_logic; 

   middle      : out std_logic; 

   right       : out std_logic; 

   new_event   : out std_logic; 

   tx_data     : out std_logic_vector(7 downto 0); 

   write       : out std_logic; 

    

   value       : in std_logic_vector(9 downto 0); 

   setx        : in std_logic; 

   sety        : in std_logic; 

   setmax_x    : in std_logic; 

   setmax_y    : in std_logic 

); 

end mouse_controller; 

 

architecture Behavioral of mouse_controller is 

 

------------------------------------------------------------------------ 

-- CONSTANTS 

------------------------------------------------------------------------ 

 

-- constants defining commands to send or received from the mouse 

constant FA: std_logic_vector(7 downto 0) := "11111010"; -- 0xFA(ACK) 



  
   

 

constant FF: std_logic_vector(7 downto 0) := "11111111"; -- 0xFF(RESET) 

constant AA: std_logic_vector(7 downto 0) := "10101010"; -- 0xAA(BAT_OK) 

constant OO: std_logic_vector(7 downto 0) := "00000000"; -- 0x00(ID) 

                         -- (atention: name is 2 letters O not zero) 

 

-- command to read id 

constant READ_ID          : std_logic_vector(7 downto 0) := x"F2"; 

-- command to enable mouse reporting 

-- after this command is sent, the mouse begins sending data packets 

constant ENABLE_REPORTING : std_logic_vector(7 downto 0) := x"F4"; 

-- command to set the mouse resolution 

constant SET_RESOLUTION   : std_logic_vector(7 downto 0) := x"E8"; 

-- the value of the resolution to send after sending SET_RESOLUTION 

constant RESOLUTION       : std_logic_vector(7 downto 0) := x"03"; 

                                                  -- (8 counts/mm) 

-- command to set the mouse sample rate 

constant SET_SAMPLE_RATE  : std_logic_vector(7 downto 0) := x"F3"; 

 

-- the value of the sample rate to send after sending SET_SAMPLE_RATE 

constant SAMPLE_RATE      : std_logic_vector(7 downto 0) := x"28"; 

                                                  -- (40 samples/s) 

 

-- default maximum value for the horizontal mouse position 

constant DEFAULT_MAX_X : std_logic_vector(9 downto 0) := "1111111111"; 

                                                      -- 639 

-- default maximum value for the vertical mouse position 

constant DEFAULT_MAX_Y : std_logic_vector(9 downto 0) := "0111111111"; 

                                                      -- 479 

 

------------------------------------------------------------------------ 

-- SIGNALS 

------------------------------------------------------------------------ 

 

-- after doing the enable scroll mouse procedure, if the ID returned by 

-- the mouse is 03 (scroll mouse enabled) then this register will be set 

-- If '1' then the mouse is in scroll mode, else mouse is in simple 

-- mouse mode. 

signal haswheel: std_logic := '0'; 

 

-- horizontal and veritcal mouse position 

-- origin of axes is upper-left corner 

-- the origin of axes the mouse uses is the lower-left corner 

-- The y-axis is inverted, by making negative the y movement received 

-- from the mouse (if it was positive it becomes negative 

-- and vice versa) 

signal x_pos,y_pos: std_logic_vector(10 downto 0) := (others => '0'); 

 

-- active when an overflow occurred on the x and y axis 

-- bits 6 and 7 from the first byte received from the mouse 

signal x_overflow,y_overflow: std_logic := '0'; 

 

-- active when the x,y movement is negative 

-- bits 4 and 5 from the first byte received from the mouse 

signal x_sign,y_sign: std_logic := '0'; 

 

-- 2's complement value for incrementing the x_pos,y_pos 

-- y_inc is the negated value from the mouse in the third byte 

signal x_inc,y_inc: std_logic_vector(7 downto 0) := (others => '0'); 

 

-- active for one clock period, indicates new delta movement received 

-- on x,y axis 

signal x_new,y_new: std_logic := '0'; 

 

-- maximum value for x and y position registers(x_pos,y_pos) 

signal x_max,y_max: std_logic_vector(9 downto 0) := (others => '0'); 

 



  

  

 

 

-- active when left,middle,right mouse button is down 

signal left_down,middle_down,right_down: std_logic := '0'; 

 

-- the FSM states 

-- states that begin with "reset" are part of the reset procedure. 

-- states that end in "_wait_ack" are states in which ack is waited 

-- as response to sending a byte to the mouse. 

-- read behavioral description above for details. 

type fsm_state is 

( 

   reset,reset_wait_ack,reset_wait_bat_completion,reset_wait_id, 

   reset_set_sample_rate_200,reset_set_sample_rate_200_wait_ack, 

   reset_send_sample_rate_200,reset_send_sample_rate_200_wait_ack, 

   reset_set_sample_rate_100,reset_set_sample_rate_100_wait_ack, 

   reset_send_sample_rate_100,reset_send_sample_rate_100_wait_ack, 

   reset_set_sample_rate_80,reset_set_sample_rate_80_wait_ack, 

   reset_send_sample_rate_80,reset_send_sample_rate_80_wait_ack, 

   reset_read_id,reset_read_id_wait_ack,reset_read_id_wait_id, 

   reset_set_resolution,reset_set_resolution_wait_ack, 

   reset_send_resolution,reset_send_resolution_wait_ack, 

   reset_set_sample_rate_40,reset_set_sample_rate_40_wait_ack, 

   reset_send_sample_rate_40,reset_send_sample_rate_40_wait_ack, 

   reset_enable_reporting,reset_enable_reporting_wait_ack, 

   read_byte_1,read_byte_2,read_byte_3,read_byte_4,mark_new_event 

); 

-- holds current state of the FSM 

signal state: fsm_state := reset; 

 

begin 

 

   -- left output the state of the left_down register    

   left <= left_down when rising_edge(clk); 

   -- middle output the state of the middle_down register 

   middle <= middle_down when rising_edge(clk); 

   -- right output the state of the right_down register 

   right <= right_down when rising_edge(clk); 

 

   -- xpos output is the horizontal position of the mouse 

   -- it has the range: 0-x_max 

   xpos <= x_pos(9 downto 0) when rising_edge(clk); 

   -- ypos output is the vertical position of the mouse 

   -- it has the range: 0-y_max 

   ypos <= y_pos(9 downto 0) when rising_edge(clk); 

 

   -- sets the value of x_pos from another module when setx is active 

   -- else, computes the new x_pos from the old position when new x 

   -- movement detected by adding the delta movement in x_inc, or by 

   -- adding 256 or -256 when overflow occurs. 

   set_x: process(clk) 

   variable x_inter: std_logic_vector(10 downto 0); 

   variable inc: std_logic_vector(10 downto 0); 

   begin 

      if(rising_edge(clk)) then 

         -- if setx active, set new x_pos value 

         if(setx = '1') then 

            x_pos <= '0' & value; 

         -- if delta movement received from mouse 

         elsif(x_new = '1') then 

            -- if negative movement on x axis 

            if(x_sign = '1') then 

               -- if overflow occurred 

               if(x_overflow = '1') then 

                  -- inc is -256 

                  inc := "11100000000"; 

               else 

                  -- inc is sign extended x_inc 



  
   

 

                  inc := "111" & x_inc; 

               end if; 

               -- intermediary horizontal position 

               x_inter := x_pos + inc; 

               -- if first bit of x_inter is 1 

               -- then negative overflow occurred and 

               -- new x position is 0. 

               -- Note: x_pos and x_inter have 11 bits, 

               -- and because xpos has only 10, when 

               -- first bit becomes 1, this is considered 

               -- a negative number when moving left 

               if(x_inter(10) = '1') then 

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

               else 

                  x_pos <= x_inter; 

               end if; 

            -- if positive movement on x axis 

            else 

               -- if overflow occurred 

               if(x_overflow = '1') then 

                  -- inc is 256 

                  inc := "00100000000"; 

               else 

                  -- inc is sign extended x_inc 

                  inc := "000" & x_inc; 

               end if; 

               -- intermediary horizontal position 

               x_inter := x_pos + inc; 

               -- if x_inter is greater than x_max 

               -- then positive overflow occurred and 

               -- new x position is x_max. 

               if(x_inter > ('0' & x_max)) then 

                  x_pos <= '0' & x_max; 

               else 

                  x_pos <= x_inter; 

               end if; 

            end if; 

         end if; 

      end if; 

   end process set_x; 

 

   -- sets the value of y_pos from another module when sety is active 

   -- else, computes the new y_pos from the old position when new y 

   -- movement detected by adding the delta movement in y_inc, or by 

   -- adding 256 or -256 when overflow occurs. 

   set_y: process(clk) 

   variable y_inter: std_logic_vector(10 downto 0); 

   variable inc: std_logic_vector(10 downto 0); 

   begin 

      if(rising_edge(clk)) then 

         -- if sety active, set new y_pos value 

         if(sety = '1') then 

            y_pos <= '0' & value; 

         -- if delta movement received from mouse 

         elsif(y_new = '1') then 

            -- if negative movement on y axis 

            -- Note: axes origin is upper-left corner 

            if(y_sign = '1') then 

               -- if overflow occurred 

               if(y_overflow = '1') then 

                  -- inc is -256 

                  inc := "11100000000"; 

               else 

                  -- inc is sign extended y_inc 

                  inc := "111" & y_inc; 

               end if; 



  

  

 

 

               -- intermediary vertical position 

               y_inter := y_pos + inc; 

               -- if first bit of y_inter is 1 

               -- then negative overflow occurred and 

               -- new y position is 0. 

               -- Note: y_pos and y_inter have 11 bits, 

               -- and because ypos has only 10, when 

               -- first bit becomes 1, this is considered 

               -- a negative number when moving upward 

               if(y_inter(10) = '1') then 

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

               else 

                  y_pos <= y_inter; 

               end if; 

            -- if positive movement on y axis 

            else 

               -- if overflow occurred 

               if(y_overflow = '1') then 

                  -- inc is 256 

                  inc := "00100000000"; 

               else 

                  -- inc is sign extended y_inc 

                  inc := "000" & y_inc; 

               end if; 

               -- intermediary vertical position 

               y_inter := y_pos + inc; 

               -- if y_inter is greater than y_max 

               -- then positive overflow occurred and 

               -- new y position is y_max. 

               if(y_inter > ('0' & y_max)) then 

                  y_pos <= '0' & y_max; 

               else 

                  y_pos <= y_inter; 

               end if; 

            end if; 

         end if; 

      end if; 

   end process set_y; 

 

   -- sets the maximum value of the x movement register, stored in x_max 

   -- when setmax_x is active, max value should be on value input pin 

   set_max_x: process(clk,rst) 

   begin 

      if(rising_edge(clk)) then 

         if(rst = '1') then 

            x_max <= DEFAULT_MAX_X; 

         elsif(setmax_x = '1') then 

            x_max <= value; 

         end if; 

      end if; 

   end process set_max_x; 

 

   -- sets the maximum value of the y movement register, stored in y_max 

   -- when setmax_y is active, max value should be on value input pin 

   set_max_y: process(clk,rst) 

   begin 

      if(rising_edge(clk)) then 

         if(rst = '1') then 

            y_max <= DEFAULT_MAX_Y; 

         elsif(setmax_y = '1') then 

            y_max <= value; 

         end if; 

      end if; 

   end process set_max_y; 

 

   -- Synchronous one process fsm to handle the communication 



  
   

 

   -- with the mouse. 

   -- When reset and at start-up it enters reset state 

   -- where it begins the procedure of initializing the mouse. 

   -- After initialization is complete, it waits packets from 

   -- the mouse. 

   -- Read at Behavioral decription for details. 

   manage_fsm: process(clk,rst) 

   begin 

      -- when reset occurs, give signals default values. 

      if(rst = '1') then 

         state <= reset; 

         haswheel <= '0'; 

         x_overflow <= '0'; 

         y_overflow <= '0'; 

         x_sign <= '0'; 

         y_sign <= '0'; 

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

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

         x_new <= '0'; 

         y_new <= '0'; 

         new_event <= '0'; 

         left_down <= '0'; 

         middle_down <= '0'; 

         right_down <= '0'; 

 

      elsif(rising_edge(clk)) then 

 

         -- at every rising edge of the clock, this signals 

         -- are reset, thus assuring that they are active 

         -- for one clock period only if a state sets then 

         -- because the fsm will transition from the state 

         -- that set them on the next rising edge of clock. 

         write <= '0'; 

         x_new <= '0'; 

         y_new <= '0'; 

          

         case state is 

 

            -- if just powered-up, reset occurred or some error in 

            -- transmision encountered, then fsm will transition to 

            -- this state. Here the RESET command (FF) is sent to the 

            -- mouse, and various signals receive their default values 

            -- From here the FSM transitions to a series of states that 

            -- perform the mouse initialization procedure. All this 

            -- state are prefixed by "reset_". After sending a byte 

            -- to the mouse, it respondes by sending ack (FA). All 

            -- states that wait ack from the mouse are postfixed by 

            -- "_wait_ack". 

            -- Read at Behavioral decription for details. 

            when reset => 

               haswheel <= '0'; 

               x_overflow <= '0'; 

               y_overflow <= '0'; 

               x_sign <= '0'; 

               y_sign <= '0'; 

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

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

               x_new <= '0'; 

               y_new <= '0'; 

               left_down <= '0'; 

               middle_down <= '0'; 

               right_down <= '0'; 

               tx_data <= FF; 

               write <= '1'; 

               state <= reset_wait_ack; 

 



  

  

 

 

            -- wait ack for the reset command. 

            -- when received transition to reset_wait_bat_completion. 

            -- if error occurs go to reset state. 

            when reset_wait_ack => 

               if(read = '1') then 

                  -- if received ack 

                  if(rx_data = FA) then 

                     state <= reset_wait_bat_completion; 

                  else 

                     state <= reset; 

                  end if; 

               elsif(err = '1') then 

                  state <= reset; 

               else 

                  state <= reset_wait_ack; 

               end if; 

 

            -- wait for bat completion test 

            -- mouse should send AA if test is successful 

            when reset_wait_bat_completion => 

               if(read = '1') then 

                  if(rx_data = AA) then 

                     state <= reset_wait_id; 

                  else 

                     state <= reset; 

                  end if; 

               elsif(err = '1') then 

                  state <= reset; 

               else 

                  state <= reset_wait_bat_completion; 

               end if; 

 

            -- the mouse sends its id after performing bat test 

            -- the mouse id should be 00 

            when reset_wait_id => 

               if(read = '1') then 

                  if(rx_data = OO) then 

                     state <= reset_set_sample_rate_200; 

                  else 

                     state <= reset; 

                  end if; 

               elsif(err = '1') then 

                  state <= reset; 

               else 

                  state <= reset_wait_id; 

               end if; 

 

            -- with this state begins the enable wheel mouse 

            -- procedure. The procedure consists of setting 

            -- the sample rate of the mouse first 200, then 100 

            -- then 80. After this is done, the mouse id is 

            -- requested and if the mouse id is 03, then 

            -- mouse is in wheel mode and will send 4 byte packets 

            -- when reporting is enabled. 

            -- If the id is 00, the mouse does not have a wheel 

            -- and will send 3 byte packets when reporting is enabled. 

            -- This state issues the set_sample_rate command to the 

            -- mouse. 

            when reset_set_sample_rate_200 => 

               tx_data <= SET_SAMPLE_RATE; 

               write <= '1'; 

               state <= reset_set_sample_rate_200_wait_ack; 

 

            -- wait ack for set sample rate command 

            when reset_set_sample_rate_200_wait_ack => 

               if(read = '1') then 



  
   

 

                  if(rx_data = FA) then 

                     state <= reset_send_sample_rate_200; 

                  else 

                     state <= reset; 

                  end if; 

               elsif(err = '1') then 

                  state <= reset; 

               else 

                  state <= reset_set_sample_rate_200_wait_ack; 

               end if; 

 

            -- send the desired sample rate (200 = 0xC8) 

            when reset_send_sample_rate_200 => 

               tx_data <= "11001000"; -- 0xC8 

               write <= '1'; 

               state <= reset_send_sample_rate_200_wait_ack; 

 

            -- wait ack for sending the sample rate 

            when reset_send_sample_rate_200_wait_ack => 

               if(read = '1') then 

                  if(rx_data = FA) then 

                     state <= reset_set_sample_rate_100; 

                  else 

                     state <= reset; 

                  end if; 

               elsif(err = '1') then 

                  state <= reset; 

               else 

                  state <= reset_send_sample_rate_200_wait_ack; 

               end if; 

 

            -- send the sample rate command 

            when reset_set_sample_rate_100 => 

               tx_data <= SET_SAMPLE_RATE; 

               write <= '1'; 

               state <= reset_set_sample_rate_100_wait_ack; 

 

            -- wait ack for sending the sample rate command 

            when reset_set_sample_rate_100_wait_ack => 

               if(read = '1') then 

                  if(rx_data = FA) then 

                     state <= reset_send_sample_rate_100; 

                  else 

                     state <= reset; 

                  end if; 

               elsif(err = '1') then 

                  state <= reset; 

               else 

                  state <= reset_set_sample_rate_100_wait_ack; 

               end if; 

 

            -- send the desired sample rate (100 = 0x64) 

            when reset_send_sample_rate_100 => 

               tx_data <= "01100100"; -- 0x64 

               write <= '1'; 

               state <= reset_send_sample_rate_100_wait_ack; 

 

            -- wait ack for sending the sample rate 

            when reset_send_sample_rate_100_wait_ack => 

               if(read = '1') then 

                  if(rx_data = FA) then 

                     state <= reset_set_sample_rate_80; 

                  else 

                     state <= reset; 

                  end if; 

               elsif(err = '1') then 



  

  

 

 

                  state <= reset; 

               else 

                  state <= reset_send_sample_rate_100_wait_ack; 

               end if;            

 

            -- send set sample rate command 

            when reset_set_sample_rate_80 => 

               tx_data <= SET_SAMPLE_RATE; 

               write <= '1'; 

               state <= reset_set_sample_rate_80_wait_ack; 

 

            -- wait ack for sending the sample rate command 

            when reset_set_sample_rate_80_wait_ack => 

               if(read = '1') then 

                  if(rx_data = FA) then 

                     state <= reset_send_sample_rate_80; 

                  else 

                     state <= reset; 

                  end if; 

               elsif(err = '1') then 

                  state <= reset; 

               else 

                  state <= reset_set_sample_rate_80_wait_ack; 

               end if; 

 

            -- send desired sample rate (80 = 0x50) 

            when reset_send_sample_rate_80 => 

               tx_data <= "01010000"; -- 0x50 

               write <= '1'; 

               state <= reset_send_sample_rate_80_wait_ack; 

 

            -- wait ack for sending the sample rate 

            when reset_send_sample_rate_80_wait_ack => 

               if(read = '1') then 

                  if(rx_data = FA) then 

                     state <= reset_read_id; 

                  else 

                     state <= reset; 

                  end if; 

               elsif(err = '1') then 

                  state <= reset; 

               else 

                  state <= reset_send_sample_rate_80_wait_ack; 

               end if;            

 

            -- now the procedure for enabling wheel mode is done 

            -- the mouse id is read to determine is mouse is in 

            -- wheel mode. 

            -- Read ID command is sent to the mouse. 

            when reset_read_id => 

               tx_data <= READ_ID; 

               write <= '1'; 

               state <= reset_read_id_wait_ack; 

 

            -- wait ack for sending the read id command 

            when reset_read_id_wait_ack => 

               if(read = '1') then 

                  if(rx_data = FA) then 

                     state <= reset_read_id_wait_id; 

                  else 

                     state <= reset; 

                  end if; 

               elsif(err = '1') then 

                  state <= reset; 

               else 

                  state <= reset_read_id_wait_ack; 



  
   

 

               end if; 

 

            -- received the mouse id 

            -- if the id is 00, then the mouse does not have 

            -- a wheel and haswheel is reset 

            -- if the id is 03, then the mouse is in scroll mode 

            -- and haswheel is set. 

            -- if anything else is received or an error occurred 

            -- then the FSM transitions to reset state. 

            when reset_read_id_wait_id => 

               if(read = '1') then 

                  if(rx_data = "000000000") then 

                     -- the mouse does not have a wheel 

                     haswheel <= '0'; 

                     state <= reset_set_resolution; 

                  elsif(rx_data = "00000011") then  -- 0x03 

                     -- the mouse is in scroll mode 

                     haswheel <= '1'; 

                     state <= reset_set_resolution; 

                  else 

                     state <= reset; 

                  end if; 

               elsif(err = '1') then 

                  state <= reset; 

               else 

                  state <= reset_read_id_wait_id; 

               end if; 

 

            -- send the set resolution command to the mouse 

            when reset_set_resolution => 

               tx_data <= SET_RESOLUTION; 

               write <= '1'; 

               state <= reset_set_resolution_wait_ack; 

 

            -- wait ack for sending the set resolution command 

            when reset_set_resolution_wait_ack => 

               if(read = '1') then 

                  if(rx_data = FA) then 

                     state <= reset_send_resolution; 

                  else 

                     state <= reset; 

                  end if; 

               elsif(err = '1') then 

                  state <= reset; 

               else 

                  state <= reset_set_resolution_wait_ack; 

               end if; 

 

            -- send the desired resolution (0x03 = 8 counts/mm) 

            when reset_send_resolution => 

               tx_data <= RESOLUTION; 

               write <= '1'; 

               state <= reset_send_resolution_wait_ack; 

 

             

            -- wait ack for sending the resolution 

            when reset_send_resolution_wait_ack => 

               if(read = '1') then 

                  if(rx_data = FA) then 

                     state <= reset_set_sample_rate_40; 

                  else 

                     state <= reset; 

                  end if; 

               elsif(err = '1') then 

                  state <= reset; 

               else 



  

  

 

 

                  state <= reset_send_resolution_wait_ack; 

               end if; 

 

            -- send the set sample rate command 

            when reset_set_sample_rate_40 => 

               tx_data <= SET_SAMPLE_RATE; 

               write <= '1'; 

               state <= reset_set_sample_rate_40_wait_ack; 

 

            -- wait ack for sending the set sample rate command 

            when reset_set_sample_rate_40_wait_ack => 

               if(read = '1') then 

                  if(rx_data = FA) then 

                     state <= reset_send_sample_rate_40; 

                  else 

                     state <= reset; 

                  end if; 

               elsif(err = '1') then 

                  state <= reset; 

               else 

                  state <= reset_set_sample_rate_40_wait_ack; 

               end if; 

 

            -- send the desired sampele rate. 

            -- 40 samples per second is sent. 

            when reset_send_sample_rate_40 => 

               tx_data <= SAMPLE_RATE; 

               write <= '1'; 

               state <= reset_send_sample_rate_40_wait_ack; 

 

            -- wait ack for sending the sample rate 

            when reset_send_sample_rate_40_wait_ack => 

               if(read = '1') then 

                  if(rx_data = FA) then 

                     state <= reset_enable_reporting; 

                  else 

                     state <= reset; 

                  end if; 

               elsif(err = '1') then 

                  state <= reset; 

               else 

                  state <= reset_send_sample_rate_40_wait_ack; 

               end if; 

 

            -- in this state enable reporting command is sent 

            -- to the mouse. Before this point, the mouse 

            -- does not send packets. Only after issuing this 

            -- command, the mouse begins sending data packets, 

            -- 3 byte packets if it doesn't have a wheel and 

            -- 4 byte packets if it is in scroll mode. 

            when reset_enable_reporting => 

               tx_data <= ENABLE_REPORTING; 

               write <= '1'; 

               state <= reset_enable_reporting_wait_ack; 

 

            -- wait ack for sending the enable reporting command 

            when reset_enable_reporting_wait_ack => 

               if(read = '1') then 

                  if(rx_data = FA) then 

                     state <= read_byte_1; 

                  else 

                     state <= reset; 

                  end if; 

               elsif(err = '1') then 

                  state <= reset; 

               else 



  
   

 

                  state <= reset_enable_reporting_wait_ack; 

               end if; 

 

            -- this is idle state of the FSM after the 

            -- initialization is complete. 

            -- Here the first byte of a packet is waited. 

            -- The first byte contains the state of the 

            -- buttons, the sign of the x and y movement 

            -- and overflow information about these movements 

            -- First byte looks like this: 

            --    7       6        5        4      3   2   1   0 

            ------------------------------------------------------ 

            -- | Y OVF | X OVF | Y SIGN | X SIGN | 1 | M | R | L | 

            ------------------------------------------------------ 

            when read_byte_1 => 

               -- reset new_event when back in idle state. 

               new_event <= '0'; 

               -- reset last z delta movement 

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

               if(read = '1') then 

                  -- mouse button states 

                  left_down <= rx_data(0); 

                  middle_down <= rx_data(2); 

                  right_down <= rx_data(1); 

                  -- sign of the movement data 

                  x_sign <= rx_data(4); 

                  -- y sign is changed to invert the y axis 

                  -- because the mouse uses the lower-left corner 

                  -- as axes origin and it is placed in the upper-left 

                  -- corner by this inversion (suitable for displaying 

                  -- a mouse cursor on the screen). 

                  -- y movement data from the third packet must be 

                  -- also negated. 

                  y_sign <= not rx_data(5); 

 

                  -- overflow status of the x and y movement 

                  x_overflow <= rx_data(6); 

                  y_overflow <= rx_data(7); 

                   

                  -- transition to state read_byte_2 

                  state <= read_byte_2; 

               else 

                  -- no byte received yet. 

                  state <= read_byte_1; 

               end if; 

 

            -- wait the second byte of the packet 

            -- this byte contains the x movement counter. 

            when read_byte_2 => 

               if(read = '1') then 

                  -- put the delta movement in x_inc 

                  x_inc <= rx_data; 

                  -- signal the arrival of new x movement data. 

                  x_new <= '1'; 

                  -- go to state read_byte_3. 

                  state <= read_byte_3; 

               elsif(err = '1') then 

                  state <= reset; 

               else 

                  -- byte not received yet. 

                  state <= read_byte_2; 

               end if; 

             

            -- wait the third byte of the data, that 

            -- contains the y data movement counter. 

            -- negate its value, for the axis to be 



  

  

 

 

            -- inverted. 

            -- If mouse is in scroll mode, transition 

            -- to read_byte_4, else go to mark_new_event 

            when read_byte_3 => 

               if(read = '1') then 

                  -- when y movement is 0, then ignore 

                  if(rx_data /= "00000000") then 

                     -- 2's complement positive numbers 

                     -- become negative and vice versa 

                     y_inc <= (not rx_data) + "00000001"; 

                     y_new <= '1';         

                  end if; 

                  -- if the mouse has a wheel then transition 

                  -- to read_byte_4, else go to mark_new_event 

                  if(haswheel = '1') then 

                     state <= read_byte_4; 

                  else 

                     state <= mark_new_event; 

                  end if; 

               elsif(err = '1') then 

                  state <= reset; 

               else 

                     state <= read_byte_3; 

               end if; 

 

            -- only reached when mouse is in scroll mode 

            -- wait for the fourth byte to arrive 

            -- fourth byte contains the z movement counter 

            -- only least significant 4 bits are relevant 

            -- the rest are sign extension. 

            when read_byte_4 => 

               if(read = '1') then 

                  -- zpos is the delta movement on z 

                  zpos <= rx_data(3 downto 0); 

                  -- packet completly received, 

                  -- go to mark_new_event 

                  state <= mark_new_event; 

               elsif(err = '1') then 

                  state <= reset; 

               else 

                  state <= read_byte_4; 

               end if; 

 

            -- set new_event high 

            -- it will be reset in next state 

            -- informs client new packet received and processed 

            when mark_new_event => 

               new_event <= '1'; 

               state <= read_byte_1; 

 

            -- if invalid transition occurred, reset 

            when others => 

               state <= reset; 

       

         end case; 

      end if; 

   end process manage_fsm; 

 

 

end Behavioral; 

 

------------------------------------------------------------------------ 

-- ps2interface.vhd 

------------------------------------------------------------------------ 

-- Author : Ulrich Zolt?n 

--          Copyright 2006 Digilent, Inc. 



  
   

 

------------------------------------------------------------------------ 

-- Software version : Xilinx ISE 7.1.04i 

--                    WebPack 

-- Device         : 3s200ft256-4 

------------------------------------------------------------------------ 

-- This file contains the implementation of a generic bidirectional 

-- ps/2 interface. 

------------------------------------------------------------------------ 

--  Behavioral description 

------------------------------------------------------------------------ 

-- Please read the following article on the web for understanding how 

-- the ps/2 protocol works. 

-- http://www.computer-engineering.org/ps2protocol/ 

 

-- This module implements a generic bidirectional ps/2 interface. It can 

-- be used with any ps/2 compatible device. It offers its clients a 

-- convenient way to exchange data with the device. The interface 

-- transparently wraps the byte to be sent into a ps/2 frame, generates 

-- parity for byte and sends the frame one bit at a time to the device. 

-- Similarly, when receiving data from the ps2 device, the interface 

-- receives the frame, checks for parity, and extract the usefull data 

-- and forwards it to the client. If an error occurs during receiving 

-- or sending a byte, the client is informed by settings the err output 

-- line high. This way, the client can resend the data or can issue 

-- a resend command to the device. 

 

-- The physical ps/2 interface uses 4 lines 

-- For the 6-pin connector pins are assigned as follows:  

-- 1 - Data 

-- 2 - Not Implemented 

-- 3 - Ground 

-- 4 - Vcc (+5V) 

-- 5 - Clock 

-- 6 - Not Implemented 

 

-- The clock line carries the device generated clock which has a  

-- frequency in range 10 - 16.7 kHz (30 to 50us). When line is idle 

-- it is placed in high impedance. The clock is only generated when 

-- device is sending or receiving data. 

-- The Data and Clock lines are both open-collector with pullup 

-- resistors to Vcc. An "open-collector" interface has two possible 

-- states: low('0') or high impedance('Z'). 

 

-- When device wants to send a byte, it pulls the clock line low and the 

-- host(i.e. this interfaces) recognizes that the device is sending data 

-- When the host wants to send data, it maeks a request to send. This 

-- is done by holding the clock line low for at least 100us, then with 

-- the clock line low, the data line is brought low. Next the clock line 

-- is released (placed in high impedance). The devices begins generating 

-- clock signal on clock line. 

-- When receiving data, bits are read from the data line (ps2_data) on 

-- the falling edge of the clock (ps2_clk). When sending data, the 

-- device reads the bits from the data line on the rising edge of the 

-- clock. 

-- A frame for sending a byte is comprised of 11 bits as shown bellow: 

-- bits     10     9    8    7    6    5    4    3    2    1      0 

--        ------------------------------------------------------------- 

--        | STOP| PAR | D7 | D6 | D5 | D4 | D3 | D2 | D1 | D0 | START | 

--        ------------------------------------------------------------- 

-- STOP  - stop  bit, always '1' 

-- PAR   - parity bit, odd parity for the 8 data bits. 

--       - select in such way that the number of bits of '1' in the data 

--       - bits together with parity bit is odd. 

-- D0-7  - data bits. 

-- START - start bit, always '0' 

-- 



  

  

 

 

-- Frame is sent bit by bit starting with the least significant bit 

-- (starting bit) and is received the same way. This is done, when 

-- receiving, by shifting the frame register to the left when a bit 

-- is available and placing the bit on data line on the most significant 

-- bit. This way the first bit sent will reach the least significant bit 

-- of the frame when all the bits have been received. When sending data 

-- the least significant bit of the frame is placed on the data line 

-- and the frame is shifted to the right when another bit needs to be 

-- sent. During the request to send, when releasing the clock line, 

-- the device reads the data line and interprets the data on it as the 

-- first bit of the frame. Data line is low at that time, at this is the 

-- way the start bit('0') is sent. Because of this, when sending, only 

-- 10 shifts of the frame will be made. 

-- While the interface is sending or receiving data, the busy output 

-- signal goes high. When interface is idle, busy is low. 

-- After sending all the bits in the frame, the device must acknowledge 

-- the data sent. This is done by the host releasing and data line 

-- (clock line is already released) after the last bit is sent. The 

-- devices brings the data line and the clock line low, in this order, 

-- to acknowledge the data. If data line is high when clock line goes 

-- low after last bit, the device did not acknowledge the data and 

-- err output is set. 

-- A FSM is used to manage the transitions the set all the command 

-- signals. States that begin with "rx_" are used to receive data 

-- from device and states begining with "tx_" are used to send data 

-- to the device. 

-- For the parity bit, a ROM holds the parity bit for all possible 

-- data (256 possible values, since 8 bits of data). The ROM has 

-- dimensions 256x1bit. For obtaining the parity bit of a value, 

-- the bit at the data value address is read. Ex: to find the parity 

-- bit of 174, the bit at address 174 is read. 

-- For generating the necessary delay, counters are used. For example, 

-- to generate the 100us delay a 14 bit counter is used that has the 

-- upper limit for counting 10000. The interface is designed to run 

-- at 100MHz. Thus, 10000x10ns = 100us. 

 

----------------------------------------------------------------------- 

-- If using the interface at different frequency than 100MHz, adjusting 

-- the delay counters is necessary!!! 

----------------------------------------------------------------------- 

 

-- Clock line(ps2_clk) and data line(ps2_data) are passed through a 

-- debouncer for the transitions of the clock and data to be clean. 

-- Also, ps2_clk_s and ps2_data_s hold the debounced and synchronized 

-- value of the clock and data line to the system clock(clk). 

------------------------------------------------------------------------ 

--  Port definitions 

------------------------------------------------------------------------ 

-- ps2_clk        - inout pin, clock line of the ps/2 interface 

-- ps2_data       - inout pin, clock line of the ps/2 interface 

-- clk            - input pin, system clock signal 

-- rst            - input pin, system reset signal 

-- tx_data        - input pin, 8 bits, from client 

--                - data to be sent to the device 

-- write          - input pin, from client 

--                - should be active for one clock period when then 

--                - client wants to send data to the device and 

--                - data to be sent is valid on tx_data 

-- rx_data        - output pin, 8 bits, to client 

--                - data received from device 

-- read           - output pin, to client 

--                - active for one clock period when new data is 

--                - available from device 

-- busy           - output pin, to client 

--                - active while sending or receiving data. 

-- err            - output pin, to client 



  
   

 

--                - active for one clock period when an error occurred 

--                - during sending or receiving. 

------------------------------------------------------------------------ 

-- Revision History: 

-- 09/18/2006(UlrichZ): created 

------------------------------------------------------------------------ 

 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

-- simulation library 

library UNISIM; 

use UNISIM.VComponents.all; 

 

-- the ps2interface entity declaration 

-- read above for behavioral description and port definitions. 

entity ps2interface is 

port( 

   ps2_clk  : inout std_logic; 

   ps2_data : inout std_logic; 

 

   clk      : in std_logic; 

   rst      : in std_logic; 

 

   tx_data  : in std_logic_vector(7 downto 0); 

   write    : in std_logic; 

    

   rx_data  : out std_logic_vector(7 downto 0); 

   read     : out std_logic; 

   busy     : out std_logic; 

   err      : out std_logic 

); 

 

-- forces the extraction of distributed ram for 

-- the parityrom memory. 

-- please remove if block ram is preffered. 

attribute rom_extract : string; 

attribute rom_extract of ps2interface: entity is "yes"; 

attribute rom_style : string; 

attribute rom_style of ps2interface: entity is "distributed"; 

 

end ps2interface; 

 

architecture Behavioral of ps2interface is 

 

------------------------------------------------------------------------ 

-- CONSTANTS 

------------------------------------------------------------------------ 

 

-- Values are valid for a 100MHz clk. Please adjust for other 

-- frequencies if necessary! 

 

-- upper limit for 100us delay counter. 

-- 10000 * 10ns = 100us 

constant DELAY_100US : std_logic_vector(13 downto 0):= "10011100010000"; 

                                                 -- 10000 clock periods 

-- upper limit for 20us delay counter. 

-- 2000 * 10ns = 20us 

constant DELAY_20US  : std_logic_vector(10 downto 0) := "11111010000"; 

                                                  -- 2000 clock periods 

-- upper limit for 63clk delay counter. 

constant DELAY_63CLK : std_logic_vector(5 downto 0)  := "111111"; 

                                                    -- 63 clock periods 

-- delay from debouncing ps2_clk and ps2_data signals 



  

  

 

 

constant DEBOUNCE_DELAY : std_logic_vector(3 downto 0)  := "1111"; 

 

-- number of bits in a frame 

constant NUMBITS: std_logic_vector(3 downto 0) := "1011"; -- 11 

 

-- parity bit position in frame 

constant PARITY_BIT: positive := 9; 

 

-- (odd) parity bit ROM 

-- Used instead of logic because this way speed is far greater 

-- 256x1bit rom 

-- If the odd parity bit for a 8 bits number, x, is needed 

-- the bit at address x is the parity bit. 

type ROM is array(0 to 255) of std_logic; 

constant parityrom : ROM := ( 

'1','0','0','1','0','1','1','0', 

'0','1','1','0','1','0','0','1', 

'0','1','1','0','1','0','0','1', 

'1','0','0','1','0','1','1','0', 

'0','1','1','0','1','0','0','1', 

'1','0','0','1','0','1','1','0', 

'1','0','0','1','0','1','1','0', 

'0','1','1','0','1','0','0','1', 

'0','1','1','0','1','0','0','1', 

'1','0','0','1','0','1','1','0', 

'1','0','0','1','0','1','1','0', 

'0','1','1','0','1','0','0','1', 

'1','0','0','1','0','1','1','0', 

'0','1','1','0','1','0','0','1', 

'0','1','1','0','1','0','0','1', 

'1','0','0','1','0','1','1','0', 

'0','1','1','0','1','0','0','1', 

'1','0','0','1','0','1','1','0', 

'1','0','0','1','0','1','1','0', 

'0','1','1','0','1','0','0','1', 

'1','0','0','1','0','1','1','0', 

'0','1','1','0','1','0','0','1', 

'0','1','1','0','1','0','0','1', 

'1','0','0','1','0','1','1','0', 

'1','0','0','1','0','1','1','0', 

'0','1','1','0','1','0','0','1', 

'0','1','1','0','1','0','0','1', 

'1','0','0','1','0','1','1','0', 

'0','1','1','0','1','0','0','1', 

'1','0','0','1','0','1','1','0', 

'1','0','0','1','0','1','1','0', 

'0','1','1','0','1','0','0','1' 

); 

 

------------------------------------------------------------------------ 

-- SIGNALS 

------------------------------------------------------------------------ 

 

-- 14 bits counter 

-- max value DELAY_100US 

-- used to wait 100us 

signal delay_100us_count: std_logic_vector(13 downto 0) := 

                                          (others => '0'); 

 

-- 11 bits counter 

-- max value DELAY_20US 

-- used to wait 20us 

signal delay_20us_count: std_logic_vector(10 downto 0) := 

                                         (others => '0'); 

-- 11 bits counter 

-- max value DELAY_63CLK 



  
   

 

-- used to wait 63 clock periods 

signal delay_63clk_count: std_logic_vector(5 downto 0) := 

                                          (others => '0'); 

 

-- done signal for the couters above 

-- when a counter reaches max value,the corresponding done signal is set 

signal delay_100us_done, delay_20us_done, delay_63clk_done: std_logic; 

 

-- enable signal for 100us delay counter 

signal delay_100us_counter_enable: std_logic := '0'; 

-- enable signal for 20us delay counter 

signal delay_20us_counter_enable : std_logic := '0'; 

-- enable signal for 63clk delay counter 

signal delay_63clk_counter_enable: std_logic := '0'; 

 

-- synchronzed input for ps2_clk and ps2_data 

signal ps2_clk_s,ps2_data_s: std_logic := '1'; 

 

-- control the output of ps2_clk and ps2_data 

-- if 1 then corresponding signal (ps2_clk or ps2_data) is 

-- put in high impedance ('Z'). 

signal ps2_clk_h,ps2_data_h: std_logic := '1'; 

 

-- states of the FSM for controlling the communcation with the device 

-- states that begin with "rx_" are used when receiving data 

-- states that begin with "tx_" are used when transmiting data 

type fsm_state is 

( 

   idle,rx_clk_h,rx_clk_l,rx_down_edge,rx_error_parity,rx_data_ready, 

   tx_force_clk_l,tx_bring_data_down,tx_release_clk, 

   tx_first_wait_down_edge,tx_clk_l,tx_wait_up_edge,tx_clk_h, 

   tx_wait_up_edge_before_ack,tx_wait_ack,tx_received_ack, 

   tx_error_no_ack 

); 

 

-- the signal that holds the current state of the FSM 

-- implicitly state is idle. 

signal state: fsm_state := idle; 

 

-- register that holds the frame received or the one to be sent. 

-- Its contents are shifted in from the bus one bit at a time 

-- from left to right when receiving data and are shifted on the 

-- bus (ps2_data) one bit at a time to the right when sending data 

signal frame: std_logic_vector(10 downto 0) := (others => '0'); 

 

-- how many bits have been sent or received. 

signal bit_count: std_logic_vector(3 downto 0) := (others => '0'); 

 

-- when active the bit counter is reset. 

signal reset_bit_count: std_logic := '0'; 

 

-- when active the contents of the frame is shifted to the right 

-- and the most significant bit of frame is loaded with ps2_data. 

signal shift_frame: std_logic := '0'; 

 

-- parity of the byte that was received from the device. 

-- must match the parity bit received, else error occurred. 

signal rx_parity: std_logic := '0'; 

-- parity bit that is sent with the frame, representing the 

-- odd parity of the byte currently being sent 

signal tx_parity: std_logic := '0'; 

 

-- when active, frame is loaded with the start bit, data on 

-- tx_data, parity bit (tx_parity) and stop bit 

-- this frame will be sent to the device. 

signal load_tx_data: std_logic := '0'; 



  

  

 

 

 

-- when active bits 8 downto 1 from frame are loaded into 

-- rx_data register. This is the byte received from the device. 

signal load_rx_data: std_logic := '0'; 

 

-- intermediary signals used to debounce the inputs ps2_clk and ps2_data 

signal ps2_clk_clean,ps2_data_clean: std_logic := '1'; 

-- debounce counter for the ps2_clk input and the ps2_data input. 

signal clk_count,data_count: std_logic_vector(3 downto 0); 

-- last value on ps2_clk and ps2_data. 

signal clk_inter,data_inter: std_logic := '1'; 

 

begin 

 

   --------------------------------------------------------------------- 

   -- FLAGS and PS2 CLOCK AND DATA LINES 

   --------------------------------------------------------------------- 

 

   -- clean ps2_clk signal (debounce) 

   -- note that this introduces a delay in ps2_clk of 

   -- DEBOUNCE_DELAY clocks 

   process(clk) 

   begin 

      if(rising_edge(clk)) then 

         -- if the current bit on ps2_clk is different 

         -- from the last value, then reset counter 

         -- and retain value 

         if(ps2_clk /= clk_inter) then 

            clk_inter <= ps2_clk; 

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

         -- if counter reached upper limit, then 

         -- the signal is clean 

         elsif(clk_count = DEBOUNCE_DELAY) then 

            ps2_clk_clean <= clk_inter; 

         -- ps2_clk did not change, but counter did not 

         -- reach limit. Increment counter 

         else 

            clk_count <= clk_count + 1; 

         end if; 

      end if; 

   end process; 

 

   -- clean ps2_data signal (debounce) 

   -- note that this introduces a delay in ps2_data of 

   -- DEBOUNCE_DELAY clocks 

   process(clk) 

   begin 

      if(rising_edge(clk)) then 

         -- if the current bit on ps2_data is different 

         -- from the last value, then reset counter 

         -- and retain value 

         if(ps2_data /= data_inter) then 

            data_inter <= ps2_data; 

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

         -- if counter reached upper limit, then 

         -- the signal is clean 

         elsif(data_count = DEBOUNCE_DELAY) then 

            ps2_data_clean <= data_inter; 

         -- ps2_data did not change, but counter did not 

         -- reach limit. Increment counter 

         else 

            data_count <= data_count + 1; 

         end if; 

      end if; 

   end process; 

    



  
   

 

   -- Synchronize ps2 entries 

   ps2_clk_s <= ps2_clk_clean when rising_edge(clk); 

   ps2_data_s <= ps2_data_clean when rising_edge(clk); 

 

   -- Assign parity from frame bits 8 downto 1, this is the parity 

   -- that should be received inside the frame on PARITY_BIT position 

   rx_parity <= parityrom(conv_integer(frame(8 downto 1))) 

                when rising_edge(clk); 

   -- The parity for the data to be sent 

   tx_parity <= parityrom(conv_integer(tx_data)) when rising_edge(clk); 

 

   -- Force ps2_clk to '0' if ps2_clk_h = '0', else release the line 

   -- ('Z' = +5Vcc because of pull-ups) 

   ps2_clk <= 'Z' when ps2_clk_h = '1' else '0'; 

 

   -- Force ps2_data to '0' if ps2_data_h = '0', else release the line 

   -- ('Z' = +5Vcc because of pull-ups) 

   ps2_data <= 'Z' when ps2_data_h = '1' else '0'; 

 

   -- Control busy flag. Interface is not busy while in idle state. 

   busy <= '0' when state = idle else '1'; 

 

   -- reset the bit counter when in idle state. 

   reset_bit_count <= '1' when state = idle else '0'; 

 

   -- Control shifting of the frame 

   -- When receiving from device, data is read 

   -- on the falling edge of ps2_clk 

   -- When sending to device, data is read by device 

   -- on the rising edge of ps2_clk 

   shift_frame <= '1' when state = rx_down_edge or 

                           state = tx_clk_l else 

                  '0'; 

 

   --------------------------------------------------------------------- 

   -- FINITE STATE MACHINE 

   --------------------------------------------------------------------- 

 

   -- For the current state establish next state 

   -- and give necessary commands 

   manage_fsm: process(clk,rst,state,ps2_clk_s,ps2_data_s,write,tx_data, 

                       bit_count,rx_parity,frame,delay_100us_done, 

                       delay_20us_done,delay_63clk_done) 

   begin 

      -- if reset occurs, go to idle state. 

      if(rst = '1') then 

         state <= idle; 

      elsif(rising_edge(clk)) then 

             

         -- default values for these signals 

         -- ensures signals are reset to default value 

         -- when coditions for their activation are no 

         -- longer applied (transition to other state, 

         -- where signal should not be active) 

         -- Idle value for ps2_clk and ps2_data is 'Z' 

         ps2_clk_h <= '1'; 

         ps2_data_h <= '1'; 

         load_tx_data <= '0'; 

         load_rx_data <= '0'; 

         read <= '0'; 

         err <= '0'; 

 

         case state is 

    

            -- wait for the device to begin a transmission 

            -- by pulling the clock line low and go to state 



  

  

 

 

            -- rx_down_edge or, if write is high, the 

            -- client of this interface wants to send a byte 

            -- to the device and a transition is made to state 

            -- tx_force_clk_l 

            when idle => 

               if(ps2_clk_s = '0') then 

                  state <= rx_down_edge; 

               elsif(write = '1') then 

                  state <= tx_force_clk_l;                

               else 

                  state <= idle; 

               end if; 

    

            -- ps2_clk is high, check if all the bits have been read 

            -- if, last bit read, check parity, and if parity ok 

            -- load received data into rx_data. 

            -- else if more bits left, then wait for the ps2_clk to 

            -- go low 

            when rx_clk_h => 

               if(bit_count = NUMBITS) then 

                  if(not (rx_parity = frame(PARITY_BIT))) then 

                     state <= rx_error_parity; 

                  else 

                     load_rx_data <= '1'; 

                     state <= rx_data_ready; 

                  end if; 

               elsif(ps2_clk_s = '0') then 

                  state <= rx_down_edge; 

               else 

                  state <= rx_clk_h; 

               end if; 

    

            -- data must be read into frame in this state 

            -- the ps2_clk just transitioned from high to low 

            when rx_down_edge => 

               state <= rx_clk_l; 

    

            -- ps2_clk line is low, wait for it to go high 

            when rx_clk_l => 

               if(ps2_clk_s = '1') then 

                  state <= rx_clk_h; 

               else 

                  state <= rx_clk_l; 

               end if; 

    

            -- parity bit received is invalid 

            -- signal error and go back to idle. 

            when rx_error_parity => 

               err <= '1'; 

               state <= idle; 

    

            -- parity bit received was good 

            -- set read signal for the client to know 

            -- a new byte was received and is available on rx_data 

            when rx_data_ready => 

               read <= '1'; 

               state <= idle; 

    

            -- the client wishes to transmit a byte to the device 

            -- this is done by holding ps2_clk down for at least 100us 

            -- bringing down ps2_data, wait 20us and then releasing 

            -- the ps2_clk. 

            -- This constitutes a request to send command. 

            -- In this state, the ps2_clk line is held down and 

            -- the counter for waiting 100us is eanbled. 

            -- when the counter reached upper limit, transition 



  
   

 

            -- to tx_bring_data_down 

            when tx_force_clk_l => 

               load_tx_data <= '1'; 

               ps2_clk_h <= '0'; 

               if(delay_100us_done = '1') then 

                  state <= tx_bring_data_down; 

               else 

                  state <= tx_force_clk_l; 

               end if; 

    

            -- with the ps2_clk line low bring ps2_data low 

            -- wait for 20us and then go to tx_release_clk 

            when tx_bring_data_down => 

               -- keep clock line low 

               ps2_clk_h <= '0'; 

               -- set data line low 

               -- when clock is released in the next state 

               -- the device will read bit 0 on data line 

               -- and this bit represents the start bit. 

               ps2_data_h <= '0';   -- start bit = '0' 

               if(delay_20us_done = '1') then 

                  state <= tx_release_clk; 

               else 

                  state <= tx_bring_data_down; 

               end if; 

    

            -- release the ps2_clk line 

            -- keep holding data line low 

            when tx_release_clk => 

               ps2_clk_h <= '1'; 

               -- must maintain data low, 

               -- otherwise will be released by default value 

               ps2_data_h <= '0'; 

               state <= tx_first_wait_down_edge; 

    

            -- state is necessary because the clock signal 

            -- is not released instantaneously and, because of debounce, 

            -- delay is even greater. 

            -- Wait 63 clock periods for the clock line to release 

            -- then if clock is low then go to tx_clk_l 

            -- else wait until ps2_clk goes low. 

            when tx_first_wait_down_edge => 

               ps2_data_h <= '0'; 

               if(delay_63clk_done = '1') then 

                  if(ps2_clk_s = '0') then 

                     state <= tx_clk_l; 

                  else 

                     state <= tx_first_wait_down_edge; 

                  end if; 

               else 

                  state <= tx_first_wait_down_edge; 

               end if; 

    

            -- place the least significant bit from frame 

            -- on the data line 

            -- During this state the frame is shifted one 

            -- bit to the right 

            when tx_clk_l => 

               ps2_data_h <= frame(0); 

               state <= tx_wait_up_edge; 

 

            -- wait for the clock to go high 

            -- this is the edge on which the device reads the data 

            -- on ps2_data. 

            -- keep holding ps2_data on frame(0) because else 

            -- will be released by default value. 



  

  

 

 

            -- Check if sent the last bit and if so, release data line 

            -- and go to state that wait for acknowledge 

            when tx_wait_up_edge => 

               ps2_data_h <= frame(0); 

               -- NUMBITS - 1 because first (start bit = 0) bit was read 

               -- when the clock line was released in the request to 

               -- send command (see tx_bring_data_down state). 

               if(bit_count = NUMBITS-1) then 

                  ps2_data_h <= '1'; 

                  state <= tx_wait_up_edge_before_ack; 

               -- if more bits to send, wait for the up edge 

               -- of ps2_clk 

               elsif(ps2_clk_s = '1') then 

                  state <= tx_clk_h; 

               else 

                  state <= tx_wait_up_edge; 

               end if; 

    

            -- ps2_clk is released, wait for down edge 

            -- and go to tx_clk_l when arrived 

            when tx_clk_h => 

               ps2_data_h <= frame(0); 

               if(ps2_clk_s = '0') then 

                  state <= tx_clk_l; 

               else 

                  state <= tx_clk_h; 

               end if; 

    

            -- release ps2_data and wait for rising edge of ps2_clk 

            -- once this occurs, transition to tx_wait_ack 

            when tx_wait_up_edge_before_ack => 

               ps2_data_h <= '1'; 

               if(ps2_clk_s = '1') then 

                  state <= tx_wait_ack; 

               else 

                  state <= tx_wait_up_edge_before_ack; 

               end if; 

             

            -- wait for the falling edge of the clock line 

            -- if data line is low when this occurs, the 

            -- ack is received 

            -- else if data line is high, the device did not 

            -- acknowledge the transimission 

            when tx_wait_ack => 

               if(ps2_clk_s = '0') then 

                  if(ps2_data_s = '0') then 

                     -- acknowledge received 

                     state <= tx_received_ack; 

                  else 

                     -- acknowledge not received 

                     state <= tx_error_no_ack; 

                  end if; 

               else 

                  state <= tx_wait_ack; 

               end if; 

    

            -- wait for ps2_clk to be released together with ps2_data 

            -- (bus to be idle) and go back to idle state 

            when tx_received_ack => 

               if(ps2_clk_s = '1' and ps2_data_s = '1') then 

                  state  <= idle; 

               else 

                  state <= tx_received_ack; 

               end if; 

    

            -- wait for ps2_clk to be released together with ps2_data 



  
   

 

            -- (bus to be idle) and go back to idle state 

            -- signal error for not receiving ack 

            when tx_error_no_ack => 

               if(ps2_clk_s = '1' and ps2_data_s = '1') then 

                  err <= '1'; 

                  state  <= idle; 

               else 

                  state <= tx_error_no_ack; 

               end if; 

    

            -- if invalid transition occurred, signal error and 

            -- go back to idle state 

            when others => 

               err <= '1'; 

               state  <= idle; 

    

         end case; 

      end if; 

   end process manage_fsm; 

 

   --------------------------------------------------------------------- 

   -- DELAY COUNTERS 

   --------------------------------------------------------------------- 

 

   -- Enable the 100us counter only when state is tx_force_clk_l 

   delay_100us_counter_enable <= '1' when state = tx_force_clk_l else '0'; 

 

   -- Counter for a 100us delay 

   -- after done counting, done signal remains active until 

   -- enable counter is reset. 

   delay_100us_counter: process(clk) 

   begin 

      if(rising_edge(clk)) then 

         if(delay_100us_counter_enable = '1') then 

            if(delay_100us_count = (DELAY_100US)) then 

               delay_100us_count <= delay_100us_count; 

               delay_100us_done <= '1'; 

            else 

               delay_100us_count <= delay_100us_count + 1; 

               delay_100us_done <= '0'; 

            end if; 

         else 

            delay_100us_count <= (others => '0'); 

            delay_100us_done <= '0'; 

         end if; 

      end if; 

   end process delay_100us_counter; 

 

   -- Enable the 20us counter only when state is tx_bring_data_down 

   delay_20us_counter_enable <= '1' when state = tx_bring_data_down else '0';  

 

   -- Counter for a 20us delay 

   -- after done counting, done signal remains active until 

   -- enable counter is reset. 

   delay_20us_counter: process(clk) 

   begin 

      if(rising_edge(clk)) then 

         if(delay_20us_counter_enable = '1') then 

            if(delay_20us_count = (DELAY_20US)) then 

               delay_20us_count <= delay_20us_count; 

               delay_20us_done <= '1'; 

            else 

               delay_20us_count <= delay_20us_count + 1; 

               delay_20us_done <= '0'; 

            end if; 

         else 



  

  

 

 

            delay_20us_count <= (others => '0'); 

            delay_20us_done <= '0'; 

         end if; 

      end if; 

   end process delay_20us_counter; 

 

   -- Enable the 63clk counter only when state is tx_first_wait_down_edge 

   delay_63clk_counter_enable <= '1' when state = tx_first_wait_down_edge else 

'0'; 

 

   -- Counter for a 63 clock periods delay 

   -- after done counting, done signal remains active until 

   -- enable counter is reset. 

   delay_63clk_counter: process(clk) 

   begin 

      if(rising_edge(clk)) then 

         if(delay_63clk_counter_enable = '1') then 

            if(delay_63clk_count = (DELAY_63CLK)) then 

               delay_63clk_count <= delay_63clk_count; 

               delay_63clk_done <= '1'; 

            else 

               delay_63clk_count <= delay_63clk_count + 1; 

               delay_63clk_done <= '0'; 

            end if; 

         else 

            delay_63clk_count <= (others => '0'); 

            delay_63clk_done <= '0'; 

         end if; 

      end if; 

   end process delay_63clk_counter; 

 

   --------------------------------------------------------------------- 

   -- BIT COUNTER AND FRAME SHIFTING LOGIC 

   --------------------------------------------------------------------- 

 

   -- counts the number of bits shifted into the frame 

   -- or out of the frame. 

   bit_counter: process(clk) 

   begin 

      if(rising_edge(clk)) then 

         if(reset_bit_count = '1') then 

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

         elsif(shift_frame = '1') then 

            bit_count <= bit_count + 1; 

         end if; 

      end if; 

   end process bit_counter; 

 

   -- shifts frame with one bit to right when shift_frame is acitve 

   -- and loads data into frame from tx_data then load_tx_data is high 

   load_tx_data_into_frame: process(clk) 

   begin 

      if(rising_edge(clk)) then 

         if(load_tx_data = '1') then 

            frame(8 downto 1) <= tx_data;       -- byte to send 

            frame(0) <= '0';                    -- start bit 

            frame(10) <= '1';                   -- stop bit 

            frame(9) <= tx_parity;              -- parity bit 

         elsif(shift_frame = '1') then 

            -- shift right 1 bit 

            frame(9 downto 0) <= frame(10 downto 1); 

            -- shift in from the ps2_data line 

            frame(10) <= ps2_data_s; 

         end if; 

      end if; 

   end process load_tx_data_into_frame; 



  
   

 

 

   -- Loads data from frame into rx_data output when data is ready 

   do_load_rx_data: process(clk) 

   begin 

      if(rising_edge(clk)) then 

         if(load_rx_data = '1') then 

            rx_data <= frame(8 downto 1); 

         end if; 

      end if; 

   end process do_load_rx_data; 

 

end Behavioral; 

 

------------------------------------------------------------------------ 

-- resolution_mouse_informer.vhd 

------------------------------------------------------------------------ 

-- Author : Ulrich Zolt?n 

--          Copyright 2006 Digilent, Inc. 

------------------------------------------------------------------------ 

-- Software version : Xilinx ISE 7.1.04i 

--                    WebPack 

-- Device         : 3s200ft256-4 

------------------------------------------------------------------------ 

-- This file contains the logic that send the mouse_controller new 

-- position of the mouse and new maximum values for the position 

-- when resolution changes, so that the mouse will be centered on the 

-- screen and the bounds for the new resolution are properly set. 

------------------------------------------------------------------------ 

--  Behavioral description 

------------------------------------------------------------------------ 

-- This module implements the logic that sets the position of the mouse 

-- when the fpga is powered-up and when the resolution changes. It 

-- also sets the bounds of the mouse corresponding to the currently used 

-- resolution. 

-- The mouse is centered for the currently selected resolution and the 

-- bounds are set appropriately. This way the mouse will first appear 

-- in the center in the screen at start-up and when resolution is 

-- changed and cannot leave the screen. 

-- The position (and similarly the bounds) is set by placing and number 

-- representing the middle of the screen dimension on the value output 

-- and activation the corresponding set signal (setx for horizontal 

-- position, sety for vertical position, setmax_x for horizontal 

-- maximum value, setmax_y for the veritcal maximum value). 

------------------------------------------------------------------------ 

--  Port definitions 

------------------------------------------------------------------------ 

-- clk         - global clock signal 

-- rst         - reset signal 

-- resolution  - input pin, from resolution_switcher 

--             - 0 for 640x480 selected resolution 

--             - 1 for 800x600 selected resolution 

-- switch      - input pin, from resolution_switcher 

--             - active for one clock period when resolution changes 

-- value       - output pin, 10 bits, to mouse_controller 

--             - position on x or y, max value for x or y 

--             - that is sent to the mouse_controller 

-- setx        - output pin, to mouse_controller 

--             - active for one clock period when the horizontal 

--             - position of the mouse cursor is valid on value output 

-- sety        - output pin, to mouse_controller 

--             - active for one clock period when the vertical 

--             - position of the mouse cursor is valid on value output 

-- setmax_x    - output pin, to mouse_controller 

--             - active for one clock period when the horizontal 

--             - maximum position of the mouse cursor is valid on 

--             - value output 



  

  

 

 

-- setmax_y    - output pin, to mouse_controller 

--             - active for one clock period when the vertical 

--             - maximum position of the mouse cursor is valid on 

--             - value output 

------------------------------------------------------------------------ 

-- Revision History: 

-- 09/18/2006(UlrichZ): created 

------------------------------------------------------------------------ 

 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

-- simulation library 

library UNISIM; 

use UNISIM.VComponents.all; 

 

-- the resolution_mouse_informer entity declaration 

-- read above for behavioral description and port definitions. 

entity resolution_mouse_informer is 

port ( 

   clk         : in std_logic; 

   rst         : in std_logic; 

 

   resolution  : in std_logic; 

   switch      : in std_logic; 

 

   value       : out std_logic_vector(9 downto 0); 

   setx        : out std_logic; 

   sety        : out std_logic; 

   setmax_x    : out std_logic; 

   setmax_y    : out std_logic 

); 

end resolution_mouse_informer; 

 

architecture Behavioral of resolution_mouse_informer is 

 

------------------------------------------------------------------------ 

-- CONSTANTS 

------------------------------------------------------------------------ 

 

-- center horizontal position of the mouse for 640x480 and 800x600 

constant POS_X_128: std_logic_vector(9 downto 0) := "1000000000"; -- 64 

--constant POS_X_640: std_logic_vector(9 downto 0) := "0101000000"; -- 320 

constant POS_X_800: std_logic_vector(9 downto 0) := "0110010000"; -- 400 

 

-- center vertical position of the mouse for 640x480 and 800x600 

constant POS_Y_128: std_logic_vector(9 downto 0) := "1000000000"; -- 32 

--constant POS_Y_640: std_logic_vector(9 downto 0) := "0011110000"; -- 240 

constant POS_Y_800: std_logic_vector(9 downto 0) := "0100101100"; -- 300 

                                                  

-- maximum horizontal position of the mouse for 640x480 and 800x600 

constant MAX_X_128: std_logic_vector(9 downto 0) := "1111111111"; -- 127 = 6 msb 

--constant MAX_X_640: std_logic_vector(9 downto 0) := "1001111111"; -- 639 

constant MAX_X_800: std_logic_vector(9 downto 0) := "1100011111"; -- 799 

 

-- maximum vertical position of the mouse for 640x480 and 800x600 

constant MAX_Y_128: std_logic_vector(9 downto 0) := "1111111111"; -- 63 = 5 msb 

--constant MAX_Y_640: std_logic_vector(9 downto 0) := "0111011111"; -- 479 

constant MAX_Y_800: std_logic_vector(9 downto 0) := "1001010111"; -- 599 

 

constant RES_128  : std_logic := '1'; 

--constant RES_640  : std_logic := '0'; 

constant RES_800  : std_logic := '0'; 

 



  
   

 

------------------------------------------------------------------------ 

-- SIGNALS 

------------------------------------------------------------------------ 

 

type fsm_state is (sReset,sIdle,sSetX,sSetY,sSetMaxX,sSetMaxY); 

-- signal that holds the current state of the FSM 

signal state: fsm_state := sIdle; 

 

begin 

 

   -- value receives the horizontal position of the mouse, the vertical 

   -- position, the maximum horizontal value and maximum vertical 

   -- value for the active resolution when in the apropriate state 

   value <= POS_X_128 when state = sSetX and resolution = RES_128 else 

            POS_X_800 when state = sSetX and resolution = RES_800 else 

            POS_Y_128 when state = sSetY and resolution = RES_128 else 

            POS_Y_800 when state = sSetY and resolution = RES_800 else 

           MAX_X_128 when state = sSetMaxX and resolution = RES_128 else 

           MAX_X_800 when state = sSetMaxX and resolution = RES_800 else 

           MAX_Y_128 when state = sSetMaxY and resolution = RES_128 else 

           MAX_Y_800 when state = sSetMaxY and resolution = RES_800 else 

           (others => '0'); 

 

   -- when in state sSetX, set the horizontal value for the mouse 

   setx <= '1' when state = sSetX else '0'; 

   -- when in state sSetY, set the vertical value for the mouse 

   sety <= '1' when state = sSetY else '0'; 

   -- when in state sSetMaxX, set the horizontal max value for the mouse 

   setmax_x <= '1' when state = sSetMaxX else '0'; 

   -- when in state sSetMaxX, set the vertical max value for the mouse 

   setmax_y <= '1' when state = sSetMaxY else '0'; 

 

   -- when a resolution switch occurs (even to the same resolution) 

   -- leave the idle state 

   -- if just powered up or reset occures go to reset state and 

   -- from there set the position and bounds for the mouse 

   manage_fsm: process(clk,rst) 

   begin 

      if(rst = '1') then 

         state <= sReset; 

 

      elsif(rising_edge(clk)) then 

          

         case state is 

 

            -- when reset occurs (or power-up) set the position 

            -- and bounds for the mouse. 

            when sReset =>  

               state <= sSetX;          

 

            -- remain in idle while switch is not active. 

            when sIdle => 

               if(switch = '1') then 

                  state <= sSetX; 

               else 

                  state <= sIdle; 

               end if; 

 

            when sSetX => 

               state <= sSetY; 

                

            when sSetY => 

               state <= sSetMaxX; 

 

            when sSetMaxX => 

               state <= sSetMaxY; 



  

  

 

 

 

            when sSetMaxY => 

               state <= sIdle; 

 

            when others => 

               state <= sIdle; 

         end case; 

      end if; 

   end process; 

end Behavioral; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  
   

 

 ثشای ثَسد آهَصؿي اسسجبى ػشيبل ثب کبهذيَسش -45
 3ی ٍ دبيِ 3سا ثِ  2ی کبهذيَسش سا ثب يک کبثل ػشيبل کشاع )کبثلي کِ دبيِ (COM)ديٌي ػشيبل  9َسر د

-)دقز کٌيذ کِ ثؼوي اص ػککٌذ( ثِ دَسر ػشيبل ثَسد هشلل کٌيذ ثِ كَسر هشثذسی هشلل هي 2سا ثِ 

دس ايي هَاسد کوي ثب  کوي ثضسگ ّؼشٌذ ٍ هوکي اػز دس كيي اسلبل ثِ ثَسد فـبس ٍاسد کٌٌذ؛ ػشيبلّبی 

سا کِ دس ٍيٌذٍص ٍػَد داسد اػشا کٌيذ ٍ سٌظيوبر آى سا سٍی  hyperterminalی . ثشًبهِاكشيبى ػول کٌيذ(

ّان سا دس ّاش    :Flow controlػز کٌيذ.  parityٍ ثذٍى  stopثيز  1ثيز دادُ ٍ  8ثب  1200bpsثبٍد سيز 

 ّبيؾ قشاس دّيذ )فشقي ًذاسد(. يک اص كبلز

ِ  اص ثشًبهِ hyperterminalسَاًيذ ثِ ػبی ِ هيالجش ی خَدسابى سا ثاب   ّبی ديگشی ّن اػش بدُ کٌيذ ياب ثشًبها

 ٍ غيشُ ثٌَيؼيذ. VBّبيي هظل صثبى

قجل ٍ يکي ّان ثؼاذؽ( ثاِ کابهذيَسش      enter)ثب يک  AmOL electronicsثِ هلن اػشای ثشًبهِ، ػجبسر 

ّن ثِ كاَسر  « :T»، ػلَی ػجبسر LCDدس ػٌش اٍل  ؿَد )ثِ كَسر كش  كش ( ٍ ّوضهبىفشػشبدُ هي

 LF(Line Feed)  ٍCR(Cariage Return)ؿبهل  Enterؿَد )کذّبی هشثَى ثِ كش  كش  ًـبى دادُ هي

ؿاَد(. داغ اص آى   ًـبى دادُ هاي  LCDقبثل ًوبيؾ ًيؼشٌذ ٍ ثِ ػبی آًْب اؿکبل ًبهـخلي دس  LCDدس 

ثب کذ اػکي کبساکشش هَسد ًظش ٍ ػاذغ فـاشدى    on/offکليذّبی  سَاًيذ كشٍ  دلخَاُ خَد سا ثب سٌظينهي

ؿاَد.  ًـبى دادُ هاي  LCDثِ کبهذيَسش ث شػشيذ. ّوضهبى كش  اسػبلي دس  8ی کليذ فـبسی هشلل ثِ دبيِ

 LCDقبثل ًوبيؾ ًيؼشٌذ ٍ ثشای آًْب اؿکبل ًبهـخلي دس  LCD)ثبص ّن سَػِ کٌيذ کِ ثؼوي اص کذّب دس 

 ثيٌيذ(.هي

، LCDؿَد ٍ دس ػاٌش دٍم  ثَسد کبهذيَسش ّن ثِ ثَسد فشػشبدُ هييي كبل كشٍ  فـشدُ ؿذُ دس کيدس ّو

 ؿَد.ًـبى دادُ هي« :R»ػلَی ػجبسر 

 LEDؿَد ٍ دس ّـاز  ػوز ساػز ثَسد، کذ اػکي كش  دسيبفشي ًـبى دادُ هي LEDّوضهبى دس ّـز 

ّبی هشٌبظش  LEDدس دسيبفز ٍ اسػبل ّن  ؿَد. ثب ّش سغييشػوز ؿخ ّن کذ كش  اسػبلي ًـبى دادُ هي

 ؿًَذ(.صًٌذ )يک ثبس خبهَؽ ٍ سٍؿي هيؿـوک هي



  

  

 

 

ثبؿذ کِ لضٍهي ًذاسد کِ دس اثشذای کبس كشوبً فـشدُ ؿَد. ، ثشای سيؼز هي41ی کليذ فـبسی هشلل ثِ دبيِ

1ثشای دبلغ ػبػز ّن اص اػيتسَس 
MHz      فؼابل ؿاذُ ساب    سٍی ثَسد اػش بدُ ؿذُ اػز. ثابصس ثاَسد ّان غياش

 ًَيضّبی هَػَد ثبػض سَليذ اكشوبلي كذاّبی سيض هضاكن ًـًَذ.

 

 

 ثشًبهِ:

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity serial is 

   Port (  

   --lcd-- 

   data : out std_logic_vector(7 downto 0); 

   rs : out std_logic; 

   rw : out std_logic; 

   e : out std_logic; 

   bl : out std_logic; 

 

   --serial-- 

   txd :  out std_logic; 

   rxd:  in std_logic; 

   leds :  out std_logic_vector(15 downto 0); 

   port_in :  in std_logic_vector(7 downto 0); 

   enter :  in std_logic; 

 

   --general-- 

   clk_1M :  in std_logic; 

   reset:  in std_logic; 

   buzzer : out std_logic 

 ); 

end serial; 

 

architecture Behavioral of serial is 

   constant delay_4000 : integer := 16384;  

   constant data_show : integer := 8;  --number of data to be showed in LCD 

   signal e1 : std_logic; 

 

 constant baud : integer := 1200;          --baud  

 constant crystal : integer := 1000000;   --crystal 

 constant bit_time : integer := (crystal/baud)-1;     

   signal lcd_show_receive : std_logic;  

   signal receive_reg : std_logic_vector (9 downto 0);  

   signal send_reg : std_logic_vector (10 downto 0);  

   signal mask_send, mask_receive : std_logic_vector (7 downto 0);  

 

 type state is (start, write, delay, stop); 

   signal current, return_state : state; 

 

 type state_receive is (start, receive_data, delay_receive);  

   signal receive : state_receive; 



  
   

 

 

 type state_send is (start, send_data, delay_send);  

   signal send, return_send : state_send; 

 

   type array_show is array (0 to data_show - 1)                                            

                           of std_logic_vector (8 downto 0); 

   constant table : array_show := ( 

          "000111000", "000001100", "000000001",  

    "101010011", "100111010", --S: 

    "011000000", 

    "101010010", "100111010" --R: 

     ); 

   type array_send is array (0 to 19)                                            

                           of std_logic_vector (7 downto 0); 

   constant send_table : array_send := ( 

    "00001010", "00001101", 

          "01000001", "01101101", "01001111", "01001100", --AmOL 

          "00100000", "01100101", "01101100", "01100101", -- ele 

    "01100011", "01110100", "01110010", "01101111", --ctro

  

          "01101110", "01101001", "01100011", "01110011", --nics   

    "00001010", "00001101" 

  ); 

begin 

 

   process (clk_1M, reset) 

  variable i, count1, count, count_receive, count2, 

     count_send, count3, count4 : integer; 

  variable round_receive, lcd_show_receive, 

      round_send, lcd_show_send, first_send : 

std_logic; 

   begin            

  if reset = '1' then  

       current <= start; 

     rs <= '0'; 

   rw <= '0'; 

   e1 <= '1'; 

   bl <= '1'; 

   i := 0; 

   count1 := 0; 

   count2 := 0; 

   round_receive := '0'; 

   lcd_show_receive := '0'; 

   count_receive := 0; 

   receive <= start; 

   count3 := 0; 

   round_send := '0'; 

   lcd_show_send := '0'; 

   count_send := 0; 

   send <= start; 

   first_send := '0'; 

   count4 := 0; 

   mask_send <= "11111111"; 

   mask_receive <= "11111111"; 

   buzzer <= '1'; 

     elsif clk_1M = '1' and clk_1M'event then 

     case current is 

   when start => 

        data <= table(i)(7 downto 0); 

    rs <= table(i)(8); 

    if i < data_show  then 

     current <= write; 

     count1 := delay_4000; 

     i := i + 1;  

    else 

     if lcd_show_receive = '1' then 



  

  

 

 

      if round_receive = '0' then 

           data <= "11000011"; 

       rs <= '0'; 

       current <= write; 

       count1 := delay_4000; 

       round_receive := '1'; 

      else   

           data <= receive_reg(8 downto 1); 

       rs <= '1'; 

       current <= write; 

       count1 := delay_4000; 

       round_receive := '0'; 

       lcd_show_receive := '0'; 

       mask_receive <= "11111111"; 

      end if; 

     end if; 

     if lcd_show_send = '1' then 

      if round_send = '0' then 

           data <= "10000011"; 

       rs <= '0'; 

       current <= write; 

       count1 := delay_4000; 

       round_send := '1'; 

      else   

           data <= send_reg(8 downto 1); 

       rs <= '1'; 

       current <= write; 

       count1 := delay_4000; 

       round_send := '0'; 

       lcd_show_send := '0'; 

      end if; 

     end if; 

          end if; 

     when write => 

      e1 <= not e1; 

      count := count1; 

     if e1 = '1' then 

      return_state <= write; 

    else 

      return_state <= start; 

    end if; 

      current <= delay; 

     when delay => 

    count := count - 1; 

    if count = 0 then 

       current <= return_state; 

          end if; 

     when others => 

     end case; 

 

   case  receive  is 

   when start => 

    if(rxd='0')then 

     mask_receive <= "00000000"; 

     receive <= delay_receive; 

     count2 := bit_time / 2; 

    end if; 

   when receive_data => 

    if (count_receive < 9) then 

     receive_reg (count_receive) <= rxd;  --receiving 

     count_receive := count_receive + 1; 

     receive <= delay_receive; 

     count2 := bit_time; 

    else 

     count_receive := 0; 



  
   

 

     lcd_show_receive := '1';         --send char to 

lcd 

     receive <= start; 

    end if; 

   when delay_receive => 

    if count2 = 0 then 

     receive <= receive_data; 

    else 

     count2 := count2 - 1; 

    end if; 

   end case; 

 

   case send is 

   when start => 

    mask_send <= "11111111"; 

    if first_send = '0' then 

     if count4 <= 19 then 

      send_reg <= "11" & send_table (count4) & 

'0'; 

      send <= send_data; 

      count4 := count4 + 1; 

     else 

      first_send := '1'; 

     end if; 

    elsif (enter='1')then 

     mask_send <= "00000000"; 

     send_reg <= "11" & port_in & '0'; 

     send <= send_data; 

    end if; 

   when send_data => 

    txd <= send_reg (count_send);  --sending 

    if (count_send = 10) then 

     count_send := 0; 

     count3 := 300000; 

     lcd_show_send := '1';         --send char to lcd 

     return_send <= start; 

     send <= delay_send; 

    else 

     count_send := count_send + 1; 

     count3 := bit_time; 

     return_send <= send_data; 

     send <= delay_send; 

    end if; 

   when delay_send =>    

    if count3 = 0 then 

     send <= return_send; 

    else 

     count3 := count3 - 1; 

    end if; 

   end case; 

 

      end if; 

   end process; 

 e <= e1; 

 leds(7 downto 0) <= receive_reg(8 downto 1) and mask_receive; 

 leds(15 downto 8) <= send_reg(8 downto 1) and mask_send; 

 

end Behavioral; 

 

 

 



  

  

 

 

 ثشای ثَسد آهَصؿي اسلبل سلَيضيَى -46
 

سٍی ثَسد ٍكل کٌياذ. ثتفبكالِ داغ اص     TVثِ دَسر ( سا Video inسلَيضيَى )فيؾ  RCAفيؾ صسد سًگ 

ـابّذُ  سَاًياذ ه هاي ی هـاکي  سٍی صهيٌِسا    electronics    ػجبسر سلَيضيَىاسلبل دس ٍػي 

ساش  ػايبُ ٍ ػا يذ هـاَْس اػاز )ثاِ ثيابى دقياق       کٌيذ )دس ايي ثَسد سلبٍيش ثِ كَسر آًـِ دس ػبهاِ ثاِ   

Grayscaleًـبى دادُ هي ) ِ ثبؿاذ، ثاب ؿاؾ کلياذ      '0'، سٍی 7ی ؿًَذ(. دس كَسسي کِ کليذ هشلل ثِ دبيا

on/off ی ٍػي ك لِ سا اص هـکي کبهل سب ػ يذ کبهل سغييش دّيذ. سَاًيذ ػٌق خبکؼششی ًَؿشِديگش هي

کٌٌذ. دس كَسسي کِ ثبؿٌذ ٍ ػٌق سا ثيـشش ثِ ػ يذ ًضديک هييکليذّبی ػوز ؿخ داسای اسصؽ ثبلاسش ه

ؿاًَذ. دس ًشيؼاِ کاتً داسای ّـاز     ی کليذّبی ػوز ساػز آى ثي اطش هيؿَد، ّوِ ('1')يک کليذ فؼبل 

 ثبؿين.ػٌق خبکؼششی )هٌؼولِ هـکي ٍ ػ يذ( هي

کؼششی ًَؿشِ، ثلَسر اسَهبسيک ثبؿذ، ػول سغييش ػٌق خب '1'، سٍی 7ی دس كَسسي کِ کليذ هشلل ثِ دبيِ

ؿَد. ثذيي كَسر کِ ػٌق خبکؼششی ًَؿشِ اص ػ يذ ؿشٍع ؿذُ )اگش ثيؾ اص يک کليذ دس كبلز اًؼبم هي

فؼبل ثبؿٌذ يب ّيؾ کليذی فؼبل ًـذُ ثبؿاذ ٍ دس غياش ايٌلاَسر اص ّوابى      7ی کشدى کليذ دبيِ '1'قجل اص 

ُ سب ثِ ًضديکششيي كذ ثِ هـکي ثشػذ ٍ ػذغ دسػاب  ؿَد( ٍ ثِ سذسيغ کوشًگ ؿذػٌلي کِ ثَد ؿشٍع هي

 کٌذ.گشدد ٍ ايي ػول سا سکشاس هيثِ كبلز ػ يذ ثش هي

LED ياب   '0')ايٌکِ سغييش ػٌق ثاِ كاَسر دػاشي     7ی سشيي( ّن ٍهؼيز کليذ دبيِآخش ثَسد )ػوز ؿخ

بی ديؼيشبل اسػبلي ثِ ّقجل آى دس ّش للظِ ػيگٌبل LEDّ ز  ٍ دّذثبؿذ( سا ًـبى هيهي '1'اسَهبسيک 

 دّذ. سلَيضيَى سا ًـبى هي

ثبؿذ کِ لضٍهي ًذاسد کِ دس اثشذای کبس كشوبً فـشدُ ؿَد. ، ثشای سيؼز هي41ی کليذ فـبسی هشلل ثِ دبيِ

50ثشای دبلغ ػبػز ّن اص اػيتسَس 
MHz        سٍی ثَسد اػش بدُ ؿذُ اػز. ثبصس ثاَسد ّان غياش فؼابل ؿاذُ ساب

 ليذ اكشوبلي كذاّبی سيض هضاكن ًـًَذ.ًَيضّبی هَػَد ثبػض سَ

 

 



  
   

 

 
library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

---- Uncomment the following library declaration if instantiating 

---- any Xilinx primitives in this code. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity tv is 

   Port ( clk_50M : in std_logic; 

           reset : in std_logic; 

           level : out std_logic_vector(6 downto 0); 

     led : out std_logic_vector( 7 downto 0); 

     key_Auto:in std_logic; 

     key: in std_logic_vector(6 downto 0); 

           level_0_3v : out std_logic; 

     buzzer : out std_logic); 

end tv; 

 

architecture Behavioral of tv is 

 

 type tv_state is (start_page1, hsync_1, level_data1, end_page1, vsync_1,  

         start_page2, page2_47us, hsync_2, 

level_data2, vsync_2); 

 signal type_level:std_logic_vector(6 downto 0); 

 

 type pic_rom is array (0 to 9999) of std_logic;    

 constant pic_matrix : pic_rom := 

('0','0','0','0','0','0','0','1','1','1','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','1','1','1','1','0','0','0','0','0','0','0','0','0','1','1','1

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','1','1','1','1','1','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','1','1','1','1','1','1','1','1','0','0','0','0','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','1','1','1','1','1','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','1','1','1','1','1','1','1','1','1','1','1','1','0','0','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','1','1','0','1','1','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','1','1','1','0','0','0','0','0','0','1','1','1','0','0','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'



  

  

 

 

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','1','1','1','0','1','1','1','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','1','1','1','0','0','0','0','0','0','0','0','1','1','1','0','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','1','1','0','0','0','1','1','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','1','1','0','0','0','0','0','0','0','0','0','0','1','1','0','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','1','1','1','0','0','0','1','1','1','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','1','1','0','0','0','0','0','0','0','0','0','0','1','1','0','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','1','1','0','0','0','0','0','1','1','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'1','1','1','0','0','0','0','0','0','0','0','0','0','1','1','1','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','1','1','0','0','0','0','0','1','1','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'1','1','1','0','0','0','0','0','0','0','0','0','0','1','1','1','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','1','1','1','0','0','0','0','0','1','1','1','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'1','1','1','0','0','0','0','0','0','0','0','0','0','1','1','1','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 



  
   

 

 '0','0','0','1','1','1','1','1','1','1','1','1','1','1','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'1','1','1','0','0','0','0','0','0','0','0','0','0','1','1','0','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','1','1','1','1','1','1','1','1','1','1','1','1','1','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','1','1','0','0','0','0','0','0','0','0','0','0','1','1','0','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','1','1','1','1','1','1','1','1','1','1','1','1','1','0','0','0','0'

,'1','1','1','0','0','1','1','1','0','0','0','0','1','1','0','0','0','0','0','0',

'0','1','1','1','0','0','0','0','0','0','0','0','1','1','1','0','0','0','0','1','

1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','
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0','0','0','0','0','0','0','0','0','1','1','0','0','0','1','1','1','0','0','0','0

','0','0','0','1','1','0','0','0','0','1','1','0','0','0','0','0','1','1','1','0'

,'0','0','0','0','0','0','0','1','1','1','0','0','0','0','0','1','1','1','1','1',

'0','0','0','1','1','1','1','1','1','1','1','1','0','0','0','0','0','0','0','1','

1','0','0','0','0','0','1','1','1','1','1','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','1','1','0','0','0','0','1','1'

,'0','0','0','0','0','0','1','1','1','1','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','1','1','0','0','0','0','0','1','1','0','0','0','0','0','0','1','1','0','

0','0','0','0','0','0','0','0','1','1','0','0','0','0','0','1','1','0','0','0','0

','0','0','1','1','0','0','0','0','0','1','1','0','0','0','0','0','1','1','0','0'

,'0','0','0','0','0','0','0','1','1','1','0','0','0','0','1','1','1','1','1','0',

'0','0','1','1','1','0','0','0','0','1','1','1','1','0','0','0','0','0','1','1','

1','0','0','0','0','1','1','1','1','1','1','0','0','0','0','0','0','0','0','1','1

','1','0','0','0','0','0','0','0','0','0','0','1','1','0','0','0','0','0','1','1'

,'0','0','0','0','0','1','1','1','1','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','1','1','0','0','0','0','0','1','1','1','0','0','0','0','0','1','1','1','0','

0','0','0','0','0','0','0','1','1','0','0','0','0','0','1','1','1','0','0','0','0

','0','1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','1','1','0','0'

,'0','0','0','0','0','0','0','1','1','1','0','0','0','1','1','0','0','0','0','0',

'0','1','1','1','0','0','0','0','0','0','1','1','1','1','1','1','1','1','1','1','

1','0','0','0','1','1','1','0','0','1','1','0','0','0','0','0','0','0','0','1','1

','1','0','0','0','0','0','0','0','0','0','1','1','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','1','1','1','0','0','0','0','0','0','0','0','1','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'1','1','1','0','0','0','0','0','1','1','0','0','0','0','0','0','1','1','0','0','

0','0','0','0','0','0','1','1','1','0','0','0','0','0','1','1','0','0','0','0','0

','1','1','1','0','0','0','0','0','0','0','0','0','0','0','0','1','1','1','0','0'

,'0','0','0','0','0','0','0','1','1','1','0','0','1','1','0','0','0','0','0','0',

'1','1','1','0','0','0','0','0','0','0','0','1','1','0','1','1','1','1','1','1','

1','0','0','1','1','1','0','0','0','1','1','0','0','0','0','0','0','0','0','1','1

','1','0','0','0','0','0','0','0','0','1','1','1','0','0','0','0','0','0','0','0'

,'0','0','0','0','1','1','1','1','0','0','0','0','0','0','0','1','1','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'1','1','0','0','0','0','0','1','1','1','0','0','0','0','0','1','1','1','0','0','

0','0','0','0','0','1','1','1','0','0','0','0','0','1','1','1','0','0','0','0','0

','1','1','0','0','0','0','0','0','0','0','0','0','0','0','0','1','1','1','0','0'

,'0','0','0','0','0','0','0','1','1','0','0','1','1','0','0','0','0','0','0','0',

'1','1','0','0','0','0','0','0','0','0','0','1','1','0','0','0','0','0','0','1','

1','0','0','1','1','0','0','0','0','1','1','0','0','0','0','0','0','0','0','1','1

','1','0','0','0','0','0','0','0','1','1','1','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','1','0','1','1','1','0','0','0','0','0','1','1','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'1','1','0','0','0','0','1','1','0','0','0','0','0','0','1','1','1','1','0','0','

0','0','0','0','0','1','1','1','0','0','0','0','1','1','0','0','0','0','0','0','1



  
   

 

','1','1','0','0','0','0','0','0','0','0','0','0','0','0','1','1','1','1','0','0'

,'0','0','0','0','0','0','0','1','1','0','0','1','0','0','0','0','0','0','0','1',

'1','1','0','0','0','0','0','0','0','0','1','1','1','0','0','0','0','0','0','1','

1','0','1','1','0','0','0','0','0','1','1','1','0','0','0','0','0','0','1','1','1

','0','0','0','0','0','0','0','0','1','1','1','0','0','0','0','0','0','0','0','0'

,'0','0','0','1','0','0','0','1','1','0','0','0','0','1','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','1',

'1','1','1','1','1','1','1','0','0','0','0','0','0','1','1','1','1','1','0','0','

0','0','0','0','1','1','1','1','1','1','1','1','1','0','0','0','0','0','0','1','1

','1','1','0','0','0','0','0','0','0','0','0','0','0','1','1','1','1','1','0','0'

,'0','0','0','0','0','0','0','1','1','0','1','0','0','0','0','0','0','0','0','1',

'1','1','0','0','0','0','0','0','0','0','1','1','1','0','0','0','0','0','1','1','

1','1','1','0','0','0','0','0','0','1','1','1','0','0','0','0','0','1','1','1','1

','0','0','0','0','0','0','0','1','1','1','1','0','0','0','0','0','0','0','0','0'

,'0','0','1','1','0','0','0','1','1','1','0','1','1','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','1',

'1','1','0','0','0','0','0','0','0','0','0','0','1','1','0','1','1','1','0','0','

0','0','0','1','1','1','1','1','0','0','0','0','0','0','0','0','0','0','1','1','1

','1','1','0','0','0','0','0','0','0','0','0','0','1','1','0','1','1','0','0','0'

,'0','0','0','0','0','0','0','1','1','1','1','0','0','0','0','0','0','0','0','1',

'1','0','0','0','0','0','0','0','0','0','1','1','0','0','0','0','0','0','1','1','

1','1','1','0','0','0','0','0','0','1','1','1','0','0','0','0','1','1','1','1','1

','0','0','0','0','0','0','1','1','1','1','1','0','0','0','0','0','0','0','0','0'

,'0','1','1','0','0','0','0','0','1','1','1','1','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','1',

'1','1','0','0','0','0','0','0','0','0','0','1','1','0','0','1','1','1','0','0','

0','0','1','1','1','1','1','1','0','0','0','0','0','0','0','0','0','1','1','0','0

','1','1','0','0','0','0','0','0','0','0','0','1','1','0','0','1','1','1','0','0'

,'0','0','0','1','0','0','1','1','1','1','0','0','0','0','0','0','0','0','0','1',

'1','1','0','0','0','0','0','0','0','0','1','1','0','0','0','0','0','0','1','1','

1','1','0','0','0','0','0','0','0','1','1','1','0','0','0','1','1','1','1','1','1

','0','0','0','0','0','1','1','0','0','1','1','0','0','0','0','0','0','0','0','0'

,'1','1','0','0','0','0','0','1','1','1','1','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','1',

'1','1','0','0','0','0','0','0','0','0','1','1','0','0','0','1','1','1','0','0','

0','1','1','1','0','1','1','1','0','0','0','0','0','0','0','0','1','1','0','0','0

','1','1','1','0','0','0','0','0','0','0','1','1','0','0','0','1','1','1','0','0'

,'0','0','1','1','0','0','1','1','1','0','0','0','0','0','0','0','0','0','0','1',

'1','1','0','0','0','0','0','0','0','1','1','0','0','0','0','0','0','0','1','1','

1','1','0','0','0','0','0','0','0','1','1','1','0','0','1','1','1','0','1','1','1

','0','0','0','0','1','1','0','0','0','1','1','1','0','0','0','0','0','0','0','1'

,'1','0','0','0','0','1','1','1','0','1','1','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'1','1','1','0','0','0','0','0','1','1','1','0','0','0','0','1','1','1','1','1','

1','1','1','0','0','0','1','1','1','0','0','0','0','0','1','1','1','0','0','0','0

','1','1','1','1','0','0','0','0','1','1','1','0','0','0','0','1','1','1','1','1'

,'1','1','1','0','0','0','1','1','1','0','0','0','0','0','0','0','0','0','0','0',

'1','1','0','0','0','0','0','0','1','1','0','0','0','0','0','0','0','0','1','1','

1','0','0','0','0','0','0','0','0','1','1','1','1','1','1','1','0','0','1','1','1

','0','0','0','1','1','0','0','0','0','1','1','1','1','0','0','0','0','1','1','1'

,'0','0','0','0','1','1','0','0','0','1','1','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','1','1','1','1','1','1','1','1','0','0','0','0','0','0','0','1','1','1','1','

1','1','0','0','0','0','0','1','1','1','1','1','1','1','1','0','0','0','0','0','0

','0','1','1','1','1','1','1','1','1','0','0','0','0','0','0','0','1','1','1','1'

,'1','1','0','0','0','0','1','1','0','0','0','0','0','0','0','0','0','0','0','0',

'0','1','1','0','0','0','0','1','1','0','0','0','0','0','0','0','0','0','1','1','

0','0','0','0','0','0','0','0','0','0','1','1','1','1','1','0','0','0','0','1','1

','1','1','1','1','0','0','0','0','0','0','1','1','1','1','1','1','1','1','0','0'

,'0','0','0','1','1','0','0','0','0','1','1','0','0','0','0','0','0','0','0', 



  

  

 

 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','1','1','1','1','1','0','0','0','0','0','0','0','0','0','0','1','1','1','

0','0','0','0','0','0','0','0','1','1','1','1','1','0','0','0','0','0','0','0','0

','0','0','1','1','1','1','1','0','0','0','0','0','0','0','0','0','0','1','1','1'

,'0','0','0','0','0','0','1','1','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','1','1','1','1','1','0','0','0','0','0','0','0','0','0','0','0','1','1','

0','0','0','0','0','0','0','0','0','0','0','1','1','1','0','0','0','0','0','0','1

','1','1','0','0','0','0','0','0','0','0','0','1','1','1','1','1','0','0','0','0'

,'0','0','0','1','1','0','0','0','1','1','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','1','1','1','1','1','1','1','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','1','1','1','1','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0', 

 '0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0',



  
   

 

'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','

0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0

','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'

,'0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0','0'); 

 

begin 

 

 process(clk_50M,reset) 

  variable state: tv_state; 

  variable line_counter, count, pixel_counter,  

     counter2, x, secend: integer RANGE 0 TO 20000; 

  variable c: integer ; 

 begin 

    if reset = '1' then 

   state := start_page1; 

   count := 0; 

   buzzer <= '1'; 

  elsif (clk_50M='1' and clk_50M'event)then 

   count := count + 1; 

   case state is 

   when start_page1 =>   --4.7us 

    if count < 235 then      

     state := start_page1; 

     level_0_3v <= '0'; 

     level <= "0000000"; 

    elsif count = 235 then 

     state := hsync_1; 

    end if; 

   when hsync_1 =>   --5.8us 

    if count > 235 and count < 525 then 

     state := hsync_1; 

     level_0_3v <= '1'; 

     level <= "0000000"; 

    elsif count = 525 then 

     state := level_data1; 

     count := 0; 

    end if; 

   when level_data1 =>   --53.5us 

    if count > 0 and count < 2675 then 

     state := level_data2; 

     level_0_3v <= '1'; 

    elsif count = 3200 then 

     line_counter := line_counter + 1; 

     level <= "0000000"; 

     level_0_3v <= '1';   

     if line_counter < 314 then 

      state := start_page1; 

      count := 0; 

     elsif line_counter = 314 then 

      state := end_page1; 

      count := 0; 

      line_counter := 0; 

     end if; 

    end if; 

   when end_page1 => 

    if count < 1600 then 

     state := end_page1; 

     level_0_3v <= '1'; 

     level <= "0000000"; 

     elsif count = 1600 then 

      state := vsync_1; 

     level_0_3v <= '0'; 

     level <= "0000000"; 

     count := 0; 

     end if; 

   when vsync_1 => 



  

  

 

 

    if count < 8000 then 

     state := vsync_1; 

     level_0_3v <= '0'; 

     level <= "0000000"; 

    elsif count = 8000 then 

     state := start_page2; 

     level_0_3v <= '1'; 

     level <= "0000000"; 

     count := 0; 

    end if; 

   when start_page2 => 

    if count < 1600 then 

     state := start_page2; 

     level_0_3v <= '1'; 

     level <= "0000000"; 

    elsif count = 1600 then 

     state := page2_47us; 

     level_0_3v <= '0'; 

     level <= "0000000"; 

     count := 0; 

    end if; 

   when page2_47us => 

    if count < 235 then 

     state := page2_47us; 

     level_0_3v <= '0'; 

     level <= "0000000"; 

    elsif count = 235 then 

     state := hsync_2; 

     level_0_3v <= '1'; 

     level <= "0000000"; 

     count := 0; 

    end if; 

   when hsync_2 => 

    if count < 290 then 

     state := hsync_2; 

     level_0_3v <= '1'; 

     level <= "0000000"; 

    elsif count = 290 then  

     state := level_data2; 

     level_0_3v <= '1'; 

     level <= "0000000"; 

     count := 0; 

    end if;  

   when level_data2 => 

    if count > 0 and count < 2675 then 

     state := level_data2; 

     level_0_3v <= '1'; 

       counter2 := counter2 + 1; 

       if counter2 = 4 then 

        counter2 := 0; 

      pixel_counter := pixel_counter + 1; 

        if line_counter > 128 and line_counter < 

179 and  

         pixel_counter > 210 and pixel_counter < 

411 then 

         if x < 9999 then 

        x := x + 1; 

       else 

        x := 0; 

       end if; 

       if pic_matrix(x) = '1' then 

        level <= type_level; 

       else 

        level <= "0000000"; 

       end if; 

      end if; 



  
   

 

     end if; 

    elsif count = 2675 then 

     pixel_counter := 0; 

     line_counter := line_counter + 1; 

     level <= "0000000"; 

     level_0_3v <= '1'; 

     if line_counter < 314 then 

      state := page2_47us; 

      count := 0; 

     elsif line_counter = 314 then 

      state := vsync_2; 

      count := 0; 

      line_counter := 0; 

     end if; 

    end if; 

   when vsync_2 => 

    if count < 8000 then 

     state := vsync_2; 

     level_0_3v <= '0'; 

     level <= "0000000"; 

    elsif count = 8000 then 

     state := start_page1; 

     level_0_3v <= '1'; 

     level <= "0000000"; 

     count := 0; 

    end if; 

   end case; 

   c :=c+1; 

       if c = 50000000 then 

          c := 0; 

      if key_Auto ='1' then 

     if type_level = "1000000" or type_level = 

"0100000"   

       or type_level = "0010000" or 

type_level = "0001000"  

       or type_level = "0000100" or 

type_level = "0000010"  

       or type_level = "0000001"  then 

      type_level <= type_level(0) & 

type_level(6 downto 1); 

     else 

        type_level <= "1000000"; 

       end if; 

    else 

     type_level <= key; 

    end if; 

       end if; 

    led(6 downto 0)<= type_level;      

   led(7)<= key_Auto; 

  end if; 

 end process; 

 

end Behavioral; 

 

 

 

 

 

 

  




