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ǡ 1 Ǟ QuartusII Ȱ��Ƽ�Ǯ 

7@dVbR «Ýǂ GeRbdecrȰ�Ũ�yÙǶǘƳfǨǳ^IEF9_ȘȕǂdnǵßĵÓƸû`źȻȈ

IEF9 ȘȕǂúǐzGeRbdecrɜōƸûÆŞ�g°ēbǨǳǩȘȕyģ¨ķȰ�ĵÓyÙǶǘɆȳî

�ȘȕyǵßyĨĞëĨǪyɧșë�ǊǢzƁǞęɃȶȘȕdn�ÒǇî�ǂǤËđ��Ǯ GeRbdec""

Ȱ�ǂ�Ƽȶǘz�

1.1!QuartusrôĽȴ¨ƣ!

õƓɡfÑ· GeRbdec"" ôƍ^ŏ�nǘĮown7@dVbRowGeRbdec_̀ Ȼ¨ GeRbdec"" ɣǅǦ

ƺîǛÕćô )&) őǓz�

�
ô )&)�GeRbdec"" ǦƺîǛÕ�

)&)&)�ĴǜŴɣǅ�

GeRbdecrȰ�ǂĤ�Ęȥźɣǅ`dnɣǅ^FbC>VTd_źdnǨǳȘȕǂŉë`ÆåyőŽǂ

ⅠȘȕŲ�ëȘȕɣǅoǂőŽȲÅŲ�`ő�õȻȈdnɆȳȘȕŷ`ɦ¥ȎŠĐȝȘȕǂɣǅá

ǖ`Ę|ƞnŴǂɣǅİȝĴǜdnËƶǂⅠǅļ`�âőŽiȝɣǅŽ­ǂŲ�ɉęⅢõȺnⅠǅ

ļgz�

)&Ë·ô )&) oɕǂnŴĴɣǅoɂɣ^Ë·ɫƍĥɓ`�âćŶƴƝȡŸ`ºåt×Ô_̀ ĠĪ

ćô )&* őǓz�

ŴĴɣǅ 

œĵÎɣǅ 
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�

ô )&*�ĴǜŴɣǅǂĘȜƒ�

*&�õô )&* oË· DVg�FbC>VTd�M=jRbU ǛÕoǂnD;NJošɐ`Ĺ¶ćô )&+ őǓǂĘȜƒ`

�fãg¸½ɓ¨ŴɣǅǂŲ�Ąáyɣǅáâ̂ Ɓ�o Ŏ̀�¸½ɓ¨ :bPCOQ;:7yCOQDEJyCOQDEJ_z�

�

ô )&+�ŠĐɣǅáĘȜƒ�

+&� õô )&+ o`Ë·n<=_=cYošɐ^ćƊŲ�Ą×Ⅲõ`ºǨǳ�ŨǓƼŐ`ǒȖâǨǳ�

ȀÄĴǜȝŲ�Ą_̀ Ĺ¶ćô )&, őǓǂĘȜƒz�

�

ô )&,�ǒĐɣǅáĘȜƒ�
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)&)&* ĴǜÎƺôŲ��

)&�œĵÎƺôǶȳîzõô )&, o`Ë·n<=@VoȆËwË· DVg ɂɣ^ņţɓb9db@�D_̀ Ĺ

¶ćô )&- őǓǂĘȜƒzõȝĘȜƒo`Ñ·^Ñ·ɫƍĥɓ`�âćŶƴƝȡŸ`ºåt×Ô_

n8@CT\�:=RXbRA
ITYVARd=T�<=@Voɂɣ�œĵÎƺôǶȳî`ćô )&. őǓz�

�

ô )&-�ɂŝôĽǶȳîĘȜƒ�

�

ô )&. ôĽǶȳîǛÕ�

*&�ƫÂ¤�z�

 )�õô )&. o`Ñ·ôĽǶȳǛǂǚǀý`Ĺ¶ô )&/ őǓǛÕz�

 *�õô )&/ ǂ DRAV ȴ¨Ƕȳƒoȴ¨ _Cd â`Ë·nE\ošɐ`Ĺ¶ô )&/ őǓǛÕz�

 +�ƛŷÙ�ǉ¾¦ƍfǝǋȌɂǂǠÜ^ÒǇî_̀ ę®ǗÄ¾ßɀǂ�ǺË·ɫƍĥɓ`�®

óĐz�
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�

ô )&/�ƫÂÒǇî¤�ǠÜǂǛÕ�

�

ô )&0�ŭǺÒǇîǛÕ�

 ,�ɍ’ )�y *�y +�enƜɨ`ǱôoŭǺdn =_aed ëdn Cedaed ǠÜ`ćô )&1 őǓz�

�

ô )&1�ŭǺyőŽ¤�ǠÜǂĠĪ�
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+&ȽǪz�

 )�ćƊɝȎȽťmnǟÕ`ÙęɫƍǗ¾®odnǟÕ`ȺŷɫƍȀÄÔq ƹƵ`Ʊâd

ǆš�ɫƍĥɓĬę®ś¾ǡ{nǟÕ`ŁȽťưf¶ƹȇȂǂĚŵøâ±Ɍŭɫƍĥɓ`ÍÙǉ¾

õmnǟÕuɕŽdƄǪƻō`ćô )&1�őǓz�

� *�ɍ’Ɯɨ̂ )_ǂŵƣ ę̀ÒǇîë Cedaed ȽȪƅzďōőŽȽǪǂƾȭôćô )&)( őǓz�

,&qȴ¨
ȴ¶ǟÕêáz�

õô )&)( o`Ñ· a=_Q_RAV �®ȋ≥Ôɪâ`±ɓ¨�Üá 7 ĬðȯǒȖzȴ¶ǟÕǂƍȗŵ

ƣiƛǇàzƁ�oęȴ¶�Üêáq 8z�

-&�ⅢŲ�z�

 )�õô )&)( oË·�ⅢŲ�šɐ `Ĺ¶ćô )&)) ǂĘȜƒz�

 )+��õô )&)) o`Ǹǈŋ´gnŲ�á^D_oǂŲƁǶȳƒoq COQDEJ�Ë·n�ⅢošɐÍ

ÙħďōǂȘȕ`ćô )&)* őǓz�

�

ô )&)(�ďō©ɈȽǪǂǛÕ�

�

ô )&))�Ƙ�ⅢŲ�ÀǂǛÕ�



 

6 
 

�

ô )&)*�Ų�ħ�ⅢǂǛÕ�

)&)&+�ǅƍî�ɂŝ�

Ę|ȻȈǂȘȕɣǅɃĩɝȎȘȕ�èȀĦŠĐƘ�Ƽǂǅƍî�ùÜ`ɂŝǅƍî�ǂƜɨć

gb�

)&Ë·ô )&)* oǂ 7cc=X_AV_dc ȆË`ɂo :Vf=TVppɂɣ`ćô .&)+ őǓz�

�

ô )&)+�ɂŝî�ǂǛÕ�

*&ô )&)+ o`õ <RA=@i ¹Ȋoɂŝî�Ǩ¹`õ 7fR=@RS@V� UVf=TV ƒoɂŝî�ùÜ`Ɓđ

ɧ�Ƽǂî�Ǩ¹b9iT@C_X� ""`î�ùÜb;F*90G*(09/`ɂŝŶȠâË·nEAošɐȸðô )&)*

ǛÕz�
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+&õô )&)+ o ȹ̀Ù�Ë·n:Vf=TV���F=_�Ead=C_cošɐ õ̀Ĺ¶ǂn:Vf=TV���F=_�Ead=C_co

ǛÕo`Ë·nK_ecVU�F=_coĘƀ�ƼĸǿȻȈýƺ`ćô )&), őǓz�

�

ô )&),��ƀ�Ƽĸǿǂýƺ�

+&õô )&), oɂŝn7c�=_aed�db=�cdRdVUô ɇ§ƀ�ƼĸǿĘǨǳo®�¤î�Ʌōľí`

�șǨǳÙɠĤ�`dȁÙęƀ�ƼĸǿȘĐqeŇȴ¨ŵķ_â`Ë·nǒĐošɐ`ȸðô )&)+

őǓǛÕz�

)&)&, ȘȕɣǅǂǶȚ�

GeRbdecrȰ�ǂǶȚîÆŞ”nƶǜǂƖøzÞƖøÙ�ËƶȷȈ`wÙ�ɂŝ FbCTVcc=_X

a6IdRbd�9CAa=@Rd=C_ ê�æÄ©ǶȚȶǘz�

)&�õô )&)* o`Ë·ơīĤ¯ƄfǂǶȚšɐ ^Ľ�ãÛǂĚeȑ_̀ ŏǻ�Ƽ FbCTVcc=_X

ȆËoǂ IdRbd�9CAa=@Rd=C_ ɂɣĵĈǶȚ`Ĭ�ɛǋȻĲ×ųöÔÇĠĪ`ǶȚďōâǂǛÕćô

)&)- őǓz�

*&� õô )&)- oË·nǒĐošɐâ`Ȼ¨ô )&). őǓǛÕzõȝôoŻǓyǶȚŷǂÞǔ�

Ŋ`®oÆŞȔçë¶ɒ�ŊzƐŢ�ŊŨǓ`ćƊŽɒ`º±¡Ǉİǂ�Ŭzɍ’Ɯɨ )`ǆ¾Ƣ

ŽɒȠŨǓqƙz�

�

ô )&)-�ǶȚďōǂǛÕ�
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�

ô )&).�ǶȚďōâǂ�ŊǛÕ�

)&)&-�ĸǿ¸Ɋ�

õɂŝĆßɀǂǅƍî�`ďōȘȕǂ¸ƉǵßȶǘĬŃ¾ĤǘǂŰŢįŲ�uâ`ɝȎĘȘȕ

oǂȴ¨yȴ¶ĸǿŠĐ¯�ǂî�ĸǿÜǎ`ŠĐĸǿÜǎǖqĸǿ¸ɊŏĸǿɑĐz�

)&õô )&)* ǛÕoË·ȆË 7cc=X_AV_dc ê�`õĹ¶ǂgřȆËoɂŝ F=_c ɂɣ`Ȼ¨ćô

)&)/ őǓĸǿ¸ɊǛÕz�

*&� õô )&)/ oɂoĸǿn7ò Ñ·nBCTRd=C_o¹ǂȇȂǌĽƒ^iƁĸǿý|àdȈ_̀ õ

Ĺ¶ǂĸǿ¹Ȋoɂŝßɀǂĸǿ`wÙǆťɓ¨ĸǿÜǎ`ćô )&)0 őǓz�

�

ô )&)/��ĸǿ¸ɊǛÕ�
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�

ô )&)0�ŠĐĸǿŷǂĠĪŻǓ�

+&� ɍ’Ɯɨ *`ďōőŽĸǿǂŠĐ`ćô )&)0 őǓ`Ɓ�oȴ¨ 7 ťĵ­ A( //a=__�ȴ¶

8 ťÓ¦{ƇǦ B:(^+,a=__��Ⅲĸǿ¸ɊǰƊ`ȿ¶ĸǿ¸Ɋƿɡz�

,&�ĸǿ©ɈŠĐďƠuâ`ɝɍŴȻȈdƗǶȚ`ćƚǒęŃ¾ëô )&)- ǂ�ŊǛÕz�

)&)&. Ƕǘgȱ�

�Ƽ GeRbdecrȰ�ďōȘȕɣǅǂǶȚuâ`ę�ƻ�ǅƍî�ǂǶǘîĘȥŲ�^&aCW_ŏ

IH7C ĘȥŲ�^&cCW_ǂĽķ�ⅢǂŲ� G̀eRbdecrȰ�ǂǶǘî^FbCXbRAAVb_�ƼȝŲ�Ęî�

ȻȈǶǘŏɊǺz�

)&�õô )&)* ǛÕo Ë̀· gȱšɐŏź�Ƽ JCC@ca6FbCXbRAAVb ê� Ƕ̀ǘîǛÕȀÄœ

ĵ`ćô )&)1 őǓz�

�

ô )&)1�ǶǘîǛÕ�
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*&õô )&)1 ǛÕo`Ë·nIdRbdošɐ`ȕǥƃĜĵĈgȱǶǘŲ�`ĵĈgȱâ`ĠĪfǂ

ȻĲƄ�ǁ¸ŰȊǓgȱȻĲzgȱďōâćô )&*( őǓz�

ƦŌbgȱÀİƕƌô )&)1 ǛÕoǂƘgȱǂŲ�áyî�ùÜëgȱƖķźäƚǒyǑ�Ƕ

ǘîźäⅢõǢ`ØŽfȾƚǒŒÙ�ĵĈgȱz�

Ɓ�o Ƕ̀ǘŲ�q COQDEJ&cCW Ⅴ̀źƽ GeRbdec"" õǶȚŷȀÄƻōǂc�âǂđɧogȱƖ

ķ©Ɉɂŝ #J7=z�

+&�õô )&)1 ǛÕo`ćǨǳƢŽŖ¾Ǒ�Ƕǘî`ºɝȎȀȈƫÂzƫÂǑ�Ƕǘîǂŵƣź

Ë·� �šɐ`šô )&*) őǓǛÕȘǺÍÙz�

�

ô )&*(�gȱďōǛÕ�

�

ô )&*)�n>RbUgRbV�IVdeaoǛÕ�
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,&�ô )&)1 o`ư·nACUVogřǛÕ`ɂŝ #J7= ɣÍÙ`ćô )&** őǓz�

�

ô )&**�gȱƖķɂŝǛÕ�

-&ŜÄĵ­ A(`ÍÙɃȶÓ¦{ƇǦ B:( ɧșȘȕǰƊz�

)&)&/�ǠÜôǂƻō�

õğƗÇȘȕo`dnɣǅĤǘĿĿź×“dnɣǅĤǘǂⅠɣǅ`ȝⅠɣǅõŉǂĤǘɣǅo

ØźdnđƹƋǔÁǽǂǠÜôzñƛ`õďōdnⅠɣǅĤǘŷ`Ȏ�ƻdnÙ�ɢğɣǅĤǘ�

ƼǂǠÜôz�

)&� õô )&)* ǛÕo`Ë·n<=@VoȆË`ɂŝ 9bVRdV
KaURdVa69bVRdV� IiASC@� <=@V� <Cb�

9ebbV_d�<=@V ê�`ćô )&*+ őǓ�

�
ô )&*+��ɂŝǠÜôƻōê�ǛÕ�

+&�šô )&*+ ɂŝâĹ¶ǠÜô�ⅢǛÕ`ǒĐâĹ¶ƻōōÁǂŨǓ`ćô )&*, őǓz�

,&�õô )&*, o`Ë·nǒĐošɐ`ďōyȝȘȕǂǠÜôƻōz�
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�

ô )&*,�ǠÜôƻōōÁǂŨǓǛÕ�

1.2!�Ǌɧș!

�Ǌɧșź ;:7 ȘȕŗƂǂɍȎƴŀzõďōyȘȕɣǅǂȴ¨yǵß�ÐĨĞĨǪǢƜɨ�â`

ºÙ��Ƽ ;:7 �ǊĤ¯ŏ GeRbdecr�ǊîĘȘȕɣǅǂÁǽiŷĮȻȈ�Ǌ`�ƕƌȘȕǰƊƚ

ǒćäzgɡ�Ǯõ GeRbdecr�ǊîoĘȘȕɣǅȻȈ�Ǌɧșǂŵƣz�

)&�Ĵǜ�ǊƥĽŲ�z�

^)_�õô )&)* o`Ë· <=@V
DVg ȆËê�`Ĺ¶ DVg ĘȜƒ`ɂo EdYVb�<=@Vc ƍǣ`ćô

)&*- őǓz�

 *�õô )&*- oɂŝ LVTdCb�MRfVWCbA�<=@V ɂɣâ`Ë·nEAošɐ`Ȼ¨ô )&*. őǓƥĽǶ

ȳǛÕz�

�

ô )&*-�EdYVb�<=@Vc ƍǣ�
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�

ô )&*.�Ƕȳ�ǊŲ�ǛÕ�

 +�õô )&*. ǛÕo`Ñ·nDRAVogŵǂǚǀý`Ĺ¶n"_cVbd�DCU�Cb�8ecoĘȜƒ`Ë·

ȝĘȜƒnDCUV�<=_UVb&&&ošɐâ`Ȼ¨ DCUV�<=_UVb ǛÕ`ćô )&*/ őǓz�

�

ô )&*/�nDCUV�<=_UVboĘȜƒ�

 ,�õô )&*/ ƿɡoË·nB=cdošɐ`Șȕɣǅoǂ©Ɉȴ¨
ȴ¶ǦǿõĥȵǛÕ¹¶`ć

ô )&*0 őǓz�

�

ô )&*0�nDCUV�<=_UVboĘȜƒ�
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� -�õô )&*, o`ɂoƘȏ→ǂȴ¨ŏȴ¶ĸǿ`Ë·nxnšɐ`ę®şȦ¾ÛȵǛÕoz

ćƊȎęĥȵǛÕoőŽȴ¨
ȴ¶ɉȌşȦ¾ÛȵǛÕo Ù̀ǆťË·n66ošɐ ć̀ô )&*1 őǓz�

�

ô )&*1�ɂŝƘȏ→ǂȴ¨
ȴ¶ĘȜƒ�

� .��õô )&*1 o`ďō©ɈĸǿɂŝâË·nEAošɐ`ȸðô )&+( őǓƿɡz�

�

ô )&+( ȴ¨
ȴ¶ĸǿɂŝďōâǂǛÕ�

� /��õô )&+( ǛÕo`Ë·nEAošɐ`ȸðô )&+) őǓǂƥĽǶȳǛÕz�

�

ô )&+)�ƥĽǶȳǛÕ�

 0�� õô )&+) o`Ë·nDRAVoƎgŵǂn7ò ÍɂoȝȈǶȳȴ¨ƥĽz±Ë·Ĥ¯Ǝoǂ
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n ošɐ`ĠĪęĹ¶n9@CT\oĘȜƒ`ƛŷÙ��Ŭ�ÜǂéſyǇ�ëÌǚƟ`ƱâŮË·

nEAošɐ`ȴ¨�Ü 7 ǂƥĽƫÂďƠ`ćô )&+*z�

�

ô )&+*�ďō�ǊƥĽǶȳǂǛÕ�

 1���ⅢĴǜǂƥĽŲ�z�

*&�Șȕǂ�Ǌɧș�

 )���ǊîȘǺzɂŝ 7cc=X_AV_dca6IVdd=_Xc&&&ê�`õ IVdd=_Xc ĘȜƒǂ 9RdVXCbi ¹Ȋ

oɂŝ I=Ae@RdCb�IVdd=_Xc`ƱâõĹ¶ǂƿɡoȻȈÁǽ�ǊŏŷĮ�ǊǢȘǺz�

^*_æÄ�Ǌîzďō�ǊîȘǺâ`õô )&+* oǛÕo`Ë·�Ǌn ošɐŏǻ�Ƽ

FbCTVcc=_Xa6IdRbd�9CAa=@Rd=C_ ê�æÄ�Ǌî Ĭ̀ŽȻĲŨǓzďōâ�Ĺ¶dnnGeRbdec""o

ĘȜƒ`ȊŸ�ǊźäōÁ`Ɓ�ǂ�ǊǰƊćô )&++ őǓz�

 +�¸Ɖ�ǊǰƊz�ô )&++ oÙ�ǉ¶Áǽźƚǒǂz�

�

ô )&++��ǊďōâǂǛÕ�

�
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1.3!QuartusrŲƁȴ¨ƣ�Ƽ�Ǯ!

GeRbdecrǂŲƁǶȳîźdnɟĩƯƧǂǶȳĤ¯`Ƽ|� 7>:ByL>:B ë LVb=@CX�>:B ȟȓĽ

ķ�Ð JT@ ǿƁȟȓȴ¨ǂŲƁùȘȕzgɡ�ǮǑ�ŧȾȟȓ^>:B_ĽķǂŲƁȴ¨ŵƣz�

)&,&)�ĴǜŴɣǅ�

õô )&, ǛÕoɂŝ <=@Va6�DVg�FbC>VTd�M=jRb&&&ê�`šÀȾÎƺôȴ¨ƣoĴǜŴɣǅǂ

ȶǘ`ĴǜdnŲ�Ąáyɣǅáyɢğđ�á¸½q COQ;:7yL>:BQ_CbyL>:BQ_Cb ǂŴɣǅ`ćô

)&+, őǓz�

)&,&*�ĴǜŲƁŲ��

)&�œĵŲƁǶȳî�

õ»ĴĆŴɣǅâ`ɂŝ <=@Va6DVg&&&ȆË`õĹ¶ǂŲ�ɂŝǛÕ^ćô )&- őǓ_oɂŝ

:Vf=TV�:Vc=X_�<=@V ƍǣgǂ L>:B�<=@V`Ë· EA`Ȼ¨ŲƁǶȳîǛÕ`ćô )&+- őǓz�

�

ô )&+,�ĴǜŴɣǅǛÕ�

�

ô )&+-�ǚǀǂŲƁǶȳîǛÕ�
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*&ǶȳŲƁŲ��

õĘŲƁŲ�ȻȈǶȳŷ`ŲƁǶȳîǛÕǂƍɥáǖâɡę¶ƹdn^�_̀ ȊŸƚõĘĻÀŲ

ƁȻȈǶȳū�`Ⅲ。âŹÜƩăz�

õô )&+- ǂŲƁǶȳǛoÙ�ǆťȴ¨ >:B ǘĮŧȾȟÖ`ƛýŎ�đƹdn{ȴ¨ǂnŏɟ

ɔoćô )&+. őǓz�

�

ô )&+.�ďōŲƁȴ¨âǂǛÕ�

+&��ⅢŲƁȘȕŲ�z�

qy�|Ȣǻȴ¨ŲƁŲ�`gɡǱ¶ L>:B ȟȓǂƬŲ�n�

B"8H7HO�";;;3�

KI;�";;;&cdUQ@CX=TQ)).,&R@@3�

KI;�";;;&cdUQ@CX=TQe_c=X_VU&R@@3�

�

;DJ"JO�L>:BQ_Cb�"I�

FEHJ ��7�2�"D�IJ:QBE="93�

�������8�2�"D�IJ:QBE="93�

�������<�2�EKJ�IJ:QBE="9����3�

�;D:�L>:BQ_Cb3� �

RbTY=dVTdebV�SVYRfVb�CW�L>:BQ_Cb�=c�

��SVX=_�

� a)2abCTVcc 7�8��

� � SVX=_�

� � � =W� 75l(mR_U�85l(m��dYV_�<�45l)m3�

� � � ���V@cV��<�45l(m3�

� � � V_U�=W3�

�����V_U�abCTVcc�a)3�

V_U�RbTY=dVTdebV�SVYRfVb3�

®�ȶǘëÎƺôȴ¨ŵƣď©Ǉà`…ĒÙÏƲ )&) ȃoǂƜɨďō�Ǌyî�ɂŝyǶǘg

ȱëõđɧīÚfȻȈɧșz�
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1.4!ğƗÇȘȕŵƣ!

� Àɡµȃo`Ŏ�ɉź�ƼËdǂŧȾŵƣƅđƹÞǔƾȭÁǽ`®őđƹǂÁǽǇĘƅȡłǤ

Ë`£ȺƏǤËǂĤǘɣǅ`õđɘoµv×Ⅲõzdȁŋ´g`dnđɘǂĤǘɣǅɉźƽł”Á

ǽƖø}ǇȽťǼƈō`®oɈ¸ƖøȹÙǽƽⅠƖøƈōzñƛğƗÇǂȘȕŵƣõđɘĤǘɣǅ

ǂđƹoİƼɟĩĭƤzgɡ� )&) ȃë )&+ ȃoȘȕǂmnɣǅ�qŴɣǅǂ≥ğⅠƖøȡŸğƗ

ÇȘȕǂúƁƜɨ`ȘȕɣǅƁȮƢŽđɘŌtz�

)&�Ĵǜáq C"N;: ǂĤǘɣǅĬȻ¨ÎƺôǶȳîǛÕ`ćô )&+/ őǓz�

�
ô )&+/�Ĵǜ C"N;: ĤǘɣǅǛÕ�

��*&�œĵƼŐĤ�įzõô )&+/ oÎƺôǶȳîǂǶȳǛÕǂǚǀýÑ·ɫƍĥɓ`�Ĺ¶ǂî�

įɂŝǛÕoư· FbC>VTd œĵƼŐĤ�į`Ù�ǉ¾Àɡƻōǂ{nî� AiQ_Cd ë AiQ_Cb ćô

)&+0 őǓz�

�

ô )&+0 ƼŐĤ�įǛÕ�

����+&�ďōÎƺôǶȳzõô )&+0 o`ɂŝ AiQ_CdyAiQ_Cby=_aedyCedaed Ɉ�`ďōÎƺôǶ
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ȳ`ćô )&+1 őǓz�

�

ô )&+1�ďōâǂ A=hVU Îƺô�

,&î�ɂŝëî�ĸǿĐtzƐŢÀɡőȾŵƣ`ɂŝßɀǂî�Ǩ¹ëî�ùÜĬďōĸǿ¸

Ɋz�

-&ɣǅǶȚzæÄǶȚîďōɣǅǶȚz�

����.&ɣǅ�Ǌz�ǊǰƊćô )&,( őǓz�

�

ô )&,(�A=hVU ɣǅǂ�ǊƥĽ�

����/&gȱĬɧșƾȭÁǽ`7y8y9y: ¸½ťɆȳĵ­`< ťɆȳŠǓî`Ɓȃoǂs�õ|yȒ

nȀ≥ǼfoǂȘȕȶǘ`�ɥƁȮƢŽđƼ� z�

ƁǞ��ź GeRbdec"" ¨ɔǂúǐ`őƪÐǂ°ēłězȎ¡¾ƯƧ�Ƽǂǅǂ`ȹɝȎ…Ɏǂ

ǫx`Ĭõ�Ƽo×ųŉǰǯɧ`ŨɩȀĦǂū�ŗǽz�
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ǡ 2 Ǟ đɧǨǳ�Ǯ 

2.1!đɧǨǳǬō!

;:7 ;@VTdbC_=T�:Vc=X_�7edCARd=C_�źƾⅠȘȕȀÄÇǂȅŲǷ²zⅤźŠ�ȕǥƃqĤ¯`õ

;:7 Ȱ�īÚf`ƐŢȘȕǻŧȾǂƬŲ�^Ù�źÎƺôŲ�yȟȓŲ�ŏƥĽôŲ�_̀ ȀÄďō

ǨǳǂȘȕ`ÆŞǶȚy�Ǌyǵßy�ÇyĨĞĨǪ�ÐĘƴĐî�ǂɀɊzȘȕǻǂ�Ã�ɚ|

¼ƼȰ�ǂŵķƅďōĘǨǳǑ�ÁǽǂŧȾzĝǦǅƍǨǳźǑ�`�űnȘȕë�Ŭȶǘćàď

ōȰ�ȘȕdƏŵ�z�

õŰⅡɆȳƾȭyȕǥƃǬōÎƺyȕǥƃǨǳǰƈëƹ�ŰⅡǨǳȘȕo�ƹ÷ÙǶǘɔɖ¹

^<F=7_ëƾⅠȘȕȀÄÇ^;:7_ŗƂǂ�ƼȬƅȬĭ�ŤŪ <F=7 i ;:7 ŗƂź�zƾⅠǨǳȘȕy

ȕǥƃǑ�ĵÓëǏǙ�èǂŅ‘ŗǽ�wźƾⅠŗƂyȕǥƃǧjkⅣƻⅣxǂɍȎ°ēz�

qyŨɩůⅣȨɎ`üĺȕǥƃǬōÎƺđɧǨǳǂÁǽ`ə�đɧōƁ`ŨɩǨǳǂƯƧň`

ƁđɧǨǳɋƼ¥Ȼǂ ;:7 ŗƂ`Șȕ¶dąú| <F=7 ǂŰⅡɆȳiȕǥƃǬōÎƺđɧǨǳ`ɋ

ƼȝǨǳⅣxÙ¼Ƽ <F=7 ë GK7HJKI"" Ȱ�ņɄyŵ�öȘȕ¶ȕǥƃǂÞǔɈ�`¼ƼǑ�đɧ

īÚëȰ�đɧīÚďōđɧȤțz�

ȝđɧǨǳÙƼ|ŰⅡɆȳƾȭyȕǥƃǬōÎƺëȕǥƃǨǳǰƈǢȣǘǂđɧůⅣ`àŷw

ɀƼ|ƁǕƠkȘȕyżǽÇȘȕyŴ�ìĵÓǢİƼz�

ƁđɧǨǳrȎƽđɧǑ�īÚëđɧȰ�īÚ{…Ɉ¸Ǭō`®ođɧȰ�īÚƽžÃîǦƺ

Ȱ�yƁöđɧȰ�ëȼǘđɧȰ�ǬōzƁöđɧƼ|õƁö F9 ƃfȻȈđɧ`ȼǘđɧƼ|Ƀȶ

ǹǲȻȈđɧ`žÃîǦƺȰ�Ƽ|ĘȼǘđɧȻȈǦƺ`ÆŞđɧǻȮ�ɧșyđɧŷɕȗļëđ

ɧǑ�īÚ�Ƽŋ´ȗļǢzƽćô *&) őǓz�

�

ô *&)�đɧǨǳǰƈƒô�

žÃîǦƺȰ� 

ȼǘđɧȰ� 

ƁöđɧȰ� 

 

 

ȫ…ȐƖ 

ɜōƾȭ 

^FPGA_ 

đɧȰ�īÚ đɧǑ�īÚ 
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����ȝđɧǨǳÙƼ|ďōŰⅡɆȳƾȭyȕǥƃǬōÎƺyȕǥƃǨǳǰƈǢȣǘǂđɧȘȕyđ

ɧȤțëƖùƃđɧz�

gɡ¸½ĘđɧǑ�īÚëđɧȰ�īÚȻȈȞǭ�Ǯz�

2.2!đɧǑ�īÚ!

�2.2.1 đɧǑ�īÚǰƈ�Ǯ 

Ǒ�īÚǰƈćô 2.2 őǓ`ȝīÚrȎÆŞÓ¦{ƇǦŠǓƮ^TÈ_yFPGA ƾȭ^rÈ_y

ROMyRAM Ⅲ¢îƾȭ^sÈ_yĵ­�Üȴ¨ƾȭ^tÈ_yƾƬƾȭ^uÈ_ëËƳƃÐ“òƾ

ȭ^vÈ_ǢɈ¸zàŷôoǱ¶yƾƬĵ­yđɧƖķɂŝĵ­yȽǴǾ³ȴ¨ɂŝũĳyËǾ³

ȴ¨šɓyËƳƃ’�šɓyFPGA ’�šɓ^CPU ’�_yFPGA ɊǺũĳyRS232 pÕũĳǢť

ÕǂǇĘ�Ǻ`�|Ⅳƻǂđɧū�z 

2.2.2 đɧǑ�īÚǂȩƬǤ� 

Ǒ�đɧīÚȩƬÆŞīÚ、ŦȩƬëŨ�ǱƼŐǂđɧȩƬ{Ɉ¸`ćô 2.3 őǓzƼŐđɧ

ȩƬćgb 

)&� <F=7 ƾȭb�Ƽȫ…ȐƖɜōƾȭ <F=7 ȄƳ ;F*90G*(090��qƼŐďōǇ­đɧǂǑ�ȩ

Ƭz�

*&�ŷɏbđɧīÚf¸½ȘŽdn”ɤƷȽǴŷɏÓƻîëdnËǾ³�ÜÓƻîzȽǴŷɏÓ

ƻîÙŨ� *>jy,>j�y0>j�y).>jy+*>j�y.,>j�y)*0>jy*-.>j�y-)*>j�y)(*,>j�ë *(,0>j`

ÌǚƟq )2) ǂǾ³`®ɤƷÙɃȶŬÔǍȭø�ǺɂŝcËǾ³�ÜÓƻîƽËǾ³šɓ�ƻǂĔ

Ĳq *(Ac ǂŶŘÄȧǾ³`ĩƼ|ËǾ³ȴ¨�ÐⅢ¢îǂȢ²�Üz�

+&�H7C Ⅲ¢îbɋƼɞŇǂ *Ak0 �ǂ H7C`Ƽ|ⅢŭŠ�ëŰŢz�

,&�ROM Ⅲ¢îbƼ|ⅢŭǨǳǂńǘĮz!

-&�Ó¦{ƇǦŠǓƮb¬ , Ǭ^BH)-�~ BH(yB:)-�~�B:(yB7)-�~�B7*�yB*+�~�B(_/( ØÓ¦

{ƇǦz®o BH)-�~�BH(yB:)- ~�B:(yB7)-�~ B7* ¬ ,. ØÙƽƼŐɛŌ�Ƽ^B7)y�B7( ƽǨǳÌ

Ƽ`ƼŐ×ǽ�Ƽ_cB*+�~�B( Ƽ|ŻǓńŠ�ĕⅢî°ē`ÍĻÀŔȈǂńŠ�z�

.&�ĵ­�Üȴ¨b¬ *, ØŜÄĵ­^A*+�~�A(_`Ƽ|Ũ�ɩ�ƾīȴ¨z�

/&�’��Üȴ¨bÆŞËƳƃ’�ë 9FK ’�{nšɓzÀǻƼ|ËƳƃǂ’� ầǻƼ| <F=7

ǂ’�z�

0&�ťÕũĳbÆŞ HI*+* pÕũĳy<F=7 ɊǺũĳë H#,- ǹǲťÕũĳenz�

HI*+* pÕũĳƼ|ƁđɧīÚë F9 ƃuɕǂɃ�c�

<F=7 ɊǺũĳƼ|ƁöđɧëȼǘđɧŷĘ <F=7 ȻȈɊǺc�

H#,- ǹǲťÕũĳƼ|ȼǘđɧŷë "DJ;HD;J ǹǲǂȽťz�

��
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2.2.3 éȮƖcú¸ƋȀį 

LSƿÜȦ�çĘƐ�éȮUpƅ●ýŚĬŊÏéȮǼŃǿƜéȮïƖcéȮú¸Å �� Ō­◇

ƲǾǋťƗƋȀįR�

ƩƳ�ırSrŏſƠƋ �� ƫû²ȀįƇƷ 07�S2�3- ȌƻƇƷTQ�� ƫK²ȀįƇƷ 07�S��

ŌȇvƇƷTÅ@ŏÌèsƖcéȮú¸õtƇƷƍ�Ƌ �� ƫȀįƇƷ 07	S2�3- ȌƻƇƷTR�

ŊÏéȮŀUð 07� Ȁįs �� Ōû²ÅéȮƖcú¸Ƌ 2�3- ȌƻĲÿBQ07� Ȁįs �� ŌK²

ÅéȮú¸Ƌ  !�	� K²ĲÿBR�

ǿƜéȮŀUð 07	 ȀįséȮú¸Ƌ 2�3- ȌƻĲÿBU³ÚȇǹéȮú¸Ƌ  5
( ĲÿðéȮ

ú¸Å◇ƲȀįR�

2.3$éȮǱc\Ʈ$

2.3.1 éȮǱcƋæǎ 

®�KǗƧŌƬĘ©ƃEƩƳưœ�DIDL”àéȮǱcƋæǎUæǎǹƜJ´ǏÎ�ƂK91A"Lȅ

ȥŀŹ�¨·ǂ çĘæǎR�

æǎĘ�¿gÎŞȣBŴ�KǗƧŌƬĘ©ƃEƩƳưœ�DIDLďĭľăÍŘUÎŞȣB®�KǗ

ƧŌƬĘ©ƃEƩƳưœ�DIDL�ďĭľăÍŘ¨·Ǿ�éȮǱcú¸UŻ¿§�¹CǓƋK”àLĪ

ȐǾ�Í ��
 ěƘƉȣUǠú¸¢ĨŊÏéȮS�� ŌÅƖcú¸ƏįȀįTÅǿƜéȮS�� ŌÅƖc

ú¸ȇǹ◇ƲȀįTrȊ�RCȣMǏ\ƮŊÏéȮǱcƋpƅľŮUǿƜéȮǱcƋpƅľŮǐKǿ

ƜéȮǱcpƅǣŁRLR�

�

Í 2.4 éȮƜ—”àƉȣ�
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2.3.2 ŊÏéȮ 

§�ŞȣéȮƜ—ÍŘUǾ�Í 2-4 éȮƜ—”àƉȣUƴƵ§�KŊÏéȮLUǾ�Í 2.5 ěƘ

ƋŊÏéȮMƉȣR 

Í 2.5 J¢ĨĺcQƸǵQéȮǜǗQéȮǦǟQŢÓŌéȮQǊĦéȮQǜƻÅ÷¡�Iǉ§ȥ

Å 33 IďĭȔUǉ§ȥMǏ�ƿßC< 

N éȮǜǗ<Ź�Ǡǉ§ȥðǾ� Quartus II ýƅƜ—UçĘĸâȈǵƇǮQǗƧŌƬĘ©ƃQ

ǗƧŌƩƳưœÅƂ_ĸâƩƳǜǗǥƜƋéȮǜǗR 

N éȮǦǟ<Ǡǉ§ȥ¢ĨKƇǮǦǟQROM ��QRAM ��LAIáǉ§U�JƇǮǦǟ

ŃŠŗÅǦǟCǲ�éȮƖcú¸ƋéȮǜǗưŕŃÁťƗ=ROM ��Å RAM ��ŃïéȮƖc

ú¸BƋ ROM ã|ÈÅ RAM ã|ÈŚĬȡǏǾǋĸĬ��R 

ůĕ<KƇǮǦǟL�ƿ@。xƅsǿƜéȮUŊÏéȮ·aƏįÎéȮƖcú¸BǾǋƇǮƋŠ

ŗÅǦǟR 

N ŢÓŌéȮ<çĘǗƧŌôoǹƜŷƘQǗƧŌƬĘ©ƃÅǗƧŌƩƳưœŢÓŌƋǜǗR 

N ǊĦéȮ<ȨƊ�ƿğóǉ§UŅĿŮpƅR 

N ĺcQƸǵQǜƻÅ÷¡ǉ§<E@。ýƅǱcƋ�ƿƐ½Ua�ǡȁR 

Cȣǡƭ\ƮéȮǜǗQéȮǦǟÅŢÓŌéȮAIǉ§ȥƋpƅľŮR 

 

Í 2.5 éȮƜ—MƉȣ 
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X. éȮǜǗ 

S1TÎÍ 2.5 JUŹ�KéȮǜǗLǾ� Quartus IIUßÍ 2.6 ěƘR 

S2TÎ Quartus IISQuartus II pƅľŮ«ƼƤ 1 ơTCĪǏŬçĘƐ�ƋéȮƇǮǜǗ¿Uðǜ

ǗưŕCǲ�éȮƖcú¸Ƌ 2�3- JUưŎéȮǜǗR 

�

Í 2.6  Quartus II éȮǜǗƜ—Ɖȣ 

2. éȮǦǟ 

KéȮǦǟL¢ĨKƇǮǦǟQROM ��QRAM ��LAIáǉ§UpƅľŮßC< 

S1TƇǮǦǟ< 

O §�KéȮǦǟ ! ƇǮǦǟLǾ�ƇǮǦǟƜ—ƉȣUßÍ 2.7 ěƘR 

 

Í 2.7  ƇǮǦǟƉȣ 
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O ƗèéȮƋǶ�ÅǶ�vº<ðēěǜǗéȮƋǶ�vºIĸÅǶ�vºIĸǶ��Í 2.7 B

ȊƋǶ�vºIĸÅǶ�vºIĸƟ²JUûÎ�CľǌJŴ�Ƕ�vºÅǶ�vºƋvº¾ƚUß

Í 2.8 ěƘR 

�

Í 2.8  ƗèvºIĸÅvº¾ƚ�

Ź�Í ��� JKƄĘÍćLĪȐ¨·YƄěǜǗéȮƋÍćŜÍŢÓUßÍ ��� ěƘRÎÍ ��� Ƌǌ

śJÕ�éȮǜǗƇǮƋǶ�Ąǁº­�¿ƋvºžĐSǶ�vºǩxT¿UŹK°ȂBįĵLĪȔ¨

·çĘïƖcƇǮǶ�vºƋǩxUŻ¿éȮú¸ǂ ðǠǜǗƇǮƋǶ�vºxǻÊûÎƄĘƋŜ

ÍŢÓJaĄǁȫǅƪS_ǌ �TQȳS_ǌ �TńƘ�ŐUßÍ ���� ěƘR�

ůĕ<KƇǮǦǟLJǶ�ÅǶ�vºƋĄǁºxȜspƅ 2�3- Èc 1���4������ Ƌ�
(Q
)Q

Q


�Q()Q(
Q(�Q(�Q��	Q��( � �� IĄǁR�

�

Í �����ƗèvºIĸÅvº¾ƚ�
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Í2.10  ƇǮǦǟƜ—Ɖȣ 

S2TROM ��QRAM �� 

N ÏÐ­ĸĬǶ�<Ź�ǉ§řJƋKROM ��!ÏÐLáǉ§Uð�Ƃ·aƆƇǮǦǟƉȣ

�ī�� ROM ­ RAM ƋƉȣU�ƴƵŹǉ§řƋ ROMQRAM ƋÏÐÅĸĬaçĘÎƐýǶ�Ŝ

JǶ�ǪàÏÐ­aŦÏÐ”àƋ@ƬĸĬUßÍ 2.11 ÅÍ 2.12 ěƘR  

 

Í 2.11 ROM ÏÐ��Ɖȣ 

�

Í 2.12  ROM ĸĬ��Ɖȣ�

N ĸĬ�� ROMQRAM< 

ĸĬǶ�ưŎ¿UÎďĭȔJȅħ ĪȔUĝ” COM ²Sņ¹tƋƪǅĪȔL�ȗK²TU

ĝ”K²Ę�¿���Ź�ďĭȔJƋ Q ĪȔU¨·ðĸĬCǲ� ROMQRAM J=ďĭȔ
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LŵƝȔU·ðěŇǶ�ŜÅȓǢıƘŜvđŵȝR 

N ROM Å RAM ÏÐ­ĸĬ��ǒ�<Ƕ�ǒ�ǤŗƑ÷¡ 

O ROMQRAM ÏÐ­ RAM ĸĬÑaGjĸĬśăǶ�Uß 03,c2,ǈË 00-ff= 

O ROM ĸĬa�jĸĬśăǶ�Uß f23c01,ǈË 000000-ffffff= 

O ROM Ƕ�ŜũǋǶ� 8 ƬĸĬÊǯīǋURAM Ƕ�ŜũǋǶ� 18 ƬĸĬÊǯīǋ= 

O ũƬĸĬOșa , ȟ”UũƬĸĬņ¿a ; ưŎ= 

N Ȋ�ȓǢıƘ< 

O ÏÐEĸĬïýŇǢ<ŗƑŃÁŃ@IǪàÏÐïýs@ƬĸĬ= 

O ÏÐǶ�ŇǢ<ŗƑÏÐǶ�ŃÁťƗ= 

O ◆ñ�º<ŗƑĸĬǶ�ņ¿ŃÁa <ưŎ= 

O ĸĬǶ�ŇǢ<ŗƑũIĸĬƋjĸŃÁťƗ= 

O ũǋȜǶ� 8 ƬS18 ƬTĸĬ<ŗƑŃÁŇŖǋĸĬǶ�ǫǹǒèIĸR 

OÏÐ�ƞ<ŗƑ¿@ƬƋǪàÏÐŃÁöÎ�@ƬǶ�ĸĬŀïǠÏÐöƯǩxRT 

3. ŢÓŌéȮ<ǐƤ 5 ơR 

ů<ďĭȔ�ƿ\Ʈ 

ďĭȔ��LÉƬUÍ 2.13ěƘL¹ǷAƬƋƘĕÍSņõǷ@ƬEøƅǱcďĭȔƋ�ƿƐ½U

a�ǡȁTUÍJƤ@ƬLŊÏéȮďĭȔUƤrƬLǿƜéȮďĭȔUƤAƬL�å�ƿďĭȔR 

»ďĭȔ�ƿßC<  

Ƥ@ƬU� 16 IďĭȔUǂõ、¹Ƌ�ƿ��L< 

ƸǞQCǲĩ`QCǲċĩ`Qǂ ŷƘSȀƵTQǂ ŷƘS§ŧTQ§ŧǺǋSƬĘ©ƃTQȀ

ƵǺǋSƬĘ©ƃTQŅzQÙjQ� ROMQ� RAMQŵƝQCǲQ§ŧǺǋSƩƳưœTQĝ”K

²Q�ȗK²= 

ƤrƬU� 8 IďĭȔUǂõ、¹Ƌ�ƿ��L< 

ƸǞQȅħȌƻĺcQȌƻ FPGAQCǲŌÈƔQCǲċĩ`Q§ŧǺǋSƬĘ©ƃTQCǲĸĬQ

§ŧǺǋSƩƳưœT= 

ƤAƬU� 3 IďĭȔUǂõ、¹Ƌ�ƿ��L< 

ƖcéȮú¸BƋ FPGA ÙjQRAM Å ROM ŵȠR 

 

Í 2.13 ďĭȔƘĕÍ 

2.3.2 ǿƜéȮ�

ǐǿƜéȮǣŁRR�
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Ƥ 3 ơ ĸâȈǵƇǮéȮ 

3.1$éȮƅǨŶ\Ʈ$

ĸâȈǵƇǮéȮěƅǨŶĔ�ßÍ 3.1 ěƘR 

P Ƕ�”�<K23916QK1598 Å K790 � 3 Ƭ= 

P °�ƨĩƘŸ<LA1592QLD1590QLR1590 � 3 Ƭ= 

P ŀȏǀ�<ȀƵŀȏÅ§ǀ�» 1 I= 

P CPU Ùj<L FPGA ƋÙjǶ�ƢR 

P Ȍƻį²<L FPGA ƋCǲǶ�Ĳ²R 

 

Í 3.1 FPGA EǶ�QǶ�ǨŶƋȀįƘĕÍ 

ǣŁ<1. Ƕ�”�Q°�ƨńƘÅŀȏǀ�ěïýƋƨǁºǐȚĆ 2= 

       2. JYS--X ĸâéȮğóőSǇöȅǧTƋǨŶ­pƅľŮǐȚĆ 3R 

3.2$ĸâȈǵƇǮéȮ$
ůĕ<ŊÏéȮŀU�čuǝð 07� Ȁįs �� Ōû²ÅéȮú¸Ƌ 2�3- ȌƻĲÿBQ07� Ȁį

s �� ŌK²ÅéȮú¸Ƌ  !�	� K²ĲÿBR�

     
 

                                           
 

FPGA 
 EP2C8Q208C8 

§ǀ� 

ĩƘŸ 

LA15-2 

”� 6�	��)� ”� 6�(��� ”� 6
���

Cǲ 

į² 

CPU 

Ùj ȀƵǀ� 

ĩƘŸ 

LD15-0 

ĩƘŸ 

LR15-0 
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éȮ 1 ĸĬȅħÈ 

1QéȮƎƋ 

S1TSǔĸĬȅħÈƋôo©ƃ= 

S2TäQƬ¼ƇǮƋÔŊǜǗľŮ= 

S3TŽĒ EDA ô�ǱcƋpƅľŮR 

2QéȮǜØ­Èc 

S1TĴoƩƳL WINDOWS XP ƋǗƧŌ@¸= 

S2TĸâȈǵEǗƧŌƬĘ©ƃéȮƩƳ@¸= 

S3TEȕƇǮÅęȕƇǮǇùR 

3QéȮ�ë­ǣŁ 

ĸĬȅħÈŃĩ]ÛǮĸĬǶ�Jȅħ@ǮoLǶ�UŊéȮǏŬǜǗ@I]AǮǶ�Jȅħ@

ǮoLǶ�ƋAȅ@ƋĸĬȅħÈU�JũǮǶ�ÅǶ�ȋLÉjĸĬRÍ 3.2 ěƘLAȅ@ĸĬȅ

ħÈƋŜÍUÍJ<A=a3a2a1a0UB=b3b2b1b0UC=c3c2c1c0ULAǮÉjĸĬǶ�ƢUY=y3y2y1y0 L

@ǮÉjĸĬǶ�ƢUCYQBYQAY LĸĬȅħÈƋȅħǶ�ƢR 

Í 3.2 ĸĬȅħÈŜÍ 

4QéȮŧȯ 

    S1T©ƃÍǶ�<ŚĬÍ 3.3 ƇǮUȍƅÍćǶ�ŮÎǗƧŌBçĘéȮƇǮƋ©ƃÍǶ�R 

S2TƨǁèN<ŚĬÍ 3.1 ƖcéȮú¸ǨŶƘĕÍÅȚĆ@ ú¸ǨŶÅ FPGA ĄǁȀįǌç

Ę©ƃÍJǶ�QǶ�ƨǁƋèNR 

S3T©ƃÍƸǞQȃȌÅCǲ<Î �+CEG+FMƁÖJȅħ EP2C8Q208C8 ÈcUǾǋ©ƃÍƋ

ƸǞÅȃȌUĿǢ¿çĘCǲR 

S4TĸĬȅħÈƋǦǟ< pƅǶ�”�ÎĸĬȅħÈǶ�ƢȨƻdĕĸxUŻ¿p AYQBYQ

CY ��ŇķSȰƇúŇķU¨”�ÀBTUǑîǶ� Y ƋxŃÁÅƐýƋǶ�xƐ½R 

S5TƄĘ~cƣºUaØa¿pƅR 

AY 

BY 

Y 

CY 

B C A 

 
ĸĬȅħÈ 
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Í 3.3 ĸĬȅħÈƇǮ©ƃÍ 

 

éȮ 2 ��È 

1QéȮƎƋ 

S1TäQƬ¼ƇǮƋǜǗľŮ= 

S2TSǔ��ÈƋœĘÅôo©ƃ= 

S3TŽĒ EDA ô�ǱcƋpƅľŮR 

2QéȮǜØ­Èc 

S1TĴoƩƳL WINDOWS XP ƋǗƧŌ@¸= 

S2TĸâȈǵEǗƧŌƬĘ©ƃéȮƩƳ@¸= 

S3TrǶ�ÉEȢȕ 

7!���ÅrǶ�ÉĂęȕ 

7!�)R 

3QéȮ�ë­ǣŁ 

ŊéȮǏŬ�ƅGǶ�EȢȕÅĂęȕǜǗ@I 1 jrǾ���ÈU�J a LǍ�ĸQb L�ĸU

ci LkjŐƋǾjUs LŊjÅUco LÀȰjƋǾjUÍ 3.4 L 1 jrǾ���ÈƋŜÍU©ƃÍßÍ

3.5 ěƘR 

AND2

inst
AND2

inst1
AND2

inst2

AND2

inst3
AND2

inst4
AND2

inst5

AND2

inst6
AND2

inst7
AND2

inst8

AND2

inst9
AND2

inst10
AND2

inst11

OR3

inst12

OR3

inst13

OR3

inst14

OR3

inst15

VCC
a3 INPUT

VCC
b3 INPUT

VCC
c3 INPUT

VCC
a2 INPUT

VCC
b2 INPUT

VCC
c2 INPUT

VCC
a1 INPUT

VCC
b1 INPUT

VCC
c1 INPUT

VCC
a0 INPUT

VCC
b0 INPUT

VCC
c0 INPUT

VCC
AY INPUT

VCC
BY INPUT

VCC
CY INPUT

Y3OUTPUT

Y2OUTPUT

Y1OUTPUT

Y0OUTPUT
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Í 3.4  1 jrǾ���ÈŜÍ 

 

 
Í 3.5  1 jrǾ���ÈƇǮ©ƃÍ 

 

4QéȮŧȯ 

    S1T©ƃÍǶ�<ŚĬÍ 3.5 ƇǮUȍƅÍćǶ�ŮÎǗƧŌBçĘéȮƇǮƋ©ƃÍǶ�R 

S2TƨǁèN<ŚĬÍ 3.1 ƖcéȮú¸ǨŶƘĕÍÅȚĆ@ ú¸ǨŶÅ FPGA ĄǁȀįǌç

Ę©ƃÍJǶ�QǶ�ƨǁƋèNR 

S3T©ƃÍƸǞQȃȌÅCǲ<Î �+CEG+FMƁÖJȅħ EP2C8Q208C8 ÈcUǾǋ©ƃÍƋ

ƸǞÅȃȌUĿǢ¿çĘCǲR 

S4T��ÈƋǦǟ< ŚĬ��ÈƋƒxǌUpƅǶ�”�L��ÈǶ�ǩxUǑîǶ�ŊjÅ

S ­ÀȰjǾj CO ƋxŃÁťƗR 

S5TƄĘ~cƣºR 

5Qȅo�ë 

ǜǗ@IȈǵƇǮŐ�ļÉj BCD ƔJK1LƋIĸŃÁLÝĸUŃÝĸǶ�ưŕLK1LUŃ{ĸ

Ƕ�ưŕLK0LR 

éȮ 3 ¤Ǿ�ĸ�ŮÈ 

1QéȮƎƋ 

7400

inst

7400

inst1

7486

inst2

7486

inst3

7400

inst4

VCC
a INPUT

VCC
b INPUT

VCC
ci INPUT

sOUTPUT

coOUTPUT

b ci 

s co 

a 

FADD 
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S1TäQƬ¼ƇǮƋǜǗľŮ= 

S2TSǔnAƔƋœĘÅ¤Ǿ�ĸ�ŮÈƋœĘÅôo©ƃ= 

S3TŽĒ EDA ô�ǱcƋpƅľŮR 

2QéȮǜØ­Èc 

S1TĴoƩƳL WINDOWS XP ƋǗƧŌ@¸= 

S2TĸâȈǵEǗƧŌƬĘ©ƃéȮƩƳ@¸= 

S3T4 jrǾ�ûǋ�ŮÈ 74283 Å�Ȣȕ 7404R 

3QéȮ�ë­ǣŁ 

ŊéȮǏŬÎĮĳÉjûǋ�ŮÈ 

��	 pƅľŮÅƃǔn 	 ƔǺƧŮ�ƋÔƕBU�ƅ 4 jr

Ǿ�ûǋ�ŮÈ 74283 Å�Ȣȕ 7404 ǜǗ@IƅnAƔƸƔƋ 1 j¤Ǿ�ĸ�ŮÈUûȇǹ°�r

ŒƨńƘ�ŮưŕRnAƔƸƔƋ 1 j¤Ǿ�ĸ�ŮÈ©ƃÍßÍ 3.6 ěƘU�J -
�-� Å .
�.� L

GInAƔƸƔǌƘƋ�ĸU�49 LkjŐƋǾjU!#8
�!#8� LnAƔƸƔǌƘƋÅĸU��#" LÀ

ȰjƋǾjR�

�

Í 3.6 nAƔƸƔƋ 1 j¤Ǿ�ĸ�ŮÈ©ƃÍ�

4QéȮŧȯ 

    S1T©ƃÍǶ�<ŚĬÍ 3.6 ƇǮUȍƅÍćǶ�ŮÎǗƧŌBçĘéȮƇǮƋ©ƃÍǶ�R 

S2TƨǁèN<ŚĬÍ 3.1 ƖcéȮú¸ǨŶƘĕÍÅȚĆ@ ú¸ǨŶÅ FPGA ĄǁȀįǌç

Ę©ƃÍJǶ�QǶ�ƨǁƋèNR 

S3T©ƃÍƸǞQȃȌÅCǲ<Î �+CEG+FMƁÖJȅħ EP2C8Q208C8 ÈcUǾǋ©ƃÍƋ

ƸǞÅȃȌUĿǢ¿çĘCǲR 

S4T�ŮÈƋǦǟ< ŚĬnAƔƋǺƧǒ�UpƅǶ�”�ÎnAƔƸƔƋ 1 j¤Ǿ�ĸ�Ů

ÈƋǶ�ƢǩxUǑîǶ�Åĸ SUM ­ÀȰjǾj COUT ƋxŃÁťƗR 

éȮ 4 ǞƔÈ 

1QéȮƎƋ 

4"BIT"ADDER

CIN
A1

A2
B2
A3

A4
B4

B1

B3
SUM4
COUT

SUM1
SUM2
SUM3

74283

inst

4"BIT"ADDER

CIN
A1

A2
B2
A3

A4
B4

B1

B3
SUM4
COUT

SUM1
SUM2
SUM3

74283

inst1

7404

inst2

VCC

GND

VCC
CIN INPUT

VCC
A[4..1] INPUT

VCC
B[4..1] INPUT

SUM[4..1]OUTPUT

COUTOUTPUT

A[4..1] A[1]

B[1]

A[2]

B[2]

B[4]

A[4]

B[3]

A[3]

B[4..1]
SUM[4]

SUM[1]

SUM[2]

SUM[3]

SUM[4..1]
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S1TäQƬ¼ƇǮƋǜǗľŮ= 

S2TSǔǞƔÈƋôo©ƃÅœĘ= 

S3TŽĒ EDA ô�ǱcƋpƅľŮR 

2QéȮǜØ­Èc 

S1TĴoƩƳL WINDOWS XP ƋǗƧŌ@¸= 

S2TĸâȈǵEǗƧŌƬĘ©ƃéȮƩƳ@¸= 

S3TAǶ�EȕÅȢȕƇǮǇùR 

3QéȮ�ë­ǣŁ 

ŊéȮǏŬçĘ@I 3 ƫ98 ƫǞƔÈƋǜǗR�J i2-i0 LǞƔÈǶ�ƢUy7-y0 LǞƔÈǶ�

ƢRÍ 3.7 LAƫ\�ƫǞƔÈƋŜÍUÍ 8 Ʊ�SAƫ\�ƫǞƔÈƋ©ƃÍR 

Í 3.7  3 ƫ\8 ƫǞƔÈŜÍ 

4QéȮŧȯ 

S1T©ƃÍǶ�<ŚĬÍ 3.8 ƇǮUȍƅÍćǶ�ŮçĘéȮƇǮƋ©ƃÍǶ�R 

S2TƨǁèN<ŚĬÍ 3.1 ƖcéȮú¸ǨŶƘĕÍÅȚĆ@ ú¸ǨŶÅ FPGA ĄǁȀįǌç

Ę©ƃÍJǶ�QǶ�ƨǁƋèNR 

ðǞƔÈƋAIǶ�Ƣ��èNÎ K2-0 BR 

ðǞƔÈƋAIǶ�Ƣ��èNÎ LD7-0 BR 

S3T©ƃÍƸǞQȃȌÅCǲ<Î �+CEG+FMƁÖJȅħ EP2C8Q208C8 ÈcUǾǋ©ƃÍƋ

ƸǞÅȃȌUĿǢ¿çĘCǲR 

S4T�ƿűǟ<Ķ± K2-0 ƋžĐUǞƔÈƋǶ��ƐýĶ±R 

S5TƄĘ~cƣºR 

i2        i1        i0 

y7  y6   y5  y4  y3  y2  y1  y0 

 
decoder 
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Í 3.8  3 ƫ—8 ƫǞƔÈ 

 

éȮ 5 �jìãÈ 

1QéȮƎƋ 

S1TäQÔŊŀ—ƇǮƋǜǗľŮ= 

S2TSǔìãÈƋôo©ƃÅœĘ= 

S3TŽĒ EDA ô�ǱcƋpƅľŮR 

2QéȮǜØ­Èc 

S1TĴoƩƳL WINDOWS XP ƋǗƧŌ@¸= 

S2TĸâȈǵEǗƧŌƬĘ©ƃéȮƩƳ@¸= 

S3TÔŊ D Ǖ°È 8 IR 

3QéȮ�ë­ǣŁ 

ŊéȮǏŬȍƅ D Ǖ°ÈǜǗ@I 8 jƋìãÈU�J d7—d0Qq7—q0 ��LìãÈƋǶ�Å

Ƕ�Ucp LìãÈƋŀȏǀ�R 

Í 3.9 L 8 jìãÈƋŜÍR 

Í 3.10 ƇǮL 8 jìãÈƋƇǮ©ƃÍR 

AND3

inst
AND3

inst1
AND3

inst2
AND3

inst3
AND3

inst4
AND3

inst5
AND3

inst6
AND3

inst7

NOT

inst8

NOT

inst9

NOT

inst10
VCC

I2 INPUT

VCC
I1 INPUT

VCC
I0 INPUT

Y7OUTPUT

Y6OUTPUT

Y5OUTPUT

Y4OUTPUT

Y3OUTPUT

Y2OUTPUT

Y1OUTPUT

Y0OUTPUT
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Í 3.9  8 jìãÈƋŜÍ 

 
 

Í 3.10  8 jìãÈƇǮ©ƃÍ 

CLRN

D
PRN

Q

DFF

inst

CLRN

D
PRN

Q

DFF

inst10

CLRN

D
PRN

Q

DFF

inst17

CLRN

D
PRN

Q

DFF

inst11

CLRN

D
PRN

Q

DFF

inst19

CLRN

D
PRN

Q

DFF

inst12

CLRN

D
PRN

Q

DFF

inst18

CLRN

D
PRN

Q

DFF

inst13

VCC

VCC
CP INPUT

VCC
d7 INPUT

VCC
d6 INPUT

VCC
d5 INPUT

VCC
d4 INPUT

VCC
d3 INPUT

VCC
d2 INPUT

VCC
d1 INPUT

VCC
d0 INPUT q0OUTPUT

q1OUTPUT

q2OUTPUT

q3OUTPUT

q4OUTPUT

q5OUTPUT

q6OUTPUT

q7OUTPUT

cp 

d7  d6   d5  d4  d3  d2  d1  d0 

q7  q6   q5  q4  q3  q2  q1  q0 

 
reg8 
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4QéȮŧȯ 

    S1T©ƃÍǶ�<ŚĬÍ 3.10 ƇǮUȍƅÍćǶ�ŮÎǗƧŌBçĘéȮƇǮƋ©ƃÍǶ�R 

S2TƨǁèN<ŚĬÍ 3.1 ƖcéȮú¸ǨŶƘĕÍÅȚĆ@ ú¸ǨŶÅ FPGA ĄǁȀįǌç

Ę©ƃÍJǶ�QǶ�ƨǁƋèNR 

ðìãÈƋǶ� q79q0 ��ȒèÎ LD790 BR 

ðìãÈƋǶ� d79d0 ��ȒèÎ K790 BR 

ðìãÈƋǶ�ǀ� cp ȒèÎ§ǀ�BR 

S3T©ƃÍƸǞQȃȌÅCǲ<Î �+CEG+FMƁÖJȅħ EP2C8Q208C8 ÈcUǾǋ©ƃÍƋ

ƸǞÅȃȌUĿǢ¿çĘCǲR 

S4T�ƿűǟ<Ķ± K790 ƋžĐUĪ @ţ§ǀ�ȔULD790 ƋńƘðE K790 ƐïýUǇ

Ňȓ�ȎĽǦǟR 

S5TƄĘ~cƣºR 
 

éȮ 6 ½ŧŢ 4 ·ȄǗĸÈ 

1QéȮƎƋ 

S1TäQ½ŧŀ—ƇǮƋǜǗľŮ= 

S2TSǔ·ȄǗĸÈƋôo©ƃÅǜǗéƂ= 

S3TŽĒ EDA ô�ǱcƋpƅľŮR 

2QéȮǜØ­Èc 

S1TĴoƩƳL WINDOWS XP ƋǗƧŌ@¸= 

S2TĸâȈǵEǗƧŌƬĘ©ƃéȮƩƳ@¸= 

S3T® 0 Ǖ°È� 

7!

QrǶ�rEȢȕ 

7!��QAǶ�AEȢȕ 

7!�� ÅrǶ�ÉĂęȕ



7!�)R 

3QéȮ�ë­ǣŁ 

ÎĮĳ½ŧŀ—ȈǵƇǮǜǗľŮƋÔƕBUǏŬȍƅ 0 Ǖ°ÈQrǶ�EȢȕQAǶ�EȢȕ

ÅĂęȕǜǗ@I·ȄŢ 4 ǗĸÈU�ŜÍßÍ 3.11 ěƘU�J CP LǗĸǀ�Ƕ�ƢUCON L·Ȅ

ǗĸÈƋİ�ƢSCON=1 Ǿǋ�ǗĸUCON=0 Ǿǋ�ǗĸTUQ2Q1 jǗĸǶ�ƢUZ LǾjƢR½

ŧŢ 4 ·ȄǗĸÈ©ƃÍßÍ 3.12 ěƘR 

Í 3.11 ½ŧŢ 4 ·ȄǗĸÈŜÍ 

CP Z 
Q1 
Q2 CON 

COUNTER4 
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Í 3.12 ½ŧŢ 4 ·ȄǗĸÈ©ƃÍ 

4QéȮŧȯ 

    S1T©ƃÍǶ�<ŚĬÍ 3.12 ƇǮUȍƅÍćǶ�ŮÎǗƧŌBçĘéȮƇǮƋ©ƃÍǶ�R 

S2TƨǁèN<ŚĬÍ 3.1 ƖcéȮú¸ǨŶƘĕÍÅȚĆ@ ú¸ǨŶÅ FPGA ĄǁȀįǌç

Ę©ƃÍJǶ�QǶ�ƨǁƋèNR 

ð·ȄǗĸİ�Ƣ CON ȒèÎ K0 BRLD790 BR 

ðǗĸǀ�Ƕ�Ƣ CP ȒèÎ§ǀ�BR 

Ǘĸǀ�Ƕ� Q2Q1 ·ȒèÎ LD1 Å LD0 BUǾjǶ� Z ·ȒèÎ LD2 BR 

S3T©ƃÍƸǞQȃȌÅCǲ<Î �+CEG+FMƁÖJȅħ EP2C8Q208C8 ÈcUǾǋ©ƃÍƋƸ

ǞÅȃȌUĿǢ¿çĘCǲR 

S4T�ƿűǟ<Ī §ǀ�ȔULD190 ýǠĪ 00-01-10-11 ę 11-10-01-00 ƋǒĈńƘULD2 ń

ƘǾjǶ�UßŇȓ�ŠŗƇǮûĪBȁŧȯȎĽǾǋR 

5Qȅo�ë 

�ƅ JK Ǖ°ÈǜǗ@I·ȄŢ 4 ǗĸÈR-

 

éȮ 7 ĂŧŢ 8 � 1 ǗĸÈ 

1QéȮƎƋ 

S1TäQĂŧŀ—ƇǮƋǜǗľŮ= 

S2TSǔĂŧǗĸÈƋôo©ƃÅǜǗľŮ= 

S3TŽĒ EDA ô�ǱcƋpƅľŮR 

2QéȮǜØ­Èc 

S1TĴoƩƳL WINDOWS XP ƋǗƧŌ@¸= 

S2TĸâȈǵEǗƧŌƬĘ©ƃéȮƩƳ@¸= 

S3T0 Ǖ°ÈÅȢȕƇǮǇùR 

3QéȮ�ë­ǣŁ 
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    ŊéȮǏŬǜǗ@IĂŧŢ 8 � 1 ǗĸÈU�J CLK LǗĸǀ�Ƕ�UCLR LÙjǶ�Uq2-q0

LǗĸÈƋǶ�R 

Í 3.13 LĂŧŢ 8 � 1 ǗĸÈƋ©ƃÍR 

 
Í 3.13 ĂŧŢ 8 � 1 ǗĸÈ©ƃÍ 

4QéȮŧȯ 

S1T©ƃÍǶ�<ŚĬÍ 3.13 ƇǮUȍƅÍćǶ�ŮçĘéȮƇǮƋ©ƃÍǶ�R 

S2T ƨǁèN<ð©ƃÍJƋǗĸǀ� CLK èNÎ§ǀ�ȔB=CLR èNÎ k0 B=ǗĸƋǶ

�Ƣ��èNÎ LD290 BR 

S3T©ƃÍƸǞQȃȌÅCǲ<Î �+CEG+FMƁÖJȅħ EP2C8Q208C8 ÈcUǾǋ©ƃÍƋ

ƸǞÅȃȌUĿǢ¿çĘCǲR 

S4T�ƿűǟ< 

Ī@ţ§ǀ�ȔS132 ǁTUǗĸÈ� 1UƆ LED2-0 ńƘǗĸxR 

ðǗĸǀ�èNÎȀƵǀ�BS131 ǁTU�ǗĸÈⅡƁǗĸ LED2-0 ⅡƁńƘR 

ǦĹȀƵŀȏǀ�ĲÿBƓǮÒƋjƻSǐÍ 2.2TĶ±ȀƵǀ�ȩƀU� LED ȖźȩƀðȞ

OĶ±R 

S5TƄĘ~cƣºR  

 

éȮ 8 ǆĤ°ƄÈ 

1QéȮƎƋ 

S1TSǔǆĤ°ƄÈƋôo©ƃÅǜǗǹƜ=  

S2TäQȍƅòţ£ǾǋĸâƇǮǜǗƋľŮ= 

S3TŽĒ EDA ô�ǱcƋpƅľŮR 

2QéȮǜØ­Èc 

S1TĴoƩƳL WINDOWS XP ƋǗƧŌ@¸= 

S2TĸâȈǵEǗƧŌƬĘ©ƃéȮƩƳ@¸= 

S3T�ȁéȮJƄĘƋǞƔÈÅŢ � ǗĸÈ~cƣºR 

q2OUTPUT

q1OUTPUT

q0OUTPUT

CLRN

D
PRN

Q

DFF

inst
CLRN

D
PRN

Q

DFF

inst1
CLRN

D
PRN

Q

DFF

inst2

NOT

inst4

NOT

inst5

NOT

inst6

VCC

VCC
CLR INPUT

VCC
CLK INPUT
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3QéȮ�ë­ǣŁ 

ŊéȮȍƅòţ£ƋľŮǾǋǜǗUÎȤòƇǮJƏįǦƅéȮ 7QéȮ 4 JçĘƋǗĸÈ~c

ƣºÅǞƔÈ~cƣºoLþòƇǮ~cpƅUÍ 3.14 ŃǠǆĤ°ƄÈƋȤòƇǮ©ƃÍR 

 

 

Í 3.14 ǆĤ°ƄÈ©ƃÍ 

4QéȮŧȯ 

S1T©ƃÍǶ�<ŚĬÍ 3.14 ƇǮUƏįǦƅéȮ 3QéȮ 4 JçĘƋǗĸÈ~cƣºÅǞƔÈ

~cƣºçĘǆĤ°ƄÈƋȤòƇǮ©ƃÍǜǗR 

S2TƨǁèN<ŚĬÍ 3.1 JƋƨǁȀįƘĕÍçĘ©ƃÍJǶ�QǶ�ƋƨǁèNR 

ðǗĸÈƋǗĸǀ�Ƣ cp į�ȀƵǀ�BR 

ðǗĸÈƋÙjƢ re į� k0 BR 

ðǞƔÈƋǶ���èNÎ LD790 BR 

S3T©ƃÍƸǞQȃȌÅCǲ<Î �+CEG+FMƁÖJȅħ EP2C8Q208C8 ÈcUǾǋ©ƃÍƋ

ƸǞÅȃȌUĿǢ¿çĘCǲR 

S4T�ƿűǟ<ǇȀįĿǢU� LD790 ðsţⅡƁŹZRƅǭįƫĶ±Ǘĸǀ�UǆĤƋńƘ

ȩƀðǍĶ±R  

S5TƄĘ~cƣºR 

 

 

 

 

 

 

 

 

CLK
CLR

q2
q1
q0

counter8

inst

I2
I1
I0

Y7
Y6
Y5
Y4
Y3
Y2
Y1
Y0

decoder

inst1

VCC
CLK INPUT

VCC
CLR INPUT

q7OUTPUT

q6OUTPUT

q5OUTPUT

q4OUTPUT

q3OUTPUT

q2OUTPUT

q1OUTPUT

q0OUTPUT
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3.3ĸâȈǵǥƜǜǗ$

ǥȪ 1 uȇŸvºİ�ÈǜǗ 

1.1�
 

��SǔuȇŸİ�ÈƋôo©ƃ­éƂǹƜR�

���äQĸâƩƳǜǗJƋǂȤÀCǜǗŮ­žĐŌƋǜǗR�

	���ų�ƅ 10- ĠŋéƂĸâƩƳƋlgR 

1.2����� 

1:EDA ”°Ǳc           @Þ 

2:ċŌ                       @¸ 

3:éȮ”°ƩƳ        @¸ 

4:�^ÈcEōĻ                   Ǉù 

1.3 ���� 

ǜu¬Ǯ²ƋuȇĔ�ßÍ 3.15 ěƘRŇGŏȇǋȉǮU��ŭľÀ l ÅľÀ 2 ȇǋRũ@ľÀ

ȋŇƪQȲQƶƬĘƋuȇvºŸRǽtvºŸƆƐýƋȰŇķvº( R1UG1UY1UR2UG2UY2)Őȭ

 RŦÚUũIľÀBȋǎŇ@IhĖÈUąƐýľÀŇǯǴǏŬȇǹŀUhĖÈƱ�ȰƇúŇķƋ

vºR 

�lǏŬ< 

1. ą SENl Å SEN2 O@L l ŀUƐýľÀƋƶŸýŹZR 

2. ą SENl Å SEN2 ½ŀL l ęL 0 ŀUGIľÀƋuȇŸýⅡƁŹZR 

3. ǏŬƶŸŹZŀșL 20sUȲŸŹZŀșL 5sR 

4. ĪwǗŀƋľŮƅĸƔƨĩƘŸZŀșR 

5. ÎǏŬƋŖŀșŨ�UGIľÀxǏŬȲŸȖ R 

uȇŰÀƋÉƙĔ�Å·ƿƋZŸĔ�ßǌ 3.l Åǌ 3.2 ěƘR 

 

ǌ 3-1  uȇŰÀ 

SEN1 SEN2 Ű   À 

0 1 }ǚľÀ 2 ȇǋ  R1=G2=1 

1 0 }ǚľÀ 1 ȇǋ  R2=G1=1 

0 0 GIľÀƥŀⅡƁZŸ 

1 1 GIľÀƥŀⅡƁZŸ 

 

ǌ 3-2  ·ƿZŸĔ� 

Ĕ  � R1  G1  Y1 R2  G2  Y2 

1 

2 

3 

4 

1   0   0 

1   0   0 

0   1   0 

0   0   1 

0   1   0 

0   0   1 

1   0   0 

1   0   0 

 

RGY RGY 

SEN1 

SEN1 ľÀ ��

ľ
À 

1 

Í 3-15  uȇĔ�ƦÍ 



 

43 
 

1.4���
����	 

 1:��žĐƸƔľŝÅžĐŌǰƛÍR 

2:ƈ�ȤòƇǮÍ­»ŢÒƋ©ƃÍSę HDL ĺcTR 

3. ðǜǗưŕCǲ�éȮ”°ƩƳBǾǋȮǝR 

4:��űǟưŕ­�ŔR 

    

ǥȪ 2 ĸâíƔȒƇǮǜǗ 

��� ƎƋ�

��SǔĸâíƔȒƋôo©ƃ­éƂǹƜR�

���äQĸâƩƳǜǗJƋǂȤÀCǜǗŮ­žĐŌƋǜǗR�

	���ų�ƅ 10- ĠŋéƂĸâƩƳƋlgR�

����éȮbÈ­Èc�

��10- ”°Ǳc� � � ��� � ��������������@Þ�

��ċŌ����������������������������������������@¸�

	�éȮ”°ƩƳ� � � � � ��� ����������@¸�


��^ÈcEōĻ������������������������������Ǉù�

��	�ǥȪǏŬ­ǣŁ�

ǜǗ@IƦłƋĸâíƔȒƇǮUǠȒýÎĵ� 	 jEǒèƔƐƣƋ¤Ǿ�ĸƔŀĝ”UpƐý

ĩƘŸŹZ=Ǉĵ�_ƔEǒèaƣę●”ȒƜ—ŇǢUǌƘȓǢƋĩƘŸŹZRĸâíƔȒÔŊǏ

ŬßC<�

��ƩƳįȇƇŶ¿UȬ�Ī !1"#�Ȕ¿ľġ�ǺǋRǺǋŀŘĎ”ȕƋĩƘŸÅǖģŸQ

ȑƌaôoUƩƳ×sæȒžĐR�

��”Ȓ_ƔŃ	j¤Ǿ�ĸU·ĪżƅĚƋĕėǦèR_ƔaǬ	jęǫ�	jŀÑaƿ”

ȒR�

	�”ȒƜ—ƆǜǗ●ƗèUƅĚčȧeśĞǋěǒèƋƜ—Uľ·”ȒR�


�”Ȓ_ƔÅƜ—ťƗUǌƘĸâȒĝ”ƋĩƘŸŹZR�

(�}ǚƅĚÎ”ȒǹƜJŇ�ţȓǢ�Ƕ�_ƔȓǢę”ȒƜ—ȓǢ U´Ǐ�ȓUǌƘȓ

ǢƋĩƘŸčèŹZRßŕŇGţȓǢU�ģǖÈJJÇ¶ȱµUaƘĔ�ĂøR�

)�”ȒƜ—L<�

�� �ĪÂ Ȕ�!"- " Â ”ȒƜ—UŦŀƩƳ�Ȋý×s�àžĐR�

�� �sţȔ�	I¤Ǿ�ƔR�
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�	 �Ī”ȕȔ���19 �Ø”ȕR�

ǇĪBȁƜ—ĞǋFĥºťƗU�”ȕƴƇÈôoUƶŸZ=ǇíƔǶ�ȓǢęŉĪB

ȁƜ—ĞǋU�Ī ”ȕȔ���19 ¿ǖģǎƻȱµ�§ȩ UƪŸZR�

�
 � ”ȒT�×ƃçū¿Uýðȕ�BUĪ!1"#�ȔUpƩƳȎĽǾ�æȒžĐR�ǇÎ

ģǖUĪ!1"#�ę!"- "ÑaǪoƅUý³ƅ@I�ȊƋ4�!1"#�ȔĜƿpƩƳǾ�æȒžĐ R�

�( �ǇĪȓºƔU·ÎĪ��19ȔO�Ī!"- "ȔȎĽÂ ”ȒƜ—R�


�ºƔ�>�Q!"- "Q��19ÑƅĪȔYƄUûÑŇŲĢÅ½ŧ£ƇǮR�

ĸâíƔȒŜÍßÍ	��)ěƘR�

Í 3.16  ĸâíƔȒŜÍ�

��
�ǥȪģÃǏŬ�

1.ƩƳǜǗľŝǛȁUƈ�ȤòƇǮưœÍ­�ƿ��ÍR 

2.»�ƿŢÒǜǗǣŁ­©ƃÍSęŶƜ—TR 

3.ǜǗéƂǹƜ­ĄǁȒèĔ�R 

4.éȮưŕǙĆSCǲűǟưŕęeƒưŕTQǘǛ­ČĉlgR 

�

ǥȪ 3 ǂ ¥țƇşİ�ÈǜǗ 

3.1 ƎƋ 

1. Sǔǂ ¥țƇşİ�ÈƋôo©ƃ­éƂǹƜR 

2. äQĸâƩƳǜǗJƋǂȤÀCǜǗŮ­žĐŌƋǜǗR 

3. �ų�ƅ EDA ĠŋéƂĸâƩƳƋlgR 

 

ž 

Đ 

Ō 
í 
Ɣ 

Ƕ 

� 

Ƈ 

Ǯ 

Ū ǳ È 

íƔìã­ȅħ 

en 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

right 

i-setup 

setup 

start 

open 

clk 

en 
gree 
red 
jbao 

  kaimen 
sel 
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3.2 éȮbÈ­Èc 

1.EDA ”°Ǳc                     @Þ 

2.ċŌ                                     @¸ 

3.éȮ”°ƩƳ                  @¸ 

4.�^ÈcEōĻ                              Ǉù 

3.3 ǥȪǏŬ­ǣŁ 

1. İ�È�ƿǏŬ 

ǜǗ@I 4 òšƋƇşİ�ÈUǠİ�È·çĘ 4 òšƋǲêň�UÔŊǏŬßC< 

(1) ŚĬƇşƋǺǋžĐUĪľÀf�İ�ľŝǜǗSÎƇşǺǋǹƜJUƇşB¥SęCțTȆ

JUdm¯ľÀCțSęB¥TƋÚÄşvºÑaÆýUißŕ¯ÀÚÄşvº�ľĿ�å�QÚÄ

şvºŀU�ƇşÆýǠÚÄşvºT= 

(2) ąŇ�ÄşęÚÄşvº�ŐŀUƇşÆýÄşvºU�ǸǠšòŀUƇşzŤǺǋUƇş

ȕĝ”U“ŀ@èŀș¿ǂ �ȕ= 

(3) Ƈşý�Ňņǿ¯ÀÚşÆý�ƿRqß<ƇşÎ@šUƾ½ŀŇròÀCÚÄşUAòÀC

ÚÄşU�Ƈş�ªAšÆýAòÀCÚÄşvº= 

(4) ƇşŉúòęǺǋŀU”ȕĪȐÅ�ȕĪȐÑaǪoƅUúòFƇşzŤǺǋ¿UĪ”ȕĪȐ

Ƈşȕĝ”UĪ�ȕƇşȕ�ȗ= 

(5) ƇşƝȘŀUzÎdĕ@ò= 

(6) �Ňǫǲģǖ�ƿUąǫǲŀƇşa�ȕUƏ�ǫǲvºŵȝR 

2. MǏvºǣŁ 

Ƕ�vº<ǤŬvºQšò�ǸvºQšòĩƘvºQǫǲÅBCǋĩƘvºƥR 

Ƕ�vº<”�ȕQƇŌȭ QńƘ­ģǖvºƥR 

3.4 ǥȪǜǗ­ģÃǏŬ 

1. ƩƳǜǗľŝǛȁUŘŁǜǗJpƅƋvº¾ƚQ�ƿƥUƈ�ȤòƇǮưœÍ­�ƿ��ÍR 

2. »�ƿŢÒǜǗǣŁ­©ƃÍSęŶƜ—TR 

3. ǜǗéƂǹƜ­ĄǁȒèĔ�R 

4. éȮưŕǙĆSCǲűǟưŕęeƒưŕTQǘǛ­ČĉlgR 
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Ƥ 4 ơ ǗƧŌƬĘ©ƃéȮ 

4.1$éȮƎƋ$

    ȇǹƬĘ©ƃéȮýpäƄĮĳǗƧŌƋÔŊưœa­»ȊcƋ�ƿQǜǗľŮQǜǗǹƜÅǦ

ǟǹƜUŽĒǗƧŌƋôo©ƃÅôoǹƜR 

4.2éȮƅǨŶ\Ʈ$

    éȮěƅǨŶßÍ 4.1 ěƘR 

4.3éȮ�ë$

éȮ 1 ȈǵǺƧƇǮ 

1QéȮ�ë­ǣŁ 

ŊéȮǏŬǜǗ@IƿéƂ 1 jȈǵP abQȈǵę a+b Å¦�(a⊕b)ƋȈǵǺƧƇǮRÍ 4.2 Lé

ƂBȁȈǵ�ƿƋƇǮ©ƃÍU�J«EǺƧƋGI 1 jrǾ�ĸL a Å bUandQxor Å or ��LE

ǺƧQĂęǺƧÅęǺƧİ�Ƕ�ƢR 

2QéȮŧȯ 

S1T©ƃÍǶ�<ŚĬÍ 4.2 ěƘƇǮUçĘȈǵǺƧƋƇǮ©ƃÍǜǗR 

S2TƨǁȒè<çĘ©ƃÍJǶ�QǶ�ƋƨǁȒèR 

ð a ĴoĸȒèÎ K9 B=ð b ĴoĸȒèÎ K8 B=ðǶ� e ȒèÎ LD0 B=ðEǺƧİ�Ƕ

� and ƢȒèÎ K2 B=ðĂęǺƧİ�Ƕ� xor ƢȒèÎ K1 B=ðęǺƧİ�Ƕ� or ƢȒèÎ K0

BR 

S3T©ƃÍƸǞQȃȌÅCǲ<Î �+CEG+FMƁÖJȅħ EP2C8Q208C8 ÈcUǾǋ©ƃÍƋ

ƸǞÅȃȌUĿǢ¿çĘCǲR 

S4T�ƿűǟ<�ƅǶ�”�­°�rŒƨ LD űǟȈǵǺƧȊcƋ�ƿûǙĆűǟưŕR 

S5TƄĘ~cƣºR 

3Qȅy 

�ƅ@jȈǵǺƧƋưŕéƂGI 4 jrǾ�ĸ ASa3a2a1a0TÅ B(b3b2b1b0)ƋȈǵǺƧûƄĘ

~cƣºR 

 



 47
 

 

 

6
4.

1 
 I

(
"

)
�

�
C

8
1

-
#

D
�

6
 

	�
��

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
 

 

FP
G

A
 

 E
P2

C
8Q

20
8C

8 

�
�

 

0
�



 

�
 
�

~ 
0 

�
-
0
�
�

 

13
2 

13
1 

3
!

0
 

�
D

A
 

L
A

15
-0

 

 
3
%
"

 

�
2

��
��
��
�

�
2

��
��

�

�
2

�	
� 
�

/
+

 
 

5
 

C
PU

 
7

1
 

K
*

!
0

 

�
D

A
 

L
D

15
-0

 
�

D
A

 
L

R
15

-0
 

R
S2

32
 

 
5

 
 

	�
��

~ 
�
�

0
�
�
�
�

~ 
 
�

0
�
�
�
�

~ 
 

 
�


	
�

~ 
 

 



’	
~ 
 

 
 

�



 

A’
7~

0 



 

48 
 

 
ß 4.2 ȉǹǽƵƗǴÁƓß 

�

þȤ 2 ǙƠ´ƀÜ 

� �	NþȤ�ÿÄǫœ�

����ŜþȤǜŽȍƕZ��´ÜÚĚĭȕǣǠZbÝ�lȀ±ǙƠ´ƀÜpň�ōÚǽƵǀŦãȍƕ

ǙƠǚƤpǩ´ƀÜǜŽÍ�ǙƠ´ƀpiÍ�ǙƠ¥ƀǽƵl�

àǙƠǽƥcr�

� ��mD Ǚ�»mE Ǚ�tmD » E Ǚ�

� �� mD Ǚ�ZmE Ǚ�tmD Ǚ�»mmE ǙnǙ�

� �� � �cmmE ǙnǙŔĆmE ǙȁÓƱÐ�Ȇ�ÈÆś�´ 	l�

ß )�( ŔÝ�ǙƠ´ƀÜƙÁƓßpßc BC�(�BC�� ǚƤÝ�Úōp3) eÕȦ�ƙȀ�p1(�1�

e 1 ň�ōp2(�2� e 2 ň�ōp3� e��šƙȀ�p�: eŃ±ưpĝ : eȦƗđŒpĴǘ¥ƀǽ

Ƶp: e�ƗđŒpĴǘ´ƀǽƵl�

� 
�þȤŸȥ�

m	nÁƓßǺ�rs�yĔcȅÈƜĕÜyþƒÝ�ǙƠ´ƀÜƗǴǣǠl�

� ��� m
nƶǏȑýrĆ BC�(�BC��N3) �Ŵý·à �54 ļƤƋ �4
��4� \pĆ :N3�N1(�1�N

2(�2� �Ŵý·àǺ�ę� :.N:-N:,�:)N:(�:� \l�

m3nÁƓßǇǧNȄȌÚzǷrà #:F79:UcƑécȅĺ EP2C8Q208C8 ÜypȀǘÁƓßƙ

ǇǧÚȄȌpőǪÔûĬzǷl 

m4n³ǍƃǨr®ƕǺ�ę��:.�:� ŊÉ :N3� Ú 1N2 ň�ōƙ�pƝ �54 ļƤƋŕƤƙǀ

ŦŔÖŶƣĒǢĞǀŦl�

m
nƔĬ�yƱÐl�

AND3

inst

AND3

inst1

AND3

inst2

AND2

inst3

AND2

inst4
NOT

inst6

NOT

inst7
OR6

inst12

GND

VCC
a INPUT

VCC
b INPUT

VCC
and INPUT

VCC
or INPUT

VCC
xor INPUT

eOUTPUT
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�

ß )�(�Ý�ǙƠ´ƀÜÁƓß�

þȤ 3 ƨ�Ü 

 1NþȤ�ÿÄǫœ 

ŜþȤǜŽȍƕ�ȃŐěþƒlȀ±ōƙƨ�ƗǴlß 4.4 ǁ¦kÍăÝ�lȀ±ōþƒⅣƨ 1

�m?2npÏƨ 1 �m@2nÚƛł�ȃ³Ǎƙƨ�ƻǴpǿiŔǽƵÜƙfǜ³Ǎl 

à LMmⅣƨnƙŃ±zÍþƒⅣƨ 1 �pƫ�Ǚ 0l 

à RMmÏƨnƙŃ±zÍþƒÏƨ 1 �pƫ�Ǚ 0l 

à DMmƛȃnƙŃ±zÍþƒƛł�ȃl 

2NþȤŸȥ 

    m1nƕßğǺ�ƀûĬß 4.3 ȉǹƗǴǺ�l 

    m2nƶǏȑýrĆÝ�lȀ±ō a3-a0 ý·à K3T0 \sĆ 4 �Ǻ¦ q3-q0 ý·à LD3T0 \s

Ć LM ý·à K8 \pȦƗ�řŌsĆ DM ý·à K9 \pȦƗ�řŌsĆ RM ý·à K10 \pȦƗ

�řŌpûżÔzǷl 

m3nǣǉ K3T0 e{ĩ 4 �ōpà LMNDMNRM ƙ�ƕz©¯ǝ… LD3T0 ƙŕƤpĒ©ť

�ŶƣĦl 

7486

inst

7486

inst4

7486

inst5

7486

inst6

2+BIT/ADDER

A2

B2
B1

C0

A1
C2

SUM1
SUM2

7482

inst2

2+BIT/ADDER

A2

B2
B1

C0

A1
C2

SUM1
SUM2

7482

inst3

VCC
K INPUT

VCC
C0 INPUT

SUM3OUTPUT

SUM2OUTPUT

SUM1OUTPUT

SUM0OUTPUT

C4OUTPUT

VCC
A1 INPUT

VCC
A0 INPUT

VCC
A3 INPUT

VCC
A2 INPUT

VCC
B1 INPUT

VCC
B0 INPUT

VCC
B3 INPUT

VCC
B2 INPUT
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m4nƔĬ�yƱÐl 

 
ß 4.4 ƨ�ÜƗǴÁƓß 

 

þȤ 4 ��d/ĒȀ�ǽƵÜ 

	NþȤ�ÿÄǫœ�

����ŜþȤÍȇǼ�ƕlƏ ,)�B	-	 ǽƵÜŤĬ��ƼȗdǘȀ�ǽƵÜpiÍw�¶�ǘȀ�ÇƔ

Ü ,)�B	-
 ŤĬƼȗĒǘȀ���ǽƵÜlß )�
 ŔƖlƏ ,)�B	-	 Ú ,)�B	-
 ŤĬƙ��ƼȗĒǘ

Ȁ�ǽƵÜƗǴßl�

�

AND2

inst
AND2

inst1
AND2

inst2

AND2

inst3
AND2

inst4
AND2

inst5

AND2

inst6
AND2

inst7
AND2

inst8

OR3

inst9

OR3

inst10

OR3

inst11

AND2

inst12
AND2

inst13
AND2

inst14

OR3

inst15

GND

VCC
a3 INPUT

VCC
a2 INPUT

VCC
a1 INPUT

VCC
a0 INPUT

VCC
LM INPUT

VCC
DM INPUT

VCC
RM INPUT

q3OUTPUT

q2OUTPUT

q1OUTPUT

q0OUTPUT
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�

ß )�
���ƼȗĒǘȀ�ǽƵÜÁƓß�


NþȤŸȥ�

m	nÁƓßǺ�rs�yĔcȅÈ�y ,)�B	-	 Ú ,)�B	-
 ĒĽƎß )�
 ûĬƗǴǣǠl�

� ��� m
nƶǏȑýrĆň�ō 1, �1� �Ŵý·à :,�:�p2- �2� �Ŵý·à :	
�:-p3� ý·

à :	� \pĆ 3- ý·à �A� \p6-�6� �Ŵý·à �4,v�4� \l�

m3nÁƓßǇǧNȄȌÚzǷrà #:F79:UcƑécȅĺ EP2C8Q208C8 ÜypȀǘÁƓßƙ

ǇǧÚȄȌpőǪÔûĬzǷl 

m4n³ǍƃǨr®ƕǺ�ę� :	��:� Ú �54 ļƤƋƃǨǽƵÜƙ³ǍĒǢĞƃǨǀŦl�

 

þȤ 5 Ý�ǙƠǽƵÜ 

1NþȤ�ÿÄǫœ 

ŜþȤǜŽǣǠZbǍïþƒǙƠ´ƀN¥ƀN´ 1NⅣƨNÏƨNƛł�ȃƳ³ǍƙÝ�ǙƠǽ

ƵÜpß 4.6 eÝ�ǙƠǽƵÜƙƗǴŬß,ßcpƨ�Ü�řⅣƨNÏƨÚƛł�ȃ³Ǎl 

þȤŒpß 4.6 cƙ�yÍƛłǯƕp�c R0NR1NR2 Ý�”øÜÍƛłǯƕ�yĔcƙ 4D ”

øÜ 74173mǣǠÁƓßŒ 74173 ƙ G1NNG2NNMNNNN Ú CLR ƶǏłánpƨ�ÜÍǯƕŜƯþ

Ȥ 3 cǣǠƙƨ�Ü�ypÝ�´ƀÜÍǯƕŜƯþȤ 2 cǣǠƙǙƠ´ƀÜ�yl 

6(���6
����6	���6��6,���6�����6
���6)�

" �

7 �

2( �~ B� �

3-�

1( �~ A0 �2, �~ B4 �1, �~ 1) �

3 )����,)�B	-	�����3 � ������,)�B	-	����3 �

       7 	���" 	����������3D�����������7 ���" ��
" �����������������������������������������������������

	��1 
�������������������3	�
7 �

 

3��
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ß 4.6 Ý�ǙƠǽƵÜƗǴŬß 

2NþȤŸȥ 

m1nÁƓßǺ�rǯƕ”øÜNƨ�ÜNǙƠ´ƀÜƳ�y━ľß 4.6 ûĬÝ�ǙƠǽƵÜƗǴ

ǣǠNǯǨĒƔĬ�yƱÐl 

m2nƶǏȑýrĆ 4 �ň�ō Ama3a2a1a0nȑýà K7T4 \NĆ 4 �ň�ō B(b3b2b1b0)ȑý

à K3T0 \NĆĳ�ǎ¢ CPR0 ȑýà K8 \NĆĳ�ǎ¢ CPR1 ȑýà K9 \NĆĳ�ǎ¢ CPR2 ȑ

ýà K10 \NĆ LM ȑýà K11 \NĆ DM ȑýà K12 \NĆ RM ȑýà K13 \NĆ C0m��ƙȀ

�nȑýà K14 \l 

    ę� K Ɩ�ƗđķÕȦƗđ ķÕ�ƗđpƜĝmZbǎ¢l 

ĆøŋǀŦƙ”øÜ R2 ƙǺ¦ư D(d3d2d1d0)©¯ȑýà LD3T0 \l  

m3nƶǏȑýûżÔà #:F79:Uccȅĺ EP2C8Q208C8 ÜypȀǘÁƓßƙǇǧÚȄȌpő

ǪÔûĬzǷl 

m4n³ǍƃǨr®ƕę� K _ LED ƃǨr´ƀN´ 1NⅣƨNÏƨNƛ�Ƴ³ǍpĒ©ťǀŦ

ŶƣĦl 

 

þȤ 6 Ń±ÜþȤ 

1NþȤ�ÿÄǫœ 

D 

B A 

C0 

CPR1 CPR0 

CPR2 

4 �´ƀÜ 

R2 

R0 R1  

ƨ�Ü 
LM 
DM 
RM 
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ƚ²Ń±ÜǣǠðȋȍƕĢƩēǣǠŐƀpÃƧø�ȉǹŃ±ÜlĢƩēŃ±ÜƗǴǀŤôß 4.7

įƤlúƖŃ±ø�Ü ROMNĢƩēµPC ǠōÜÚĢļv”øÜµ IR ŤĬl 

ßcþƻȊ©ãƖǮƩǣǠđÎń�pǌǗƻȊ©«ƖùƔǐǘǣǠl 

�cpĢƩēǠōµPC ÕŃ±ø�Üń� 8 �ĢáâpàŃøǭ�Ð RDµ ƙ�ƕzpǭ¦ZŠ

Ȕ 24 �ƙĢļvuƠpĒàĳ�Ùv CPµ IR ƙ�ƕzpȃ�µ IR23-16Nµ IR15-8Nµ IR7-0l 

L23-16NL15-8NL7-0 ƕmŕƤĢļv”øÜµ IR23-16Nµ IR15-8Nµ IR7-0 ƙ�ÿl 

ß 4.7 ĢƩēŃ±ÜŬß 

     źĝĽZŴǎ¢ȓ�pƔZbǰǎ¢pǩǎ¢ƙ�ƕŔr 

>�eǭŃøƙÙv RDµ l 

>ǰǎ¢ĝ� CPµ IR Ćǭ¦ƙĢļvĳ�Ģļv”øÜµ IRl 

>ǰǎ¢ƙ\¼ſ�µPCo1 ğĬzZŠĢļvƙáâl 

>ǰǎ¢ÆƜÔƙ\¼ſ�e”øÜĳ�ǎ¢l 

ĢƩēŒēôß 4.8l 

 P         //  
 

 

         P          // 

ß 4.8  ĢƩēŒē 

2NþȤŸȥ 

m1nÂǊō÷ȉǹþȤƙĚŸŲ 8 ǠōÜmþȤ 7nǣǠǼƩpûĬ 8 ��ř´ 1 ³ǍÚƅȚ³

ǍƙǠōÜǣǠĒąǛm�eĢƩēǠōÜAPC �ƕnl 

�	–����15-8 �23-16 �,-0 CPA9A AA4 

RE                       FPGA    CPPC 

                                             

��A"3� 

µIR23 - 16    µIR15 ~ 8    µIR 7 - 0 

 
0�����������0���������0�� �
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m2nĽß 4.6 ûĬĢƩēŃ±ÜƙȁƻÄĜǏȑýl 

* ƕ½ǎ¢ȣµAPC ƙǠōǎ¢ CPPCNARDNCPAIRl 

        * ĆAPC ƙ 8 �Ǻ¦ȑýà A7TA0 \l 

        * ĆAPC ƙì�ưȑýà CPU ì�ĜǏ\l 

           * zǷl 

m3n¡�ĢƩē (ǬÂǊŜáþȤǯǨcƙ ROM ¡�) 

       s ROM ƙ 0 Ð½�ęõ¡�N¡�ƙĢƩēuƠțĩƣýl 

     m4nǭ¦Ģļv 

       MĽ CPU ì�ĽȓpƅȚĢļvǠōÜl 

         MĽ½ǎ¢ȓ 

             ǭ¦ 0 Ð½�cƙĢļvuƠȃµ IR23-µ IR0 ÓŒŕƤà L23-L0 \s 

             ĆĢļvǠōÜµPC » 1 eǭzŠĢļv�¤ël 

        Mȁ、Ľ½ǎ¢ȓ 

Ģļvȁ、s ROM cǭ¦ĒŕƤà L23-L0 \l 

               Ɓĩràǭ¦ǼƩcǜÚÁ�¡�ƙuƠŻăƝŔÖŶƣ 

þȤ 7 CPU 。ÒþȤ 

1NþȤ�ÿÄǫœ 

CPU 。ÒþȤƗǴ¸ĻǽƵÜƗǴÚŃ±ÜƗǴlß 4.9 ǁ¦k CPU 。ÒþȤǀŤŬßlßcƙ

ǗƻŬíƗǴƖþȤƸń�pǗƻŬ�ƗǴƖùƔǐǘǣǠp�cĢƩēŃ±ÜŔƖAPCNROM3N

ROM2NROM1 ÚAIR ŤĬl 

ǽƵÜƖxb”øÜ R0NR1NR2Nƨ�ÜN´ƀÜƳŤĬpĒƼǛàZǲŤĬ ALU Ƶŝȉǹǽ

ƵȊypÂƎß 4.6 įƤl 

2NþȤŸȥ 

(1) ǯƕ ALU ŲäNAPC ŲäÄȕƗǴĽß 4.9 ûĬȁƻl 

(2) ƶǏý·rALU ƙǺ�ōľ a3-a0 �ŴȑýàµIR23-µIR420 \pCPR0NCPR1NCPR2 �Ŵȑ

ýàµIR7-µIR5 \pLMNDMNRMNC0 �ŴȑýàµIR4-µIR1 \pP ȑýà½ǎ¢Ľȓ\lQ3-Q0 �

Ŵȑýà LD3-LD0 \l 
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�

ß )�.��3"C 。ÒþȤǀŤŬß�

(3) ȄȌNzǷ 

(4) Ǉ±ĢƩē 

ĢļvÍƣýôzūěr 

                   CPR0    CPR1     CPR2 
 
                   
             P 
   
 
 

A9A23—A9A20             A9A7   A9A6   A9A5  A9A4     aaaaaa    A9A0 

    ĆĢļvūě©eaȊ©r²ȞȊ©µIR23uµIR20 ÍǣǉōľpÔȞȊ©µIR7uµIR0 ÍƣýĢ

Ùvp�rȜǜ CPR0 ǎ¢pǩ�e 1pÖ«e 0sëƕ�è 0l 

a3a2a1a0              CPR0    CPR1   CPR2  LM    DM   RM    C0 

& & & 

CPU 
ì� 

P 

 CPµPC 

 
CPµIR  µRD 

a3 a2 a1 a0  µIR         CPR0    CPR1  CPR2  LM    DM   RM   C0 

          ROM3                       ROM1 
             A7  A6  A5  A4  A3  A2  A1  A0 
 

µPC 

& & & 

Q3        Q2       Q1      Q0 

 
                                ALU 

 
a3 aa a0  b3aab0     CPR0   CPR1  CPR2  LM    DM   RM   C0 

µIR23- 20                µIR7  µIR6                                         µIR1     µIR0 
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�ȢrǇ¡Zb 0110o1000 ƙĢƩēl 

”øÜ©Ȍr0110 ȃ R0N1000 ȃ R1NǀŦȃ R2l 

ň�Ÿȥ         Ģļv              ǫœ 

  0 1 1 0→R0s     60 00 80H    ø�Ń±ø�Ü ROM ƙ 0 ½�l 

        ↓ 

1 0 0 0→R1s     80 00 40H    ø�Ń±ø�Ü ROM ƙ 1 ½�l 

        ↓ 

R0oR1→R2s    00 00 08H    ø�Ń±ø�Ü ROM ƙ 2 ½�l 

(5) ¡�ĢƩēl 

       ĆxŠĢļv�Ŵ¡� ROM ƙ 0N1N2 ½�pǭ¦ĒŧƝŔÖřȒpǕřȒŊ×l 

(6) ³Ǎůŧ 

      Ľ CPU ì�ȓƅAPCp�×ļÕŃ±ø�Üƙ 0 Ð½�l 

      źĽZŴ½ǎ¢ȓp�ĴǘZŠĢļvl 

      ĽƲ 3 Ŵ½ǎ¢ȓpĢƩēĴǘûżl 

      ǽƵǀŦĕøŋà R2 cpĒƕ LD3T0 ļƤl 

      ÓùÍǇ±îƦî─ƙĢƩēšûĬÑƦň�l 

  �  2?mR0oR1n⇒ R2s 

      1/2mR0oR1n⇒ R2s 

           aa�

þȤ 8 ŲåŞƉƤ 

 	NƉƤ�ÿÄǫœ�

ŜþȤÍwûĬŲåŞōľȇǴƙōľ�ȃǼƩƉƤpȇǼƉƤ�ùƔƅŖáƝ°Ń±ÙvÚ�

ĨƂÕƙ�ƺp^ÓƙōľȇǴȜǜ^ÓƙŃ±Ùvl�


NƉƤŸȥr�

m	nƌ§ŮȞƙBǠƵŞƼĬÁƓ_ƺǂǀŤCßŨȀ�ŲåŞþȤl�

m
nǇ¡žǇƩēr�

M�à 3RI- ƬÊcǺ�žǇļvpôß )�	� įƤlûĬįřļvǺ�Ôpƌ§ĽȓBǇǧCĤĿ

ȓûĬžǇļvƙǇǧp×Ôà �NH7R�>" ƬÊc¿Íġ°ƜĕƙļvƂƩpôß )�		 įƤl�
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ß )�	���žǇļvǺ�ƬÊ�

�

)�		��ǇǧÔƙĢļvƂƩƬÊ�

M�ƩēĴǘrƌ§ BǐµƉƤm½ŸnCĤĿȓ¿ÍĴǘZŠĢļvpĴǘǼƩcÏ�ƙ 4NFL7FP

ƬÊ~ŕƤƜĕƙĢļvĴǘǴĠÄŃ±ÙvńƤpôß )�	
 įƤliÍwƌ§BǐµƉƤmȁ、nC

ĤĿȓûĬǐµƉƤ³Ǎl 

 

ß )�	
�ĢļvĴǘǴĠÄŃ±ÙvƬÊ 
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Ʋ 5 Ư ŲåŞǮƩǣǠ 

|įØƟpǠƵŞŎŞűĥŔkǞNùjǠƵŞƟǦŘȎǜƙZbűĥlǜĘƭZbƅŖƙŎŞ

űĥpĈģȡŇīZŠļvĴǘƙ�ǼƩpàǿZǼƩcpǜûĬÛnň�pȜǜńÛnŃ±ļvp

ōľȇǴŔô�ƣýƙpĲ�ōľſƞļýƙōľȇǴsZbȊyƂÕËZbȊypǿnȖȢƙǞ£

ăĘƭZbƅŖƙŎŞűĥǑ�ȎǜlǌƢyþȤđÎń�kZbûŎƙŲåŞþȤpúǸóáⅡƤ

k\ȂÑbȖȢpùƔȇǼǩŲåŞþȤpǍǻȈáƅŰáĘƭǲŎŞűĥpăùjǠƵŞÁƓřţ

ðƙď¶lzȞƴǜ÷ƾŲåþȤƺǂl 

5.1$ŲåŞƺǂǀŤ$

5.1.1 ŲåŞļvƺǂ 
1.ŲåŞļvƺǂ 

ŲåŞļvƺǂŻǸƴ½pǣǉÅň�ōļvÚ½ň�ōļvpôǚ 5.1 įƤl 

ǚ 5.1 ļvƺǂ 

2Nļvūě 

ȍƕÅ÷Ǔļvp÷Ȕ 16 � 

  

 

 

 

 

ĄâŐěr”øÜĄâsň�ōàļýƙ”øÜc 

              ƭ¿ō    sň�ōàļvƙzZb½� 

              ”øÜȗâsň�ōáâà”øÜcl 

Åň�ōļv ½ň�ōļv 

´ƀļv ADD Ⅳƨļv ROL Ǻ�ļv IN 

¥ƀļv SUB Ïƨļv ROR Ǻ¦ļv OUT 

ȃōļv MOV ´ 1 ļv INC ǵƨļv JMP 

ȇƕ”øÜ 

”øÜǣǉr 
R0 
R1 
 

Crøŋs�øÈ¦ƙƇňō 
Drøŋs�øÈ¦ƙƚƙō 

ň�Ơ 

Ƈň�ō ƚƙň�ō 

”øÜÐ ĄâŐě ĄâŐě ”øÜÐ 
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5.1.2 ŲåŞħ�ǀŤ 

ŲåŞħ�ǀŤôß 5.1 įƤl 

 

ß 5.1  ƼĬÁƓŲåŞǀŤß 

1Nħ�ǀŤçŜǣǉ 

    ŲåŞçŜ÷Ȕ 8 �pÞŷȇƕ”øÜlR0pR1NŗøÜ CNDpǺ�”øÜ RipǺ¦”øÜ

ROpƩēǠōÜ PCpãe 8 �lļv”øÜ IR ÞȍƕÅ÷Ǔįwe 16 �láâ”øÜ 8 �pø�

Ü M ÿȏe 256X8pƨ�ÜNALU e 8 �pANB ȅĺÜãe 8 �l 

2NŃ±Őě 

    ŲåŞŃ±ÜƙŃ±ŐěȍƕĢƩēǣǠpǂƧø�ȉǹŃ±ÜpoƧĢƩēŃ±ÜlfǜƖĢ

ļv”øÜNŃ±ø�ÜŤĬpƕúšøŋĢƩēpĢƩēcƙ{�ZŠĢļvǭ¦ǑĢļv”øÜ

ȋpƔƜĕƙŃ±ļvpô DMNPC     A ƳpǿnŃ±ļvĈǍ·ȇZŠōľȇǴpōľ�ĨĈ

sǲƌ�ȃ°ƽƌl 
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3NȍƕħƻǀŤ 

ôß 5.1 įƤr 

A Ñ”øÜÄø�Üłŉƨ�Üƿħƻȃšƙōľl 

B Ñ”øÜÄø�ÜƿħƻĆōľȃ�ǽƵÜƙȅĺÜl 

C �ĨàŃ±ÙvƙŃ±zpƿǼȅĺÜpȃ� ALU ´ⅢNêƓpȃ�ƨ�Ül 

5.1.3 ļvƂƩ 

    ļvĴǘƂƩoƧļvĴǘǼƩpðȋƖÝbȘŹŤĬp¿ÈļvpÈƇň�pÈƚƙň�ōp

ĴǘǽƵl�^Óƙļv^ÓƙĄâŐěpĴvƂƩi^ⅠƜÓpȜǜƙōľȇǴi^Z─pÞŷȜ

ǜƙōľȇǴi^Z─pĝƍŃ±Ùvi^Z─pzȞw ADDR0pR1 e�ƙĴǘƂƩl 

  sw\ƂƩÍƝ¦pÞeƇň�ōNƚƙň�ōãà”øÜp^ȜǜǤȖ�øpÞŷƂƩĈȝĐ

ƴ½p\ȞźZbƂƩȜǜZŠōľȇǴp¿ȜǜZŠĢļvƙŃ±Ùv·ȇl 

5.1.4 Ģļvūě 

1NŲåŞĢļv÷Ȕ 24 �p�ūěôzr 

 

 

 

M       ALU      IR1 

PC+1         PC 
             MAR 

M     ALU     IR2 

PC+1          PC 

R0+R1          R1 

PC            MAR 

ÈļvƙƲZb÷Ǔȃļv”øÜ 

eÈzZbļv÷Ǔ�¤ë 

ÈļvƙƲlb÷kȃļv”øÜ 

eÈzŠļv�¤ë 

ĴǘǽƵpĒĆǀŦȃ R1 

ĆzŠļvƙáâȃáâ”øÜ 

A B Y F J CP1 CP2 RD WR 
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�cpA Ú B ãeȅĺÜ÷Źp3 �÷ȔsY eƨ�÷Ź 2 �÷ȔsF eÆƜŃ±p1 �÷ȔsJ 

e Ȁ�Ń±p1 �÷Ȕs CP1NCP2 ãeĳ�ǎ¢p3 �÷Ȕs RD eǭÙvp1 �÷ȔsWR e¡

Ùvp1 �÷Ȕl 

2N÷Źý· 

Am3 �n         Bm3 �n             Ym2 �n   Fm1 �n 

000   R0    A    000    R0     B       00   R      1  B     ALU 

001   R1   A     001    R1     B       01   L 

010   C    A     010    C      B       10  DM      0  B     ALU 

011   D    A     011    D      B 

100   PC   A     100    M      B 

101   Rin   A 

 

J  m1 �n    CP1 (3 �)            CP2  (3 �)         RDm1 �n   WR m1 �n 

1    +1       000     CPR0        000    CPRin        0   ǭ       0    ¡ 

0             001     CPR1        001    CPRout 

              010     CPC         010    CPPC  

              011     CPD         011    CPIR1  

              100     CPMAR       100    CPIR2 

 

5.2ŲåŞōľȇǴǣǠ$

	NǣǠƚƙr 

ȇǼǩǮƩǣǠÍ�ùƔƅŰáŀņǠƵŞƙçŜǀŤNÑȊyƙçŜ³ǍNȊyȗƙȁłŐě

Ä�Ĩô��ȃl 

2NǣǠǫœ 

m1nwß 5.1 įƤŲåŞōľȇǴǀŤe�ľȀǘǣǠp�cōľȇǴ“Ėe - �pÞŷįř”

øÜãe - �pƨ�ÜN1�C�ȅĺÜ�ãe - �pōľȇǴcpōľ�ȃŐÕƖƷòļƤpįȜƙŃ

±Ùvô "3��0�1��� A���0�2��p”øÜĳ�ǎ¢ô 3"A��ãƖĢļvń�pø�Ü�ƕđÎcƙ

A1�s 

m2nōľȇǴǣǠŒįȜ�yÍs�yĔcǯƕl�
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3NþȤǜŽ 

    m	nƘ¦ōľȇǴǣǠß�

� ��� m
n¡¦ǯǨŸȥ�

m(n±ýƆǨŐŭ�

m)n©ťǩǣǠƙ}ǈƌ�

m
nń¦ŊȀŐŭ�

 

5.3$ƴ½ǠƵŞƙǣǠ�

	NǣǠƚƙ�

àăōľȅĺÜNƨ�ÜN”øÜNǽƵÜNø�ÜÄĢƩēŃ±ÜƳǠƵŞçŜȊykǞƙç

ơ\pûĬZbƴ½ǠƵŞƙǣǠpȇǼǩǣǠÍ�ùƔĘƭƅŖƙŎŞűĥÚǣǠŐƀl�


NǣǠǫœ�

ƖmǠƵŞƄÄƙȊyǸîNǀŤÁƓŻǸìşpămZbμùǋĐ~Ī°őszıpzȞǁ¦

ǠƵŞƙǣǠ_ǯǨƙZǒŸȥpwď¶ÓùxȠ®ûĬǣǠl�

m	nĸýļvƺǂs�

m
nƣýħ�ǀŤs�

m(nȉǹǣǠs�

m)nƣýŃ±Őěs�

m
nǇ±ļvƂƩs�

m�nǇ±ĢƩēs�

m,nǯǨl�

ƁĩrļvƺǂŠō^ǜñîNm	nÚm
naŸȜǜÆìǊǖĲǍƣýl�

(NǣǠǜŽ�

m	nƘ¦ǠƵŞƙÁƓßs�

m
n¡¦ǯǨŐŭs�

m(n¡¦ƃǨŐŭs�

m)nǥzǩǣǠƙ}ǈƌs�

m
nń¦ŊȀĘǡl 
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șĞ 1  JYS þȤƺǂƢyđÎǱƇÚ FPGA ĜǏȁłǚ 

ƢyþȤđÎ\Íń�ǁƕĮ�ƕƙǱƇfǜ¸ĻǺ�ę�NǺ¦Ç�lţƶļƤƋN½ǎ¢Ú

ȁ、ǎ¢Ƴs�cǺ�ę��ř 24 bm:
(�~ :�npÇ�lţƶļƤƋ� 72 Ìp�c LR15 ~ LR0N

LD15 ~ LD0NLA15 ~ LA2 � 46 ÌÍƖƕĮțĩ�ƕmLA1NLA0 Ɩƺǂ¾ƕpƕĮ^Ǎ�ƕnpL23 

~ L0 ƕmŕƤĢļv”øÜ�ÿp¿ĝ²ĴǘƙĢļvl$

	��ę� :
(�~ :� _ FPGA ǔƏƙĜǏȁł�

�58� ���� ���� �� � ���� � �� � 
� � 	� � �� � �� � �� � �� � ��

 (8�  �	�  ���  ��� ��
� �
� �	� ��� ��� 	�� 	�� 	�� 	��

�58� �  � � �� ��� �
� �	� ��� ��� ��� ��� ��� � � ���

 (8� 	�� ��� �
� �	� 

� 
	� 
�� 
�� 
�� 
 � 
�� 		�


��Ç�lţƶļƤƋ_ FPGA ǔƏƙĜǏȁł�

74A� �� �� �� �� �� �� �� �� ��  � �� �� ���� ��
� ��	� ���� ���� ���� ���� ���� �� � ����

 (8� ��� � � ���  ��  ��  ��  ��   �  �� 
� �� �� �� �� %D6#�

74A� �
 �� �
 �� �
 �� �
 �� �
  � �
 �� �
�� �

� �
	� �
�� �
�� �
�� �
�� �
�� �
 � �
��

 (8�  � �  ���  �
�  �	�  ���  ���  ���  �
� ��� ��� � � ��� ��� �	� ��� ���

74A� �0 �� �0 �� �0 �� �0 �� �0  � �0 �� �0�� �0
� �0	� �0�� �0�� �0�� �0�� �0�� �0 � �0��

 (8�  ���  ���  ���  ���  � �  ���  ���  � �  ���  ���  �	�  ���  ���  ���  ���  ���

(��RAM áâƻ_ FPGA ǔƏƙĜǏȁł 

0�� ��

&�

�’	� �’�� �’�� �’�� �’�� �’�� �’ � �’��

 (8�  	��  	��  	��  	��  	 �  	��  ���  �
�

4.  RAM ōľƻmÅÕn_ FPGA ǔƏƙĜǏȁł 

0�� "!

&�


’	� 
’�� 
’�� 
’�� 
’�� 
’�� 
’ � 
’��

 (8� �� � ����  ���  �
�  �	�  ���  ���  ���

5. ROM áâƻ_ FPGA ǔƏƙĜǏȁł 

0�� ��

&�

�
	� �
�� �
�� �
�� �
�� �
�� �
 � �
��

 (8�  � �  
��  

�  
	�  
��  
��  
 �  
��

6. ĢļvōľǺ�r 

2�0��� 2�0��� 2�0� � 2�0��� 2�0 �� 2�0 
� 2�0 	� 2�0 �� 2�0 �� 2�0 �� 2�0 �� 2�0 ��

 �	�   
�   	�   ��   ��   ��   ��   ��   ��  �
�  ���  ���

2�0  � 2�0 �� 2�0�� 2�0
� 2�0	� 2�0�� 2�0�� 2�0�� 2�0�� 2�0�� 2�0 � 2�0��

 ���  ���  ���  � � ��� �	� ��� ��� ��� ��� ��� 
��
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7. �t�Ð_ FPGA ǔƏƙĜǏȁł 

389� ARD� CPAIR� rd� wr� ȁ、ǎ¢ ½ǎ¢ 3"C ì��

 (8� ��� � � ��� ��� 	(	� 	(
� 
���

�

ǚcrARD e ROM ǭ�ÐNCPAIR eĢļv”øÜŒȐ�ÐNrd e RAM ǭ�ÐNwr e RAM

¡�ÐNȁ、ǎ¢Íà 
8=N)8=�N-8=�N	�8=N(
8=�N�)8=�N	
-8=N

�8=�N
	
8=�N	�
)8=�Ú


�)-8= cȅĺp¾ƫŻe 	/	N½ǎ¢e“Ė 
�PU ƙǰǎ¢mőĶµpĽ½ǎ¢ȓnl�

�
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șĞ 2  QuartuscĔÄĔ�yǫœ 

#:F79:U�cǶyeþƒ^Óƙȉǹ³Ǎń�kðȏƙçŜ½�ƱÐÚü³ǍŲäpǣǠǋÍwà

ÁƓßǇǹÜcƛłǯƕpȝĐŐ�ǣǠǋ�ƕÁƓßǺ�ƀȀǘǣǠl#:F79:U�cǶyeǣǠǋń

�kxbĔrü³ǍŲä�P-LFK:QH9NRQU ĔN�t�Ųä�R9M-7U ĔÚçŜ½�ƱÐ�S7NPN9NX-U Ĕl�

ü³ǍŲä��P-LFK:QH9NRQU Ĕôßș
�	įƤpü³ǍŲäěÂō¹ƙŲäpŲäƙÑbÂōƖ

ǣǠǋeƈǳǣǠǜŽǐǘý±pÌǜ�ŊŲäÂōpĈÍwġ°ƈǳȜǜƙƐýŲälü³ǍŲä

¸×ƵŝǽƵ◆ŲäNȕ½�◆ŲäNǺ��Ǻ¦◆ŲäÚø�Ü◆Ųäl�

�

ßș
�	�ü³Ǎ¨ō�P-LFK:QH9NRQU Ĕ�

�tŲä�R9M-7U ĔŔZb_PFYSO:U
�ÿƙŲäĔpôßș
�
įƤļ ×,)ƺªðȊ©ÜyƱ

ÐÚÑƦƼÒƗǴŲäƱÐpàŲäǇǹÜcÍwŧƝ�ȊƙƗǴǀŤp�ôpǺ�lȅZōľȅĺ

ÜƱÐ
	P:YpàŲäǇǹÜcÅ§ǩƱÐpĈ~¦ƒ
	P:Yƙ�ȊƗǴǀŤÚǫœl�

çŜ½�ƱÐ�S7NPN9NX-U Ĕôßș
�(įƤpǩĔc¸×ǆ¢Ü�G:KK-7 NçŜȉǹƱÐ�ORLNH N

ĜǏƱÐmSNQnNǟÇÜmU9R7FL-nÚ�ú³ǍŲämR9M-7n��cŘȎǜƙŔSNQƚĞzƙǺ�Ĝ

ǏÚǺ¦ĜǏpǿabĜǏŔ{�ÁƓßŏyȋǜƕ°ƙĜǏƱÐl�
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�

ßș
�
���t��R9M-7U Ĕ�

�

ßș
�(��çŜ½�ƱÐ�S7NPN9NX-U Ĕ�

ŷípǣǠǼƩcpǣǠǋǾÍweǣǠȟƚ¬Ę`ȕeǐⅤ�ƕƙŲäƱÐpwŐ�àÁƓß

ǇǹÜcîŴǯƕl�
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șĞ 3  JYS-X ō÷þȤĵⅡŢ�ƕǫœ 

JYS--X ō÷þȤĵⅡŢ�©�bºæmbº  ~ gºnpôß 2 įƤl 

bºrȦ�ƗđǺ¦lĝĹµę�mK1 ~ K20nŒÍƖ J7 ~ J9 łƻŅėǺ¦Ȧ�Ɨđsę�ĹÕ

\ŐŒeȦƗđǺ¦mÇ�ƶqnpĹÕzŐŒe�ƗđǺ¦mÇ�ƶƊnl 

cºr�ÐǺ¦ºl¸Ļ GNDNP+ PTN½ǎ¢Nȁ、ǎ¢NVCC Úȁ、ÍǯŲĸƗÀƳpĒ©

¯ř J1~J6 łƻŅėǺ¦lǯŎ RW Ís J6 łƻŅėǺ¦ 0V ~ 4V ƙȁ、ŲĸƗÀpP+ PTŔƖ KA Ľ

ȓpƔƙŶNǰǎ¢p½ǎ¢Nȁ、ǎ¢šǐfŞl 

dºrⅢ�ºælǩº¸ĻðNćȞ¸ŢÑÝäp�ǣǠƗǴÚƗǴłƻ�ƕl�cÝäðȞ¸

ŢŢƮÕƙ 5 böƜȁpÝäćȞ¸ŢųÕ�řlŁŅöpźŁscȗ÷Ʊê©elƼp�©ÝƼp

źƼƙŅöƜȁpôß 1 įƤl 

 

 

                                             ß 1  ćȞ¸ŢŅöȁłƤĩß 

eºrÇ�lţƶŕƤlǩº�ř 16 bÇ�lţƶpŵŕƤ�ÐƖ J13 Ú J14 łƻŅėǺ�l 

fºrōƠƶǺ¦ŕƤlǩº�řÝbⅥř 4 �lȀ±ƠǧƠƙŕƤōƠƶpŕƤō÷Ɩ J11 Ú

J12 lbłƻŅėǺ�p 4 �lȀ±ōƙǺ�Őěe DCBAmȦ�à²np ÍŕƤ 0 ~ 9 »bō÷ m10 

~ 15 wƜĕ÷ğŕƤnl 

gºrƗƇÚfŞȁłŅėlǩº¸ĻíłƗƇŅėNƗƇę�NJ10 łƻŅėÚ J15 fŞȁłŅ

ėƳl�c J15 ŅėȇǼ 16 ƻİđƗǅÚƼĬÁƓþȤfŞƜȁpJ15 fŞȁłŅėƙĜǏ³ǍwÄ

Ú J10 łƻŅėƙȁł�ƺôǚ 1 įƤl 

ƁĩrĵⅡŢÌřàŚ_fŞȁłŒpĲÍ�ƕíłƗƇm5V/1AƪÀƗƇnl 

ǚ1  J15ŅėĜǏ³ǍÄÚJ10ŅėĜǏȁł�ƺ 

J10 ĜǏÐ 1 3 5 7 h h h h 

J15 ĜǏÐ 1 3 5 7 9 11 13 15 

³Ǎ 
161 160 152 151 +5V ȁ、ǎ¢ ½ǎ¢ GND 

EP2C8Q208 ƶǏÐ ȁł°cºƜĕłƻė 

J10 ĜǏÐ 2 4 6 8 h h h h 

J15 ĜǏÐ 2 4 6 8 10 12 14 16 

³Ǎ 
145 144 143 141 +5V ȁ、ǎ¢ ½ǎ¢ GND 

EP2C8Q208 ƶǏÐ ȁł°cºƜĕłƻė 

źƼŅöƜȁ 

iii��iii��iii��iii��iii�����iii��iii��iii��iii��iii�

iii��iii��iii��iii��iii�����iii��iii��iii��iii��iii�



 68
 

 

�
 
�
�
�
�
�
�
�
�



�

�
�

-
�

2
�

�
�

�
 

J1
5 

J1
0 

�
�
�
�
�

 

�
 

...
...
..�

…
....

. … …
.. 



 

K
A

 
R

W
 

J6
 

 
J5

 
 

J4
 

 
J3

 
 

J2
  

J1
 ..�
..�

..�
..�

..�
..�

�
��

�
�
��

�
�

 
�

�
 



�

�
 

P+
 P

- 
�
�
 �

 
 

	
 

J8
$

J9
 

...
.�

...
...
..�

J7
 

...
...
..�

�
 

J1
4 

J1
3 

JY
S

-X
�


�

�
�

-
�

 

...
...
..�

...
...
..�

J1
2 

J1
1 



 

 
 

 

...
.$.
...
�

...
.$.
...
�

 

�
�

	
�

 

�
�

	
�

 


