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ρσȢσȢςȢτ 4)-%2πͺ#-0π  4ÉÍÅÒππ  .............................................................................. мрс 

ρσȢσȢςȢυ 4)-%2πͺ#-0ρ  4ÉÍÅÒπρ  .............................................................................. мрс 

ρσȢσȢςȢφ 4)-%2πͺ%64  4ÉÍÅÒπԊᴆ ...................................................................................... мрт 

ρσȢσȢςȢχ 4)-%2πͺ&,4  4ÉÍÅÒπ└  .............................................................................................. мрф 

ρσȢσȢςȢψ 4)-%2πͺ)%  4ÉÍÅÒπҬ ᶏ  ................................................................................................. мрф 

ρσȢσȢςȢω 4)-%2πͺ)&  4ÉÍÅÒπҬ  ................................................................................................. мсл 

ρσȢσȢςȢρπ 4)-%2πͺ)/  4ÉÍÅÒπ )/└  ............................................................................................... мсм 

моΦоΦо ¢La9wм  .......................................................................................................................... мсн 

ρσȢσȢσȢρ 4)-%2ρͺ#&'  4ÉÍÅÒρ ...................................................................................................... мсн 

ρσȢσȢσȢς 4)-%2ρͺ4(  4ÉÍÅÒρ ....................................................................................................... мср 

ρσȢσȢσȢσ 4)-%2ρͺ#.4  4ÉÍÅÒρ ..................................................................................................... мср 

ρσȢσȢσȢτ 4)-%2ρͺ#-0π  4ÉÍÅÒρπ  .............................................................................. мср 

ρσȢσȢσȢυ 4)-%2ρͺ#-0ρ  4ÉÍÅÒρρ  .............................................................................. мсс 

ρσȢσȢσȢφ 4)-%2ρͺ%64  4ÉÍÅÒρԊᴆ ...................................................................................... мсс 

ρσȢσȢσȢχ 4)-%2ρͺ&,4  4ÉÍÅÒρ└  .............................................................................................. мсу 

ρσȢσȢσȢψ 4)-%2ρͺ)%  4ÉÍÅÒρҬ ᶏ  ................................................................................................. мсф 

ρσȢσȢσȢω 4)-%2ρͺ)&  4ÉÍÅÒρҬ  ................................................................................................. мтл 
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моΦоΦп ¢La9wн  .......................................................................................................................... мтм 

ρσȢσȢτȢρ 4)-%2ςͺ#&'  4ÉÍÅÒς ...................................................................................................... мтм 

ρσȢσȢτȢς 4)-%2ςͺ4(  4ÉÍÅÒς ....................................................................................................... мто 

ρσȢσȢτȢσ 4)-%2ςͺ#.4  4ÉÍÅÒς ..................................................................................................... мтп 

ρσȢσȢτȢτ 4)-%2ςͺ#-0π  4ÉÍÅÒςπ  .............................................................................. мтп 

ρσȢσȢτȢυ 4)-%2ςͺ#-0ρ  4ÉÍÅÒςρ  .............................................................................. мтр 

ρσȢσȢτȢφ 4)-%2ςͺ%64  4ÉÍÅÒςԊᴆ ...................................................................................... мтр 

ρσȢσȢτȢχ 4)-%2ςͺ&,4  4ÉÍÅÒς└  .............................................................................................. мтт 

ρσȢσȢτȢψ 4)-%2ςͺ)%  4ÉÍÅÒςҬ ᶏ  ................................................................................................. мту 

ρσȢσȢτȢω 4)-%2ςͺ)&  4ÉÍÅÒςҬ  ................................................................................................. мту 

моΦоΦр ¢La9wо  .......................................................................................................................... мтф 

ρσȢσȢυȢρ 4)-%2σͺ#&'  4ÉÍÅÒσ ...................................................................................................... мтф 

ρσȢσȢυȢς 4)-%2σͺ4(  4ÉÍÅÒσ ....................................................................................................... мун 

ρσȢσȢυȢσ 4)-%2σͺ#.4  4ÉÍÅÒσ ..................................................................................................... муо 

ρσȢσȢυȢτ 4)-%2σͺ#-0π  4ÉÍÅÒσπ  .............................................................................. муо 

ρσȢσȢυȢυ 4)-%2σͺ#-0ρ  4ÉÍÅÒσρ  .............................................................................. муо 

ρσȢσȢυȢφ 4)-%2σͺ%64  4ÉÍÅÒσԊᴆ ...................................................................................... муп 

ρσȢσȢυȢχ 4)-%2σͺ&,4  4ÉÍÅÒσ└  .............................................................................................. мус 

ρσȢσȢυȢψ 4)-%2σͺ)%  4ÉÍÅÒσҬ ᶏ  ................................................................................................. мут 

ρσȢσȢυȢω 4)-%2σͺ)&  4ÉÍÅÒσҬ  ................................................................................................. мут 

моΦоΦс v9tл  ............................................................................................................................. муу 

ρσȢσȢφȢρ 1%0πͺ#&'  1%0π ............................................................................................................. муу 

ρσȢσȢφȢς 1%0πͺ4(  1%0π  ....................................................................................................... муф 

ρσȢσȢφȢσ 1%0πͺ#.4 1%0πṿ  .......................................................................................................... муф 

ρσȢσȢφȢτ 1%0πͺ)%  1%0πҬ ᶏ ......................................................................................................... мфл 

ρσȢσȢφȢυ 1%0πͺ)&  1%0πҬ  ......................................................................................................... мфл 

моΦоΦт v9tм  ............................................................................................................................. мфм 

ρσȢσȢχȢρ 1%0ρͺ#&'  1%0ρ ............................................................................................................. мфм 

ρσȢσȢχȢς 1%0ρͺ4(  1%0ρ  ....................................................................................................... мфн 

ρσȢσȢχȢσ 1%0ρͺ#.4  1%0ρṿ  ......................................................................................................... мфн 
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ρσȢσȢχȢτ 1%0ρͺ)%  1%0ρҬ ᶏ ......................................................................................................... мфн 

ρσȢσȢχȢυ 1%0ρͺ)&  1%0ρҬ  ......................................................................................................... мфо 

ρτ -#07- .......................................................................................................................................... мфп 

мпΦм  ................................................................................................................................................... мфп 

мпΦмΦм .ŀǎŜ /ƻǳƴǘŜǊ ..................................................................................................................... мфр 

мпΦмΦн C!L[Ḥ  ........................................................................................................................... мфс 

мпΦмΦо a/t²a ₮  ............................................................................................................ мфу 

мпΦмΦп Lh 5wL±9w.......................................................................................................................... мфу 

ρτȢρȢτȢρ -#07- ₮ȤҬ  ...................................................................................................... мфф 

ρτȢρȢτȢς -#07- └ȤҬ  .............................................................................................. нлл 

ρτȢρȢτȢσ -#07- ₮Ȥ  ...................................................................................................... нлм 

ρτȢρȢτȢτ -#07- └Ȥ  .............................................................................................. нлм 

ρτȢρȢτȢυ -#07- )/└ .......................................................................................................................... нлн 

ρτȢρȢτȢφ -#07- )/  .......................................................................................................................... нло 

ρτȢρȢτȢχ -#07- )/ꜚḠ  .......................................................................................................................... нло 

мпΦмΦр !5/ ¢ǊƛƎƎŜǊ ¢ƛƳŜǊ ............................................................................................................. нло 

мпΦмΦс  ........................................................................................................................... нлп 

мпΦмΦт Ҭ  ........................................................................................................................................... нлс 

мпΦн  ............................................................................................................................................... нлс 

мпΦнΦм №  ................................................................................................................................... нлс 

мпΦнΦн a/t²aлψ¢Iлл ........................................................................................................................ нлф 

мпΦнΦо a/t²aлψ¢Iлм ........................................................................................................................ нлф 

мпΦнΦп a/t²aлψ¢Iмл ........................................................................................................................ нмл 

мпΦнΦр a/t²aлψ¢Iмм ........................................................................................................................ нмл 

мпΦнΦс a/t²aлψ¢Iнл ........................................................................................................................ нмл 

мпΦнΦт a/t²aлψ¢Iнм ........................................................................................................................ нмм 

мпΦнΦу a/t²aлψ¢Iол ........................................................................................................................ нмм 

мпΦнΦф a/t²aлψ¢Iом ........................................................................................................................ нмн 

мпΦнΦмл a/t²aлψ¢Iпл ........................................................................................................................ нмн 

мпΦнΦмм a/t²aлψ¢Iпм ........................................................................................................................ нмн 
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мпΦнΦмн a/t²aлψ¢Iрл ........................................................................................................................ нмо 

мпΦнΦмо a/t²aлψ¢Iрм ........................................................................................................................ нмо 

мпΦнΦмп a/t²aлψ¢awл ....................................................................................................................... нмп 

мпΦнΦмр a/t²aлψ¢awм ....................................................................................................................... нмп 

мпΦнΦмс a/t²aлψ¢awн ....................................................................................................................... нмр 

мпΦнΦмт a/t²aлψ¢awо ....................................................................................................................... нмр 

мпΦнΦму a/t²aлψ¢Iл .......................................................................................................................... нмр 

мпΦнΦмф a/t²aлψ¢Iм .......................................................................................................................... нмс 

мпΦнΦнл a/t²aлψ/b¢л ........................................................................................................................ нмс 

мпΦнΦнм a/t²aлψ/b¢м ........................................................................................................................ нмт 

мпΦнΦнн a/t²aлψ¦t5!¢9 .................................................................................................................... нмт 

мпΦнΦно a/t²aлψC/b¢ ........................................................................................................................ нмф 

мпΦнΦнп a/t²aлψ9±¢л ........................................................................................................................ нмф 

мпΦнΦнр a/t²aлψ9±¢м ........................................................................................................................ ннл 

мпΦнΦнс a/t²aлψ5¢Iлл ...................................................................................................................... ннм 

мпΦнΦнт a/t²aлψ5¢Iлм ...................................................................................................................... ннм 

мпΦнΦну a/t²aлψ5¢Iмл ...................................................................................................................... ннн 

мпΦнΦнф a/t²aлψ5¢Iмм ...................................................................................................................... ннн 

мпΦнΦол a/t²aлψC[¢ ........................................................................................................................... ннн 

мпΦнΦом a/t²aлψ{5/CD ...................................................................................................................... нно 

мпΦнΦон a/t²aлψ!¦9b ....................................................................................................................... ннп 

мпΦнΦоо a/t²aлψ¢/[Y ......................................................................................................................... ннр 

мпΦнΦоп a/t²aлψL9л ............................................................................................................................ ннс 

мпΦнΦор a/t²aлψLCл ............................................................................................................................ ннт 

мпΦнΦос a/t²aлψL9м ............................................................................................................................ нну 

мпΦнΦот a/t²aлψLCм ............................................................................................................................ нну 

мпΦнΦоу a/t²aлψ9L9 ............................................................................................................................ ннф 

мпΦнΦоф a/t²aлψ9LC ............................................................................................................................ нол 

мпΦнΦпл a/t²aлψw9 ............................................................................................................................ ном 

мпΦнΦпм a/t²aлψtt ............................................................................................................................ ном 
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мпΦнΦпн a/t²aлψLhлм ......................................................................................................................... нон 

мпΦнΦпо a/t²aлψLhно ......................................................................................................................... ноо 

мпΦнΦпп a/t²aлψLhпр ......................................................................................................................... ноп 

мпΦнΦпр a/t²aлψC!L[лмн .................................................................................................................... нор 

мпΦнΦпс a/t²aлψC!L[опр .................................................................................................................... нос 

мпΦнΦпт a/t²aлψ/Iψ59C .................................................................................................................... нот 

мпΦнΦпу a/t²aлψ/Iψa{Y ................................................................................................................... ноу 

мпΦнΦпф a/t²aлψtw¢ .......................................................................................................................... ноф 

мпΦнΦрл a/t²aлψ{²!t ....................................................................................................................... ноф 

мпΦнΦрм a/t²aлψ{¢¢ψI¸{¢ ................................................................................................................. нпл 

мпΦнΦрн a/t²aлψ½/{ψ59[!¸ ............................................................................................................... нпл 

ρυ '0)/ ................................................................................................................................................ нпм 

мрΦм  ................................................................................................................................................... нпм 

мрΦмΦм ⱳ  ................................................................................................................................... нпм 

мрΦмΦн ֟  ................................................................................................................................... нпм 

мрΦн  ............................................................................................................................................... нпн 

мрΦнΦм №  ................................................................................................................................... нпн 

мрΦнΦн DtLhȄψtL9 .................................................................................................................................. нпо 

мрΦнΦо DtLhȄψth9................................................................................................................................. нпп 

мрΦнΦп DtLhȄψt5L .................................................................................................................................. нпп 

мрΦнΦр DtLhȄψt5h ................................................................................................................................ нпр 

мрΦнΦс DtLhȄψt¦9 ................................................................................................................................. нпр 

мрΦнΦт DtLhȄψth59 .............................................................................................................................. нпс 

мрΦнΦу DtLhȄψtC[¢ ................................................................................................................................ нпт 

мрΦнΦф DtLhȄψCонмл ............................................................................................................................. нпу 

мрΦнΦмл DtLhȄψCтсрп ............................................................................................................................. нпу 

мрΦнΦмм DtLhȄψC.!фу ............................................................................................................................. нпу 

мрΦнΦмн DtLhȄψCC95/ ............................................................................................................................. нпф 

мрΦнΦмо DtLhȄψ.{ww ............................................................................................................................... нпф 

мрΦнΦмп DtLhȄψ.ww ................................................................................................................................. нрм 
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мрΦнΦмр Ԋᴆ ............................................................................................................................... нрм 

ρυȢςȢρυȢρ %84)ͺ#2π .......................................................................................................................................... нрн 

ρυȢςȢρυȢς %84)ͺ#2ρ .......................................................................................................................................... нро 

ρυȢςȢρυȢσ %84)ͺ)% ............................................................................................................................................. нрп 

ρυȢςȢρυȢτ %84)ͺ)& ............................................................................................................................................. нрр 

ρυȢςȢρυȢυ #,+/ͺ3%, ......................................................................................................................................... нрс 

ρυȢςȢρυȢφ 07-ͺ37!0...................................................................................................................................... нрс 

мрΦо  ........................................................................................................................................... нру 

мрΦоΦм ҉  ................................................................................................................................... нру 

мрΦоΦн  ................................................................................................................................... нру 

мрΦоΦо  ................................................................................................................................... нру 

мрΦп  ........................................................................................................................................... нрф 

мрΦпΦм Ҭ  ................................................................................................................................... нрф 

мрΦпΦн ᶏ DtLh ⱳ  ............................................................................................................. нрф 

ρφ #2#.................................................................................................................................................. нсл 

мсΦм  ................................................................................................................................................... нсл 

мсΦн  ........................................................................................................................................... нсл 

мсΦо  ........................................................................................................................................... нсл 

мсΦоΦм ῏  ................................................................................................................................... нсл 

мсΦоΦн  ............................................................................................................................... нсм 

мсΦоΦо ᵝ  ............................................................................................................................... нсм 

мсΦоΦп  ................................................................................................................................... нсм 

мсΦп  ............................................................................................................................................... нсн 

мсΦпΦм №  ................................................................................................................................... нсн 

мсΦпΦн  ............................................................................................................................... нсо 

ρφȢτȢςȢρ #2#πͺ$2 #2#Ḥ  ............................................................................................................... нсо 

ρφȢτȢςȢς #2#πͺ#2 #2#└  ................................................................................................................... нсо 

ρφȢτȢςȢσ #2#πͺ).)4 #2#∆  ............................................................................................................ нсп 

ρφȢτȢςȢτ #2#πͺ0/, #2#  ............................................................................................................. нср 

ρχ 5!24 ............................................................................................................................................... нсс 
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мтΦм  ................................................................................................................................................... нсс 

мтΦн ⱳ  ........................................................................................................................................... нсс 

мтΦнΦм  ........................................................................................................................................... нсс 

мтΦнΦн  ........................................................................................................................................... нст 

мтΦнΦо ¦!w¢  ............................................................................................................................. нст 

мтΦнΦп  ............................................................................................................................... нсу 

мтΦнΦр ԑ ό¢·κw·ԑ ύ ...................................................................................................... нсф 

мтΦнΦс  ................................................................................................................................... нсф 

мтΦнΦт ᵝ ....................................................................................................................................... нтл 

мтΦо  ............................................................................................................................................... нтм 

мтΦоΦм №  ................................................................................................................................... нтм 

мтΦоΦн ¦!w¢Ȅψ/¢w[ ¦!w¢Ȅ└  όȄ Ґ лΣмύ ................................................................................. нтм 

мтΦоΦо ¦!w¢Ȅψ5L±I ¦!w¢Ȅ  όȄ Ґ лΣмύ ......................................................... нтн 

мтΦоΦп ¦!w¢Ȅψ5L±[ ¦!w¢Ȅᵞ  όȄ Ґ лΣмύ .......................................................... нтн 

мтΦоΦр ¦!w¢Ȅψ.¦CC ¦!w¢Ȅ‖  όȄ Ґ лΣмύ......................................................................... нто 

мтΦоΦс ¦!w¢Ȅψ!5w ¦!w¢Ȅ όȄ Ґ лΣмύ .......................................................................... нто 

мтΦоΦт ¦!w¢Ȅψ{¢¢ ¦!w¢Ȅ όȄ Ґ лΣмύ ................................................................................... нтп 

мтΦоΦу ¦!w¢Ȅψw9 ¦!w¢Ȅ 5a!ᶏ  όȄ Ґ лΣмύ .................................................................... нтп 

мтΦоΦф ¦!w¢ȄψL9 ¦!w¢ȄҬ ᶏ  όȄ Ґ лΣмύ .............................................................................. нтр 

мтΦоΦмл ¦!w¢ȄψLC ¦!w¢ȄҬ  όȄ Ґ лΣмύ .............................................................................. нтс 

мтΦоΦмм ¦!w¢ȄψLh/ ¦!w¢Ȅ Lh└  όȄ Ґ лΣмύ ............................................................................... нтт 

ρψ $-! ................................................................................................................................................ нту 

муΦм  ................................................................................................................................................... нту 

муΦн  ................................................................................................................................................... нун 

муΦо ᴨᾢ  ............................................................................................................................................... нун 

муΦп ᴂ  ................................................................................................................................................... нуо 

муΦр Ҭ  ................................................................................................................................................... нуо 

муΦс  ............................................................................................................................................... нуп 

муΦсΦм №  ................................................................................................................................... нуп 

муΦсΦн 5a!лψ/¢w[ 5a!└  ................................................................................................. нуп 
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муΦсΦо 5a!лψL9 5a!Ҭ ᶏ  .............................................................................................. нур 

муΦсΦп 5a!лψLC 5a!Ҭ  .............................................................................................. нур 

муΦсΦр 5a!  .............................................................................................................. нус 

ρψȢφȢυȢρ $-!πͺ##2Ø ɉ×ÈÅÒÅ Ø ЀπȟρȟςȟσɊ .......................................................................................................... нус 

ρψȢφȢυȢς $-!πͺ2%.Ø ɉ×ÈÅÒÅ Ø Ѐ πȟρȟςȟσɊ ......................................................................................................... нут 

ρψȢφȢυȢσ $-!πͺ#4-3Ø ɉ×ÈÅÒÅ Ø Ѐ πȟρȟςȟσɊ ....................................................................................................... нуу 

ρψȢφȢυȢτ $-!πͺ3!$2Ø ɉ×ÈÅÒÅ Ø Ѐ πȟρȟςȟσɊ ....................................................................................................... нуф 

ρψȢφȢυȢυ $-!πͺ$!$2Ø ɉ×ÈÅÒÅ Ø Ѐ πȟρȟςȟσɊ ...................................................................................................... нфл 

ρω $30 ................................................................................................................................................. нфн 

мфΦм  ................................................................................................................................................... нфн 

мфΦмΦм ⱳ  ................................................................................................................................... нфо 

мфΦмΦн 5{t  ............................................................................................................................ нфо 

мфΦмΦо ᵝ  ........................................................................................................................................... нфп 

мфΦмΦп פ  ................................................................................................................................... нфп 

мфΦмΦр  ................................................................................................................................... нфп 

мфΦмΦс ҍ/t¦Σ DtLhΣ /[֜ԑ ................................................................................................... нфс 

мфΦн  ............................................................................................................................................... нфс 

мфΦнΦм №  ................................................................................................................................... нфс 

мфΦнΦн 5{tлψ{/ ..................................................................................................................................... нфт 

мфΦнΦо 5{t ǎƛƴκŎƻǎ῏  ............................................................................................................ нфу 

ρωȢςȢσȢρ $30πͺ4(%4! ........................................................................................................................................ нфу 

ρωȢςȢσȢς $30πͺ3). .............................................................................................................................................. нфу 

ρωȢςȢσȢσ $30πͺ#/3 ............................................................................................................................................. нфф 

мфΦнΦп 5{t ŀǊŎǘŀƴ῏  ............................................................................................................ нфф 

ρωȢςȢτȢρ $30πͺ8 .................................................................................................................................................. нфф 

ρωȢςȢτȢς $30πͺ9 .................................................................................................................................................. олл 

ρωȢςȢτȢσ $30πͺ-/$ ............................................................................................................................................ олл 

ρωȢςȢτȢτ $30πͺ!2#4!. ...................................................................................................................................... олл 

мфΦнΦр 5{t ῏ ................................................................................................................ олм 

ρωȢςȢυȢρ $30πͺ$)$ .............................................................................................................................................. олм 
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ρωȢςȢυȢς $30πͺ$)3 .............................................................................................................................................. олм 

ρωȢςȢυȢσ $30πͺ15/............................................................................................................................................. олн 

ρωȢςȢυȢτ $30πͺ2%- ............................................................................................................................................ олн 

мфΦнΦс 5{t ῏  ................................................................................................................ оло 

ρωȢςȢφȢρ $30πͺ2!$ ............................................................................................................................................. оло 

ρωȢςȢφȢς $30πͺ3124 ........................................................................................................................................... оло 

мфΦнΦт 5{tлψt/ ..................................................................................................................................... олп 

мфΦнΦу 5{tлψt5L ................................................................................................................................... олп 

мфΦнΦф 5{tлψ.{ww ................................................................................................................................ олр 

мфΦнΦмл 5{tлψ.ww .................................................................................................................................. олр 

мфΦнΦмм 5{tлψ/[ ..................................................................................................................................... олс 

мфΦнΦмн 5{tлψht .................................................................................................................................... олт 

мфΦнΦмо 5{tлψw9{ ................................................................................................................................... олт 

мфΦо 5{tפ  ........................................................................................................................................ олт 

мфΦоΦм LƴǎǘǊǳŎǘƛƻƴ {Ŝǘ {ǳƳƳŀǊȅ ............................................................................................................ олт 

мфΦоΦн !55 ............................................................................................................................................ олу 
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ωȤς )ς#πͺ!$$2 .......................................................................................................................................... ψψ 

ωȤσ )ς#πͺ#&' ..................................................................................................................................... ψψ 

ωȤτ )ς#πͺ3#2 ..................................................................................................................................... ψω 

ωȤυ )ς#πͺ$!4! ........................................................................................................................................... ωπ 

ωȤφ )ς#πͺ-3#2 ...................................................................................................................................... ωρ 

ωȤχ $-! )ς#πͺ"#2 ......................................................................................................................... ωρ 

ρπȤρ  .................................................................................................................................................. ωσ 

ρπȤς #-0ͺ)%  ........................................................................................................................ ωσ 

ρπȤσ #-0ͺ)&  ........................................................................................................................ ωτ 

ρπȤτ #-0ͺ4#,+  ....................................................................................................... ωτ 

ρπȤυ #-0ͺ#&'  ............................................................................................................................. ωφ 

ρπȤφ #-0ͺ ",#7).  ......................................................................................................... ωω 

ρπȤχ #-0ͺ $!4!  ................................................................................................................ ωω 

ρρȤρ (!,, ...............................................................................................................................ρπσ 

ρρȤς (!,,πͺ#&' (!,, ...............................................................................................................ρπσ 

ρρȤσ (!,,πͺ).&/ (!,, ............................................................................................................ρπυ 

ρρȤτ (!,,πͺ7)$4( (!,,  ...................................................................................................ρπυ 

ρρȤυ (!,,πͺ4( (!,,  .............................................................................................ρπφ 

ρρȤφ (!,,πͺ#.4 (!,, ........................................................................................................................ρπφ 

 ρςȤρ !$#  .........................................................................................................ρπω 

ρςȤς !$#  .................................................................................................................................ρρπ 

ρςȤσ !$#Ø  ..................................................................................................................................................ρρτ 

ρςȤτ !$#Øͺ$!4π ...........................................................................................................................ρρυ 

ρςȤυ !$#Øͺ$!4ρ ...........................................................................................................................ρρφ 

ρςȤφ !$#Øͺ$!4ς ...........................................................................................................................ρρφ 
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ρςȤχ !$#Øͺ$!4σ ...........................................................................................................................ρρφ 

ρςȤψ !$#Øͺ$!4τ ...........................................................................................................................ρρχ 

ρςȤω !$#Øͺ$!4υ ...........................................................................................................................ρρχ 

ρςȤρπ !$#Øͺ$!4φ ........................................................................................................................ρρχ 

ρςȤρρ !$#Øͺ$!4χ ........................................................................................................................ρρψ 

ρςȤρς !$#Øͺ$!4ψ ........................................................................................................................ρρψ 

ρςȤρσ !$#Øͺ$!4ω ........................................................................................................................ρρω 

ρςȤρτ !$#Øͺ$!4ρπ ......................................................................................................................ρρω 

ρςȤρυ !$#Øͺ$!4ρρ ......................................................................................................................ρρω 

ρςȤρφ !$#Øͺ$!4ρς ......................................................................................................................ρςπ 

ρςȤρχ !$#Øͺ$!4ρσ ......................................................................................................................ρςπ 

ρςȤρψ !$#Øͺ)$!4π .............................................................................................................ρςπ 

ρςȤρω !$#Øͺ)$!4ρ .............................................................................................................ρςρ 

ρςȤςπ !$#Øͺ#(.π ........................................................................................................................ρςρ 

ρςȤςρ !$#Øͺ#(.ρ ........................................................................................................................ρςς 

ρςȤςς !$#Øͺ#(.ς ........................................................................................................................ρςς 

ρςȤςσ !$#Øͺ#(.σ ........................................................................................................................ρςς 

ρςȤςτ !$#Øͺ)#(. .........................................................................................................................ρςσ 

ρςȤςυ !$#  ...................................................................................................................................ρςσ 

ρςȤςφ !$#Øͺ#(.4 ...................................................................................................................ρςτ 

ρςȤςχ !$#Øͺ'!). .........................................................................................................................ρςυ 

ρςȤςψ !$#Øͺ#&' ............................................................................................................................ρςυ 

ρςȤςω !$#πͺ42)' ...............................................................................................................ρςχ 

ρςȤσπ !$#ρͺ42)' ...............................................................................................................ρςψ 

ρςȤσρ !$#Øͺ374 ..........................................................................................................................ρςω 

ρςȤσς π !$#Øͺ$#π .........................................................................................................ρσπ 

ρςȤσσ π !$#Øͺ!-#π .....................................................................................................ρσρ 

ρςȤστ ρ !$#Øͺ$#ρ .........................................................................................................ρσρ 

ρςȤσυ ρ !$#Øͺ!-#ρ .....................................................................................................ρσς 

ρςȤσφ !$#Øͺ)% ...............................................................................................................................ρσς 
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ρςȤσχ !$#Øͺ)& ................................................................................................................................ρσσ 

ρςȤσψ  !$#πͺ ,4( ................................................................................................................................ρστ 

ρςȤσω  !$#πͺ (4( ..............................................................................................................................ρστ 

ρςȤτπ  !$#πͺ '%. ..........................................................................................................................ρστ 

ρςȤτρ !$#  .............................................................................................................................................ρσφ 

ρσȤρ 4)-%2π ῏  .........................................................................................................................ρττ 

ρσȤς ֜ ᵬ  .................................................................................................................................ρτψ 

ρσȤσ ⱴ ‖ ᵬ  .............................................................................................................................ρτψ 

ρσȤτ ##7Ⱦ#7 ‖ ᵬ  ................................................................................................................ρτω 

ρσȤυ 4ÉÍÅÒπ  ....................................................................................................................................ρυπ 

ρσȤφ 4ÉÍÅÒρ  ....................................................................................................................................ρυρ 

ρσȤχ 4ÉÍÅÒς  ....................................................................................................................................ρυρ 

ρσȤψ 4ÉÍÅÒσ  ....................................................................................................................................ρυρ 

ρσȤω 1%0π  ........................................................................................................................................ρυς 

ρσȤρπ 1%0ρ  ......................................................................................................................................ρυς 

ρσȤρρ 4ÉÍÅÒπ 4)-%2πͺ#&' ...............................................................................................................ρυς 

ρσȤρς 4ÉÍÅÒπ 4)-%2πͺ4( .................................................................................................................ρυυ 

ρσȤρσ 4ÉÍÅÒπ 4)-%2πͺ#.4 ...............................................................................................................ρυφ 

ρσȤρτ 4ÉÍÅÒππ 4)-%2πͺ#-0π...................................................................................ρυφ 

ρσȤρυ 4ÉÍÅÒπρ 4)-%2πͺ#-0ρ...................................................................................ρυφ 

ρσȤρφ 4ÉÍÅÒπ 4)-%2πͺ%64 ...........................................................................................ρυχ 

ρσȤρχ 4ÉÍÅÒπ 4)-%2πͺ&,4 ......................................................................................................ρυω 

ρσȤρψ 4ÉÍÅÒπ 4)-%2πͺ)% .........................................................................................................ρφπ 

ρσȤρω 4ÉÍÅÒπ 4)-%2πͺ)& ..........................................................................................................ρφπ 

ρσȤςπ 4ÉÍÅÒπ )/4)-%2πͺ)/ .............................................................................................................ρφρ 

ρσȤςρ 4ÉÍÅÒρ 4)-%2ρͺ#&' ...............................................................................................................ρφς 

ρσȤςς 4ÉÍÅÒρ 4)-%2ρͺ4( .................................................................................................................ρφυ 

ρσȤςσ 4ÉÍÅÒρ 4)-%2ρͺ#.4 ...............................................................................................................ρφυ 

ρσȤςτ 4ÉÍÅÒρπ 4)-%2ρͺ#-0π...................................................................................ρφυ 

ρσȤςυ 4ÉÍÅÒρρ 4)-%2ρͺ#-0ρ...................................................................................ρφφ 



,+3χφ-#τϋØ 5ÓÅÒ -ÁÎÕÁÌ            

Ò2023             6) 

ρσȤςφ 4ÉÍÅÒρ 4)-%2ρͺ%64 ...........................................................................................ρφφ 

ρσȤςχ 4ÉÍÅÒρ 4)-%2ρͺ&,4 ......................................................................................................ρφψ 

ρσȤςψ 4ÉÍÅÒρ 4)-%2ρͺ)% .........................................................................................................ρφω 

ρσȤςω 4ÉÍÅÒρ 4)-%2ρͺ)& ..........................................................................................................ρχπ 

ρσȤσπ 4ÉÍÅÒς 4)-%2ςͺ#&' ...............................................................................................................ρχρ 

ρσȤσρ 4ÉÍÅÒς 4)-%2ςͺ4( .................................................................................................................ρχσ 

ρσȤσς 4ÉÍÅÒς 4)-%2ςͺ#.4 ...............................................................................................................ρχτ 

ρσȤσσ 4ÉÍÅÒςπ 4)-%2ςͺ#-0π...................................................................................ρχτ 

ρσȤστ 4ÉÍÅÒςρ 4)-%2ςͺ#-0ρ...................................................................................ρχυ 

ρσȤσυ 4ÉÍÅÒς 4)-%2ςͺ%64 ...........................................................................................ρχυ 

ρσȤσφ 4ÉÍÅÒς 4)-%2ςͺ&,4 ......................................................................................................ρχχ 

ρσȤσχ 4ÉÍÅÒς 4)-%2ςͺ)% .........................................................................................................ρχψ 

ρσȤσψ 4ÉÍÅÒς 4)-%2ςͺ)& ..........................................................................................................ρχω 

ρσȤσω 4ÉÍÅÒσ 4)-%2σͺ#&' ...............................................................................................................ρχω 

ρσȤτπ 4ÉÍÅÒσ 4)-%2σͺ4( .................................................................................................................ρψς 

ρσȤτρ 4ÉÍÅÒσ 4)-%2σͺ#.4 ...............................................................................................................ρψσ 

ρσȤτς 4ÉÍÅÒσπ 4)-%2σͺ#-0π...................................................................................ρψσ 

ρσȤτσ 4ÉÍÅÒσρ 4)-%2σͺ#-0ρ...................................................................................ρψτ 

ρσȤττ 4ÉÍÅÒσ 4)-%2σͺ%64 ...........................................................................................ρψτ 

ρσȤτυ 4ÉÍÅÒσ 4)-%2σͺ&,4 ......................................................................................................ρψφ 

ρσȤτφ 4ÉÍÅÒσ 4)-%2σͺ)% .........................................................................................................ρψχ 

ρσȤτχ 4ÉÍÅÒσ 4)-%2σͺ)& ..........................................................................................................ρψχ 

ρσȤτψ 1%0π 1%0πͺ#&' .........................................................................................................................ρψψ 

ρσȤτω 1%0π 1%0πͺ4( .................................................................................................................ρψω 

ρσȤυπ 1%0π 1%0πͺ#.4 ...................................................................................................................ρωπ 

ρσȤυρ 1%0π 1%0πͺ)% ...................................................................................................................ρωπ 

ρσȤυς 1%0π 1%0πͺ)& ...................................................................................................................ρωπ 

ρσȤυσ 1%0ρ 1%0ρͺ#&' .........................................................................................................................ρωρ 

ρσȤυτ 1%0ρ 1%0ρͺ4( .................................................................................................................ρως 

ρσȤυυ 1%0ρ 1%0ρͺ#.4 ...................................................................................................................ρως 
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ρσȤυφ 1%0ρ 1%0ρͺ)% ...................................................................................................................ρωσ 

ρσȤυχ 1%0ρ 1%0ρͺ)& ...................................................................................................................ρωσ 

ρτȤρ -#07-  ..............................................................................................................ςπσ 

ρτȤς -#07-  ..................................................................................................................................ςπφ 

 ρτȤσ -#07-πͺ024  ....................................................................................................................ςπχ 

 ρτȤτ  ..................................................................................................................................ςπψ 

ρτȤυ -#07-πͺ4(ππ............................................................................................................................ςπω 

ρτȤφ -#07-πͺ4(ππ............................................................................................................................ςπω 

ρτȤχ -#07-πͺ4(ρπ............................................................................................................................ςρπ 

ρτȤψ -#07-πͺ4(ρρ............................................................................................................................ςρπ 

ρτȤω -#07-πͺ4(ςπ............................................................................................................................ςρρ 

ρτȤρπ -#07-πͺ4(ςρ .........................................................................................................................ςρρ 

ρτȤρρ -#07-πͺ4(σπ .........................................................................................................................ςρρ 

ρτȤρς -#07-πͺ4(σρ .........................................................................................................................ςρς 

ρτȤρσ -#07-πͺ4(τπ .........................................................................................................................ςρς 

ρτȤρτ -#07-πͺ4(τρ .........................................................................................................................ςρσ 

ρτȤρυ -#07-πͺ4(υπ .........................................................................................................................ςρσ 

ρτȤρφ -#07-πͺ4(υρ .........................................................................................................................ςρσ 

ρτȤρχ -#07-πͺ4-2π ........................................................................................................................ςρτ 

ρτȤρψ -#07-πͺ4-2ρ ........................................................................................................................ςρτ 

ρτȤρω -#07-πͺ4-2ς ........................................................................................................................ςρυ 

ρτȤςπ -#07-πͺ4-2σ ........................................................................................................................ςρυ 

ρτȤςρ -#07-πͺ4(ππ  ......................................................................................................................ςρφ 

ρτȤςς -#07-πͺ4(ρρ  ......................................................................................................................ςρφ 

ρτȤςσ -#07-πͺ#.4π...................................................................................................................................ςρφ 

ρτȤςτ -#07-πͺ#.4ρ...................................................................................................................................ςρχ 

ρτȤςυ -#07-πͺ50$!4%  -#07- .....................................................................................ςρχ 

ρτȤςφ -#07-πͺ&#.4 ...................................................................................................................................ςρω 

ρτȤςχ -#07-πͺ%64π  -#07-π  ............................................................................ςρω 

ρτȤςψ -#07-πͺ%64ρ  -#07-ρ  ............................................................................ςςπ 
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ρτȤςω -#07-πͺ$4(ππ ......................................................................................................................ςςρ 

ρτȤσπ -#07-πͺ$4(πρ ......................................................................................................................ςςρ 

ρτȤσρ -#07-πͺ$4(ρπ ......................................................................................................................ςςς 

ρτȤσς -#07-πͺ$4(ρρ ......................................................................................................................ςςς 

ρτȤσσ -#07-πͺ&,4 -#07-  ......................................................................................ςςς 

ρτȤστ -#07-πͺ3$#&'.......................................................................................................................ςςσ 

 ρτȤσυ -#07-πͺ!5%. -#07-  ..................................................................................ςςτ 

ρτȤσφ -#07-πͺ4#,+ .........................................................................................................................ςςυ 

ρτȤσχ -#07-πͺ)%π -#07-π  ..................................................................................ςςφ 

ρτȤσψ -#07-πͺ)&π -#07-π  ..................................................................................ςςχ 

ρτȤσω -#07-πͺ)%ρ -#07-ρ  ..................................................................................ςςψ 

ρτȤτπ -#07-πͺ)&ρ -#07-ρ  ..................................................................................ςςω 

ρτȤτρ -#07-πͺ%)% .............................................................................................................................ςσπ 

ρτȤτς -#07-πͺ%)& .............................................................................................................................ςσπ 

ρτȤτσ -#07-πͺ2%  ...............................................................................................................................ςσρ 

ρτȤττ -#07-πͺ00  ...............................................................................................................................ςσς 

ρτȤτυ -#07-πͺ)/πρ ..........................................................................................................................ςσς 

ρτȤτφ -#07-πͺ)/ςσ ..........................................................................................................................ςσσ 

ρτȤτχ -#07-πͺ)/τυ ..........................................................................................................................ςστ 

ρτȤτψ -#07-πͺ&!),πρς ...................................................................................................................ςσυ 

ρτȤτω -#07-πͺ&!),στυ ...................................................................................................................ςσφ 

ρτȤυπ -#07-πͺ#(ͺ$%&  ..................................................................................ςσχ 

ρτȤυρ -#07-πͺ#(ͺ-3+  .....................................................................................................ςσψ 

ρτȤυς -#07-πͺ024 ......................................................................................................................................ςσω 

ρτȤυσ -#07-πͺ344ͺ(934  ............................................................................................ςτπ 

ρτȤυτ -#07-πͺ:#3ͺ$%,!9  ..........................................................................................ςτπ 

 ρυȤρ '0)/  ........................................................................................................................................................ςτς 

ρυȤς '0)/Ø  .................................................................................................................................................ςτς 

ρυȤσ '0)/  ................................................................................................................................ςτσ 

ρυȤτ '0)/Ø '0)/Øͺ0)% ................................................................................................................ςτσ 
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ρυȤυ '0)/Ø '0)/Øͺ0/% ..............................................................................................................ςττ 

ρυȤφ '0)/Ø '0)/Øͺ0$) ................................................................................................................ςτυ 

ρυȤχ '0)/Ø '0)/Øͺ0$/ ..............................................................................................................ςτυ 

ρυȤψ '0)/Ø '0)/Øͺ05% ..............................................................................................................ςτυ 

ρυȤω '0)/Ø '0)/Øͺ0/$% ...........................................................................................................ςτφ 

ρυȤρπ '0)/Ø '0)/Øͺ0&,4 ....................................................................................................................ςτχ 

ρυȤρρ '0)/Ø '0)/Øͺ&σςρπ .......................................................................................................ςτψ 

ρυȤρς '0)/Ø '0)/Øͺ&χφυτ .......................................................................................................ςτψ 

ρυȤρσ '0)/Ø '0)/Øͺ&"!ωψ.......................................................................................................ςτω 

ρυȤρτ '0)/Ø '0)/Øͺ&&%$#.......................................................................................................ςτω 

ρυȤρυ '0)/Ø '0)/Øͺ"322 ..............................................................................................................ςτω 

ρυȤρφ '0)/Ø '0)/Øͺ"22 ................................................................................................................ςυρ 

ρυȤρχ %84)ͺ#2π π ...............................................................................................................ςυς 

ρυȤρψ %84)ͺ#2ρ ρ ...............................................................................................................ςυσ 

ρυȤρω '0)/Ⱦ$-!  .....................................................................................................ςυτ 

ρυȤςπ %84)ͺ)% '0)/  ......................................................................................................................ςυτ 

ρυȤςρ %84)ͺ)&  .......................................................................................................................ςυυ 

ρυȤςς #,+/ͺ3%, '0)/  .............................................................................................ςυφ 

ρυȤςσ 07-ͺ37!0 ...........................................................................................................................................ςυφ 

ρυȤςτ -#07-  .........................................................................................................................................ςυχ 

ρυȤςυ 07-ͺ37!0Ѐρ-#07-  ..............................................................................................ςυχ 

ρυȤςφ 07-ͺ37!0Ѐς-#07-  ...................................................................................................ςυψ 

ρυȤςχ '0)/  .......................................................................................................................................ςυψ 

ρυȤςψ '0)/  .......................................................................................................................................ςυψ 

ρυȤςω '0)/  .......................................................................................................................................ςυω 

ρφȤρ #2#  .....................................................................................................................................................ςφς 

ρφȤς #2#πͺ$2 #2# .................................................................................................................................ςφσ 

ρφȤσ #2#πͺ#2 #2# .................................................................................................................................ςφσ 

ρφȤτ #2#πͺ).)4 #2# .........................................................................................................................ςφτ 

ρφȤυ #2#πͺ0/, #2# ..........................................................................................................................ςφυ 
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ρχȤρ 5!24  ........................................................................................................................................ςφψ 

ρχȤς 5!24 ............................................................................................................................................................ςχπ 

ρχȤσ 5!24  .............................................................................................................................................ςχρ 

ρχȤτ 5!24 5!24Øͺ#42, ......................................................................................................................ςχρ 

ρχȤυ 5!24 5!24Øͺ$)6( .........................................................................................ςχς 

ρχȤφ 5!24 5!24ͺ$)6,............................................................................................ςχς 

ρχȤχ 5!24 5!24ͺ"5&& ..............................................................................................................ςχσ 

ρχȤψ 5!24 5!24ͺ!$2 ................................................................................................................ςχσ 

ρχȤω 5!24 5!24ͺ344 ...........................................................................................................................ςχτ 

ρχȤρπ 5!24 $-! 5!24ͺ2%......................................................................................................ςχτ 

ρχȤρρ 5!24 5!24ͺ)% ..................................................................................................................ςχυ 

ρχȤρς 5!24 5!24ͺ)& ..................................................................................................................ςχφ 

ρχȤρσ 5!24)/ 5!24ͺ)/# ....................................................................................................................ςχχ 

ρψȤρ $-!  ..................................................................................................................................................................ςψς 

ρψȤς $-!  ...................................................................................................................................................ςψτ 

ρψȤσ $-! $-!πͺ#42, ........................................................................................................................ςψυ 

ρψȤτ $-! $-!πͺ)% .....................................................................................................................ςψυ 

ρψȤυ $-! $-!πͺ)&......................................................................................................................ςψυ 

ρψȤφ $-! $-!πͺ##2Ø ...............................................................................................................ςψφ 

ρψȤχ $-! $-!πͺ 2%.Ø .............................................................................................................ςψχ 

ρψȤψ $-! $-!πͺ#4-3Ø ...........................................................................................................ςψψ 

ρψȤω $-! $-!πͺ 3!$2Ø................................................................................................................ςωπ 

ρψȤρπ $-! $-!πͺ$!$2Ø ........................................................................................................ςωπ 

ρωȤρ $30  .....................................................................................................................................................ςωσ 

 ρωȤς  .......................................................................................................................................ςωτ 

ρωȤσ $30  ..........................................................................................................................................................ςωτ 

 ρωȤτ $30 ÄÁÔÁ ÍÅÍÏÒÙ ..........................................................................................................ςωυ 

ρωȤυ $30  .....................................................................................................................................................ςωφ 

ρωȤφ $30 $30πͺ3# ........................................................................................................................ςωχ 

ρωȤχ $30 ÓÉÎȾÃÏÓ  ...........................................................................................................................ςωψ 
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ρωȤψ $30 ÓÉÎȾÃÏÓ  ...........................................................................................................................ςωψ 

ρωȤω $30 ÓÉÎȾÃÏÓ  ...........................................................................................................................ςωω 

ρωȤρπ $30 ÁÒÃÔÁÎȾÍÏÄÕÌÅ8  ...................................................................................................ςωω 

ρωȤρρ $30 ÁÒÃÔÁÎȾÍÏÄÕÌÅ9  .........................................................................................σππ 

ρωȤρς $30 ÁÒÃÔÁÎ ÓÑÒÔɉ8ςϹ9ςɊ ............................................................................................σππ 

ρωȤρσ $30 ÁÒÃÔÁÎÁÒÃÔÁÎɉ9Ⱦ8Ɋ  ......................................................................................σππ 

ρωȤρτ $30  ....................................................................................................................................σπρ 

ρωȤρυ $30  .........................................................................................................................................σπρ 

ρωȤρφ $30  ..............................................................................................................................................σπς 

ρωȤρχ $30  .........................................................................................................................................σπς 

ρωȤρψ $30  .........................................................................................................................................σπσ 

ρωȤρω $30  ..............................................................................................................................................σπσ 

ρωȤςπ $30 $30πͺ0# .....................................................................................................................σπτ 

ρωȤςρ $30πͺ0$) ................................................................................................................................................σπτ 

ρωȤςς $30πͺ"322 ............................................................................................................................................σπυ 

ρωȤςσ $30πͺ"22 ...............................................................................................................................................σπυ 

ρωȤςτ $30πͺ#, ..................................................................................................................................................σπφ 

ρωȤςυ $30πͺ/0 ..................................................................................................................................................σπχ 

ρωȤςφ $30πͺ2%3 ...............................................................................................................................................σπχ 

 ρωȤςχ $30  ............................................................................................................................................................σπχ 

ςπȤρ  ................................................................................................................................................σςτ 

ςπȤς )7$'ͺ037 ..............................................................................................................σςτ 

ςπȤσ )7$'ͺ#&'  ...............................................................................................................σςυ 

ςπȤτ )7$'ͺ#,2 .........................................................................................................................σςυ 

ςπȤυ )7$'ͺ74( ᵝ  .........................................................................................σςφ 

ςπȤφ )7$'ͺ24( ᵝ  ...........................................................................................σςφ 

ςπȤχ )7$'ͺ#.4  ................................................................................................σςχ 

 ςρȤρ  .....................................................................................................................................................σςψ 

ςρȤς  ......................................................................................................................................σσπ 

ςρȤσ !/.ͺ072ͺ#&' ...........................................................................................................σσπ 
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ςρȤτ !/.ͺ%64ͺ2#$  .....................................................................................................................σσπ 

ςρȤυ !/.ͺ)/ͺ7!+%ͺ0/, )/  ......................................................................................σσρ 

ςρȤφ !/.ͺ)/ͺ7!+%ͺ%. )/ ..................................................................................................σσς 

ςςȤρ 3)& └ ↓  ...................................................................................................................................σσυ 

ςςȤς 3)&πͺ#&' ..........................................................................................................................................σσυ 

ςςȤσ 3)&πͺ4/3# 3)& ................................................................................................................................σσφ 

ςςȤτ 3)&πͺ434(ρ ..........................................................................................................................σσχ 

ςςȤυ 3)&πͺ4$4(ρ ..........................................................................................................................σσχ 

ςςȤφ 3)&πͺ)21 ...........................................................................................................................................σσψ 

ςςȤχ 3)&πͺ7$!4! ..................................................................................................................................σσψ 

ςσȤρ #,5Î!  ....................................................................................................................................................στς 

ςσȤς #,5Î"  ....................................................................................................................................................στς 

 ςσȤσ #,5Ⱦ ................................................................................................................................στσ 

ςσȤτ ,54  ...............................................................................................................................................................σττ 

ςσȤυ #,π  ..................................................................................................................................σττ 

ςσȤφ #,πͺ%.π #,π ..................................................................................................................................στυ 

ςσȤχ #,πͺ)%π #,π  ..........................................................................................................................στυ 
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,+3σς-#πχØ-#5 -#5 ωφ-(Ú !2- #ÏÒÔÅØȤ-π
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2.2.1  

o φτȾρςψË" &ÌÁÓÈ  

o ρςË" 2!- 

 

2.2.2  

o ψ-(Ú 2# ϻρϷ  
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o 0,, ωφ-(Ú  

 

2.2.3  

o ς 5!24 

o ρ 30)  
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o ρφȾσς4ÉÍÅÒ 07-4ÉÍÅÒπ 07- 

o 07- ς σ 07-  
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o ς ρςÂÉÔ $!#  
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2.3  

ARM CortexTM M0 
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4Channel DMA

Flash

RAM

Debug 
interface

UART x2

I2C x1

SPI x1

GPIO

MCPWM

TIMER x4, QEP x2

ADC x2

DAC x2

OPA x4

Comparator x3

HALL

8MHz RC

32kHz RC

96MHz 
PLL

IWDG
Power-on Reset

Voltage Regulator

Brown-out Detector

STORAGE

ANALOG INTERFACE

SERIAL INTERFACE

External
IRQ

External
Wakeup

Key  Reset

CLOCK MANAGEMENT

POWER MANAGEMENT

SYSTEM CTRL

I/O

TIMER & TRIGGER

 

 ςȤρ ,+3σς-#πχØ  



,+3χφ-#τϋØ 5ÓÅÒ -ÁÎÕÁÌ           

Ò2023             υ 

3  

 

σȤρ  

     Ⱦ  

#/$% &,!3( πØππππͺππππ πØπππρͺ&&&& ρςψË"  

 &,3#2 πØπππςͺππππ πØπππςͺππ&& ςυφ"  

2!- 2!- πØςπππͺππππ πØςπππͺς&&& ρςË"  

 393 πØτπππͺππππ πØτπππͺππ&& ςυφ"  

 
30)π πØτππρͺππππ πØτππρͺππ&& ςυφ" 

ɍπɎ 

ɍπɎ 

 
)ς#π πØτππρͺπρππ πØτππρͺπρ&& ςυφ" 

ɍρɎ 

ɍρɎ 

 
#-0 πØτππρͺπςππ πØτππρͺπς&& ςυφ" 

ɍςɎ 

ɍςɎ 

 
(!,,π πØτππρͺπσππ πØτππρͺπσ&& ςυφ" 

ɍσɎ 

ɍσɎ 

 
!$#π πØτππρͺπτππ πØτππρͺπτ&& ςυφ" 

ɍρςɎ 

ɍρςɎ 

 
!$#ρ πØτππρͺπυππ πØτππρͺπυ&& ςυφ" 

ɍρσɎ 

ɍρσɎ 

 
4)-%2π πØτππρͺπφππ πØτππρͺπφ&& ςυφ" 

ɍτɎ 

ɍτɎ 

 
4)-%2ρ πØτππρͺπχππ πØτππρͺπχ&& ςυφ" 

ɍυɎ 

ɍυɎ 

 
4)-%2ς πØτππρͺπψππ πØτππρͺπψ&& ςυφ" 

ɍφɎ 

ɍφɎ 

 
4)-%2σ πØτππρͺπωππ πØτππρͺπω&& ςυφ" 

ɍχɎ 

ɍχɎ 

 
1%0π πØτππρͺπ!ππ πØτππρͺπ!&& ςυφ" 

ɍψɎ 

ɍψɎ 

 
1%0ρ πØτππρͺπ"ππ πØτππρͺπ"&& ςυφ" 

ɍωɎ 

ɍωɎ 

 
-#07-π πØτππρͺπ#ππ πØτππρͺπ#&& ςυφ" 

ɍρπɎ 

ɍρπɎ 

 
'0)/ πØτππρͺπ$ππ πØτππρͺπ%&& υρς" 

ɍρρɎ 

ɍρρɎ 

 
#2#π πØτππρͺπ&ππ πØτππρͺπ&&& ςυφ" 

ɍρφɎ 

ɍρφɎ 

 
5!24π πØτππρͺρπππ πØτππρͺρπ&& ςυφ" 

ɍρτɎ 

ɍρτɎ 
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5!24ρ πØτππρͺρρππ πØτππρͺρρ&& ςυφ" 

ɍρυɎ 

ɍρυɎ 

 
$-!π πØτππρͺρςππ πØτππρͺρς&& ςυφ" 

ɍρψɎ 

ɍρψɎ 

 
#!.π πØτππρͺρσππ πØτππρͺρτ&& υρς" 

ɍρωɎ 

ɍρωɎ 

 
3)&π πØτππρͺρυππ πØτππρͺρυ&& ςυφ" 

ɍςπɎ 

ɍςπɎ 

 2ÅÓÖȢ πØτππρͺρφππ πØτππρͺρφ&& ςυφ"  

 !/. πØτππρͺρχππ πØτππρͺρχ&& ςυφ"  

 
#,π πØτππρͺρψππ πØτππρͺρψ&& 

ςυφ" ɍςρɎ 

ɍςρɎ 

 
$30π πØτππρͺςπππ πØτππρͺσ&&& ψË" 

ɍρχɎ 

ɍρχɎ 

φȢσȢχ 393ͺ#,+ͺ&%. φȢσȢψ 

393ͺ3&4ͺ234 
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#05 #05

 

 ,+3σς-#πχØ ςυ  

 τ  

τȤρ  

   
 

  

Ȥρτ .-) πØπππππππψ 

 

Ȥρσ (ÁÒÄ&ÁÕÌÔ πØπππππππ# 
Ȥρς 

 

πØππππππρπ 
Ȥρρ πØππππππρτ 
Ȥρπ πØππππππρψ 
Ȥω πØππππππρ# 
Ȥψ πØππππππςπ 
Ȥχ πØππππππςτ 
Ȥφ πØππππππςψ 
Ȥυ 36#ÁÌÌ πØππππππς# 
Ȥτ 

 
πØππππππσπ 

Ȥσ πØππππππστ 
Ȥς 0ÅÎÄ36 πØππππππσψ 
Ȥρ 3ÙÓ4ÉÃË πØππππππσ# 
π 4)-%2πͺ)21Î πØππππππτπ ρφ -#07-πͅ)21Î πØππππππψπ 
ρ 4)-%2ρͺ)21Î πØππππππττ ρχ -#07-ρͅ)21Î πØππππππψτ 
ς 4)-%2ςͺ)21Î πØππππππτψ ρψ $-!πͅ)21Î πØππππππψψ 
σ 4)-%2σͺ)21Î πØππππππτ# ρω #!.πͅ)21Î πØππππππψ# 
τ 1%0πͅ)21Î πØππππππυπ ςπ 3)&πͺ)21Î πØππππππωπ 

υ 1%0ρͅ)21Î πØππππππυτ ςρ 7!+%ͅ)21Î πØππππππωτ 

φ )ς#πͺ)21Î πØππππππυψ ςς 37ͺ)21Î πØππππππωψ 

χ 30)πͺ)21Î πØππππππυ# ςσ 
!6$$

072$.ͺ)21Î 
πØππππππω# 

ψ '0)/ͺ)21Î πØππππππφπ ςτ #,πͅ)21Î πØππππππ!π 
ω (!,,πͺ)21Î πØππππππφτ ςυ 2ÅÓÅÒÖÅÄ πØππππππ!τ 
ρπ 5!24πͺ)21Î πØππππππφψ ςφ 2ÅÓÅÒÖÅÄ πØππππππ!ψ 
ρρ 5!24ρͺ)21Î πØππππππφ# ςχ 2ÅÓÅÒÖÅÄ πØππππππ!# 
ρς $30πͅ)21Î πØππππππχπ ςψ 2ÅÓÅÒÖÅÄ πØππππππ"π 
ρσ #-0ͅ)21Î πØππππππχτ ςω 2ÅÓÅÒÖÅÄ πØππππππ"τ 
ρτ !$#πͅ)21Î πØππππππχψ σπ 2ÅÓÅÒÖÅÄ πØππππππ"ψ 
ρυ !$#ρͅ)21Î πØππππππχ# σρ 2ÅÓÅÒÖÅÄ πØππππππ"# 
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ü τ 0'!  

ü σ  

ü ς ρς")4  

ü ϻςᴈ  

ü  

Ȱ ȱ
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ɍρȡπɎ #-0ςͺ3%,. 

ς  

ππȡ #-0ςͺ). 
πρȡ 2%& 
ρπȡ $!#π 

ρρȡ $!#ρ 

 

5.2.8 393ͺ!&%ͺ2%'τ τ  

πØτπππͺππςπ 

πØπ 

υȤψ 393ͺ!&%ͺ2%'τ τ  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

 

   

ɍσρȡρφɎ   

ɍρυɎ   
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ɍρτɎ 2ÅÓÅÒÖÅÄ π 

ɍρσɎ   

ɍρςɎ 2ÅÓÅÒÖÅÄ π 

ɍρρȡψɎ   

ɍχɎ   

ɍφɎ 2ÅÓÅÒÖÅÄ π 

ɍυɎ   

ɍτɎ 2ÅÓÅÒÖÅÄ π 

ɍσȡπɎ   

 

5.2.9 393ͺ!&%ͺ2%'υ υ  

πØτπππͺππςτ 

πØπ 

υȤω 393ͺ!&%ͺ2%'υ υ  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

0
,
,
0
$
.

 

8
4
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,
0
$
.
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0
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.
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#
π
0
$
.
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0
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!
#
ρ
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.
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'
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#
-
0
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-
0
π
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$
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/
0
!
σ
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$
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/
0
!
ς
0
$
.

 

/
0
!
ρ
0
$
.

 

/
0
!
π
0
$
.

 

2
Å
Ó
Ȣ

 

!
$
#
0
$
.

 

27 27 27 27 27 27 27 27 27 27 27 27 27 27 27 27 

π π π π π π π π π π π π π π π π 

 

   

ɍσρȡρφɎ   

ɍρυɎ 0,,0$. 

0,,  

πȡ 0,,  

ρȡ 0,, 

ɍρτɎ 84!,0$. 

 

πȡ  

ρȡ  

ɍρσɎ 4-00$. 

 

πȡ  

ρȡ  

ɍρςɎ $!#π0$. 

$!#π  

πȡ  

ρȡ  

ɍρρɎ #-0ς0$. 

#-0ς  

πȡ  

ρȡ  

ɍρπɎ 2#(0$ 

2#(  

πȡ  

ρȡ  
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ɍωɎ $!#ρ0$. 

$!#ρ  

πȡ  

ρȡ  

ɍψɎ "'00$ 

"'0  

πȡ  

ρȡ  

ɍχɎ #-0ρ0$. 

#-0ρ  

πȡ  

ρȡ  

ɍφɎ #-0π0$. 

#-0π  

πȡ  

ρȡ  

ɍυɎ /0!σ0$. 

/0!σ  

πȡ  

ρȡ  

ɍτɎ /0!ς0$. 

/0!ς  

πȡ  

ρȡ  

ɍσɎ /0!ρ0$. 

/0!ρ  

πȡ  

ρȡ  

ɍςɎ /0!π0$. 

/0!π  

πȡ  

ρȡ  

ɍρɎ 2ÅÓÅÒÖÅÄ ȭπȭ 

ɍπɎ !$#0$. 

!$#  

πȡ  

ρȡ  

393ͺ#,+ͺ#&'0,, 0,,0$. 0,,0$.0,,

0,, 0,,0$.Ѐπ393ͺ#,+ͺ#&'0,,

393ͺ#,+ͺ#&'(2# 2#(0$ 2#(0$

2#( 0,, 2#(0$Ѐρ  0,, (2#

0,, 2#( 2#( 0,, "'0 "'00$

2#( 0,, "'00$ "'0 "'0

0,,2#(  

 

5.2.10 393ͺ!&%ͺ2%'φ φ  

πØτπππͺππςψ 

πØπ 

υȤρπ 393ͺ!&%ͺ2%'φ φ  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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0
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ͺ
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2
Å
Ó
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2
Å
Ó
Ȣ

 

6
3
2
ͺ
0
$
4

 

0
$
ͺ
0
$
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27 27 27 27 27 27 27 

π π π π π π π 

 

   

ɍσρȡρφɎ   

ɍρυɎ 0,,32ͺ3%, 

0,,  

πȡ 2#( Ƞ  

ρȡ 84!, /3#  

ɍρτȡρπɎ 2ÅÓÅÒÖÅÄ π 

ɍωȡψɎ 06$3%, 

6ÔÈ  

ππȡ τȢππ6 
πρȡ σȢχυ6 
ρπȡ σȢυπ6 
ρρȡ  
σȢςυ6 ɉ393ͺ!&%ͺ).&/Ȣ6%23)/.ЃЀσɊ 
ςȢυπ6 ɉ393ͺ!&%ͺ).&/Ȣ6%23)/.ЀτɊ 

632ͺ0$4Ѐπ 6"'0

632ͺ0$4Ѐρ$!#

6ÔÈɕ$!#πͺ/54Ⱦ6"'0 

ɍχȡςɎ 2ÅÓÅÒÖÅÄ π 

ɍρɎ 632ͺ0$4 

6"'0 ρȢσ6 $!#

 

πȡ 6"'0Ƞ  

ρȡ $!#π  

ɍπɎ 0$ͺ0$4 

 

πȡ  

ρȡ  

 

5.2.11 393ͺ!&%ͺ2%'χ χ 

πØτπππͺππς# 

πØπ 

υȤρρ 393ͺ!&%ͺ2%'χ χ  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

2
Å
Ó
Ȣ
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$
#
,
+
3
%
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2
Å
Ó
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27 27 27 

π π π 
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ɍσρȡρφɎ   

ɍρυȡυɎ 2ÅÓÅÒÖÅÄ π 

ɍτɎ !$#,+3%, 
!$#  

πȡ τψ-(Ú 
ρȡ ςτ-(Ú 

ɍσȡπɎ 2ÅÓÅÒÖÅÄ ȭπȭ 

 

5.2.12 393ͺ!&%ͺ$!#ͺ#42, $!# 

ȡπØτπππͺππυ# 

ȡπØπ 

υȤρς 393ͺ!&%ͺ$!#ͺ#42, $!# 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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4
)
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%
2
π
ͺ
4
2
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ͺ
$
!
#
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27 27 27 27 27 27 27 27 27 27 

π π π π π π π π π π 

 

   

ɍσρȡρυɎ   

ɍρτȡρςɎ $!#ρͺ34%0 393ͺ!&%ͺ$!#ρσÂÉÔ Ȥτͯσ 

ɍρρɎ 4)-%2σͺ42)'ͺ$!#ρ 4)-%2σ $!#ρ  

ɍρπɎ 4)-%2ςͺ42)'ͺ$!#ρ 4)-%2ς $!#ρ  

ɍωɎ 4)-%2ρͺ42)'ͺ$!#ρ 4)-%2ρ $!#ρ  

ɍψɎ 4)-%2πͺ42)'ͺ$!#ρ 4)-%2π $!#ρ  

ɍχɎ   

ɍφȡτɎ $!#πͺ34%0 393ͺ!&%ͺ$!#πσÂÉÔ Ȥτͯσ 

ɍσɎ 4)-%2σͺ42)'ͺ$!#π 4)-%2σ $!#π  

ɍςɎ 4)-%2ςͺ42)'ͺ$!#π 4)-%2ς $!#π  

ɍρɎ 4)-%2ρͺ42)'ͺ$!#π 4)-%2ρ $!#π  

ɍπɎ 4)-%2πͺ42)'ͺ$!#π 4)-%2π $!#π  

$!#Ø 4ÉÍÅÒ 393ͺ!&%ͺ$!#Ø $!#

393ͺ!&%ͺ#42,Ȣ$!#Øͺ34%0Ø

πȾρ 

5.2.13 393ͺ!&%ͺ$!#π $!#π 

ȡπØτπππͺππφπ 
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ȡπØπ 

υȤρσ 393ͺ!&%ͺ$!# π$!#π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

$!#ͺ). 

27 

π 

 

   

ɍσρȡρςɎ   

ɍρρȡπɎ $!#ͺ). $!#  

5.2.14 393ͺ!&%ͺ$!#ρ $!#ρ 

ȡπØτπππͺππφτ 

ȡπØπ 

υȤρτ 393ͺ!&%ͺ$!#ρ $!#ρ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

$!#ͺ). 

27 

π 

 

   

ɍσρȡρςɎ   

ɍρρȡπɎ $!#ͺ). $!#  

5.2.15 393ͺ!&%ͺ$!#πͺ!-# $!#π  

πØτπππͺππφψ 

πØπςππ 

υȤρυ 393ͺ!&%ͺ$!#πͺ!-# $!#π  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

!-# 

27 

πØςππ 

 

   

ɍσρȡρπɎ   

ɍωȡπɎ !-# $!#π ρπÂÉÔ "ɍωɎ "ɍψȡπɎ 

 

5.2.16 393ͺ!&%ͺ$!#πͺ$# $!#π 

πØτπππͺππφ# 
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πØπ 

υȤρφ 393ͺ!&%ͺ$!#πͺ$# $!#π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

$# 

27 

π 

 

   

ɍσρȡρπɎ   

ɍωȡπɎ $# $!#π ρπÂÉÔ "ɍωɎ  

5.2.17 393ͺ!&%ͺ$!#ρͺ!-# $!#ρ  

πØτπππͺππχπ 

πØπςππ 

υȤρχ 393ͺ!&%ͺ$!#ρͺ!-# $!#ρ  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

!-# 

27 

πØςππ 

 

   

ɍσρȡρπɎ   

ɍωȡπɎ !-# $!#ρ ρπÂÉÔ "ɍωɎ "ɍψȡπɎ 

 

5.2.18 393ͺ!&%ͺ$!#ρͺ$# $!#ρ 

πØτπππͺππχτ 

πØπ 

υȤρψ 393ͺ!&%ͺ$!#ρͺ$# $!#ρ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

$# 

27 

π 

 

   

ɍσρȡρπɎ   

ɍωȡπɎ $# $!#ρ ρπÂÉÔ "ɍωɎ  

 

$!# ρςÂÉÔ$!#$!#ͺÒÁ× ρςÂÉÔ $!#
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$!#ͺÃÁÌÉ 

$!#ͺÃÁÌÉ Ѐ $!#ͺÒÁ× ɕ !-# ɀ$#Ƞ 

!-# $!# ρπÂÉÔ "ɍωɎ "ɍψȡπɎ ρ

  !-# Ѐ ρπȭÂρπͺπππρͺππππ Ѐ ρϹρȾσςȟ  

!-# Ѐ ρπȭÂπρͺρρρπͺρρππ Ѐ ρȤυȾρςψ 

$# $!# ρπÂÉÔ  

$!#ͺÃÁÌÉρςÂÉÔ  

πØÆÆÆ πØπππ 

$!# ς $!#
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6  

6.1  

6.1.1  

τ 2# ,3)Ⱦ 2# (3)

 

φȤρ  

     

,3)Ⱦ,2# σςË(Ú 2#  ЃυπϷ 
7$4

-#5

 

(3)Ⱦ(2# ψ-(Ú 2#  ЃρϷ 0,,  

(3% ψ-(Ú    

0,, ωφ-(Ú 0,,  

0,,

(2#

0,,

ЃρϷ 

0,, (3)

ρς

0,,

 

*4!'Ⱦ37$ Ѓρπ-(Ú  Ȥ 
*4!'Ⱦ37$

 

 

37$  

2# (3) 0,, 0,,ψ-(Ú (3)

ρς ωφ-(Ú 

0,, ÎȾψ ωφ-(ÚϼÎȾψ -#,+

-#,+ 393ͺ#,+ͺ#&'Ȣ#,+ͺ$)6ÎȾψ ρςȟςτȟτψ-(Ú 

0,, (3) (3) ψ-(Ú

 

,3) (3% 393ͺ#,+ͺ#&'Ȣ#,+ͺ3%,ɍρȡπɎ

393ͺ#,+ͺ#&'Ȣ#,+ͺ3%,ɍρȡπɎЀς,3) σςË(Ú

0,,Ⱦ(2#Ⱦ"'0  

393ͺ#,+ͺ#&'Ȣ#,+ͺ$)60,, 393ͺ#,+ͺ#&'Ȣ#,+ͺ3%,ρ 

()3Ⱦ(3%,3) 393ͺ#,+ͺ#&'Ȣ#,+ͺ$)6 

φȤς 0,, -#,+  

393ͺ#,+ͺ#&'  Ⱦ-(Ú  

πØπρπρ ρȾψ ρς  
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πØπρρρ ςȾψ ςτ  

πØπρυυ τȾψ τψ  

πØπρ&& ψȾψ ωφ  

-#,+ 393ͺ#,+ͺ&%. )ς#

393ͺ#,+ͺ$)6π 5!24 393ͺ#,+ͺ$)6ς

 

0,, ς !$# τψ-(Ú !#,+ 

σςË(Ú 2# ,3) ,#,+ 7$4

393ͺ#,+ͺ#&'Ȣ#,+ͺ3%,Ѐς

,3) 

0,,

393ͺ#,+ͺ#&'Ȣ#,+ͺ3%,Ѐσ (3%

393ͺ!&%ͺ2%'υȢ84!,0$.Ѐρ

0,, 393ͺ!&%ͺ2%'φȢ0,,32ͺ3%,Ѐρ0,,

ψ-(Ú (2# 

(2#  

393ͺ#,+ͺ#&'Ȣ(3%ͺ&!),393ͺ#,+ͺ#&'Ȣ(3%ͺ&!),%$  

 

SYS_CLK_FEN

SPI0

I2C0

CMP

HALL0

MCPWM0

TIMER 3/2/1/0

QEP 1/0

GPIO

ADC 1/0

1
(SYS_CLK_DIV0+1)

P0.0
P2.7

Watch Dog

System Control

Reset Filter

LSI

FCLK[0]

FCLK[1]

FCLK[2]

FCLK[3]

FCLK[7:4]

FCLK[9:8]

FCLK[10]

FCLK[11]

FCLK[13:12]

SWCLK

32kHz RC
LSI

Debug 
Module

 

FCLK[16]
CRC0

FCLK[15:14]
UART 1/0

FCLK[17]
DSP0

FCLK[18]
DMA

8MHz 
OSC
HSE 

8MHz RC
HSI

0

1

96MHz PLL

SYS_AFE_REG5.XTALPDN

SYS_AFE_REG5.PLLPDN SYS_CLK_CFG.CLK_SEL[1:0]

n/8

SYS_CLK_CFG.CLK_DIV

MUX

OSC Clock
Monitor

HSE_FAIL

SYS_AFE_REG6.PLLSR_SEL

/2

SYS_AFE_REG7.ADCLKSEL

HSI

HSE

PLL
VCO

LSI

HSE

HSI

ADC

PLL

ADC   
ACLK

FCLK[19]
CAN0

FCLK[20]
SIF0

1
(SYS_CLK_DIV2+1)

FCLK[21]
CL0

 

φȤρ  

0,,

0,, 0,, (3) σςË(Ú ,3)

37#,+  

2# (3) ,3) '0)/
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6.2  

6.2.1  

 

6.2.1.1  

φȤσ σ

ɉ0#Ɋπ  

φȤσ  

   

0/2Î  

ρȢυ6 υ6 ρȢυ6

ρȢςφ6 υ6 ςȢς6  

φȤτ  

234Î   

7$4Î   

 

φȤτ  

 6ÔÈ ×ÈÅÎ 6ÅÒÓÉÏÎЃЀσ  6ÔÈ ×ÈÅÎ 6ÅÒÓÉÏÎЄЀτ 

632ͺ0$4  

 

06$3%, 

π ρ           632ͺ0$4 

 

06$3%, 

 π ρ 

π τȢππ τȢππɕ$!#ͺ/54Ⱦ6"'
0  

π τȢππ τȢππɕ$!#ͺ/54Ⱦ6"'
0  

ρ σȢχυ σȢχυɕ$!#ͺ/54Ⱦ6"'
0  

ρ σȢχυ σȢχυɕ$!#ͺ/54Ⱦ6"'
0  

ς σȢυπ σȢυπɕ$!#ͺ/54Ⱦ6"'
0  

ς σȢυπ σȢυπɕ$!#ͺ/54Ⱦ6"'
0  

σ σȢςυ σȢςυɕ$!#ͺ/54Ⱦ6"'
0  

σ ςȢυπ ςȢυπɕ$!#ͺ/54Ⱦ6"'
0  

 

6.2.1.1.1  

0/2Î  234Î  

7$4Î ρ ,3) 7$4Î $ÅÂÕÇ

393ͺ$"'ͺ#&'  
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σ  

POR

P0.2
RSTn

SYS_IO_CFG.RST_IO

Broaden

Independent 
WatchDog

Broaden

 

φȤς  

6.2.1.1.2  

!/.ͺ%64ͺ2#$ !/.ͺ%64ͺ2#$

ρ !/.ͺ%64ͺ2#$ !/.ͺ%64ͺ2#$

πØ#!τπ  

6.2.1.2  

#05 ɉ0#Ɋ π

393ͺ$"'ͺ#&'Ȣ3&4ͺ234ͺ0%2) 

ɉ)$%ȡ )ÎÔÅÇÒÁÔÅÄ $ÅÖÅÌÏÐÍÅÎÔ %ÎÖÉÒÏÎÍÅÎÔɊ2ÅÓÅÔ

#05 0# π

ÂÏÏÔÌÏÁÄÅÒ ÂÏÏÔÌÏÁÄÅÒ

393ͺ$"'ͺ#&'Ȣ 3&4ͺ234ͺ0%2)Ѐρ)$%

 

393ͺ3&4ͺ234

φȢσȢψ 

6.2.2  

 φȤυ  

  

0/2Î  

234Î  

7$4Î  

393ͺ3&4ͺ234Ȣ30)πͺ 3&4ͺ234 30)π 
393ͺ3&4ͺ234Ȣ)ς#πͺ3&4ͺ234 )ς#π 

393ͺ3&4ͺ234Ȣ#-0ͺ3&4ͺ234 #-0  

393ͺ3&4ͺ234Ȣ(!,,πͺ3&4ͺ234 (!,,π 
393ͺ3&4ͺ234Ȣ4)-%2πͺ 3&4ͺ234 4)-%2π 
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393ͺ3&4ͺ234Ȣ4)-%2ρͺ 3&4ͺ234 4)-%2ρ 
393ͺ3&4ͺ234Ȣ4)-%2ςͺ 3&4ͺ234 4)-%2ς 
393ͺ3&4ͺ234Ȣ4)-%2σͺ 3&4ͺ234 4)-%2σ 
393ͺ3&4ͺ234Ȣ1%0πͺ 3&4ͺ234 1%0π 
393ͺ3&4ͺ234Ȣ1%0ρͺ 3&4ͺ234 1%0ρ 
393ͺ3&4ͺ234Ȣ-#07-πͺ 3&4ͺ234 -#07- 
393ͺ3&4ͺ234Ȣ'0)/ͺ 3&4ͺ234 '0)/ 

393ͺ3&4ͺ234Ȣ!$#πͺ 3&4ͺ234 !$#π  

393ͺ3&4ͺ234Ȣ!$#ρͺ 3&4ͺ234 !$#ρ  

393ͺ3&4ͺ234Ȣ5!24πͺ3&4ͺ234 5!24π 
393ͺ3&4ͺ234Ȣ5!24ρͺ3&4ͺ234 5!24ρ 
393ͺ3&4ͺ234Ȣ#2#πͺ 3&4ͺ234 #2#π 
393ͺ3&4ͺ234Ȣ$30πͺ 3&4ͺ234 $30π 
393ͺ3&4ͺ234Ȣ$-!πͺ 3&4ͺ234 $-!π 
393ͺ3&4ͺ234Ȣ#!.πͺ 3&4ͺ234 #!.π 
393ͺ3&4ͺ234Ȣ3)&πͺ 3&4ͺ234 3)&π 
393ͺ3&4ͺ234Ȣ#,πͺ 3&4ͺ234 #,π 

.6)#ͺ3ÙÓÔÅÍ2ÅÓÅÔɉɊȠ 

#05 #05 0# π

393ͺ$"'ͺ#&'Ȣ3&4ͺ234ͺ0%2)Ѐπ

393ͺ$"'ͺ#&'Ȣ3&4ͺ234ͺ0%2)Ѐρ

 

0πɍςɎ'0)/ 393ͺ)/ͺ#&'Ȣ234ͺ)/

!/.ͺ%64ͺ2#$0/2  

#05

 

#05 #05

 

&ÌÁÓÈ 32!-  

 

6.3  

6.3.1  

πØτπππͺππππ 

φȤφ  

   

393ͺ#,+ͺ#&' πØψπ  

393ͺ)/ͺ#&' πØψτ )/  

393ͺ$"'ͺ#&' πØψψ $ÅÂÕÇ  

393ͺ#,+ͺ$)6π πØωπ π 

393ͺ#,+ͺ$)6ς πØωψ ς 

393ͺ#,+ͺ&%. πØω#  

393ͺ3&4ͺ234 πØ!τ  
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393ͺ02/4%#4 πØ!ψ  

393ͺ&,3% πØ$π &ÌÁÓÈ  

393ͺ&,30 πØ$τ &ÌÁÓÈ  
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 ̧ -#5 !(" &,!3(

-!)..62

 

2/- 2/-  

 ̧ -#5 !(" 2/- σςÂÉÔ 

&,!3(ͺ#&'Ȣ2%')/. ȡ 

χȤρ &,!3(  

&,!3(ͺ#&'Ȣ2%')/.  

0 MAIN  

1 NVR  

&,!3( ȡ 

Write FLASH_ADDR

Read FLASH_RDATA

 

χȤσ &,!3(  

7.2.1.4 &,!3(  

&,!3(

&,!3(  

 ̧ 393ͺ&,30 πØψ&συ ρ 

 ̧ &,!3(ͺ#&'Ȣ02'ͺ%.ρ ς 

 ̧ &,!3(ͺ!$$2  

 ̧ &,!3(ͺ7$!4!  



,+3χφ-#τϋØ 5ÓÅÒ -ÁÎÕÁÌ           

Ò2023             τφ 

&,!3( ȡ 

Write 
FLASH_CFG.PRG_EN

Write FLASH_ADDR

System Clock 
== 96MHz?

Y
e

s

No Write FLASH_CFG.TBS

Write FLASH_WDATA

 

χȤτ &,!3(  

&,!3( ȤȤ393ͺ&,30393ͺ&,30

&,!3( πØψ&συ &,!3(ͺ#&'Ȣ02'ͺ%.&,!3(

 

393ͺ#,+ͺ#&'&,!3(Ⱦ

&,!3( &,!3(ͺ#&'Ȣ4"3ωφ-(Ú

&,!3(ͺ#&'Ȣ4"3 τψ-(Ú

ςτ-(Ú ϼ

&,!3(ͺ#&'Ȣ4"3&,!3(ͺ#&' &,!3(ͺ#&'Ȣ4"3

&,!3( Ⱦ

&,!3(ͺ#&' Ⱦ &,!3( Ⱦ

#05 &,!3( Ⱦ  

χȤτ &,!3(ͺ!$$2

&,!3(ͺ#&'Ȣ!$2ͺ).# &,!3(ͺ7$!4!

&,!3(ͺ!$$2 πØτ ȡ 
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Write 
FLASH_CFG.PRG_EN

Write FLASH_ADDR

System Clock 

== 96MHz̙

Y
e

s

No Write FLASH_CFG.TBS

Write FLASH_WDATA

 

χȤυ &,!3(  

7.2.1.5 &,!3(  

&,!3( &,!3(  

 ̧ 393ͺ&,3% πØψ&#! ρ 

 ̧ &,!3(ͺ#&'Ȣ%23ͺ%.ρ ς 

 ̧ &,!3(ͺ!$$2  

 ̧ &,!3(ͺ%2!3%  

&,!3( ȤȤ393ͺ&,3%393ͺ&,3%

&,!3( πØψ&#! &,!3(ͺ#&'Ȣ%23ͺ%.&,!3(

 

FLASH Sector Full 512Byte

32KB/64KB/128KB FLASH  

Secotor  

χȤς &,!3( 3ÅÃÔÏÒ 

Name Addresses Size(Bytes) 

Sector 0 0x0000 0000 - 0x0000 01FF 512 

Sector1 0x0000 0200 - 0x0000 03FF 512 

Sector2 0x0000 0400 - 0x0000 05FF 512 

ȣ ȣ ȣ 
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Sector255 0x0001 FE00 - 0x0001 FFFF 512 

 

.62 3ÅÃÔÏÒ.62 3ÅÃÔÏÒɉπȾρȾςɊ-!). 3ÅÃÔÏÒ

&ÕÌÌ ȡ 

NVR FLASH_CFG .REGION Sector Erase Full Erase 

0 Main  Main  

1 NVR  Main  

 

    &,!3(  

Write FLASH_CFG.ERS_EN
           FLASH_CFG.ERS_TYPE

Write FLASH_ADDR

System Clock is 96MHz
Y

e
s

No Write FLASH_CFG.TBS

Write FLASH_ERASE
With 0x7654DCBA

 

χȤφ &,!3(  

3ÅÃÏÔÏÒ &,!3(ͺ!$$2 3ÅÃÏÔÏÒ &ÕÌÌ

&,!3(ͺ!$$2 &,!3(ͺ%2!3%πØχφυτ$#"!  

7.2.1.6 &,!3(  

&,!3( ωφ-(Ú &,!3(

ωφ-(Ú &,!3(

&,!3(

7/2$ &,!3(ͺ#&'Ȣ02%& 

τψ-(Ú &,!3(

&,!3(ͺ#&'Ȣ7!)4π

&,!3(ͺ#&'Ȣ7!)4π &,!3(ͺ#&'Ȣ7!)4

ρ  
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7.2.1.7  

&,!3(2/- 2/-

&,!3(  

&,!3( &,!3(  

&,!3( &,!3(

&,!3(

 

&,!3( σς+"φτ+"ρςψ+" 7/2$ σς+"

πØχ&&#φτ+" πØ&&&#ρςψ+" πØρ&&&# 7/2$ ρ  

&,!3( &,!3(ͺ02/4%#4 7/2$

ρ &,!3( 7/2$

ρ &,!3(ͺ02/4%#4 &,!3(ͺ02/4%#4

 

7/2$ ρ

&,!3(ͺ02/4%#4 &,!3(ͺ02/4%#4

7/2$ ρ &,!3(

7/2$ ρ &,!3(ͺ02/4%#4

&,!3(ͺ02/4%#4  

&,!3( ,+3σς-#πχØ

.62 3ÅÃÔÏÒ ς &,!3(

&,!3(ͺ.#&'Ⱦ.!$$2Ⱦ.7$!4!Ⱦ.2$!4!Ⱦ.%2!3%Ⱦ.+%9 

 

 ̧ 393ͺ&,3% πØψ&#! ρ 

 ̧ 393ͺ&,30 πØψ&συ ς 

 ̧ &,!3(ͺ02/4%#4 &,!3(  

 ̧ &,!3(ͺ.+%9 πØππππͺπππ& .62 3ÅÃÔÏÒ ς 

 ̧ &,!3(ͺ.#&'  

 ̧ &,!3(ͺ.!$$2  

 ̧ &,!3(ͺ.%2!3%.62 3ÅÃÔÏÒ ς  

 ̧ &,!3(ͺ.7$!4!.62 3ÅÃÔÏÒ ς  

 ̧ &,!3(ͺ.2$!4!.62 3ÅÃÔÏÒ ς 

.62 3ÅÃÔÏÒ ς  
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7.2.1.8 &,!3( ɉ)!0Ɋ 

)!0 ,+3σς-#πχØ 64/2

πØ%πππͺ%$πψ  

χȤσ )!0 64/2  

      

64/2 πØπ  ɍσρȡχɎ 27 
 

 

πØπ πØπ π

64/2 χ  

,+3σς-#πχØ 64/2 &,!3(

 

7.2.1.8.1  

ȡ 

-#5  

 

64/2  

-#5  

 

-#5 64/2 π  

-#5 0# π  

7.2.1.8.2  

-#5  

5!24

-#5 5!24  

-#5 0# π  

7.2.1.8.3  

&,!3( 2!-

2!-  
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&,!3( &,!3(

&,!3(  

7.3  

7.3.1  

    &,!3( πØπππςͺππππ  

χȤτ &,!3(  

   

&,!3(ͺ#&' πØππ &,!3(  

&,!3(ͺ!$$2 πØπτ  

&,!3(ͺ7$!4! πØπψ  

&,!3(ͺ2$!4! πØπ#  

&,!3(ͺ%2!3% πØρπ  

&,!3(ͺ02/4%#4 πØρτ &,!3(  

&,!3(ͺ2%!$9 πØρψ &,!3(  

&,!3(ͺ3):% πØρ# &,!3(  

&,!3(ͺ.#&' πØςπ &,!3( .62  

&,!3(ͺ.!$$2 πØςτ .62  

&,!3(ͺ.7$!4! πØςψ .62  

&,!3(ͺ.2$!4! πØς# .62  

&,!3(ͺ.%2!3% πØσπ .62  

&,!3(ͺ.+%9 πØστ &,!3( .62  

 

7.3.2 FLASH_CFG /  

ȡπØπππςͺππππ 

ȡπØ%π 

χȤυ FLASH_CFG  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

%
2
3
ͺ
%
.

 

 0
2
'
ͺ
%
.

 

 !
$
2
ͺ
)
.
#

 

 

0
2
%
&

 

 

27 27 27 27 

π π π π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

%
2
3
ͺ
4
9
0
%

 

 

2
%
'
)
/
.

 

 7
!
)
4

 

 4
"
3 

27 27 27 27 
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π π ρ πØφπ 

 

   

ɍσρɎ %23ͺ%. 

&,!3( π  

πȡ  

ρȡ  

ɍςχɎ 02'ͺ%. 

&,!3( π  

πȡ  

ρȡ  

ɍςσɎ !$2ͺ).# 

&,!3( π  

πȡ  

ρȡ  

&,!3(  

ɍρωɎ 02%& 

&,!3( π  

πȡ  

ρȡ  

ɍρυɎ %23ͺ490% 
&,!3( π  

πȡ3ÅÃÔÏÒ 
ρȡ&5,, 

ɍρρɎ 2%')/. 
&,!3( π  

πȡ-!). 
ρȡ.62 

ɍχɎ 7!)4 

&,!3( ρ  

πȡ  

ρȡ  

ɍφȡπɎ 4"3 

Ⱦ ȟ πØφπ  

πØφπȡωφ-ÈÚ &,!3(Ⱦ  

πØσπȡτψ-ÈÚ &,!3(Ⱦ  

πØρχȡςτ-ÈÚ &,!3(Ⱦ  

 

7.3.3 &,!3(ͺ!$$2  

ȡπØπππςͺπππτ 

ȡπØπ 

χȤφ &,!3(ͺ!$$2  

ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

!$$2 

27 

π 

 

   

ɍσρȡρυɎ   

ɍρτȡπɎ !$$2 Ⱦ Ⱦ 7/2$
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&,!3(  

3ÅÃÔÏÒυρςȤ

"ÙÔÅ 3ÅÃÔÏÒ υρς

 

 

7.3.4 &,!3(ͺ7$!4!  

ȡπØπππςͺπππψ 

ȡπØπ 

χȤχ &,!3(ͺ7$!4!  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

7$!4! 

7/ 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

7$!4! 

7/ 

π 

 

   

ɍσρȡπɎ 7$!4! &,!3(  

 

7.3.5 &,!3(ͺ2$!4!  

ȡπØπππςͺπππ# 

ȡπØπ 

χȤψ &,!3(ͺ2$!4!  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

2$!4! 

2/ 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

2$!4! 

2/ 

π 

 

   

ɍσρȡπɎ 2$!4! &,!3(  
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7.3.6 &,!3(ͺ%2!3%  

ȡπØπππςͺππρπ 

ȡπØπ 

χȤω &,!3(ͺ%2!3%  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

%2!3% 

7/ 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

%2!3% 

7/ 

π 

 

   

ɍσρȡπɎ %2!3% πØχφυτ$#"!  

 

7.3.7 &,!3(ͺ02/4%#4  

ȡπØπππςͺππρτ 

ȡπØπ 

χȤρπ &,!3(ͺ02/4%#4  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

02/4%#4 

2/ 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

02/4%#4 

2/ 

π 

 

   

ɍσρȡπɎ 02/4%#4 Ⱦ  

 

7.3.8 &,!3(ͺ2%!$9  

ȡπØπππςͺππρψ 

ȡπØπ 

χȤρρ &,!3(ͺ2%!$9  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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2%!$9 

2/ 

π 

 

   

ɍσρȡρɎ   

ɍπɎ 2%!$9 ρȡ&,!3()ÄÌÅ πȡ&,!3("ÕÓÙ  

 

7.3.9 FLASH_SIZE  

ȡπØπππςͺππρ# 

ȡπØππ 

χȤρς FLASH_SIZE  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

&,!3(ͺ3):% 

 

2/-ͅ3):% 

 2/ 2/ 

π π 

 

   

ɍσρȡψɎ ȤȤ  

ɍχȡφɎ &,!3(ͺ3):% 

&,!3(  

π σς+" 

ρ φτ+" 

ς ρςψ+" 

σ ρςψ+" 

ɍυȡςɎ ȤȤ  

ɍσȡςɎ 2/-ͺ3):% 

2/-  

π π+" 

ρ σς+" 

ς φτ+" 

σ π+" 

 

7.3.10 FLASH_NCFG /  

ȡπØπππςͺππςπ 

ȡπØππππππ%π 

χȤρσ FLASH_NCFG  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

%
2
3
ͺ
%
.

 

 

0
2
'
ͺ
%
.

 

 

!
$
2
ͺ
)
.
#

 

 0
2
%
&

 

 

27 27 2/ 27 
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π π π π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
%
2
3
ͺ
4
9
0
%

 

 2
%
'
)
/
.

 

 

7
!
)
4

 

4
"
3 

2/ 27 2/ 2/ 

π π ρ πØφπ 

 

   

ɍσρɎ %23ͺ%. 

&,!3( π  

πȡ  

ρȡ  

ɍςχɎ 02'ͺ%. 

&,!3( π  

πȡ  

ρȡ  

ɍςσɎ !$2ͺ).# 

&,!3( π  

πȡ  

ρȡ  

&,!3(  

ɍρωɎ 02%& 

&,!3( π  

πȡ  

ρȡ  

ɍρυɎ %23ͺ490% 
&,!3( π  

πȡ3ÅÃÔÏÒ 
ρȡ&5,, 

ɍρρɎ 2%')/. 

&,!3( π π

ρ ρ  

πȡ-!). 
ρȡ.62 

ɍχɎ 7!)4 

&,!3( ρ  

πȡ  

ρȡ  

ɍφȡπɎ 4"3 

Ⱦ ȟ πØφπ

 

πØφπȡωφ-ÈÚ &,!3(Ⱦ  

πØσπȡτψ-ÈÚ &,!3(Ⱦ  

πØρχȡςτ-ÈÚ &,!3(Ⱦ  

 

7.3.11 &,!3(ͺ.!$$2  

ȡπØπππςͺππςτ 

ȡπØπ 

χȤρτ &,!3(ͺ.!$$2  

ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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!$$2 

27 

π 

 

   

ɍσρȡρυɎ   

ɍρτȡπɎ !$$2 

Ⱦ Ⱦ 7/2$

&,!3(  

3ÅÃÔÏÒυρςȤ

"ÙÔÅ 3ÅÃÔÏÒ υρς

 

 

7.3.12 &,!3(ͺ.7$!4!  

ȡπØπππςͺππςψ 

ȡπØπ 

χȤρυ &,!3(ͺ.7$!4!  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

7$!4! 

7/ 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

7$!4! 

7/ 

π 

 

   

ɍσρȡπɎ 7$!4! &,!3(  

 

7.3.13 &,!3(ͺ.2$!4!  

ȡπØπππςͺππς# 

ȡπØπ 

χȤρφ &,!3(ͺ.2$!4!  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

2$!4! 

2/ 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

2$!4! 

2/ 

π 
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ɍσρȡπɎ 2$!4! &,!3(  

 

7.3.14 &,!3(ͺ.%2!3%  

ȡπØπππςͺππσπ 

ȡπØπ 

χȤρχ &,!3(ͺ.%2!3%  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

%2!3% 

7/ 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

%2!3% 

7/ 

π 

 

   

ɍσρȡπɎ %2!3% πØχφυτ$#"!  

 

7.3.15 &,!3(ͺ.+%9  

ȡπØπππςͺππστ 

ȡπØπ 

χȤρψ &,!3(ͺ.+%9  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

+%9 

7/ 

π 

 

   

ɍσρȡτɎ ȤȤ  

ɍσȡπɎ +%9 

&,!3( 37$ &,!3(

πØππππͺπππ&

&,!3(ͺ.#&'Ⱦ.!$$2Ⱦ.7$!4!Ⱦ.2$!4!Ⱦ.%2!3%.62 3ÅÃÔÏÒ 
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ς  

 

 

7.3.16 .62  

,+3σς-#χØ ‰ ᶏ  

,+3σς-#πχØ ֟ Ữ ‰ ̔ 

‰ ̆ ֟ ‰̆ ֟ Ҍ ‰ ̕ 

‰ ̆ ₮ ╠ Ώ῀̆₮ Ҍ ֽ̆ ̕ 

‰ ̆ ,+3Ὲ ᶫ ₱ ̕ 

‰ ̆ ῏ Ҭ ̆ ᵬ̕ 

ÌËÓσςÍÃπχØͺÎÖÒȢÏᴆ ԅ ‰ ₱ ̔ 

₱ ̔ÕÉÎÔσςͺÔ 2ÅÁÄͺ4ÒÉÍɉÕÉÎÔσςͺÔ ÁÄÒɊȠ 

χȤρω ,+3σς-#πχØ  

  

πØππππρτπ# 393ͺ!&% 2%'# 2#( υÖ  

πØππππρτρπ 393 !&% 2%'#2#( σȢσÖ  

πØππππρτςπ !$#πͺ$#π σȢφ6 /&&3%4 

πØππππρτςτ !$#πͺ!-#π σȢφ6 '!). 

πØππππρτςψ !$#πͺ$#ρ χȢφ6 /&&3%4 

πØππππρτς# !$#πͺ!-#ρ χȢφ6 '!). 

πØππππρτσπ !$#ρͅ $#π σȢφ6 /&&3%4 

πØππππρτστ !$#ρͅ !-#π σȢφ6 '!). 

πØππππρτσψ !$#ρͅ $#ρ χȢφ6 /&&3%4 

πØππππρτσ# !$#ρͅ !-#ρ χȢφ6 '!). 

πØππππρτυπ $!#π τȢψυ6 393ͺ!&%ͺ$!#ͺ!-# υρς  

πØππππρτυτ $!#π τȢψυ6 393ͺ!&%ͺ$!#ͺ$#  

πØππππρτυψ $!#π ρȢςπ6 393ͺ!&%ͺ$!#ͺ!-# υρς  

πØππππρτυ# $!#π ρȢςπ6 393ͺ!&%ͺ$!#ͺ$#  

πØππππρτφπ $!#ρ τȢψυ6 393ͺ!&%ͺ$!#ͺ!-# υρς  

πØππππρτφτ $!#ρ τȢψυ6 393ͺ!&%ͺ$!#ͺ$#  

πØππππρτφψ $!#ρ ρȢςπ6 393ͺ!&%ͺ$!#ͺ!-# υρς  

πØππππρτφ# $!#ρ ρȢςπ6 393ͺ!&%ͺ$!#ͺ$#  

πØππππρτψπ /0!πσςπ+  63 ρπ+ '!). ρπππ ȟ2ππ  

πØππππρτψτ /0!πρφπ+  63 ρπ+ '!). ρπππ ȟ2ππ  

πØππππρτψψ /0!ππψπ+  63 ρπ+ '!). ρπππ ȟ2ππ  

πØππππρτψ# /0!ππτπ+  63 ρπ+ '!). ρπππ ȟ2ππ  

πØππππρτωπ /0!ρ σςπ+  63 ρπ+ '!). ρπππ ȟ2ππ  



,+3χφ-#τϋØ 5ÓÅÒ -ÁÎÕÁÌ           

Ò2023             φπ 

πØππππρτωτ /0!ρ ρφπ+  63 ρπ+ '!). ρπππ ȟ2ππ  
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√ GPI0

ꜗ
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SPI_IE/ SPI_CFG/
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ᴶ
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10 CMP 

10.1  

ɉ #-0 #ÏÍÐÁÒÁÔÏÒ

#-0 Ɋ σ

#05  

#-0πȾρ -#07-τ 0  

#-0ͺ$!4!

'0)/!&ρ '0)/

ÄÁÔÁÓÈÅÅÔ 

υȢρȢφ 

10.2  

10.2.1  

#-0 πØτππρͺπςππ ȡ 

ρπȤρ  

   

#-0ͺ)% πØππ  

#-0ͺ)& πØπτ  

#-0ͺ4#,+ πØπψ  

#-0ͺ#&' πØπ#  

#-0ͺ",#7). πØρπ π 

#-0ͺ$!4! πØρτ  

 

10.2.2 #-0ͺ)%   
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ɍσρȡρρɎ   

ɍρπɎ #-0ςͺ2% ς $-!  

ɍωɎ #-0ρͺ2% ρ $-!  

ɍψɎ #-0πͺ2% π $-!  

ɍχȡσɎ   

ɍςɎ #-0ςͺ)% ς  

ɍρɎ #-0ρͺ)% ρ  

ɍπɎ #-0πͺ)% π  

10.2.3 #-0ͺ)&   

ȡπØτππρͺπςπτ 

ȡπØπ 

ρπȤσ #-0ͺ)&  
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ɍσρȡςɎ   

ɍςɎ #-0ςͅ )& ς ρ  

ɍρɎ #-0ρͺ)& ρ ρ  

ɍπɎ #-0πͺ)& π ρ  

#-0 $-! #-0ͺ)%Ȣ#-0Øͺ2%Ѐρ$-!

$-! #-0Øͺ)&  
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ȡπØπ 
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ɍσρȡςχɎ   

ɍςφȡςτɎ #/--ͺ$)6 
πȾρȾς

τ 

ɍςσȡςπɎ &),ςͺ#,+ͺ$)6ρφ 
ς -#,+ ρͯρφ

 

ɍρωɎ #,+ςͺ%. ς  

ɍρψȡρφɎ &),ςͺ#,+ͺ$)6ς 

ς  

πȡρ  

ρȡς  

ςȡτ  

σȡψ  

τȡρφ  

υȡσςȟ 

φȡφτ  

χȡρςψ 

ɍρυȡρςɎ &),ρͺ#,+ͺ$)6ρφ 
ρ -#,+ ρͯρφ

 

ɍρρɎ #,+ρͺ%. ρ  

ɍρπȡψɎ &),ρͺ#,+ͺ$)6ς 

ρ  

πȡρ  

ρȡς  

ςȡτ  

σȡψ  

τȡρφ  

υȡσςȟ 

φȡφτ  

χȡρςψ 

ɍχȡτɎ &),πͺ#,+ͺ$)6ρφ 
π -#,+ ρͯρφ

 

ɍσɎ #,+πͺ%. π  

ɍςȡπɎ &),πͺ#,+ͺ$)6ς 

π  

πȡρ  

ρȡς  
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ςȡτ  

σȡψ  

τȡρφ  

υȡσςȟ 

φȡφτ  

χȡρςψ 

π #-0π  

Ѐ 0ÅÒÉÏÄɉ&#,+Ɋɕɉςɉ#/--ͺ$)6Ϲ#-0ͺ4#,+Ȣ&),πͺ#,+ͺ$)6ςɊɕɉ#-0ͺ4#,+Ȣ&),πͺ#,+ͺ$)6ρφϹρɊȤ

ρɊ&#,+ #-0 393ͺ#,+ͺ&%.

#-0 #-0ͺ4#,+Ȣ#,+ͺ%. 

1/2 CLK_DIV

CMP_TCLK.FIL_CLK_DIV2

FCLK
1/1~16

CMP_TCLK.FIL_CLK_DIV16

CMP filter clockTCLK

CMP_TCLK.CLK_EN

cmp raw signal filtered cmp signal

 

ρπȤρ  

#-0

#-0

#-0
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ɍσρȡρρɎ   

ɍρπɎ #-0ςͺ)21ͺ42)' ς πȡ ρȡ  

ɍωɎ #-0ςͺ).ͺ%. ς  

ɍψɎ #-0ςͺ0/, ς πȡ ρȡ  

ɍχɎ #-0ρͺ7ͺ07-ͺ0/, 
ρ 07- #-0ͺ",#7).ρ

 

ɍφɎ #-0ρͺ)21ͺ42)' ρ πȡ ρȡ  

ɍυɎ #-0ρͺ).ͺ%. ρ  

ɍτɎ #-0ρͺ0/, ρ πȡ ρȡ  

ɍσɎ #-0πͺ7ͺ07-ͺ0/, 
π 07- #-0ͺ",#7).π

 

ɍςɎ #-0πͺ)21ͺ42)' π πȡ ρȡ  

ɍρɎ #-0πͺ).ͺ%. π  

ɍπɎ #-0πͺ0/, π πȡ ρȡ  

 

ρπȤς  

XOR

FILTER

AND

CMP_CFG.CMP0_POL CMP_CFG.CMP0_IN_EN

XOR

FILTER

AND

CMP_CFG.CMP1_POL CMP_CFG.CMP1_IN_EN

EDGE

EDGE

CMP_CFG.CMP0_IRQ_TRIG

CMP_CFG.CMP1_IRQ_TRIG

CMP_IF[0]

CMP_IF[1]

Comparator 0

Comparator 1

 

ρπȤς  

 π ρ -#07- -#07- 0

#-0ͺ#&'

ς  

-#07- ÆÁÉÌ '0)/ -#07-πͺ&!),

-#07- ÆÁÉÌ ÆÁÉÌ

-#07-

-#07- -#07- ÆÁÉÌ -#07-

-#07-  
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MCPWMCMP

CMP Polarity, 
Enable and Filter

CMP Polarity, 
Enable and Filter

Opening window 
Control

Opening window 
Control

CMP IRQ
Generation

Comparator 0

Comparator 1

Fail Signal Filter

Fail Signal Filter

Fail Signal Polarity 
Enable Control

Fail Signal Polarity 
Enable Control

MCPWM_CH[0~3]P

MCPWM IRQ
Generation

IO driver 0

IO driver 1

IO driver 2

IO driver 3

MCPWM_CH0P

MCPWM_CH0N

MCPWM_CH1P

MCPWM_CH1N

MCPWM_CH2P

MCPWM_CH2N

MCPWM_CH3P

MCPWM_CH3N

 

ρπȤσ #-0 -#07-  

#-0ͺ#&'Ȣ#-0πͺ07-ͺ0/,Ѐρ-#07- #(.Øͺ0

ρ π π

#-0ͺ#&'Ȣ#-0πͺ07-ͺ0/,Ѐπ-#07- #(.Øͺ0π π

π ρ #-0ͺ#&'Ȣ#-0ρͺ07-ͺ0/,

 

ȡ#-0ͺ#&'Ȣ#-0πͺ07-ͺ0/,#-0ͺ#&'Ȣ#-0ρͺ07-ͺ0/,-#07-

&!), ρπȤτ -#07- &!),

-#07-

&!), -#07-

-#07-ͺ4#,+  

ANALOG   

Comparator 0

Comparator 1

AND

MCPWM CHNm_P

AND

MCPWM CHNn_P

CMP

MCPWM

where m,n could be 0,1,2,3
 

ρπȤτ  

 

10.2.6 #-0ͺ",#7).   

ȡπØτππρͺπςρπ 
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ɍσρȡψɎ   

ɍχɎ #-0ρͺ#(.σ0ͺ7).ͺ%. 
-#07- #(.σͺ0 0
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ɍφɎ #-0ρͺ#(.ς0ͺ7).ͺ%. 
-#07- #(.ςͺ0 0

ρ  
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-#07- #(.ρͺ0 0
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ɍπɎ #-0πͺ2!7ͺ$!4! π π 
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11 HALL 

11.1  

σ (!,,  

(!,, ȡ 

(!,,  

(!,,  

(!,,  

11.2  

11.2.1  

(!,, '0)/ (!,, )/

'0)/ '0)/ (!,,  

ÄÁÔÁÓÈÅÅÔ 

11.2.2  

(!,, (!,,ͺ#&'Ȣ#,+ͺ$)6

ρȾςȾτȾψ (!,,  

11.2.3  

(!,,  

ȡ 

χ υ χ υ ρ ρ

υ π π (!,,ͺ#&'Ȣ&),ͺχυ

ȡ 
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stable@0

Ḥ ῀

₮

stable@1

Ḥ ῀

₮

stable@1

stable@0

Ҭ

Ҭ

 

ρρȤρ χȾυ  

. π π ρ ρ

 

(!,,ͺ#&'Ȣ&),ͺ,%.

ςρυ ȡ 

4ÆÉÌÔÅÒ Ѐ 4ÃÌË ɕ ɉ(!,,ͺ#&'Ȣ&),ͺ,%.ɍρτȡπɎ Ϲ ρɊ 

ωφ-(Ú 4ÃÌËρπȢτςÎÓ σςχφχ

ρπȢτςÎÓϼσςχφψЂστπÕÓ 

(!,,ͺ).&/Ȣ&),ͺ$!4!ɍςȡπɎ(!,, (!,,ͺ).&/Ȣ2!7ͺ$!4!ɍςȡπɎ

(!,, ρρȢσȢσ 

11.2.4  

(!,, ςτ ωφ-(Ú

(!,,ͺ#&'Ȣ#,+ͺ$)6Ѐσ(ÁÌÌ ψ

ςͮςτɕψȾωφÅφЀρȢ τÓρπȢτςÎÓ  

(!,,ͺ#.4π (!,, (!,,ͺ#.4

(!,,ͺ7)$4( (!,, (!,,ͺ).&/Ȣ&),ͺ$!4!(!,,

(!,,ͺ#.4π  

(!,,ͺ4( (!,, π  

11.2.5  

(!,,ͺ#&'Ȣ#('ͺ)%(!,,ͺ#&'Ȣ/6ͺ)%

(!,,ͺ).&/Ȣ#('ͺ)&(!,,ͺ).&/Ȣ/6ͺ)& (!,,ͺ).&/Ȣ#('ͺ)&

(!,,ͺ).&/Ȣ/6ͺ)&ρ  
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(!,, $-! (!,,ͺ#&'#('ͺ2%/6ͺ2%37ͺ2%

$-!  

11.2.6  

(!,, &#,+ 393ͺ#,+ͺ&%.Ȣ(!,,ͺ#,+ͺ%.

(!,, ωφ-(Ú0,,  

/1,2,4,or 8

HALL_CFG.CLK_DIV[1:0] HALL_CFG.HALL_EN

FCLK
Counter

HALL_TH[31:0]

5/7 Filter HALL_CFG.FIL_75

0

1

 

HALL_IN0/1/2 2nd Filter

HALL_CFG.FIL_LEN[14:0]

IRQ
Generation

Counter 
overflow

HALL_INFO.RAW_DATA

HALL_INFO.FLT_DATA

HALL_IN0

HALL_IN1

HALL_IN2

Hall signal 
change

IRQTCLK

 

ρρȤς  

11.3  

11.3.1  

(!,, πØτππρͺπσππ ȡ 

ρρȤρ (!,,  

   

(!,,πͺ#&' πØππ (!,,  

(!,,πͺ).&/ πØπτ (!,,  

(!,,πͺ7)$4( πØπψ (!,,  

(!,,πͺ4( πØπ# (!,,  

(!,,πͺ#.4 πØρπ (!,,  

 

11.3.2 (!,,πͺ#&'  (!,,  

ȡπØτππρͺπσππ 

ȡπØπ 

ρρȤς (!,,πͺ#&' (!,,  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 
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π π π π π π π π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

&),ͺ,%. 

27 
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ɍσρɎ   

ɍσπɎ 37ͺ)% 

(!,, 37ͺ)%Ѐρ

(!,,ͺ).&/Ȣ37ͺ)&ρ (!,,

(!,,ͺ).&/Ȣ#('ͺ)& 

ɍςωɎ /6ͺ)% 

(!,,  

πȡ  

ρȡ  

ɍςψɎ #('ͺ)% 

(!,,  

πȡ  

ρȡ  

ɍςχɎ   

ɍςφɎ /6ͺ2% 

(!,, $-!  

πȡ  

ρȡ  

ɍςυɎ #('ͺ2% 

(!,, $-!  

πȡ  

ρȡ  

ɍςτɎ (!,,ͺ%. 

(!,,  

πȡ  

ρȡ  

ɍςσȡςρɎ   

ɍςπɎ &),ͺχυ 

χȾυ χ υ  

πȡ  

ρȡ  

ɍρωȡρψɎ   

ɍρχȡρφɎ #,+ͺ$)6 

(!,,  

ππȡ  

πρȡς  

ρπȡτ  

ρρȡψ  

ɍρυɎ   

ɍρτȡπɎ &),ͺ,%. 
ɍρτȡπɎ Ϲ ρ 

 

11.3.3 (!,,πͺ).&/  (!,,  

ȡπØτππρͺπσπτ 
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ȡπØπ 

ρρȤσ (!,,πͺ).&/ (!,,  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 
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ɍσρȡρωɎ   

ɍρψɎ  37ͺ)& (!,, ρ  

ɍρχɎ  /6ͺ)& (!,, ρ  

ɍρφɎ #('ͺ)& (!,, ρ  

ɍρυȡρρɎ  π π 

ɍρπȡψɎ 2!7ͺ$!4! (!,,  

ɍχȡσɎ  π π 

ɍςȡπɎ &,4ͺ$!4! (!,,  

 

11.3.4 (!,,πͺ7)$4(  (!,,  

ȡπØτππρͺπσρπ 

ȡπØπ 

ρρȤτ (!,,πͺ7)$4( (!,,  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

 

#!0ͺ#.4 

2/ 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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2/ 
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ɍσρȡςτɎ   

ɍςσȡπɎ #!0ͺ#.4 (!,,  
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11.3.5 (!,,πͺ4(  (!,,  

ȡπØτππρͺπσπ# 

ȡπØπ 

ρρȤυ (!,,πͺ4( (!,,  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 
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27 
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4( 

27 
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ɍσρȡςτɎ   

ɍςσȡπɎ 4( (!,,  

 

11.3.6 (!,,πͺ#.4  (!,,  

ȡπØτππρͺπσπψ 

ȡπØπ 

ρρȤφ (!,,πͺ#.4 (!,, 

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 
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ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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π 

 

   

ɍσρȡςτɎ   

ɍςσȡπɎ #.4 (!,,  
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12 ADC 

12.1  

,+3σς-#πχØ ς ρςÂÉÔ 3!2Ȥ!$#  ρτ )/ Ⱦτ /0!

Ⱦς $!# Ⱦ Ⱦ !6$$ !$#

 

ü ς !$# ς !$#  

ü σ-ÓÐÓ τψ-(Ú  

ü !$# ρφ  

ü !$# ρ  

ü  

ü  

ü -#07-Ⱦ4ÉÍÅÒȾ#, '0)/  

ü  

ü  

ü  

ü  

ü ρφÂÉÔ 

!$#  

ρ !$#ͺ$!4Ø  

ρ ρ

-#07-4)-%2

  

12.1.1  

!$# ρφ !$# ρφ

ρτ ς  

ς  

!$#π !$#πͺ$!4Ø !$#πØ

!$#πͺ#(.ØτÂÉÔ ρςȢςȢσ!$#πͺ#(.π

ɍσȡπɎπ !$#πρͺ#(τͯ!$#πρͺ#(ωɉ!$#π!$#ρ τȤ

ωɊ!$#πͺ#(ρπͯ!$#πͺ#(ρσ!$#πͺ#(.πɍσȡπɎЀπ!$#πͺ#(.πɍχȡτɎЀτπ

/0!πͺ/54ρ )/ !$#πρͺ#(τ  
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!$#ͺ#(.4 ρͯρυ ρͯρυ π

ρφ  

!$#ͺ42)' -#07- 4)-%2

-#07-Ⱦ4)-%2  

!$#  

ADC Interface

MCPWM/UTimer

Analog     adc_sample

     adc_reg

Sampling Control logic

ADC_DAT0

ADC_DAT1

ADC_DAT2

ADC_DAT3

ADC_DAT4

ADC_DAT5

ADC_DAT13

ADC_IF

Sample State Control

Trigger counter

Channel Select

1

0

Write ADC_IRQ to Clear IRQ

- 16'h8000(0) ADC_AMC

 T0/T1/T2/T3

ADC

ADC_CHN0

ADC_CHN1 ADC_CFG

B
U

S
 

In
te

rf
a

c
e

Software 
trigger

IRQ

ADCx_CHN0/1/2/3

ȣ

FSM Sets IRQ

ADC_CHNT

AMC/DC

ȣ

-ADC_DC

Hardware 
trigger

Saturation 
overflow/underflow 

handling

OPA0/1/2/3

ADC Channels

Temperature Sensor

AVDD

ADC_SWT

ADC_IE[0]

ADC_IF[0]

ADC_IE[n]

ADC_IF[n]

Sample control

ȣ

S/H

ADC_TRIG

ADC_IDAT0

ADC_IDAT1

 
ρςȤρ !$#  

 

Ⱦ  

)/

 

 

12.1.2 !$#  

ü  

ü  

ü  

ü .6)#  

ü '0)/  
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ü  

!$# ɉ.4ȡ .ÏÒÍÁÌ 4ÒÉÇÇÅÒɊɉ)4ȡ )ÄÌÅ 4ÒÉÇÇÅÒɊ

!$# !$#

!$#

 

393ͺ!&%ͺ).&/Ȣ6%23)/.ЃЀσ

393ͺ!&%ͺ).&/Ȣ6%23)/.Ѐτ  

12.1.3 !$#  

!$# υ πͯρυ !$#ͺ#(.π

πͯσ  !$#ͺ#(.ρ τͯχ !$#ͺ#(.ς ψͯρρ !$#ͺ#(.σ

ρςͯρσ !$#ͺ)#(.πͯρ πͯρυ

πͯρυ 

!$#  

 ρςȤρ !$#  

!$#    

π  !$#ͺ$!4π !$#ͺ#(.πɍσȡπɎ 

ρ  !$#ͺ$!4ρ !$#ͺ#(.πɍχȡτɎ 

ς  !$#ͺ$!4ς !$#ͺ#(.πɍρρȡψɎ 

σ  !$#ͺ$!4σ !$#ͺ#(.πɍρυȡρςɎ 

τ  !$#ͺ$!4τ !$#ͺ#(.ρɍσȡπɎ 

ȣȣ 

ρσ  !$#ͺ$!4ρσ !$#ͺ#(.σɍχȡτɎ 

π  !$#ͺ)$!4π !$#ͺ)#(.ɍσȡπɎ 

ρ  !$#ͺ)$!4ρ !$#ͺ)#(.ɍχȡτɎ 

12.1.4 !$#  

!$#  

!$#  

!$#ͺ$!4π Ⱦ !$#ͺ#&'ɍρɎ

!$#ͺ$!4π!$#ͺ$!4πͺ4(  
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 ρςȤς !$#  

12.1.5 !$#  

!$# ρςÂÉÔ π ρςȭÂππππͺππππͺππππ 

!$# σȢφ6 χȢς6 σȢφ6 ȤσȢφ6

ρςȭÂρπππͺππππͺππππϹσȢφ6ρςȭÂπρρρͺρρρρͺρρρρ!$# ρςÂÉÔ

ρφÂÉÔ Ⱦ

ρςȭÂρπππͺππππͺρρπρ τ π !$#ͺ$!4

ρφȭÂρπππͺππππͺρρπρͺππππ !$#ͺ$!4

ρφȭÂρρρρͺρπππͺππππͺρρπρ  

υ6 χȢς6 ϻυ6 χȢς6

!$#  

ρςȤς !$#  

!$# σȢφ6 Ⱦ6 !$# χȢς6 Ⱦ6  

σȢφ χȢς ρςȭÂπρρρͺρρρρͺρρρρ 
π π ρςȭÂππππͺππππͺππππ 
ȤσȢφ ȤχȢς ρςȭÂρπππͺππππͺππππ 

CHx

Start

Stop

CHx
CHx

CHx

ᴦ҅Ҭ

CHx

Start

Idle

CHx
CHx

CHx

ᴦ҅Ҭ0

CHx

Stop

CHx
CHx

CHx

ᴦ҅Ҭ1

CHx

Start

Idle

CHx
CHx

CHx

ᴦ҅Ҭ0

CHx

Idle

CHx
CHx

CHx

ᴦ҅Ҭ1

CHx

Idle

CHx
CHx

CHx

CHx

Stop

CHx
CHx

CHx

ᴦ҅Ҭ2 ᴦ҅Ҭ3

ᴄ₡ ‒ḡởѦᾘ Ѣ₡ ‒ ₡ḡởѦᾘ

Ѣ₡ ‒ ҆₡ḡởѦᾘ

ᵹ₡ ‒ ₡ḡởѦᾘ

ᵹ₡ ‒ ҆₡ḡởѦᾘ

ᵹ₡ ‒ є₡ḡởѦᾘ

ᵹ₡ ‒ ᵹ₡ḡởѦᾘ

Ầẁ ᴦ҅Ҭ

Ҭ ᴦᴦⱳᶇADC ◦ Ϊ
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-3.6V +3.6V

12'h800

12'h7FF

 

ρςȤσ ςȾσ !$#  

 

12.1.6 !$#  

!$#  ςȢτ6 σȢφ6χȢς6χȢς6

ϻυ6 σȢφ6 ϻσȢφ6  

!$# /0!πͯ/0!σ

ϹȾȤσȢσ6 !$# σȢφ6

ρππ! -/3 -/3 υÍ2

ϹȾȤχπχÍ6 τȢυ ϹȾȤ

σȢρψ6 

ϹȾȤςȢτ6 !$#

σȢφ6  

!$# '0)/ !$#

)/ '0)/ ȤπȢσ6ͯ!6$$ϹπȢσ6 

12.1.7 !$#  

!$#  

!$#ͺ!-# !-0ÃÏÒÒÅÃÔÉÏÎρπÂÉÔ !$#ͺ!-#ɍωɎ

!$#ͺ!-#ɍψȡπɎ ρ  

!$# $!$#$!$# $ $π π  

$ Ѐ ɉ$!$#Ȥ$πȤ$#ÏÆÆÓÅÔɊɕ!-0ÃÏÒÒÅÃÔÉÏÎ 

$ !$#

ɉ!$#Øͺ'!).Ɋ!-0ÃÏÒÒÅÃÔÉÏÎ$#ÏÆÆÓÅÔ 
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≡
ADC_GAIN?

ᵤ

≡
Circuit A/B?

:DC_A 

& AMC_A

:DC_B 

& AMC_B

Circuit  A

Circuit  B

ᴌ ꜠

0 (Low)

1 (High)

ᴌ :

 Left/Right

῎ :

D=(DADC-D0-DCoffset)*AMPcorrection (Result D)

NVR

( )

ᵤ Gain0

A0 (DC/AMC)| B0

(DC/AMC)

 Gain1

A1 (DC/AMC)| B1

(DC/AMC)

(D_ADC)

√

ADC

 

ρςȤτ !$#  

12.1.8 !$# ɉ Ɋ 

!$# ρ !$#

ρ

!$# !$#Øͺ$!4

ρ  

ρςÂÉÔ !$#Øͺ$!4ØɍρυȡτɎ

!$#Øͺ$!4ØɍρρȡπɎ  

A(Ὴ ):0<LTH<

HTH

B(Ὴ ):LTH<HTH<

0

‟: ᵣҒ҅

ᴰ HTHʁ
LTH

ᶕ ┼Е

ADC
 ῇ

ADCx_DAT

ᴌ ꜠ 12bit ẅ

ẅ ? ᵣ ADCx_DAT(15:4)

ᵣ ADCx_DAT(11:0)

ᵲҿ12-bit
>ADC_HTH

<ADC_LTH?

ẅ Ҳ 1

Ḧ

 

ρςȤυ !$#  

 

!$# !$#ͺ$!4! !$#ͺ,4(!$#ͺ(4(

 

ρ  !$#ͺ,4(!$#ͺ(4( πЃ!$#ͺ,4(Ѓ!$#ͺ(4(

 

ς  !$#ͺ,4(!$#ͺ(4( !$#ͺ,4(Ѓ!$#ͺ(4(Ѓπ

 

!$#ͺ(4(!$#ͺ,4(

!$#ͺ(4(Є!$#ͺ,4(

!$#ͺ(4(Ѓ!$#ͺ,4(  
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12.1.9  

!$# ρͯρςψ ς

!$#Øͺ#&'Ȣ/632ρ

!$#Øͺ#(.Ø

!$#  

!$#Øͺ$!4 Ѐ В !$#Øͅ$!4ͅ2!7 

 

 

!$#Øͺ#&'Ȣ42/63 ɉ!$#Øͺ#&'Ȣ/632Ɋ

ρςȤφ !$#Øͺ#&'Ȣ42/63Ѐπ!$#Øͺ#&'Ȣ/632Ѐρς !$#

!$#Øͺ$!4 !$#Øͺ#&'Ȣ42/63Ѐρ

ɉ!$#Øͺ#&'Ȣ/632Ɋ ρςȤχ !$#Øͺ#&'Ȣ/632Ѐρ

ς ς ς

!$#Øͺ#(.4Ѐρ

 

!$#

 

S
ig

n
a

l 0

S
ig

n
a

l 0

S
ig

n
a

l 1

S
ig

n
a

l 1

S
ig

n
a

l 2

S
ig

n
a

l 2

S
ig

n
a

l 0

S
ig

n
a

l 0

S
ig

n
a

l 1

S
ig

n
a

l 1

S
ig

n
a

l 2

S
ig

n
a

l 2

the nth trigger the n+1th triggeraveraged 
and 

write to 
ADCx_DAT0

averaged
 and 

write to
 ADCx_DAT1

averaged
 and 

write to
 ADCx_DAT2

averaged 
and 

write to 
ADCx_DAT0

averaged
 and 

write to
 ADCx_DAT1

averaged
 and 

write to
 ADCx_DAT2  

ρςȤφ ρ 
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the nth trigger
the n+1th trigger

averaged
and

write to
ADCx_DAT0

S
ig

n
a

l 0

S
ig

n
a

l 0

S
ig

n
a

l 0

S
ig

n
a

l 0

S
ig

n
a

l 0

S
ig

n
a

l 0

the n+2th trigger
the n+3th trigger

averaged
and

write to
ADCx_DAT0

the n+4th trigger
the n+5th trigger

averaged
and

write to
ADCx_DAT0

 

ρςȤχ ς 

 

12.2  

12.2.1  

!$#π πØτππρͺπτππ 

!$#ρ πØτππρͺπυππ 

 

ρςȤσ !$#Ø  

   

!$#Øͺ$!4π πØππ !$#Øπ  

!$#Øͺ$!4ρ πØπτ !$#Øρ  

!$#Øͺ$!4ς πØπψ !$#Øς  

!$#Øͺ$!4σ πØπ# !$#Øσ  

!$#Øͺ$!4τ πØρπ !$#Øτ  

!$#Øͺ$!4υ πØρτ !$#Øυ  

!$#Øͺ$!4φ πØρψ !$#Øφ  

!$#Øͺ$!4χ πØρ# !$#Øχ  

!$#Øͺ$!4ψ πØςπ !$#Øψ  

!$#Øͺ$!4ω πØςτ !$#Øω  

!$#Øͺ$!4ρπ πØςψ !$#Øρπ  

!$#Øͺ$!4ρρ πØς# !$#Øρρ  

!$#Øͺ$!4ρς πØσπ !$#Øρς  

!$#Øͺ$!4ρσ πØστ !$#Øρσ  

!$#Øͺ)$!4π πØσψ !$#Øπ  

!$#Øͺ)$!4ρ πØσ# !$#Øρ  

!$#Øͺ)#(. πØτπ !$#Ø  

   

!$#Øͺ#(.π πØυπ !$#Ø πͯ σ  

!$#Øͺ#(.ρ πØυτ !$#Ø τͯ χ  
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!$#Øͺ#(.ς πØυψ !$#Ø ψͯρρ  

!$#Øͺ#(.σ πØυ# !$#Øρςͯρυ  

!$#Øͺ#(.4 πØφπ !$#Ø  

!$#Øͺ'!). πØφτ !$#Ø  

!$#Øͺ#&' πØχτ !$#Ø  

!$#Øͺ42)' πØχψ !$#Ø  

!$#Øͺ374 πØχ# !$#Ø  

!$#Øͺ$#π πØψπ !$#Ø π $# ÏÆÆÓÅÔ 

!$#Øͺ!-#π πØψτ !$#Ø π  

!$#Øͺ$#ρ πØψψ !$#Ø ρ $# ÏÆÆÓÅÔ 

!$#Øͺ!-#ρ πØψ# !$#Ø ρ  

!$#Øͺ)% πØωπ !$#Ø  

!$#Øͺ)& πØωτ !$#Ø  

!$#Øͺ,4( πØ#τ !$#Ø  

!$#Øͺ(4( πØ#ψ !$#Ø  

!$#Øͺ'%. πØ## !$#Ø  

 

12.2.2  

12.2.2.1 !$#Øͺ$!4πɉØ Ѐ πȟρɊ 

πØτππρͺπτπππØτππρͺπυππ 

πØπ 

ρςȤτ !$#Øͺ$!4π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

$!4π 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ $!4π !$#Øπ  

 

12.2.2.2 !$#Øͺ$!4ρɉØ Ѐ πȟρɊ 

πØτππρͺπτπτπØτππρͺπυπτ 

πØπ 
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ρςȤυ !$#Øͺ$!4ρ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

$!4ρ 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ $!4ρ !$#Øρ  

 

12.2.2.3 !$#Øͺ$!4ςɉØ Ѐ πȟρɊ 

πØτππρͺπτπψπØτππρͺπυπψ 

πØπ 

ρςȤφ !$#Øͺ$!4ς 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

$!4ς 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ $!4ς !$#Øς  

 

12.2.2.4 !$#Øͺ$!4σɉØ Ѐ πȟρɊ 

πØτππρͺπτπ#πØτππρͺπυπ# 

πØπ 

ρςȤχ !$#Øͺ$!4σ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

$!4σ 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ $!4σ !$#Øσ  
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12.2.2.5 !$#Øͺ$!4τɉØ Ѐ πȟρɊ 

πØτππρͺπτρππØτππρͺπυρπ 

πØπ 

ρςȤψ !$#Øͺ$!4τ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

$!4τ 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ $!4τ !$#Øτ  

 

12.2.2.6 !$#Øͺ$!4υɉØ Ѐ πȟρɊ 

πØτππρͺπτρτπØτππρͺπυρτ 

πØπ 

ρςȤω !$#Øͺ$!4υ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

$!4υ 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ $!4υ !$#Øυ  

 

12.2.2.7 !$#Øͺ$!4φɉØ Ѐ πȟρɊ 

πØτππρͺπτρψπØτππρͺπυρψ 

πØπ 

ρςȤρπ !$#Øͺ$!4φ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

$!4φ 

27 

π 
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ɍσρȡρφɎ   

ɍρυȡπɎ $!4φ !$#Øφ  

 

12.2.2.8 !$#Øͺ$!4χɉØ Ѐ πȟρɊ 

πØτππρͺπτρ#πØτππρͺπυρ# 

πØπ 

ρςȤρρ !$#Øͺ$!4χ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

$!4χ 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ $!4χ !$#Øχ  

 

12.2.2.9 !$#Øͺ$!4ψɉØ Ѐ πȟρɊ 

πØτππρͺπτςππØτππρͺπυςπ 

πØπ 

ρςȤρς !$#Øͺ$!4ψ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

$!4ψ 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ $!4ψ !$#Øψ  

 

12.2.2.10 !$#Øͺ$!4ωɉØ Ѐ πȟρɊ 

πØτππρͺπτςτπØτππρͺπυςτ 

πØπ 
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ρςȤρσ !$#Øͺ$!4ω 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

$!4ω 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ $!4ω !$#Øω  

 

12.2.2.11 !$#Øͺ$!4ρπɉØ Ѐ πȟρɊ 

πØτππρͺπτςψπØτππρͺπυςψ 

πØπ 

ρςȤρτ !$#Øͺ$!4ρπ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

$!4ρπ 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ $!4ρπ !$#Øρπ  

 

12.2.2.12 !$#Øͺ$!4ρρɉØ Ѐ πȟρɊ 

πØτππρͺπτς#πØτππρͺπυς# 

πØπ 

ρςȤρυ !$#Øͺ$!4ρρ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

$!4ρρ 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ $!4ρρ !$#Øρρ  
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12.2.2.13 !$#Øͺ$!4ρςɉØ Ѐ πȟρɊ 

πØτππρͺπτσππØτππρͺπυσπ 

πØπ 

ρςȤρφ !$#Øͺ$!4ρς 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

$!4ρς 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ $!4ρς !$#Øρς  

12.2.2.14 !$#Øͺ$!4ρσɉØ Ѐ πȟρɊ 

πØτππρͺπτστπØτππρͺπυστ 

πØπ 

ρςȤρχ !$#Øͺ$!4ρσ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

$!4ρσ 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ $!4ρσ !$#Øρσ  

12.2.2.15 !$#Øͺ)$!4πɉØ Ѐ πȟρɊ 

πØτππρͺπτσψπØτππρͺπυσψ 

πØπ 

ρςȤρψ !$#Øͺ)$!4π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

)$!4π 

27 

π 

 

   

ɍσρȡρφɎ   
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ɍρυȡπɎ )$!4π !$#Øπ  

12.2.2.16 !$#Øͺ)$!4ρɉØ Ѐ πȟρɊ 

πØτππρͺπτσ#πØτππρͺπυσ# 

πØπ 

ρςȤρω !$#Øͺ)$!4ρ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

)$!4ρ 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ )$!4ρυ !$#Øρ  

 

12.2.3  

12.2.3.1 !$#Øͺ#(.πɉØ Ѐ πȟρɊ 

πØτππρͺπτυππØτππρͺπυυπ 

πØπ 

ρςȤςπ !$#Øͺ#(.π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

0$3σ 0$3ς 0$3ρ 0$3π 

27 27 27 27 

π π π π 

 

   

ɍσρȡρφɎ   

ɍρυȡρςɎ 0$3σ !$#Øσ  

ɍρρȡψɎ 0$3ς !$#Øς  

ɍχȡτɎ 0$3ρ !$#Øρ  

ɍσȡπɎ 0$3π !$#Øπ  

 

12.2.3.2 !$#Øͺ#(.ρɉØ Ѐ πȟρɊ 

πØτππρͺπτυτπØτππρͺπυυτ 
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πØπ 

ρςȤςρ !$#Øͺ#(.ρ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

0$3χ 0$3φ 0$3υ 0$3τ 

27 27 27 27 

π π π π 

 

   

ɍσρȡρφɎ   

ɍρυȡρςɎ 0$3χ !$#Øχ  

ɍρρȡψɎ 0$3φ !$#Øφ  

ɍχȡτɎ 0$3υ !$#Øυ  

ɍσȡπɎ 0$3τ !$#Øτ  

 

12.2.3.3 !$#Øͺ#(.ςɉØ Ѐ πȟρɊ 

πØτππρͺπτυψπØτππρͺπυυψ 

πØπ 

ρςȤςς !$#Øͺ#(.ς 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

0$3ρρ 0$3ρπ 0$3ω 0$3ψ 

27 27 27 27 

π π π π 

 

   

ɍσρȡρφɎ   

ɍρυȡρςɎ 0$3ρρ !$#Øρρ  

ɍρρȡψɎ 0$3ρπ !$#Øρπ  

ɍχȡτɎ 0$3ω !$#Øω  

ɍσȡπɎ 0$3ψ !$#Øψ  

12.2.3.4 !$#Øͺ#(.σɉØ Ѐ πȟρɊ 

πØτππρͺπτυ#πØτππρͺπυυ# 

πØπ 

ρςȤςσ !$#Øͺ#(.σ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

0$3ρσ 0$3ρς 

27 27 

π π 
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ɍσρȡψɎ   

ɍχȡτɎ 0$3ρσ !$#Øρσ  

ɍσȡπɎ 0$3ρς !$#Øρς  

12.2.3.5 !$#Øͺ)#(.ɉØ Ѐ πȟρɊ 

πØτππρͺπττππØτππρͺπυτπ 

πØπ 

ρςȤςτ !$#Øͺ)#(. 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

)$3ρ )$3π 

27 27 

π π 

 

   

ɍσρȡψɎ   

ɍχȡτɎ )$3ρ !$#Øρ  

ɍσȡπɎ )$3π !$#Øπ  

12.2.3.6 !$#  

ς !$# ρςȤςυ  

ρςȤςυ !$#  

  

!$#πͺ#(.Ø 

πØπȡ /0!π 

πØρȡ /0!ρ 

πØςȡ /0!ς     

πØσȡ /0!σ  

πØτȡ !$#πρͺ#(τ    

πØυȡ !$#πρͺ#(υ  

πØφȡ !$#πρͺ#(φ     

πØχȡ !$#πρͺ#(χ 

πØψȡ !$#πρͺ#(ψ        

πØωȡ !$#πρͺ#(ω  

πØ!ȡ !$#πͺ#(ρπ     

πØ"ȡ !$#πͺ#(ρρ 

πØ#ȡ !$#πͺ#(ρς      

πØ$ȡ !$#πͺ#(ρσ  

πØ%ȡ $!#πͺ/54 

πØ&ȡ $!#ρͺ/54 

!$#ρͺ#(.Ø 
πØπȡ /0!π 

πØρȡ /0!ρ 
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ɕ!$#πρͺ#(τͯ!$#πρͺ#(ω!$#π!$#ρ  

!$#  

12.2.4  

12.2.4.1 !$#Øͺ#(.4ɉØ Ѐ πȟρɊ 

πØτππρͺπτφππØτππρͺπυφπ 

πØπ 

ρςȤςφ !$#Øͺ#(.4 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

)3ρ 3ς 3ρ 

27 27 27 

π π π 

 

   

ɍσρȡρπɎ   

ɍωȡψɎ )3ρ  

ɍχȡτɎ 3ς  

ɍσȡπɎ 3ρ  

 

π ρ ρ ς ς ȣȣ ρφ ρφ

ρφ  

ρ ς  

πØςȡ /0!ς     

πØσȡ /0!σ  

πØτȡ !$#πρͺ#(τ    

πØυȡ !$#πρͺ#(υ  

πØφȡ !$#πρͺ#(φ     

πØχȡ !$#πρͺ#(χ 

πØψȡ !$#πρͺ#(ψ        

πØωȡ !$#πρͺ#(ω  

πØ!ȡ !$#ρͺ#(ρπ     

πØ"ȡ !$#ρͺ#(ρρ 

πØ#ȡ !$#ρͺ#(ρς      

πØ$ȡ !$#ρͺ#(ρσ  

πØ%ȡ  

πØ&ȡ !6$$ 



,+3χφ-#τϋØ 5ÓÅÒ -ÁÎÕÁÌ           

Ò2023             ρςυ 

12.2.5  

12.2.5.1 !$#Øͺ'!).ɉØ Ѐ πȟρɊ 

πØτππρͺπτφτπØτππρͺπυφτ 

πØπ 

ρςȤςχ !$#Øͺ'!). 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

)'ρ )'π 'ρσ 'ρς 'ρρ 'ρπ 'ω 'ψ 'χ 'φ 'υ 'τ 'σ 'ς 'ρ 'π 

27 27 27 27 27 27 27 27 27 27 27 27 27 27 27 27 

π π π π π π π π π π π π π π π π 

 

   

ɍσρȡρφɎ   

ɍρυɎ )'ρ )$!4ρ πȡϻσȢφ6ρȡϻχȢς6 

ɍρτɎ )'π )$!4π πȡϻσȢφ6ρȡϻχȢς6 

ɍρσɎ 'ρσ $!4ρσ πȡϻσȢφ6ρȡϻχȢς6 

ɍρςɎ 'ρς $!4ρς πȡϻσȢφ6ρȡϻχȢς6 

ɍρρɎ 'ρρ $!4ρρ πȡϻσȢφ6ρȡϻχȢς6 

ɍρπɎ 'ρπ $!4ρπ πȡϻσȢφ6ρȡϻχȢς6 

ɍωɎ 'ω $!4ω πȡϻσȢφ6ρȡϻχȢς6 

ɍψɎ 'ψ $!4ψ πȡϻσȢφ6ρȡϻχȢς6 

ɍχɎ 'χ $!4χ πȡϻσȢφ6ρȡϻχȢς6 

ɍφɎ 'φ $!4φ πȡϻσȢφ6ρȡϻχȢς6 

ɍυɎ 'υ $!4υ πȡϻσȢφ6ρȡϻχȢς6 

ɍτɎ 'τ $!4τ πȡϻσȢφ6ρȡϻχȢς6 

ɍσɎ 'σ $!4σ πȡϻσȢφ6ρȡϻχȢς6 

ɍςɎ 'ς $!4ς πȡϻσȢφ6ρȡϻχȢς6 

ɍρɎ 'ρ $!4ρ πȡϻσȢφ6ρȡϻχȢς6 

ɍπɎ 'π $!4π πȡϻσȢφ6ρȡϻχȢς6 

υ6 χȢς6 ϻυ6  

12.2.5.2 !$#Øͺ#&' ɉØ Ѐ πȟρɊ 

πØτππρͺπτχτπØτππρͺπυχτ 

πØπ 

ρςȤςψ !$#Øͺ#&' 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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27 27 27 27 27 27 27 

π π π π π π π 

 

   

ɍσρȡρσɎ   

ɍρςɎ .3-0 πȡ ρȡ  

ɍρρɎ &3-ͺ23 

ρ !$#

π

!$#  

!$# ρ !$#

π  

ɍρπɎ $!4!ͺ!,)'. 

!$#ͺ$!4  

π τȭÈπ 

ρ τÂÉÔ  

ɍωɎ   

ɍψɎ #3-0 

 

π  

ρ !$#

π

 

ɍχȡτɎ 4#.4 

 

π ρ  

ρ ς  

ȣȣ 
ρυ ρφ  

ɍσɎ 42/63 

 

π /632

/632

 

ρ /632

!$#Øͺ#(.4

 

ɍςȡπɎ /632 

 

π ρ ρ  

ρ ς  

ς τ  

σ ψ  

τ ρφ  
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υ σς  

φ φτ  

χ ρςψ  

π !$#π!$#ρ

!$# !$#

 

!$#ͺ#&' !$#Øͺ#&'Ȣ/632 πͯχ

π !$#π!$#ρ !$#

!$#  

12.2.5.3 !$#πͺ42)' 

πØτππρͺπτχψ 

πØπ 

ρςȤςω !$#πͺ42)' 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

#
,
ͺ
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4
σ
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ρ
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#
,
ͺ
)
4
π
ͺ
%
.
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ͺ
.
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ͺ
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27 27 27 27 27 27 27 27 27 27 27 27 27 27 27 27 

π π π π π π π π π π π π π π π π 

 

   

ɍσρȡρφɎ   

ɍρυɎ #,ͺ)4σͺ%. #,ͺ/54054ɍσɎ!$#  

ɍρτɎ #,ͺ)4ςͺ%. #,ͺ/54054ɍςɎ!$#  

ɍρσɎ #,ͺ)4ρͺ%. #,ͺ/54054ɍρɎ!$#  

ɍρςɎ #,ͺ)4πͺ%. #,ͺ/54054ɍπɎ!$#  

ɍρρɎ #,ͺ.4σͺ%. #,ͺ/54054ɍσɎ!$#  

ɍρπɎ #,ͺ.4ςͺ%. #,ͺ/54054ɍςɎ!$#  

ɍωɎ #,ͺ.4ρͺ%. #,ͺ/54054ɍρɎ!$#  

ɍψɎ #,ͺ.4πͺ%. #,ͺ/54054ɍπɎ!$#  

ɍχɎ 4)-%2ςͺ#-0ρͺ%. 4)-%2ς ρ !$#  

ɍφɎ 4)-%2ςͺ#-0πͺ%. 4)-%2ς π !$#  

ɍυɎ 4)-%2πͺ#-0ρͺ%. 4)-%2π ρ !$#  

ɍτɎ 4)-%2πͺ#-0πͺ%. 4)-%2π π !$#  

ɍσɎ -#07-πͺ4σͺ%. -#07-π 4σ !$#  

ɍςɎ -#07-πͺ4ςͺ%. -#07-π 4ς !$#  

ɍρɎ -#07-πͺ4ρͺ%. -#07-π 4ρ !$#  

ɍπɎ -#07-πͺ4πͺ%. -#07-π 4π !$#  
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12.2.5.4 !$#ρͺ42)' 

πØτππρͺπυχψ 

πØπ 

ρςȤσπ !$#ρͺ42)' 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

#
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ɍσρȡρφɎ   

ɍρυɎ #,ͺ)4σͺ%. #,ͺ/54054ɍσɎ!$#  

ɍρτɎ #,ͺ)4ςͺ%. #,ͺ/54054ɍςɎ!$#  

ɍρσɎ #,ͺ)4ρͺ%. #,ͺ/54054ɍρɎ!$#  

ɍρςɎ #,ͺ)4πͺ%. #,ͺ/54054ɍπɎ!$#  

ɍρρɎ #,ͺ.4σͺ%. #,ͺ/54054ɍσɎ!$#  

ɍρπɎ #,ͺ.4ςͺ%. #,ͺ/54054ɍςɎ!$#  

ɍωɎ #,ͺ.4ρͺ%. #,ͺ/54054ɍρɎ!$#  

ɍψɎ #,ͺ.4πͺ%. #,ͺ/54054ɍπɎ!$#  

ɍχɎ 4)-%2σͺ#-0ρͺ%. 4)-%2σ ρ !$#  

ɍφɎ 4)-%2σͺ#-0πͺ%. 4)-%2σ π !$#  

ɍυɎ 4)-%2ρͺ#-0ρͺ%. 4)-%2ρ ρ !$#  

ɍτɎ 4)-%2ρͺ#-0πͺ%. 4)-%2ρ π !$#  

ɍσɎ -#07-πͺ4σͺ%. -#07-π 4σ !$#  

ɍςɎ -#07-πͺ4ςͺ%. -#07-π 4ς !$#  

ɍρɎ -#07-πͺ4ρͺ%. -#07-π 4ρ !$#  

ɍπɎ -#07-πͺ4πͺ%. -#07-π 4π !$#  

 

!$# -#07- 4)-%2 -#07- 4)-%2

 

4)-%2!$# '0)/4ÉÍÅÒɉ χȾψ Ɋ 4ÉÍÅÒ

 

-#07-!$# '0)/ ω !$#ͺ42)''%2

!$# !$#ͺ42)''%2  

")4πȾςȾτȾφȣȾρφȾρψȾȣ
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")4ρȾσȾυȾȣȾρχȾρωȾȣ  

-#07-πͺ4ρͺ%.-#07-πͺ4πͺ%. -#07-πͺ4πͺ%.

-#07-πͺ4ρͺ%.  

TIMERḪ

MCPWM

Ḫ

TIMER

MCPWM

ᵣ ADC

ԑ

Ể ᵣ
(BIT0,2,4...)

ᵣ
(BIT1,3,5...)

≡GPI0 7/8ꜗ

Timer Ḫ

GPIO 9ꜗ

ADC_TRIGGER ₴

₴

҅

 

ρςȤψ !$#  

12.2.6  

12.2.6.1 !$#Øͺ374ɉØ Ѐ πȟρɊ 

πØτππρͺπτχ#πØτππρͺπυχ# 

πØπ 

 

ρςȤσρ !$#Øͺ374 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

374 

7/ 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ 374 
πØυ!!υ  

πØ&ππ&  

 

πØυ!!υȾπØ&ππ&

πØυ!!υȾπØ&ππ& 
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12.2.7  

!$# '.$ $#  

'.$ $# ÏÆÆÓÅÔ

ÃÈÁÎÎÅÌ $# ÏÆÆÓÅÔ  

$# ÏÆÆÓÅÔ

ȤρȢς6ȤϹρȢς6ȤςȢτ6ȤϹςȢτ6  

!$# σȢφ6χȢς6σȢφ6 ϻσȢφ6 χȢς6

ϻυ6 $# ÏÆÆÓÅÔ

!$#Øͺ$#π!$#Øͺ!-#π!$#Øͺ$#ρ!$#Øͺ!-#ρ

 &ÌÁÓÈ ÉÎÆÏ !$# 

 $# ÏÆÆÓÅÔȟ 

393ͺ3&4ͺ234!$# !$# !$#

.62 $#Ⱦ!-#  

≡

ꜘ DCO/

AMCO

ꜘ DC1/

AMC1

(1Ṗ)

ᵤ

(2/3Ṗ)

-DC 

offset

ӝ ‼

AMC
₴?

₴ ҿ

ẅ

ҿ

ẅ

Ḧ

ẅ
₴

₴

ҿ

ẅ

ẅ

/

 

ρςȤω !$#  

12.2.7.1 !$#Øͺ$#πɉØ Ѐ πȟρɊ 

πØτππρͺπτψππØτππρͺπυψπ 

πØπ 

ρςȤσς π !$#Øͺ$#π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

$#ͺ/&&3%4 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ $#ͺ/&&3%4 !$# $# ÏÆÆÓÅÔ 
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!$# $# ÏÆÆÓÅÔπ ρπÂÉÔ

φÂÉÔ !$#Øͺ$#ɍωɎ !$#Øͺ$# !$#

 

!$#Øͺ$#πØρς"π πØς"π πØ&&"π 

!$#ͺ$# ÏÆÆÓÅÔ !$#Øͺ#&'

!$#Øͺ$#!$#

!$#Øͺ$#ɍρυȡπɎ !$#Øͺ$#ɍρυȡπɎτ !$#

 

12.2.7.2 !$#Øͺ!-#πɉØ Ѐ πȟρɊ 

πØτππρͺπτψτπØτππρͺπυψτ 

πØςππ 

ρςȤσσ π !$#Øͺ!-#π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

!-ͺ#!,) 

27 

πØςππ 

 

   

ɍσρȡρπɎ   

ɍωȡπɎ !-ͺ#!,) !$#  

!$# ρ πØςππ ρ πØρ&πρ πØςπυ

ρ  

12.2.7.3 !$#Øͺ$#ρɉØ Ѐ πȟρɊ 

πØτππρͺπτψψπØτππρͺπυψψ 

πØπ 

ρςȤστ ρ !$#Øͺ$#ρ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

$#ͺ/&&3%4 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ $#ͺ/&&3%4 !$# $# ÏÆÆÓÅÔ 
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12.2.7.4 !$#Øͺ!-#ρɉØ Ѐ πȟρɊ 

πØτππρͺπτψ#πØτππρͺπυψ# 

πØςππ 

ρςȤσυ ρ !$#Øͺ!-#ρ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

!-ͺ#!,) 

27 

πØςππ 

 

   

ɍσρȡρπɎ   

ɍωȡπɎ !-ͺ#!,) !$#  

 

12.2.8  

12.2.8.1 !$#Øͺ)%ɉØ Ѐ πȟρɊ 

πØτππρͺπτωππØτππρͺπυωπ 

πØπ 

ρςȤσφ !$#Øͺ)% 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

)
3
&
ͺ
2
%

 

(
%
2
2
ͺ
2
%

 

3
%
2
2
ͺ
2
%

 

 !
7
$
π
ͺ
2
%

 

3
&
ς
ͺ
2
%

 

3
&
ρ
ͺ
2
%

 

)
3
&
ͺ
)
%

 

(
%
2
2
ͺ
)
%

 

3
%
2
2
ͺ
)
%

 

 !
7
$
π
ͺ
)
%

 

3
&
ς
ͺ
)
%

 

3
&
ρ
ͺ
)
%

 

27 27 27 27 27 27 27 27 27 27 27 27 

π π π π π π π π π π π π 

 

   

ɍσρȡρφɎ   

ɍρυɎ )3&ͺ2% $-!  

ɍρτɎ (%22ͺ2% $-!  

ɍρσɎ 3%22ͺ2% $-!  

ɍρςȡρρɎ   

ɍρπɎ !7$πͺ2% π $-!  

ɍωɎ 3&ςͺ2% $-!  

ɍψɎ 3&ρͺ2% $-!  

ɍχɎ )3&ͺ)%  

ɍφɎ (%22ͺ)%  
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ɍυɎ 3%22ͺ)%  

ɍτȡσɎ   

ɍςɎ !7$πͺ)% π  

ɍρɎ 3&ςͺ)%  

ɍπɎ 3&ρͺ)%  

 

12.2.8.2 !$#Øͺ)&ɉØ Ѐ πȟρɊ 

πØτππρͺπτωτπØτππρͺπυωτ 

πØπ 

ρςȤσχ !$#Øͺ)& 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

)
3
&
ͺ
)
&

 

(
%
2
2
ͺ
)
&

 

3
%
2
2
ͺ
)
&

 

 

!
7
$
π
ͺ
)
&

 

3
&
ς
ͺ
)
&

 

3
&
ρ
ͺ
)
&

 

2
7
ρ
# 

2
7
ρ
# 

2
7
ρ
# 

2
7
ρ
# 

2
7
ρ
# 

2
7
ρ
# 

π π π π π π 

 

   

ɍσρȡψɎ   

ɍχɎ )3&ͺ)&  

ɍφɎ (%22ͺ)&  

ɍυɎ 3%22ͺ)&  

ɍτȡσɎ   

ɍςɎ !7$πͺ)& π  

ɍρɎ 3&ςͺ)&  

ɍπɎ 3&ρͺ)&  

Ⱦ !$# !$# Ⱦ

!$# !$# !$#ͺ)&ɍφȡυɎ 

!$#Øͺ)& π ρȡ ρ  

12.2.9  

12.2.9.1  !$#πͺ,4( 

ȡπØτππρͺπτ#τ 

ȡπØ&ψππ 
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ρςȤσψ  !$#πͺ ,4( 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

3ÉÇÎ ,4( 

2/ 27 

πØ& πØψππ 

 

   

ɍσρȡρφɎ   

ɍρυȡρςɎ   

ɍρρȡπɎ ,4( !$# π  

!$#πͺ,4(ɍρρȡπɎ ɍρυȡρςɎ !$#πͺ,4(")4ɍρρɎ

 

12.2.9.2  !$#πͺ(4( 

ȡπØτππρͺπτ#ψ 

ȡπØππππͺπχ&& 

ρςȤσω  !$#πͺ (4( 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

(4( 

27 

πØχ&& 

 

   

ɍσρȡρφɎ   

ɍρυȡρςɎ   

ɍρρȡπɎ (4( !$# π  

!$#πͺ(4(ɍρρȡπɎ ɍρυȡρςɎ !$#πͺ(4(")4ɍρρɎ

 

12.2.9.3  !$#πͺ'%. 

ȡπØτππρͺπτ## 

ȡπØπ 

ρςȤτπ  !$#πͺ '%. 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

'%. 

27 

π 

 

   

ɍσρȡρφɎ   
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ɍρυȡπɎ '%. 

!$# π  

")4πȡ $!4π  

")4ρȡ $!4ρ  

ȣȣ 
")4ρσȡ $!4ρσ  

")4ρτȡ )$!4π  

")4ρυȡ )$!4ρ  

 

!$#ͺ$!4

!$#ͺ$!4  

!$#ͺ'%.ɍρɎЀρ π !$#Øͺ$!4ρ

!$#Øͺ4(πȢ(4(!$#Øͺ4(πȢ,4(  

12.3  

12.3.1 !$#  

!$#

 

 

-#07-Ⱦ4)-%2Ⱦ#, 4!$#ɍπɎȾ4!$#ɍρɎȾ4!$#ɍςɎȾ4!$#ɍσɎ!$#

!$#Øͺ374

ρφȭÈυ!!υ !$#  

 

 

!$#Øͺ#(.4ɍσȡπɎ!$# π

 

!$#Øͺ#(.4ɍσȡπɎ!$# ρ

 

 

 

!$#ͺ#(.4ɍχȡτɎ π  

ρςȤτρ

!$#ͺ#&' 4!$# 4!$#

4!$#  

!$#
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ρςȤτρ !$#  

   

4!$#  

.ÏÎÅɉ4!$# Ɋ 

4!$#ɍπɎ 

4!$#ɍρɎ 

# 4!$#ɍπɎ 

# 4!$#ɍρɎ 

# 4!$#ɍςɎ 

# 4!$#ɍσɎ 

# ɕ 

4!$#ɍπɎȾ4!$#ɍρɎȾ 
4!$#ɍςɎȾ4!$#ɍσɎ 

 !$#ͺ374ρφȬÈυÁÁυ 
!$#ͺ374ρφȬÈυÁÁυ 

!$#ͺ374ρφȬÈυÁÁυ 

ɕ# !$#ͺ#&'Ȣ3).',%ͺ4#.4!$#ͺ#&'Ȣ3).',%ͺ4#.4

4!$#ɍσȡπɎτ 3).',%ͺ4#.4 !$#  

12.3.1.1  

!$#

!$#Øͺ#(.4 ρͯρυ

ρͯρυ 

τ !$#ͺ$!4π!$#ͺ$!4ρ

!$#ͺ$!4ς!$#ͺ$!4σ 

-#07-Ⱦ4)-%2 4!$#ɍπɎ4!$#ɍρɎ4!$#ɍςɎ4!$#ɍσɎ

 

!$#ͺ#(.πȾρȾςȾσ

 

 

-#07- !$#ͺ#&'Ȣ4#.4Ѐτ!$#Øͺ42)'Ȣ-#07-πͺ4ςͺ%. Ѐρ

-#07-π4!$#ɍςɎτ ρςȤρπ  

IDLE0 

SAMPLE0 
MCPWM0 TADC[2]

 4

ѿ

 

ρςȤρπ !$#  

12.3.1.2  

 

ς σ
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!$#ͺ$!4π!$#ͺ$!4ρ !$#ͺ$!4ς!$#ͺ$!4σ

!$#ͺ$!4τ 

-#07- 4!$#ɍπɎ4!$#ɍρɎ  

4!$#ɍπɎ !$#ͺ#(.4ɍσȡπɎ

4!$#ɍρɎ !$#ͺ#(.4ɍχȡτɎ

!$#ͺ#(.4  

 

!$#ͺ374 πØυ!!υ

 

 

IDLE0 IDLE1 

SAMPLE0 SAMPLE1 

Software 
trigger

ѿ

ԋ

Software 
trigger

 

ρςȤρρ !$#  

12.3.2  

12.3.2.1  

 

12.3.2.2  

 

12.3.2.3 !$#ͺ)&  

#05 0,, !$# !$# !$# 0,,

ς  !$#ͺ)& !$# ςπ

 !$#ͺ)&  

 

!$#ͺ)& !$#ͺ)&!$#ͺ)&  
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12.3.3  

!$# !$#ͺ#(.Ø !$# !$#

!$#

!$#ͺ#(.Ø!$#ͺ#(.4 !$# !$#ͺ#&'ɍρρɎρȟ !$#

!$# !$#

 

 

!$#Ø;#&';ÔÅÍÐ Є !$#Ø;#&'Ƞ   ȾȾ3ÁÖÅ !$#Øͺ#&' 

!$#Ø;#&' Є τØττττȠ    ȾȾ$ÉÓÁÂÌÅ !$# ÔÒÉÇÇÅÒ 

!$#Ø;#&' Є τØτόττȠ    ȾȾ2ÅÓÅÔ !$# ÓÔÁÔÅ ÍÁÃÈÉÎÅ 

Ⱦɕ 

 !ÄÄ ÙÏÕÒ ÃÏÄÅ ÂÅÌÏ×ȟ ÌÉËÅȡ 

!$#Ø;#(.4 Є τØτττω 

!$#Ø;#(.τ Є τØχφυτȠ 

!$#Ø;#(.υ Є τØϋϊωψȠ 

ɕȾ 

!$#Ø;#&' Є !$#Ø;#&';ÔÅÍÐȠ   ȾȾÒÅÓÔÏÒÅ !$#Øͺ#&' 
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13 TIMER  

13.1  

13.1.1  

ρσȤρ 4)-%2 τ 4ÉÍÅÒ

4ÉÍÅÒ

 

Encoder X

IRQ Generation

TIMx_CH0

TIMx_CH1

Counter

Unit X

Compare1

Capture0

Compare0

Capture1

TIMERx_CFG.EN

TIMERx_FLT

1/2 CLK_DIV

MCLK

TIMERx_CFG.CLK_DIV

T
IM

E
R

x_
R

E
G

 

ρσȤρ 4)-%2  

13.1.1.1  

 

 

 

13.1.1.2 )/  

)/  

13.1.1.3  

 

ÔÉÍÅÒ  

13.1.1.4  
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13.1.2  

ȡ 

 ̧  

 ̧ 4ÉÍÅÒπȾρρφÂÉÔ  

 ̧ 4ÉÍÅÒςȾσσςÂÉÔ  

 ̧ ς ς  

 ̧ ςπτπ ωφ-(Ú

ςρÕ3  

13.2  

13.2.1  

4ÉÍÅÒ4)-%2Øͺ#&'Ȣ#,+ͺ$)6

ρȾςȾτȾψȾρφȾσςȾφτȾρςψȢ 

13.2.2  

ρ  

13.2.3  

 

4)-%2Øͺ&,4 πͯςπτπ4ÉÍÅÒ  

4ÉÍÅÒ 4)-%2Øͺ#&'Ȣ#,+ͺ$)64ÉÍÅÒ

4ÉÍÅÒ  

ρσȤς ÔρͯÔφ 4

Ôσ Ôφ 4

 

T

T

T

T

T

T

t1 t2 t3 t4 t5 t6

῀

₮
 

ρσȤς 4)-%2  
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13.2.4  

13.2.4.1  

4ÉÍÅÒ  

π 4( π π

4( π 4( π

 ɉ4(ϹρɊȾÃÌËͺÆÒÅÑÃÌËͺÆÒÅÑ  

TH

CNT

TH

CNT

 

ρσȤσ 4)-%2  

4)-%2Øͺ#&'Ȣ8#,+ͺ%.

ωφ-(Ú 0,, 4ÉÍÅÒπȾρ  

4)-%2Øͺ#&'Ȣ#,+ͺ$)6  

13.2.4.2  

4ÉÍÅÒ Ⱦ

4)-%2ͺ5.4Øͺ#-0

 

UTIMERx_CMP0

UTIMERx_CMP1

counter

Channel 0
Compare event

Channel 1 
Compare event Channel 1 output

Channel 0 output

1
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TH
CMP0 CMP0

CMP0

CNT

Timer channel input

 

ρσȤτ 4)-%2  

ρσȤτ #!0πȾ#!0ρȾ#!0ς

4)-%2ͺ5.4Øͺ#-0 

πȾρ 4)-%2Øͺ#&'Ȣ32#π4)-%2Øͺ32#ρ

)/ )/

 

4)-%2Øͺ#&'Ȣ#!0πͺ#,2ͺ%.4)-%2Øͺ#&'Ȣ#!0ρͺ#,2ͺ%.4ÉÍÅÒ

πȾρ 4)-%2ͺ#.4 4ÉÍÅÒ

 

4ÉÍÅÒπ πȾρ π ρ

#!0πͺ#,2ͺ%. π 4)-%2ͺ#.4 π

#!0π 4)-%2Øͺ#-0π 4)-%2Øͺ#-0ρ

 

4ÉÍÅÒπ πȾρ π ρ

#!0ρͺ#,2ͺ%. ρ 4)-%2ͺ#.4 ρ

#!0ρ 4)-%2Øͺ#-0ρ 4)-%2Øͺ#-0π

 

13.2.4.3 ɉ 07-Ɋ 

4)-%2Øͺ#-0

)/

)/ 4)-%2Øͺ#-0πЀπ

4ÉÍÅÒ 8π ρ 4)-%2Øͺ#-0πЀ4)-%2Øͺ4(Ϲρ4ÉÍÅÒπ π  

UTIMERx_CMP0

UTIMERx_CMP1

counter

Channel 0
Compare event

Channel 1 
Compare event Channel 1 output

Channel 0 output

1
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TH

CMP

CNT

Timer channel output

 

ρσȤυ 4)-%2  

13.2.4.4  

4)-%2Øͺ#&'Ȣ%.Ѐπ4ÉÍÅÒ

4)-%2Øͺ#&'Ȣ/.%ͺ42)'ρ 4ÉÍÅÒ 4ÉÍÅÒ

4)-%2 4)-%2

4)-%2 σ /.%ͺ42)'ρ 4)-%2  

TH

CMP

CNT Timer channel output

ONE_TRIG

Write 1 to ONE_TRIG Write 1 to ONE_TRIG

 

ρσȤφ 4)-%2  

 

 

13.2.4.5 ɉ 07-Ɋ 

4)-%2Øͺ#&'Ȣ#%.4%2Ѐρ

π 4( π

ς4(ȾÃÌËͺÆÒÅÑÃÌËͺÆÒÅÑ 07-

4)-%2Øͺ#-0πȾρ Ѐ4)-%2Øͺ#-0ρȤ4)-%2Øͺ#-0π

4ÉÍÅÒ

4)-%2Øͺ#.4Ѐ4)-%2ͺ#-0πȾρ  
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4ÉÍÅÒπ&!), 07- &!), 4ÉÍÅÒπȾρ

4)-%2πͺ)/Ȣ#(πͺ$%&!5,44)-%2πͺ)/Ȣ#(ρͺ$%&!5,44)-%2πͺ)/Ȣ-/%&!),

-/% ρ 4ÉÍÅÒ 07-  

4ÉÍÅÒπ 4)-%2πͺ34(Ⱦ 4)-%2πͺ3#-0πȾ 4)-%2πͺ3#-0ρ

4)-%2πͺ#&'Ȣ3(!$/7Ѐρ 4)-%2πͺ4(Ⱦ 

4)-%2πͺ#-0πȾ 4)-%2πͺ#-0ρ 4)-%2πͺ4(Ⱦ 4)-%2πͺ#-0πȾ 

4)-%2πͺ#-0ρ 4)-%2π

4)-%2πͺ#&'Ȣ50$!4%ρ 4)-%2  

4)-%2πͺ#&'Ȣ3(!$/7Ѐπ4ÉÍÅÒ 4)-%2πͺ4(Ⱦ 4)-%2πͺ#-0πȾ 

4)-%2πͺ#-0ρ  

4)-%2πͺ4(Ⱦ 4)-%2πͺ#-0πȾ 4)-%2πͺ#-0ρ4)-%2πͺ34(Ⱦ 

4)-%2πͺ3#-0πȾ 4)-%2πͺ3#-0ρ 

 

ρσȤρ 4)-%2π  

4)-%2πͺ#&'Ȣ3(!$/7 π ρ 

4)-%2πͺ#.44( 4)-%2πͺ4( 4)-%2πͺ34( 

4)-%2πͺ#.4#-0π 4)-%2πͺ#-0π 4)-%2πͺ3#-0π 

4)-%2πͺ#.4#-0ρ 4)-%2πͺ#-0ρ 4)-%2πͺ3#-0ρ 

 

0

TH

CMP1

CMP0

CH0

CH1

IRQ0 IRQ1 IRQ Zero Crossing

 

ρσȤχ 4)-%2  

 

4)-%2πȾρȾςȾσ 07- 4)-%2π

&!), 4)-%2π4)-%2πͺ)/  
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13.2.5  

4ÉÍÅÒ 4ÉÍÅÒ -#07-!$# #,5

4ÉÍÅÒ  

4ÉÍÅÒ τ

4)-%2Øͺ#&'Ȣ%4/.4)-%2Øͺ#&'Ȣ8#,+ͺ%.4)-%2Øͺ#&'Ȣ2,ͺ%.

4)-%2Øͺ#&'Ȣ'!4%ͺ%. τ ρ  

4)-%2  

4)-%2Øͺ%64  

13.2.5.1.1  

4)-%2Øͺ#&'Ȣ%.Ѐπ4)-%2Øͺ#&'Ȣ%4/.Ѐρ4)-%2Ø #.4 π

4)-%2  

TH

CNT

Timer channel output

CMP

External Event

 

ρσȤψ 4)-%2  

 

%4/.Ѐρ

/.%ͺ42)'Ѐρ 4)-%2 /.%ͺ42)'

 

TH

CMP

CNT Timer channel output

ETON

Write 1 to ETON External EventWrite 1 to ONE_TRIG

ONE_TRIG

ONE_TRIG cleared after one period

 

ρσȤω 4)-%2  
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13.2.5.1.2  

4)-%2Øͺ#&'Ȣ8#,+ͺ%.Ѐρ4)-%2

4)-%2Øͺ%64  

4)-%2Øͺ#.4 4)-%2Í

4)-%2Ø 4)-%2Í 4)-%2Í  

0 1 2 3

External Signal
CNT

 

ρσȤρπ 4)-%2  

 

13.2.5.1.3  

4)-%2Øͺ#&'Ȣ2,ͺ%.Ѐρ4)-%2

4)-%2Øͺ%64 4)-%2

4)-%2Øͺ#.4π 4)-%2 4)-%2Øͺ#.4

4)-%28ͺ4( 4)-%2  

TH

CMP

CNT

External Event

 

ρσȤρρ 4)-%2  

 

13.2.5.1.4  

4)-%2Øͺ#&'Ȣ'!4%ͺ%.Ѐρ4)-%2

4)-%2Øͺ%64 4)-%2 4)-%2

4)-%2Øͺ#.4 -#07- !$#

4)-%2Í 4)-%2Ø

4)-%2Í  
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TH

CNT

External Signal

 

ρσȤρς 4)-%2  

 

4)-%2ς ρ 4)-%2σ 4)-%2ςͺ#&'Ȣ32#ρ

4)-%2ς ρ )/ 4)-ςͺ#(ρ4)-%2ςͺ#&'Ȣ#(ρͺ-/$%4)-%2ςρ

4)-%2ςͺ&,44)-%2ςρ '0)/

'0)/ 4)-%2ςρ 4)-%2σͺ%644)-%2ς

ρ 4)-%2σ 4)-%2σͺ#&'Ȣ%4/.4)-%2σͺ#&'Ȣ8#,+ͺ%.

4)-%2σͺ#&'Ȣ2,ͺ%.4)-%2σͺ#&'Ȣ'!4%ͺ%. τ ρ  

 

13.2.6 !$#  

4ÉÍÅÒπȾρ #-0πȾρ !$#  

13.2.7  

#7Ⱦ##7  

1%0π 4ρȾ4ς 4ÉÍÅÒς #ÈÁÎÎÅÌπȾρ'0)/

4ÉÍÅÒ 1%0ρ4ρȾ4ς 4ÉÍÅÒσ #ÈÁÎÎÅÌπȾρ'0)/

4ÉÍÅÒ 4ÉÍÅÒ  

4ρȾ4ςȾ: 4ÉÍÅÒ 1%0π:

4)-%2ςͺ&,4 1%0ρ: 4)-%2σͺ&,4  

4ÉÍÅÒ 4ÉÍÅÒ

393ͺ#,+ͺ&%.4ÉÍÅÒ 1%0π 4ÉÍÅς

1%0ρ 4ÉÍÅσ  

13.2.7.1  

4ρȾ4ς  

4ρȾ4ς

 

4ρ 4ς

4ρ  

4ς 4ρ
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4ς  

 

#ÏÕÎÔÅÒ 5Ð   Ѐ ɉ4ρ ȦЀ4ςɊ ͽɉ4ρ ÔÒÉÇÇÅÒÉÎÇ ÅÄÇÅÓɊ ȿ ɉ4ρ ЀЀ 4ςɊ ͽ ɉ4ς ÔÒÉÇÇÅÒÉÎÇ ÅÄÇÅÓɊ 

#ÏÕÎÔÅÒ $Ï×Î  Ѐ ɉ4ρ ЀЀ 4ςɊ ͽ ɉ4ρ ÔÒÉÇÇÅÒÉÎÇ ÅÄÇÅÓɊ ȿ ɉ4ρ ȦЀ 4ςɊ ͽ ɉ4ς ÔÒÉÇÇÅÒÉÎÇ ÅÄÇÅÓɊ 

 

ρσȤς  

 
4ρȾ4ς

ɉ Ɋ 

4ρ  4ς  

    

4ρ  
4ς      

4ς      

4ρȾ4ς  

4ς      

4ς      

4ρ      

4ρ      

 

T1

T2

-1 +1 -1-1-1 -1

 ֜
T1/T2

 

ρσȤρσ  4ρ  

T1

T2

+1 +1 -1-1-1 +1

 ֜T1

 

ρσȤρτ 4ρ 4ς  

13.2.7.2  

4ρ 4ς 4ρ 4ς

4ρ 4ρ  

#ÏÕÎÔÅÒ 5Ð   Ѐ ɉ4ςЀЀρɊ ͽ ɉ4ρ ÔÒÉÇÇÅÒÉÎÇ ÅÄÇÅÓɊ 

#ÏÕÎÔÅÒ $Ï×Î  Ѐ ɉ4ςЀЀπɊ ͽ ɉ4ρ ÔÒÉÇÇÅÒÉÎÇ ÅÄÇÅÓɊ 

ρσȤσ  
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 4ς ɉ Ɋ 
4ρ  

  

4ρ  
   

   

4ρ  
   

   

 

T1(Pulse)

T2(Sign)

+1 -1-1

CCW+SIGN T1 both edge

+1 +1 +1  

ρσȤρυ 4ρ  

CCW+SIGN T1 posedge

+1 -1+1

T1(Pulse)

T2(Sign)

 

ρσȤρφ 4ρ  

13.2.7.3 ##7Ⱦ#7  

4ρ 4ς

 

#ÏÕÎÔÅÒ 5Ð   Ѐ ρ ͽ ɉ4ρ ÔÒÉÇÇÅÒÉÎÇ ÅÄÇÅÓɊ 

#ÏÕÎÔÅÒ $Ï×Î  Ѐ ρ ͽ ɉ4ς ÔÒÉÇÇÅÒÉÎÇ ÅÄÇÅÓɊ 

 

ρσȤτ ##7Ⱦ#7  

 
 

4ρ  4ρ  4ς  4ς  

4ρȾ4ς      

4ρȾ4ς      
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T1(CCW)

T2(CW)

+1 +1-1

CCW+CW both edge

+1 +1 +1+1 -1
 

ρσȤρχ 4ρȾ4ς ##7Ⱦ#7  

 

T1(CCW)

T2(CW)

+1 +1-1

CCW+CW posedge

+1  

ρσȤρψ 4ρȾ4ς ##7Ⱦ#7  

13.3  

13.3.1  

4ÉÍÅÒπ πØτππρͺπφππ  

ρσȤυ 4ÉÍÅÒπ  

   

4)-%2πͺ#&' πØππ 4ÉÍÅÒπ  

4)-%2πͺ4( πØπτ 4ÉÍÅÒπ  

4)-%2πͺ#.4 πØπψ 4ÉÍÅÒπ  

4)-%2πͺ#-0π πØπ# 4ÉÍÅÒπȾ π 

4)-%2πͺ#-0ρ πØρπ 4ÉÍÅÒπȾ ρ 

4)-%2πͺ%64 πØρτ 4ÉÍÅÒπ  

4)-%2πͺ&,4 πØρψ 4ÉÍÅÒπ  

4)-%2πͺ)% πØρ# 4ÉÍÅÒπ  

4)-%2πͺ)& πØςπ 4ÉÍÅÒπ  

4)-%2πͺ)/ πØςτ 4ÉÍÅÒπ )/  

 

4ÉÍÅÒρ πØτππρͺπχππ 
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ρσȤφ 4ÉÍÅÒρ  

4)-%2ρͺ#&' πØππ 4ÉÍÅÒρ  

4)-%2ρͺ4( πØπτ 4ÉÍÅÒρ  

4)-%2ρͺ#.4 πØπψ 4ÉÍÅÒρ  

4)-%2ρͺ#-0π πØπ# 4ÉÍÅÒρȾ π 

4)-%2ρͺ#-0ρ πØρπ 4ÉÍÅÒρȾ ρ 

4)-%2ρͺ%64 πØρτ 4ÉÍÅÒρ  

4)-%2ρͺ&,4 πØρψ 4ÉÍÅÒρ  

4)-%2ρͺ)% πØρ# 4ÉÍÅÒρ  

4)-%2ρͺ)& πØςπ 4ÉÍÅÒρ  

 

4ÉÍÅÒς πØτππρͺπψππ 

ρσȤχ 4ÉÍÅÒς  

4)-%2ςͺ#&' πØππ 4ÉÍÅÒς  

4)-%2ςͺ4( πØπτ 4ÉÍÅÒς  

4)-%2ςͺ#.4 πØπψ 4ÉÍÅÒς  

4)-%2ςͺ#-0π πØπ# 4ÉÍÅÒςȾ π 

4)-%2ςͺ#-0ρ πØρπ 4ÉÍÅÒςȾ ρ 

4)-%2ςͺ%64 πØρτ 4ÉÍÅÒς  

4)-%2ςͺ&,4 πØρψ 4ÉÍÅÒς  

4)-%2ςͺ)% πØρ# 4ÉÍÅÒς  

4)-%2ςͺ)& πØςπ 4ÉÍÅÒς  

 

4ÉÍÅÒσ πØτππρͺπωππ 

ρσȤψ 4ÉÍÅÒσ  

4)-%2σͺ#&' πØππ 4ÉÍÅÒσ  

4)-%2σͺ4( πØπτ 4ÉÍÅÒσ  

4)-%2σͺ#.4 πØπψ 4ÉÍÅÒσ  

4)-%2σͺ#-0π πØπ# 4ÉÍÅÒσȾ π 

4)-%2σͺ#-0ρ πØρπ 4ÉÍÅÒσȾ ρ 

4)-%2σͺ%64 πØρτ 4ÉÍÅÒσ  

4)-%2σͺ&,4 πØρψ 4ÉÍÅÒσ  

4)-%2σͺ)% πØρ# 4ÉÍÅÒσ  

4)-%2σͺ)& πØςπ 4ÉÍÅÒσ  

 

4ÉÍÅÒπȾρȾςȾσ 4ÉÍÅÒπȾρ ρφ 4ÉÍÅÒςȾσ

σς 4)-%2Øͺ4(4)-%2Øͺ#-0π4)-%2Øͺ#-0ρ  

4ÉÍÅÒπ4(Ⱦ#-0πȾ#-0ρ

4ÉÍÅÒπ4ÉÍÅÒρ σ

4ÉÍÅÒπ 4)-%2πͺ4(Ⱦ#-0πȾ#-0ρ
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1%0π πØτππρͺπ!ππ 

ρσȤω 1%0π  

1%0πͺ#&' πØππ 1%0π  

1%0πͺ4( πØπτ 1%0π  

1%0πͺ#.4 πØπψ 1%0π  

1%0πͺ)% πØπ# 1%0π  

1%0πͺ)& πØρπ 1%0π  

 

1%0ρ πØτππρͺπ"ππ 

ρσȤρπ 1%0ρ  

1%0ρͺ#&' πØππ 1%0ρ  

1%0ρͺ4( πØπτ 1%0ρ  

1%0ρͺ#.4 πØπψ 1%0ρ  

1%0ρͺ)% πØπ# 1%0ρ  

1%0ρͺ)& πØρπ 1%0ρ  

 

13.3.2 4)-%2π  

13.3.2.1 4)-%2πͺ#&'  4ÉÍÅÒπ  

ȡπØτππρͺπφππ 

ȡπØππππρπππ 

ρσȤρρ 4ÉÍÅÒπ 4)-%2πͺ#&' 

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

%
. 

 

#
!
0
ρ
ͺ
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2
ͺ
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.
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!
0
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ͺ
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,
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ͺ
%
.
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ͺ
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ͺ
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.
 

 

'
!
4
%
ͺ
%
.
 

 

2
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ͺ
%
.

 

8
#
,
+
ͺ
%
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27 27 27 7/ 27 27 27 
27 

27 27 27 27 27 

π π π π π π π 
π 

π π π π π 

 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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2
#
ρ

 

#
(
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ͺ
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/
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#
(
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ͺ
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(
ρ
ͺ
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ͺ
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!
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ͺ
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ͺ
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ͺ
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ͺ
%
.
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π
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ͺ
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π
ͺ
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ͺ
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ͺ
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!
0
ͺ
%
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#
(
π
ͺ
2
%
ͺ
#
!
0
ͺ
%
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27 27 27 27 27 27 27 27 27 27 

ρ π π π π π π π π π 
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ɍσρɎ %. 4ÉÍÅÒ  

ɍσπɎ   

ɍςωɎ #!0ρͺ#,2ͺ%. #!0ρ 4ÉÍÅÒ  

ɍςψɎ #!0πͺ#,2ͺ%. #!0π 4ÉÍÅÒ  

ɍςχɎ 50$!4% 

 

50$!4%ρ 4(Ⱦ#-0πȾ#-0ρ

34(Ⱦ3#-0πȾ3#-0ρ

π π  

4)-%2πͺ#&'ȿЀ")4ςχȠ

 

ɍςφɎ 3(!$/7 

πȡ 4(Ⱦ#-0πȾ#-0ρ

 

ρȡ 4(Ⱦ#-0πȾ#-0ρ

4ÉÍÅÒ  

ɍςυɎ /.%ͺ42)' 

4ÉÍÅÒ %.

π 

%4/.π /.%ͺ42)'ρ 4ÉÍÅÒ

4ÉÍÅÒ 4ÉÍÅÒ

ρ 4ÉÍÅÒ  

%4/.ρ /.%ͺ42)'Ѐρ

4ÉÍÅÒ /.%ͺ42)'

4ÉÍÅÒ  

ɍςτɎ #%.4%2 

 

πȡ 4ÉÍÅÒπ 4( π 4ÉÍÅÒ 4(

π 4( 

ρȡ 4ÉÍÅÒ π 4( π 

ɍςσɎ $)2 
πȡ πȤЄ4( ρ 4(ȤЄ  

#%.4%2Ѐρ  

ɍςςȡςπɎ #,+ͺ$)6 

4ÉÍÅÒ

ς#,+ͺ$)6 π  

πȡ ρ 

ρȡ ς 

ςȡ τ 

σȡ ψ 

τȡ ρφ 

υȡ σς 

φȡ φτ 

χȡ ρςψ 

ɍρωɎ %4/. 

4ÉÍÅÒ  

πȡ  

ρȡ

4)-%2πͺ%64Ȣ%64ͺ32# 

4)-%2Øͺ#&'Ȣ%.Ѐρ

4)-%2Øͺ#&'Ȣ/.%ͺ42)'Ѐρ 

ɍρψɎ '!4%ͺ%. 4ÉÍÅÒ  
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π  

ρ 4ÉÍÅÒ

4)-%2πͺ%64Ȣ%64ͺ32# 

ɍρχɎ 2,ͺ%. 

4ÉÍÅÒ  

π 4ÉÍÅÒ 4( π

π 4( 

ρ 4)-%2πͺ%64Ȣ%64ͺ32#

4ÉÍÅÒ πȟ

4ÉÍÅÒ 4(  

ɍρφɎ 8#,+ͺ%. 

4ÉÍÅÒ  

πȡ  

ρȡ 4)-%2πͺ%64Ȣ%64ͺ32#

#,+ͺ$)6  

ɍρυȡρςɎ 32#ρ 

4ÉÍÅÒ ρ σȭÈρ 

πȡ 4ÉÍÅÒπ '0)/ $ÁÔÁÓÈÅÅÔ  

ρȡ 4ÉÍÅÒρ '0)/ $ÁÔÁÓÈÅÅÔ  

ςȡ #,5π 

σȡ #,5ρ 

τȡ #,5ς 

υȡ #,5σ 

φȡ π  

χȡ ρ  

ψȡ ς  

ωȡ 4ÉÍÅÒπ ρ  

ɍρρɎ #(ρͺ0/, 
4ÉÍÅÒρ #.4Ѓ#-0ρ

 

ɍρπɎ #(ρͺ-/$% 

4ÉÍÅÒρ π  

πȡ 4ÉÍÅÒρ π

4ÉÍÅÒ )/  

ρȡ 4ÉÍÅÒρ

4ÉÍÅÒρ  

ɍωɎ #(ρͺ&%ͺ#!0ͺ%. 

4ÉÍÅÒρ ρȡ πȡ  

4ÉÍÅÒρ ρĄπ

 

ɍψɎ #(ρͺ2%ͺ#!0ͺ%. 

4ÉÍÅÒρ ρȡ πȡ  

4ÉÍÅÒρ πĄρ

 

ɍχȡτɎ 32#π 

4ÉÍÅÒ π σȭÈπ 

πȡ 4ÉÍÅÒπ '0)/ $ÁÔÁÓÈÅÅÔ  

ρȡ 4ÉÍÅÒρ '0)/ $ÁÔÁÓÈÅÅÔ  

ςȡ #,5π 

σȡ #,5ρ 

τȡ #,5ς 

υȡ #,5σ 

φȡ π  
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χȡ ρ  

ψȡ ς  

ωȡ 4ÉÍÅÒπ ρ  

ɍσɎ #(πͺ0/, 
4ÉÍÅÒπ ȡ #.4Ѓ#-0π

 

ɍςɎ #(πͺ-/$% 

4ÉÍÅÒπ π  

πȡ 4ÉÍÅÒπ π

4ÉÍÅÒ )/  

ρȡ 4ÉÍÅÒπ

4ÉÍÅÒπ  

ɍρɎ #(πͺ&%ͺ#!0ͺ%. 

4ÉÍÅÒπ ρȡ πȡ  

4ÉÍÅÒπ ρĄπ

 

ɍπɎ #(πͺ2%ͺ#!0ͺ%. 

4ÉÍÅÒπ ρȡ πȡ  

4ÉÍÅÒπ πĄρ

 

4)-%2Øͺ#&'Ȣ4/.Ѐρ393ͺ#,+ͺ&%.

4ÉÍÅÒ 4)-%2Øͺ4( 

4)-%2Øͺ#&'ɍρωȡρφɎρÂÉÔρ  

32#πτȭÈψ

#-0πͺ#,2ͺ%.Ѐρ#(πͺ&%ͺ#!0ͺ%.Ѐρ#(πͺ2%ͺ#!0ͺ%.Ѐρ#(πͺ-/$%Ѐρ

#-0π  

13.3.2.2 4)-%2πͺ4(  4ÉÍÅÒπ  

ȡπØτππρͺπφπτ 

ȡπØπ 

ρσȤρς 4ÉÍÅÒπ 4)-%2πͺ4( 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

4( 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ 4( 
4ÉÍÅÒ π 4( π

4( π 4( 

 

13.3.2.3 4)-%2πͺ#.4  4ÉÍÅÒπ  

ȡπØτππρͺπφπψ 
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ȡπØπ 

ρσȤρσ 4ÉÍÅÒπ 4)-%2πͺ#.4 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

#.4 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ #.4 4ÉÍÅÒ π  

ȡ 4)-%2πͺ#.4 393ͺ#,+ͺ&%.Ȣ4)-%2πͺ#,+ͺ%.4ÉÍÅÒπ  

 

13.3.2.4 4)-%2πͺ#-0π  4ÉÍÅÒπ π  

ȡπØτππρͺπφπ# 

ȡπØπ 

ρσȤρτ 4ÉÍÅÒππ 4)-%2πͺ#-0π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

#-0π 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ #-0π 

4ÉÍÅÒ π #-0π

 

4ÉÍÅÒ π

#-0π  

#-0πЀπ π Ȧ#(πͺ0/,#-0πЀ4(Ϲρ π #(πͺ0/, 

13.3.2.5 4)-%2πͺ#-0ρ  4ÉÍÅÒπ ρ  

ȡπØτππρͺπφρπ 

ȡπØπ 

ρσȤρυ 4ÉÍÅÒπρ 4)-%2πͺ#-0ρ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

#-0ρ 

27 

π 

 



,+3χφ-#τϋØ 5ÓÅÒ -ÁÎÕÁÌ           

Ò2023             ρυχ 

   

ɍσρȡρφɎ   

ɍρυȡπɎ #-0ρ 

4ÉÍÅÒ ρ #-0ρ

 

4ÉÍÅÒ ρ

#-0ρ  

#-0ρЀπ Ȧ#(ρͺ0/,#-0ρЀ4(Ϲρ #(ρͺ0/, 

13.3.2.6 4)-%2πͺ%64  4ÉÍÅÒπ  

ȡπØτππρͺπφρτ 

ȡπØπ 

ρσȤρφ 4ÉÍÅÒπ 4)-%2πͺ%64 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

%64ͺ32# 

27 

π 

 

   

ɍσρȡτɎ   

ɍσȡπɎ %64ͺ32# 

4ÉÍÅÒ

4)-%2πͺ#&'Ȣ%4/.4)-%2πͺ#&'Ȣ'!4%ͺ%.4)-%2πͺ#&'Ȣ2,ͺ%.

4)-%2πͺ#&'Ȣ8#,+ͺ%. 

τ  

 
%4/.Ѐρ 4ÉÍÅÒ  

4ÉÍÅÒ 4ÉÍÅÒ

%4/.Ѐρ 4ÉÍÅÒ

4ÉÍÅÒ 4ÉÍÅÒ 

πȡ  

ρȡ  

ςȡ4)-%2ρ π Ⱦ  

σȡ4)-%2ρ ρ Ⱦ  

τȡ4)-%2ς π Ⱦ  

υȡ4)-%2ς ρ Ⱦ  

φȡ4)-%2σ π Ⱦ  

χȡ4)-%2σ ρ Ⱦ  

ψȡ#,5π  

ωȡ#,5ρ  

ρπȡ#,5ς  

ρρȡ#,5σ  

ρςȡ-#07- 4!$#ɍπɎ 

ρσȡ-#07- 4!$#ɍρɎ 

ρτȡ-#07- 4!$#ɍςɎ 
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ρυȡ-#07- 4!$#ɍσɎ 

 
'!4%ͺ%.Ѐρ 4ÉÍÅÒ

4ÉÍÅÒ '!4%ͺ%.Ѐρ4ÉÍÅÒ

'!4%ͺ%. πͯρρ

%64ͺ32# πͯχ 4ÉÍÅÒ

4ÉÍÅÒ 4ÉÍÅÒ

 

πȡ4)-%2π π  

ρȡ4)-%2π ρ  

ςȡ4)-%2ρ π  

σȡ4)-%2ρ ρ  

τȡ4)-%2ς π  

υȡ4)-%2ς ρ  

φȡ4)-%2σ π  

χȡ4)-%2σ ρ  

ψȡ#,5π  

ωȡ#,5ρ  

ρπȡ#,5ς  

ρρȡ#,5σ  

 
2,ͺ%. 4ÉÍÅÒ  

4ÉÍÅÒ  

πȡ4)-%2π π Ⱦ  

ρȡ4)-%2π ρ Ⱦ  

ςȡ4)-%2ρ π Ⱦ  

σȡ4)-%2ρ ρ Ⱦ  

τȡ4)-%2ς π Ⱦ  

υȡ4)-%2ς ρ Ⱦ  

φȡ4)-%2σ π Ⱦ  

χȡ4)-%2σ ρ Ⱦ  

ψȡ#,5π 

ωȡ#,5ρ 

ρπȡ#,5ς 

ρρȡ#,5σ 

ρςȡ-#07- 4!$#ɍπɎ 

ρσȡ-#07- 4!$#ɍρɎ 

ρτȡ-#07- 4!$#ɍςɎ 

ρυȡ-#07- 4!$#ɍσɎ 

 
8#,+ͺ%. 4ÉÍÅÒ 4ÉÍÅÒ

4ÉÍÅÒ 4ÉÍÅÒ

4ÉÍÅÒ  

πȡ4)-%2π π  

ρȡ4)-%2π ρ  

ςȡ4)-%2ρ π  
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σȡ4)-%2ρ ρ  

τȡ4)-%2ς π  

υȡ4)-%2ς ρ  

φȡ4)-%2σ π  

χȡ4)-%2σ ρ  

ψȡ#,5π 

ωȡ#,5ρ 

ρπȡ#,5ς 

ρρȡ#,5σ 

ρςȡ-#07- 4!$#ɍπɎ 

ρσȡ-#07- 4!$#ɍρɎ 

ρτȡ-#07- 4!$#ɍςɎ 

ρυȡ-#07- 4!$#ɍσɎ 

13.3.2.7 4)-%2πͺ&,4  4ÉÍÅÒπ  

ȡπØτππρͺπφρψ 

ȡπØπ 

ρσȤρχ 4ÉÍÅÒπ 4)-%2πͺ&,4 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

&,4 

27 

π 

 

   

ɍσρȡψɎ   

ɍχȡπɎ &,4 

πȾρ πͯςυυ 

&,4π  

&,4 π ȡ &,4ϼψ

&,4ϼψ

 

4ÉÍÅÒ

4)-%2Øͺ#&'Ȣ#,+ͺ$)6 

4)-%2Øͺ&,4 Ѐ πØφ4)-%2Øͺ#&'Ȣ#,+ͺ$)6 Ѐ πØςȠ 4ÉÍÅÒ

τ ψϼφ4ÉÍÅÒ ψϼφϼτ

 

 

13.3.2.8 4)-%2πͺ)%  4ÉÍÅÒπ  

ȡπØτππρͺπφρ# 

ȡπØπ 
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ρσȤρψ 4ÉÍÅÒπ 4)-%2πͺ)% 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 &
!
)
,
ͺ
2
%

 

:
#
ͺ
2
%

 

#
(
ρ
ͺ
2
%

 

#
(
π
ͺ
2
%

 

 &
!
)
,
ͺ
)
%

 

:
#
ͺ
)
%

 

#
(
ρ
ͺ
)
%

 

#
(
π
ͺ
)
%

 

27 27 27 27 27 
27 27 27 

π π π π π 
π π π 

 

   

ɍσρȡρςɎ   

ɍρρɎ &!),ͺ2% 4ÉÍÅÒ &!), $-!  

ɍρπɎ :#ͺ2% 4ÉÍÅÒ π $-!  

ɍωɎ #(ρͺ2% 4ÉÍÅÒρ Ⱦ  $-!  

ɍψɎ #(πͺ2% 4ÉÍÅÒπ Ⱦ  $-!  

ɍχȡτɎ   

ɍσɎ &!),ͺ)% 4ÉÍÅÒ &!),  

ɍςɎ :#ͺ)% 4ÉÍÅÒ π  

ɍρɎ #(ρͺ)% 4ÉÍÅÒρ Ⱦ  

ɍπɎ #(πͺ)% 4ÉÍÅÒπ Ⱦ  

$-! $-! $-! $-!

#05 $-!

 

 

13.3.2.9 4)-%2πͺ)&  4ÉÍÅÒπ  

ȡπØτππρͺπφςπ 

ȡπØπ 

ρσȤρω 4ÉÍÅÒπ 4)-%2πͺ)& 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

&
!
)
,
ͺ
)
&

 

:
#
ͺ
)
&

 

#
(
ρ
ͺ
)
&

 

#
(
π
ͺ
)
&

 

2
7
ρ
# 

2
7
ρ
# 

2
7
ρ
# 

2
7
ρ
# 

π 
π π π 

 

   

ɍσρȡτɎ   

ɍσɎ &!),ͺ)& 4ÉÍÅÒ &ÁÉÌ ρ π 

ɍςɎ :#ͺ)& 4ÉÍÅÒ π ρ π  
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ɍρɎ #(ρͺ)& 4ÉÍÅÒρ Ⱦ ρ π  

ɍπɎ #(πͺ)& 4ÉÍÅÒπ Ⱦ ρ π  

4ÉÍÅÒ πȤЄ4(ȤЄπ 4)-%2Øͺ#&'Ȣ#%.4%2Ѐρ
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4ÉÍÅÒ  

π  

ρ 4ÉÍÅÒ

4)-%2ςͺ%64Ȣ%64ͺ32# 

ɍρχɎ 2,ͺ%. 

4ÉÍÅÒ  

π 4ÉÍÅÒ 4( π

π 4( 

ρ 4)-%2ςͺ%64Ȣ%64ͺ32#

4ÉÍÅÒ πȟ

4ÉÍÅÒ 4(  

ɍρφɎ 8#,+ͺ%. 

4ÉÍÅÒ  

πȡ  

ρȡ 4)-%2ςͺ%64Ȣ%64ͺ32#

#,+ͺ$)6  

ɍρυȡρςɎ 32#ρ 

4ÉÍÅÒ ρ σȭÈρ 

πȡ 4ÉÍÅÒπ '0)/ $ÁÔÁÓÈÅÅÔ  

ρȡ 4ÉÍÅÒρ '0)/ $ÁÔÁÓÈÅÅÔ  

ςȡ #,5π 

σȡ #,5ρ 

τȡ #,5ς 

υȡ #,5σ 

φȡ π  

χȡ ρ  

ψȡ ς  

ωȡ 4ÉÍÅÒπ ρ  

ɍρρɎ #(ρͺ0/, 
4ÉÍÅÒρ #.4Ѓ#-0ρ

 

ɍρπɎ #(ρͺ-/$% 

4ÉÍÅÒρ π  

πȡ 4ÉÍÅÒρ π

4ÉÍÅÒ )/  

ρȡ 4ÉÍÅÒρ
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4ÉÍÅÒρ  

ɍωɎ #(ρͺ&%ͺ#!0ͺ%. 

4ÉÍÅÒρ ρȡ πȡ  

4ÉÍÅÒ ρ ρĄπ

 

ɍψɎ #(ρͺ2%ͺ#!0ͺ%. 

4ÉÍÅÒρ ρȡ πȡ  

4ÉÍÅÒ ρ πĄρ

 

ɍχȡτɎ 32#π 

4ÉÍÅÒ π σȭÈπ 

πȡ 4ÉÍÅÒπ '0)/ $ÁÔÁÓÈÅÅÔ  

ρȡ 4ÉÍÅÒρ '0)/ $ÁÔÁÓÈÅÅÔ  

ςȡ #,5π 

σȡ #,5ρ 

τȡ #,5ς 

υȡ #,5σ 

φȡ π  

χȡ ρ  

ψȡ ς  

ωȡ 4ÉÍÅÒπ ρ  

ɍσɎ #(πͺ0/, 
4ÉÍÅÒπ ȡ #.4Ѓ#-0π

 

ɍςɎ #(πͺ-/$% 

4ÉÍÅÒπ π  

πȡ 4ÉÍÅÒπ π

4ÉÍÅÒ )/  

ρȡ 4ÉÍÅÒπ

4ÉÍÅÒπ  

ɍρɎ #(πͺ&%ͺ#!0ͺ%. 

4ÉÍÅÒπ ρȡ πȡ  

4ÉÍÅÒ π ρĄπ

 

ɍπɎ #(πͺ2%ͺ#!0ͺ%. 

4ÉÍÅÒπ ρȡ πȡ  

4ÉÍÅÒ π πĄρ

 

13.3.4.2 4)-%2ςͺ4(  4ÉÍÅÒς  

ȡπØτππρͺπψπτ 

ȡπØπ 

ρσȤσρ 4ÉÍÅÒς 4)-%2ςͺ4( 

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

4( 

27 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

4( 

27 

π 
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ɍσρȡπɎ 4( 
4ÉÍÅÒ π 4( π

4( π 4( 

 

13.3.4.3 4)-%2ςͺ#.4  4ÉÍÅÒς  

ȡπØτππρͺπψπψ 

ȡπØπ 

ρσȤσς 4ÉÍÅÒς 4)-%2ςͺ#.4 

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

#.4 

27 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

#.4 

27 

π 

 

   

ɍσρȡπɎ #.4 4ÉÍÅÒς  

ȡ 4)-%2ςͺ#.4 393ͺ#,+ͺ&%.Ȣ4)-%2ςͺ#,+ͺ%.4ÉÍÅÒς  

 

13.3.4.4 4)-%2ςͺ#-0π  4ÉÍÅÒς π  

ȡπØτππρͺπψπ# 

ȡπØπ 

ρσȤσσ 4ÉÍÅÒςπ 4)-%2ςͺ#-0π 

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

#-0π 

27 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

#-0π 

27 

π 

 

   

ɍσρȡπɎ #-0π 
4ÉÍÅ π #-0π
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4ÉÍÅÒπ

#-0π  

#-0πЀπ π Ȧ#(πͺ0/,#-0πЀ4(Ϲρ π #(πͺ0/, 

13.3.4.5 4)-%2ςͺ#-0ρ  4ÉÍÅÒς ρ  

ȡπØτππρͺπψρπ 

ȡπØπ 

ρσȤστ 4ÉÍÅÒςρ 4)-%2ςͺ#-0ρ 

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

#-0ρ 

27 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

#-0ρ 

27 

π 

 

   

ɍσρȡπɎ #-0ρ 

4ÉÍÅÒρ #-0ρ

 

4ÉÍÅÒρ

#-0ρ  

#-0ρЀπ Ȧ#(ρͺ0/,#-0ρЀ4(Ϲρ #(ρͺ0/, 

13.3.4.6 4)-%2ςͺ%64  4ÉÍÅÒς  

ȡπØτππρͺπψρτ 

ȡπØπ 

ρσȤσυ 4ÉÍÅÒς 4)-%2ςͺ%64 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

%64ͺ32# 

27 

π 

 

   

ɍσρȡτɎ   

ɍσȡπɎ %64ͺ32# 

4ÉÍÅÒ 4)-%2ςͺ#&'Ȣ%4/.

4)-%2ςͺ#&'Ȣ'!4%ͺ%.4)-%2ςͺ#&'Ȣ2,ͺ%.4)-%2ςͺ#&'Ȣ8#,+ͺ%.

 

τ  

 
%4/.Ѐρ 4ÉÍÅÒ  
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4ÉÍÅÒ 4ÉÍÅÒ

%4/.Ѐρ 4ÉÍÅÒ

4ÉÍÅÒ 4ÉÍÅÒ 

πȡ4)-%2π π Ⱦ  

ρȡ4)-%2π ρ Ⱦ  

ςȡ4)-%2ρ π Ⱦ  

σȡ4)-%2ρ ρ Ⱦ  

τȡ  

υȡ  

φȡ4)-%2σ π Ⱦ  

χȡ4)-%2σ ρ Ⱦ  

ψȡ#,5π  

ωȡ#,5ρ  

ρπȡ#,5ς  

ρρȡ#,5σ  

ρςȡ-#07- 4!$#ɍπɎ 

ρσȡ-#07- 4!$#ɍρɎ 

ρτȡ-#07- 4!$#ɍςɎ 

ρυȡ-#07- 4!$#ɍσɎ 

 
'!4%ͺ%.Ѐρ 4ÉÍÅÒ

4ÉÍÅÒ '!4%ͺ%.Ѐρ4ÉÍÅÒ

'!4%ͺ%. πͯρρ

%64ͺ32# πͯχ 4ÉÍÅÒ

4ÉÍÅÒ 4ÉÍÅÒ

 

πȡ4)-%2π π  

ρȡ4)-%2π ρ  

ςȡ4)-%2ρ π  

σȡ4)-%2ρ ρ  

τȡ4)-%2ς π  

υȡ4)-%2ς ρ  

φȡ4)-%2σ π  

χȡ4)-%2σ ρ  

ψȡ#,5π  

ωȡ#,5ρ  

ρπȡ#,5ς  

ρρȡ#,5σ  

 
2,ͺ%. 4ÉÍÅÒ  

4ÉÍÅÒ  

πȡ4)-%2π π Ⱦ  

ρȡ4)-%2π ρ Ⱦ  

ςȡ4)-%2ρ π Ⱦ  

σȡ4)-%2ρ ρ Ⱦ  

τȡ4)-%2ς π Ⱦ  
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υȡ4)-%2ς ρ Ⱦ  

φȡ4)-%2σ π Ⱦ  

χȡ4)-%2σ ρ Ⱦ  

ψȡ#,5π 

ωȡ#,5ρ 

ρπȡ#,5ς 

ρρȡ#,5σ 

ρςȡ-#07- 4!$#ɍπɎ 

ρσȡ-#07- 4!$#ɍρɎ 

ρτȡ-#07- 4!$#ɍςɎ 

ρυȡ-#07- 4!$#ɍσɎ 

 
8#,+ͺ%. 4ÉÍÅÒ 4ÉÍÅÒ 4ÉÍÅÒ

4ÉÍÅÒ

4ÉÍÅÒ  

πȡ4)-%2π π  

ρȡ4)-%2π ρ  

ςȡ4)-%2ρ π  

σȡ4)-%2ρ ρ  

τȡ4)-%2ς π  

υȡ4)-%2ς ρ  

φȡ4)-%2σ π  

χȡ4)-%2σ ρ  

ψȡ#,5π 

ωȡ#,5ρ 

ρπȡ#,5ς 

ρρȡ#,5σ 

ρςȡ-#07- 4!$#ɍπɎ 

ρσȡ-#07- 4!$#ɍρɎ  

ρτȡ-#07- 4!$#ɍςɎ 

ρυȡ-#07- 4!$#ɍσɎ 

 

13.3.4.7 4)-%2ςͺ&,4  4ÉÍÅÒς  

ȡπØτππρͺπψρψ 

ȡπØπ 

ρσȤσφ 4ÉÍÅÒς 4)-%2ςͺ&,4 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

&,4 

27 

π 
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ɍσρȡψɎ   

ɍχȡπɎ &,4 

πȾρ πͯςυυ 

&,4π  

&,4 π ȡ &,4ϼψ

&,4ϼψ

 

4ÉÍÅÒ

4)-%2Øͺ#&'Ȣ#,+ͺ$)6 

4)-%2Øͺ&,4Ȣ&,4 Ѐ πØφ4)-%2Øͺ#&'Ȣ#,+ͺ$)6 Ѐ πØςȠ 4ÉÍÅÒ

τ ψϼφ4ÉÍÅÒ ψϼφϼτ

 

 

13.3.4.8 4)-%2ςͺ)%  4ÉÍÅÒς  

ȡπØτππρͺπψρ# 

ȡπØπ 

ρσȤσχ 4ÉÍÅÒς 4)-%2ςͺ)% 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 :
#
ͺ
2
%

 

#
(
ρ
ͺ
2
%

 

#
(
π
ͺ
2
%

 

 

:
#
ͺ
)
%

 

#
(
ρ
ͺ
)
%

 

#
(
π
ͺ
)
%

 

27 27 27 
27 27 27 

π π π 
π π π 

 

   

ɍσρȡρρɎ   

ɍρπɎ :#ͺ2% 4ÉÍÅÒ π $-!  

ɍωɎ #(ρͺ2% 4ÉÍÅÒρ Ⱦ  $-!  

ɍψɎ #(πͺ2% 4ÉÍÅÒπ Ⱦ  $-!  

ɍχȡσɎ   

ɍςɎ :#ͺ)% 4ÉÍÅÒ π  

ɍρɎ #(ρͺ)% 4ÉÍÅÒρ Ⱦ  

ɍπɎ #(πͺ)% 4ÉÍÅÒπ Ⱦ  

$-! $-! $-! $-!

#05 $-!

 

 

13.3.4.9 4)-%2ςͺ)&  4ÉÍÅÒς  

ȡπØτππρͺπψςπ 
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ȡπØπ 

ρσȤσψ 4ÉÍÅÒς 4)-%2ςͺ)& 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

:
#
ͺ
)
&

 

#
(
ρ
ͺ
)
&

 

#
(
π
ͺ
)
&

 

2
7
ρ
# 

2
7
ρ
# 

2
7
ρ
# 

π π π 

 

   

ɍσρȡσɎ   

ɍςɎ :#ͺ)& 4ÉÍÅÒ π ρ π  

ɍρɎ #(ρͺ)& 4ÉÍÅÒρ Ⱦ ρ π  

ɍπɎ #(πͺ)& 4ÉÍÅÒπ Ⱦ ρ π  

4ÉÍÅÒ πȤЄ4(ȤЄπ 4)-%2Øͺ#&'Ȣ#%.4%2Ѐρ

#(πͺ)&#(ρͺ)& 4ÉÍÅÒπ 4( 4)-%2Øͺ#.4Ѐ4)-%2Øͺ#-0πȾρ

4ÉÍÅÒ4( π  

ρ ȿЀ ȿЀ

ρ

:#ͺ)& #(πͺ)& ρ 4)-%2Øͺ)&

πØςτ πØτȿπØρЀπØυ #(πͺ)&:#ͺ)&

4ÉÍÅÒ  

4)-%2Ø;)&ȿЄτØψȠ 

4πͺ:#ͺ)& ")4ςρȢ 

4)-%2Ø;)&ЄτØψȠ 

 

13.3.5 4)-%2σ  

13.3.5.1 4)-%2σͺ#&'  4ÉÍÅÒσ  

ȡπØτππρͺπωππ 

ȡπØππππρπππ 

ρσȤσω 4ÉÍÅÒσ 4)-%2σͺ#&' 

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 
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%
. 

 

#
!
0
ρ
ͺ
#
,
2
ͺ
%
.

 

#
!
0
π
ͺ
#
,
2
ͺ
%
.

 

 /
.
%
ͺ
4
2
)
'

 

#
%
.
4
%
2
 

 

$
)
2
 

 

#
,
+
ͺ
$
)
6

 

%
4
/
.
 

 

'
!
4
%
ͺ
%
.
 

 

2
,
ͺ
%
.

 

8
#
,
+
ͺ
%
.

 

27 27 27 27 27 
27 

27 27 27 27 27 

π π π π π 
π 

π π π π π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

3
2
#
ρ

 

#
(
ρ
ͺ
0
/
,

 

#
(
ρ
ͺ
-
/
$
%

 

#
(
ρ
ͺ
&
%
ͺ
#
!
0
ͺ
%
.

 

#
(
ρ
ͺ
2
%
ͺ
#
!
0
ͺ
%
.

 

3
2
#
π

 

#
(
π
ͺ
0
/
,

 

#
(
π
ͺ
-
/
$
%
 

 

#
(
π
ͺ
&
%
ͺ
#
!
0
ͺ
%
.

 

#
(
π
ͺ
2
%
ͺ
#
!
0
ͺ
%
.

 

27 27 27 27 27 27 27 27 27 27 

ρ π π π π π π π π π 

 

   

ɍσρɎ %. 4ÉÍÅÒ  

ɍσπɎ   

ɍςωɎ #!0ρͺ#,2ͺ%. #!0ρ 4ÉÍÅÒ  

ɍςψɎ #!0πͺ#,2ͺ%. #!0π 4ÉÍÅÒ  

ɍςχȡςφɎ   

ɍςυɎ /.%ͺ42)' 

4ÉÍÅÒ %.

π 

%4/.π /.%ͺ42)'ρ 4ÉÍÅÒ

4ÉÍÅÒ 4ÉÍÅÒ

ρ 4ÉÍÅÒ  

%4/.ρ /.%ͺ42)'Ѐρ

4ÉÍÅÒ /.%ͺ42)'

4ÉÍÅÒ  

ɍςτɎ #%.4%2 

 

πȡ 4ÉÍÅÒπ 4( π 4ÉÍÅÒ 4(

π 4( 

ρȡ 4ÉÍÅÒπ 4( π 

ɍςσɎ $)2 
πȡ πȤЄ4( ρ 4(ȤЄ  

#%.4%2Ѐρ  

ɍςςȡςπɎ #,+ͺ$)6 

4ÉÍÅÒ

ς#,+ͺ$)6 π  

πȡ ρ 

ρȡ ς 

ςȡ τ 

σȡ ψ 

τȡ ρφ 

υȡ σς 

φȡ φτ 

χȡ ρςψ 
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ɍρωɎ %4/. 

4ÉÍÅÒ  

πȡ  

ρȡ 

4)-%2σͺ%64Ȣ%64ͺ32# 

4)-%2σͺ#&'Ȣ%.Ѐρ

4)-%2σͺ#&'Ȣ/.%ͺ42)'Ѐρ 

ɍρψɎ '!4%ͺ%. 

4ÉÍÅÒ  

π  

ρ 4ÉÍÅÒ

4)-%2σͺ%64Ȣ%64ͺ32# 

ɍρχɎ 2,ͺ%. 

4ÉÍÅÒ  

π 4ÉÍÅÒ 4( π

π 4( 

ρ 4)-%2σͺ%64Ȣ%64ͺ32#

4ÉÍÅÒ πȟ

4ÉÍÅÒ 4(  

ɍρφɎ 8#,+ͺ%. 

4ÉÍÅÒ  

πȡ  

ρȡ 4)-%2σͺ%64Ȣ%64ͺ32#

#,+ͺ$)6  

ɍρυȡρςɎ 32#ρ 

4ÉÍÅÒ ρ σȭÈρ 

πȡ 4ÉÍÅÒπ '0)/ $ÁÔÁÓÈÅÅÔ  

ρȡ 4ÉÍÅÒρ '0)/ $ÁÔÁÓÈÅÅÔ  

ςȡ #,5π 

σȡ #,5ρ 

τȡ #,5ς 

υȡ #,5σ 

φȡ π  

χȡ ρ  

ψȡ ς  

ωȡ 4ÉÍÅÒπ ρ  

ɍρρɎ #(ρͺ0/, 
4ÉÍÅÒρ #.4Ѓ#-0ρ

 

ɍρπɎ #(ρͺ-/$% 

4ÉÍÅÒρ π  

πȡ 4ÉÍÅÒρ π

4ÉÍÅÒ )/  

ρȡ 4ÉÍÅÒρ

4ÉÍÅÒρ  

ɍωɎ #(ρͺ&%ͺ#!0ͺ%. 

4ÉÍÅÒρ ρȡ πȡ  

4ÉÍÅÒρ ρĄπ

 

ɍψɎ #(ρͺ2%ͺ#!0ͺ%. 

4ÉÍÅÒρ ρȡ πȡ  

4ÉÍÅÒρ πĄρ

 

ɍχȡτɎ 32#π 4ÉÍÅÒ π σȭÈπ 
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πȡ 4ÉÍÅÒπ '0)/ $ÁÔÁÓÈÅÅÔ  

ρȡ 4ÉÍÅÒρ '0)/ $ÁÔÁÓÈÅÅÔ  

ςȡ #,5π 

σȡ #,5ρ 

τȡ #,5ς 

υȡ #,5σ 

φȡ π  

χȡ ρ  

ψȡ ς  

ωȡ 4ÉÍÅÒπ ρ  

ɍσɎ #(πͺ0/, 
4ÉÍÅÒπ ȡ #.4Ѓ#-0π

 

ɍςɎ #(πͺ-/$% 

4ÉÍÅÒπ π  

πȡ 4ÉÍÅÒπ π

4ÉÍÅÒ )/  

ρȡ 4ÉÍÅÒπ

4ÉÍÅÒπ  

ɍρɎ #(πͺ&%ͺ#!0ͺ%. 

4ÉÍÅÒπ ρȡ πȡ  

4ÉÍÅÒπ ρĄπ

 

ɍπɎ #(πͺ2%ͺ#!0ͺ%. 

4ÉÍÅÒπ ρȡ πȡ  

4ÉÍÅÒπ πĄρ

 

13.3.5.2 4)-%2σͺ4(  4ÉÍÅÒσ  

ȡπØτππρͺπωπτ 

ȡπØπ 

ρσȤτπ 4ÉÍÅÒσ 4)-%2σͺ4( 

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

4( 

27 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

4( 

27 

π 

 

   

ɍσρȡπɎ 4( 
4ÉÍÅÒ π 4( π

4( π 4( 
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13.3.5.3 4)-%2σͺ#.4  4ÉÍÅÒσ  

ȡπØτππρͺπωπψ 

ȡπØπ 

ρσȤτρ 4ÉÍÅÒσ 4)-%2σͺ#.4 

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

#.4 

27 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

#.4 

27 

π 

 

   

ɍσρȡπɎ #.4 4ÉÍÅÒσ  

ȡ 4)-%2σͺ#.4 393ͺ#,+ͺ&%.Ȣ4)-%2σͺ#,+ͺ%.4ÉÍÅÒσ  

 

13.3.5.4 4)-%2σͺ#-0π  4ÉÍÅÒσ π  

ȡπØτππρͺπωπ# 

ȡπØπ 

ρσȤτς 4ÉÍÅÒσπ 4)-%2σͺ#-0π 

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

#-0π 

27 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

#-0π 

27 

π 

 

   

ɍσρȡπɎ #-0π 

4ÉÍÅ π #-0π

 

4ÉÍÅÒπ

#-0π  

#-0πЀπ π Ȧ#(πͺ0/,#-0πЀ4(Ϲρ π #(πͺ0/, 

13.3.5.5 4)-%2σͺ#-0ρ  4ÉÍÅÒσ ρ  

ȡπØτππρͺπωρπ 
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ȡπØπ 

ρσȤτσ 4ÉÍÅÒσρ 4)-%2σͺ#-0ρ 

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

#-0ρ 

27 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

#-0ρ 

27 

π 

 

   

ɍσρȡπɎ #-0ρ 

4ÉÍÅÒρ #-0ρ

 

4ÉÍÅÒρ

#-0ρ  

#-0ρЀπ Ȧ#(ρͺ0/,#-0ρЀ4(Ϲρ #(ρͺ0/, 

13.3.5.6 4)-%2σͺ%64  4ÉÍÅÒσ  

ȡπØτππρͺπωρτ 

ȡπØπ 

ρσȤττ 4ÉÍÅÒσ 4)-%2σͺ%64 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

%64ͺ32# 

27 

π 

 

   

ɍσρȡτɎ   

ɍσȡπɎ %64ͺ32# 

4ÉÍÅÒ 4)-%2σͺ#&'Ȣ%4/.

4)-%2σͺ#&'Ȣ'!4%ͺ%.4)-%2σͺ#&'Ȣ2,ͺ%.4)-%2σͺ#&'Ȣ8#,+ͺ%.

 

τ  

 
%4/.Ѐρ 4ÉÍÅÒ  

4ÉÍÅÒ 4ÉÍÅÒ

%4/.Ѐρ 4ÉÍÅÒ

4ÉÍÅÒ 4ÉÍÅÒ 

πȡ4)-%2π π Ⱦ  

ρȡ4)-%2π ρ Ⱦ  

ςȡ4)-%2ρ π Ⱦ  

σȡ4)-%2ρ ρ Ⱦ  
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τȡ4)-%2ς π Ⱦ  

υȡ4)-%2ς ρ Ⱦ  

φȡ  

χȡ  

ψȡ#,5π  

ωȡ#,5ρ  

ρπȡ#,5ς  

ρρȡ#,5σ  

ρςȡ-#07- 4!$#ɍπɎ 

ρσȡ-#07- 4!$#ɍρɎ 

ρτȡ-#07- 4!$#ɍςɎ 

ρυȡ-#07- 4!$#ɍσɎ 

 
'!4%ͺ%.Ѐρ 4ÉÍÅÒ

4ÉÍÅÒ '!4%ͺ%.Ѐρ4ÉÍÅÒ

'!4%ͺ%. πͯρρ

%64ͺ32# πͯχ 4ÉÍÅÒ

4ÉÍÅÒ 4ÉÍÅÒ

 

πȡ4)-%2π π  

ρȡ4)-%2π ρ  

ςȡ4)-%2ρ π  

σȡ4)-%2ρ ρ  

τȡ4)-%2ς π  

υȡ4)-%2ς ρ  

φȡ4)-%2σ π  

χȡ4)-%2σ ρ  

ψȡ#,5π  

ωȡ#,5ρ  

ρπȡ#,5ς  

ρρȡ#,5σ  

 
2,ͺ%. 4ÉÍÅÒ  

4ÉÍÅÒ  

πȡ4)-%2π π Ⱦ  

ρȡ4)-%2π ρ Ⱦ  

ςȡ4)-%2ρ π Ⱦ  

σȡ4)-%2ρ ρ Ⱦ  

τȡ4)-%2ς π Ⱦ  

υȡ4)-%2ς ρ Ⱦ  

φȡ4)-%2σ π Ⱦ  

χȡ4)-%2σ ρ Ⱦ  

ψȡ#,5π 

ωȡ#,5ρ 

ρπȡ#,5ς 

ρρȡ#,5σ 
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ρςȡ-#07- 4!$#ɍπɎ 

ρσȡ-#07- 4!$#ɍρɎ 

ρτȡ-#07- 4!$#ɍςɎ 

ρυȡ-#07- 4!$#ɍσɎ 

 
8#,+ͺ%. 4ÉÍÅÒ 4ÉÍÅÒ 4ÉÍÅÒ

4ÉÍÅÒ

4ÉÍÅÒ  

πȡ4)-%2π π  

ρȡ4)-%2π ρ  

ςȡ4)-%2ρ π  

σȡ4)-%2ρ ρ  

τȡ4)-%2ς π  

υȡ4)-%2ς ρ  

φȡ4)-%2σ π  

χȡ4)-%2σ ρ  

ψȡ#,5π 

ωȡ#,5ρ 

ρπȡ#,5ς 

ρρȡ#,5σ 

ρςȡ-#07- 4!$#ɍπɎ  

ρσȡ-#07- 4!$#ɍρɎ 

ρτȡ-#07- 4!$#ɍςɎ 

ρυȡ-#07- 4!$#ɍσɎ 

13.3.5.7 4)-%2σͺ&,4  4ÉÍÅÒσ  

ȡπØτππρͺπωρψ 

ȡπØπ 

ρσȤτυ 4ÉÍÅÒσ 4)-%2σͺ&,4 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

&,4 

27 

π 

 

   

ɍσρȡψɎ   

ɍχȡπɎ &,4 

πȾρ πͯςυυ 

&,4π  

&,4 π ȡ &,4ϼψ

&,4ϼψ

 

4ÉÍÅÒ

4)-%2Øͺ#&'Ȣ#,+ͺ$)6 
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4)-%2Øͺ&,4Ȣ&,4 Ѐ πØφ4)-%2Øͺ#&'Ȣ#,+ͺ$)6 Ѐ πØςȠ 4ÉÍÅÒ

τ ψϼφ4ÉÍÅÒ ψϼφϼτ

 

 

13.3.5.8 4)-%2σͺ)%  4ÉÍÅÒσ  

ȡπØτππρͺπωρ# 

ȡπØπ 

ρσȤτφ 4ÉÍÅÒσ 4)-%2σͺ)% 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 :
#
ͺ
2
%

 

#
(
ρ
ͺ
2
%

 

#
(
π
ͺ
2
%

 

 

:
#
ͺ
)
%

 

#
(
ρ
ͺ
)
%

 

#
(
π
ͺ
)
%

 

27 27 27 
27 27 27 

π π π 
π π π 

 

   

ɍσρȡρρɎ   

ɍρπɎ :#ͺ2% 4ÉÍÅÒ π $-!  

ɍωɎ #(ρͺ2% 4ÉÍÅÒρ Ⱦ  $-!  

ɍψɎ #(πͺ2% 4ÉÍÅÒπ Ⱦ  $-!  

ɍχȡσɎ   

ɍςɎ :#ͺ)% 4ÉÍÅÒ π  

ɍρɎ #(ρͺ)% 4ÉÍÅÒρ Ⱦ  

ɍπɎ #(πͺ)% 4ÉÍÅÒπ Ⱦ  

$-! $-! $-! $-!

#05 $-!

 

 

13.3.5.9 4)-%2σͺ)&  4ÉÍÅÒσ  

ȡπØτππρͺπωςπ 

ȡπØπ 

ρσȤτχ 4ÉÍÅÒσ 4)-%2σͺ)& 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

:
#
ͺ
)
&

 

#
(
ρ
ͺ
)
&

 

#
(
π
ͺ
)
&
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2
7
ρ
# 

2
7
ρ
# 

2
7
ρ
# 

π π π 

 

   

ɍσρȡσɎ   

ɍςɎ :#ͺ)& 4ÉÍÅÒ π ρ π  

ɍρɎ #(ρͺ)& 4ÉÍÅÒρ Ⱦ ρ π  

ɍπɎ #(πͺ)& 4ÉÍÅÒπ Ⱦ ρ π  

4ÉÍÅÒ πȤЄ4(ȤЄπ 4)-%2Øͺ#&'Ȣ#%.4%2Ѐρ

#(πͺ)&#(ρͺ)& 4ÉÍÅÒπ 4( 4)-%2Øͺ#.4Ѐ4)-%2Øͺ#-0πȾρ

4ÉÍÅÒ4( π  

ρ ȿЀ ȿЀ

ρ

:#ͺ)& #(πͺ)& ρ 4)-%2Øͺ)&

πØςτ πØτȿπØρЀπØυ #(πͺ)&:#ͺ)&

4ÉÍÅÒ  

4)-%2Ø;)&ȿЄτØψȠ 

4πͺ:#ͺ)& ")4ςρȢ 

4)-%2Ø;)&ЄτØψȠ 

13.3.6 1%0π  

13.3.6.1 1%0πͺ#&'  1%0π   

1%0πͺ#&'πØτππρͺπ!ππ   

πØπ 

 

ρσȤτψ 1%0π 1%0πͺ#&' 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

%. 

 

&%ͺ#.4ͺ%. -/$% 

 

:.# :0# :,# :%# 

27 27 27 27 27 27 27 

π π π π π π π 

 

   

ɍσρȡρφɎ   

ɍρυɎ %. 1%0  

ɍρτȡρρɎ   
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ɍρπɎ &%ͺ#.4ͺ%. 
##7Ϲ3)'.Ⱦ##7Ϲ#7

 

ɍωȡψɎ -/$% 

 

ππÃÏÕÎÔÉÎÇ ÏÎ 4ρ 

πρÃÏÕÎÔÉÎÇ ÏÎ 4ρ Ǫ 4ς 

 

ρπ##7Ϲ3)'.  

ρρ##7Ϲ#7##7Ϲ#7  

ɍχȡτɎ   

ɍσɎ :.# : Ⱦ  

ɍςɎ :0# : Ⱦ  

ɍρɎ :,# : 1%0  

ɍπɎ :%# : 1%0  

:%#Ѐρ : 1%0 :.# ρ :

1%0 :0# ρ : 1%0 :.# :0#

ρ : 1%0 1%0

 

:,#Ѐρ : 1%0 :.# ρ :

1%0 :0# ρ : 1%0 :

1%0 :.# :0# ρ

: 1%0  

 

13.3.6.2 1%0πͺ4(  1%0π   

1%0πͺ4(πØτππρͺπ!πτ 

πØπ 

ρσȤτω 1%0π 1%0πͺ4( 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

4( 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ 4( 

4( 4(

π π

4(  

 

13.3.6.3 1%0πͺ#.4 1%0π   

1%0πͺ#.4πØτππρͺπ!πψ 
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πØπ 

ρσȤυπ 1%0π 1%0πͺ#.4 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

#.4 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ #.4 1%0π  

13.3.6.4 1%0πͺ)%  1%0π  

πØτππρͺπ!π# 

πØπ 

ρσȤυρ 1%0π 1%0πͺ)% 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

/
&
ͺ
)
%

 

5
&
ͺ
)
%

 

27 27 

π π 

 

   

ɍσρȡςɎ   

ɍρɎ /&ͺ)%  

ɍπɎ 5&ͺ)%  

 

13.3.6.5 1%0πͺ)&  1%0π  

πØτππρͺπ!ρπ 

πØπ 

ρσȤυς 1%0π 1%0πͺ)& 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

/
&
ͺ
)
&

 

5
&
ͺ
)
&
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2
7
ρ
# 

2
7
ρ
# 

π π 

 

   

ɍσρȡςɎ   

ɍρɎ /&ͺ)& 
ρ π

 

ɍπɎ 5&ͺ)& 
ρ π π

 

13.3.7 1%0ρ  

13.3.7.1 1%0ρͺ#&'  1%0ρ   

1%0ρͺ#&'πØτππρͺπ"ππ  

πØπ 

 

ρσȤυσ 1%0ρ 1%0ρͺ#&' 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

%. 

 

&%ͺ#.4ͺ%. -/$% 

 

:.# :0# :,# :%# 

27 27 27 27 27 27 27 

π π π π π π π 

 

   

ɍσρȡρρɎ   

ɍρπɎ &%ͺ#.4ͺ%. 
##7Ϲ3)'.Ⱦ##7Ϲ#7

 

ɍωȡψɎ -/$% 

 

ππÃÏÕÎÔÉÎÇ ÏÎ 4ρ 

πρÃÏÕÎÔÉÎÇ ÏÎ 4ρ Ǫ 4ς 

 

ρπ##7Ϲ3)'.  

ρρ##7Ϲ#7##7Ϲ#7  

ɍχȡτɎ   

ɍσɎ :.# : Ⱦ  

ɍςɎ :0# : Ⱦ  

ɍρɎ :,# : 1%0  

ɍπɎ :%# : 1%0  

:%#Ѐρ : 1%0 :.# ρ :

1%0 :0# ρ : 1%0 :.# :0#
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ρ : 1%0 1%0

 

:,#Ѐρ : 1%0 :.# ρ :

1%0 :0# ρ : 1%0 :

1%0 :.# :0# ρ

: 1%0  

 

13.3.7.2 1%0ρͺ4(  1%0ρ   

1%0ρͺ4(πØτππρͺπ"πτ 

πØπ 

ρσȤυτ 1%0ρ 1%0ρͺ4( 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

4( 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ 4( 

1%0 4( 4(

π π

4(  

 

13.3.7.3 1%0ρͺ#.4  1%0ρ   

1%0ρͺ#.4πØτππρͺπ"πψ 

πØπ 

ρσȤυυ 1%0ρ 1%0ρͺ#.4 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

#.4 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ #.4 1%0  

13.3.7.4 1%0ρͺ)%  1%0ρ  

πØτππρͺπ"π# 
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πØπ 

ρσȤυφ 1%0ρ 1%0ρͺ)% 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

/
&
ͺ
)
%

 

5
&
ͺ
)
%

 

27 27 

π π 

 

   

ɍσρȡςɎ   

ɍρɎ /&ͺ)%  

ɍπɎ 5&ͺ)%  

 

13.3.7.5 1%0ρͺ)&  1%0ρ  

πØτππρͺπ"ρπ 

πØπ 

ρσȤυχ 1%0ρ 1%0ρͺ)& 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

/
&
ͺ
)
&

 

5
&
ͺ
)
&

 

2
7
ρ
# 

2
7
ρ
# 

π π 

 

   

ɍσρȡςɎ   

ɍρɎ /&ͺ)& 
ρ π

 

ɍπɎ 5&ͺ)& 
ρ π π

 

13.3.8  

!$# ρςȤςυ $!4!3(%%4ςȢς

)/ )% /%  
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14 MCPWM 

14.1  

-#07-  

ρφ

ρȾςȾτȾψ ωφ-(ÚȾτψ-(ÚȾςτ-(ÚȾρς-(Ú

πȾρȾς π σȾτȾυ ρ  

-#07- φ 07-  

Ȥ φ ρς 07-  

Ȥ 07- 

Ȥ 07- 

Ȥ 07- 

τ -#07- !$#

-#07-  

#05 -#07- -#07-

τ ς )/ς

-#07-πͺ&!),πρςȾ-#07-πͺ&!),στυȾ-#07-πͺ#(ͺ-3+

07-  

 

-#07- )/ ȡ07- %!"3

",$#  

ADC triggerADC triggerADC trigger

IRQ
Generation

0/1
Polarity

IO driver 0

IO driver 1

IO driver 2

IO driver 3

MCPWM_CH0P

MCPWM_CH0N

MCPWM_CH1P

MCPWM_CH1N

MCPWM_CH2P

MCPWM_CH2N

MCPWM_CH3P

MCPWM_CH3N

CHN0 Duration

CHN1 Duration

CHN2 Duration

CHN3 Duration

Base Counter 0

Fail signal 
shut down
mcpwm IO

ADC trigger

TADC[3:0]

from MCPWM_BKIN[1:0] IO or CMP

1/2 CLK_DIV

MCPWM_TCLK.CLK_DIV[1:0]

MCPWM_TCLK.CLK_EN

FCLK

MCPWM_TH0[14:0]

TCLK

MCPWM_TCLK.BASE_CNT0_EN

Base Counter 1

MCPWM_TH1[14:0]

MCPWM_TCLK.BASE_CNT1_EN

IO driver 4
MCPWM_CH4P

MCPWM_CH4N
CHN4 Duration

IO driver 5
MCPWM_CH5P

MCPWM_CH5N
CHN5 Duration
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ρτȤρ -#07-  

ωφ-(Ú -#07-  

14.1.1 "ÁÓÅ #ÏÕÎÔÅÒ 

-#07-πͺ4(πȾ-#07-πͺ4(ρ

Ôπ Ȥ4( Ôρ π Ôς 4(

Ȥ4( ɉ4(ϼςϹρɊϼ  

ÔπȾÔρɉÔπ ÔςɊ -#07-πͺ)&ØȢ4πͺ)&-#07-πͺ)&ØȢ4ρͺ)&

 

-#07-πͺ4#,+Ȣ"!3%ͺ#.4πͺ%.Ⱦ-#07-πͺ4#,+Ȣ"!3%ͺ#.4ρͺ%."ÁÓÅ 

#ÏÕÎÔÅÒ πȾρ  

-TH

TH

t0 t1 t2

 

ρτȤς "ÁÓÅ #ÏÕÎÔÅÒ ÔπȾÔρ 

-#07- -#07-πͺ4(ππͯ-#07-πͺ4(υρ

-#07-πͺ$4(ππȾ -#07-πͺ$4(πρȾ -#07-πͺ$4(ρπȾ -#07-πͺ$4(ρρ

-#07-πͺ50$!4% -#07-πͺ3$#&'Ȣ4ρͺ50$!4%ͺ%.

-#07-πͺ3$#&'Ȣ4πͺ50$!4%ͺ%. Ôπ Ôρ Ôπ

Ôρ Ôπ Ôρ

. Ôπ Ôρ

ÔπȾÔρ

 

-#07-πͺ3$#&' Ôπ Ôρ ÔπȾÔρ

ρͯρφ Ôπ Ôρ

Ôρ ρφ Ôρ  
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IRQ Generation

Update

Base Counter 0/11/2 CLK_DIV

MCPWM_TCLK.CLK_DIV[1:0] MCPWM_TCLK.CLK_EN

FCLK

MCPWM_THx[14:0]

TCLK

MCPWM_TCLK.BASE_CNTx_EN

T1

MCPWM_SDCFG.T1_UPDATE_EN
MCPWM_SDCFG.T0_UPDATE_EN

T0

Event 
Counter

MCPWM_SDCFG.UPDATE_INVT

Preload Registers

Shadow Registers

IRQ

 

ρτȤσ -#07-  

π ρ 4( -#07-πͺ4(Ø -#07-πͺ#.4ØØЀπȟρ

-#07-πͺ50$!4%

-#07- 4#,+

-#07-πͺ4#,+Ȣ4#,+ͺ%.Ѐπ -#07-πͺ4#,+Ȣ"!3%ͺ#.4πͺ%.

-#07-πͺ4#,+Ȣ"!3%ͺ#.4ρͺ%. π ρ

-#07-πͺ4#,+Ȣ"!3%ͺ#.4πͺ%.Ѐππ #.4 ρ #.4

 

-#07- -#07-πͺ4(Ø-#07-πͺ#.4Ø

-#07-πͺ4(Ø-#07-πͺ#.4Ø

-#70-ͺ4#,ËȢ"!3%ͺ#.4πͺ%.Ⱦ-#70-ͺ4#,ËȢ"!3%ͺ#.4ρͺ%.

π ρ #.4  

 ῇ
THx / CNTx

ᴌ  MCPWM_UPDATE

ẅ ῇ

(THx&CNTx )TCLK ᶕ ?

TCLK EN

ᴌԐᴌ
0 1

┼(Update)

CNT Ḧ ẅҒ

(  BASE_CNTx_EN = 0)꜠
ᵣ BASE_CNTx_EN

ᴌ ῇ

Ԑᴌ

CNT

( ү )

ᶕ (Start)

 

ρτȤτ  

14.1.2 &!),  

&!),

07- ς  ÆÁÉÌ 

-#07-  &!),πͯ&!),ρ  )π -#07-ͺ"+).ɍρȡπɎ

#-0ɍρȡπɎ 

-#07- 0Ⱦ. πȾρȾς #-0ɍπɎ-#07-ͺ"+).ɍπɎȟ-#07-0Ⱦ.

σ #-0ɍρɎ-#07-ͺ"+).ɍρɎ 

πχØ -#5 &!),  

 -#07- #(πȾρȾς -#07- #(σȾτȾυ 
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 &ÁÉÌπ &ÁÉÌρ &ÁÉÌς &ÁÉÌσ 

-#07-ͺ"+).π     

-#07-ͺ"+).ρ     

#-0π     

#-0ρ     

#,5/54π     

#,5/54ρ     

#,5/54ς     

#,5/54σ     

 

XOR
AND

MCPWM_FAIL.FAIL0_SEL

MCPWM_FAIL.FAIL0_EN

XOR
AND

MCPWM_FAIL.FAIL1_SEL

MCPWM_FAIL.FAIL1_EN

CMP0

MCPWM_BKIN0

MCPWM_BKIN1

MCPWM_FAIL.FAIL0_POL

MCPWM_FAIL.FAIL1_POL

FILTER

FILTER

MCPWM_FLT.FLT_CLKDIV

MCPWM_FLT.FLT_CLKDIV

FAIL Signal 
used to shut 

down MCPWM IO

CL_OUTPUT0

CL_OUTPUT1

CL_OUTPUT2

CL_OUTPUT3

 

ρτȤυ -#07- &!),  

 &ÉÌÔÅÒ -#,+ &#,+ 393ͺ#,+ͺ&%.

-#07-πͺ4#,+Ȣ#,+ͺ$)6ρȾςȾτȾψ

ρͯςυφ -#07-πͺ&,4Ȣ&,4ͺ#,+$)6ɍχȡπɎ  

ρτȤφ  

-#07- &ÁÉÌ ρφ

ρφ

4-#,+ -#,+Ⱦ&#,+ɍτɎ ωφ-(Ú ρπȢτςÎÓ 
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4 Ѐ 4-#,+ϼɉ-#07-πͺ4#,+Ȣ#,+ͺ$)6Ɋϼɉ&,4ͺ#,+$)6ϹρɊϼρφ 

1/2 CLK_DIV

MCPWM0_TCLK.CLK_DIV[1:0]

FCLK
1/1~16

MCPWM0_FLT.FLT_CLKDIV[7:0]

MCPWM filter clockTCLK

MCPWM0_TCLK.CLK_EN

fail signal filtered fail signal

 

 ρτȤφ -#07- &ÁÉÌ  

&!), )/ -#07-πͺ&!),ØȢ#(Ø.ͺ$%&!5,4 

-#07-πͺ&!),ØȢ#(Ø0ͺ$%&!5,4

-#07-πͺ&!),ØȢ#(Ø.ͺ$%&!5,4 -#07-πͺ&!),ØȢ#(Ø0ͺ$%&!5,4)/

-#07-πͺ&!),ØȢ&!),ͺ0/, -#07-πͺ&!),πρς πȾρȾς

-#07-πͺ&!),στυ σȾτȾυ  

-#07- &!),

-#07-

&!), -#07- -#07-ͺ4#,+  

14.1.3 -#07-  

π ρ  

1. 4(ÎπІ4(Îρ π #(ЃÎЄ0 #(ЃÎЄ.  

2. 4(ÎπЀȤ4(4(ÎρЀ4( ρ #(ЃÎЄ0 #(ЃÎЄ.  

14.1.4 )/ $2)6%2 

-#07- )/ )/ $ÒÉÖÅÒ

ȡ 
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 Complemented
PWM

MCPWM_IO01.CH0_PS

CH0P
0

1
MCPWM_IO01.CH0_SCTRLP

0

1
MCPWM_IO01.CH0_NS

CH0N
0

1
MCPWM_IO01.CH0_SCTRLN

 Edge-aligned
PWM

MCPWM_IO01.CH0_WM

CH0P

CH0N

MCPWM_IO01.CH0_PP

MCPWM_IO01.CH0_NP

 SWAP

MCPWM_IO01.CH0_PN_SW

FAIL

0

1

MCPWM_CH_DEF.CH0P_DEFAULT

FAIL

0

1

MCPWM_CH_DEF.CH0N_DEFAULT

  

ρτȤχ )/ $ÒÉÖÅÒ  

 

14.1.4.1 -#07- Ȥ  

φ -#07- )/ $ÒÉÖÅÒ )/

φ  

4(ЃÎЄπ4(ЃÎЄρ ЃÎЄ-#07- )/ Î πȾρȾςȾσȾτȾυ 

#.4 4(ЃÎЄπɉÔσ Ɋ #(ЃÎЄ. $4(π

#(ЃÎЄ0 

#.4 4(ЃÎЄρɉÔτ Ɋ #(ЃÎЄ0 $4(ρ

#(ЃÎЄ. 

 

#(ЃÎЄ0Ⱦ#(ЃÎЄ.  

ÔσȾÔτ  
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-TH

TH

t0 t1 t2

TH<n>0

t3 t4

DTH<n>0

CH<n>_N

TH<n>1

CH<n>_P

DTH<n>1

 

ρτȤψ-#07- 4(ЃÎЄπ4(ЃÎЄρȤ  

 

14.1.4.2 -#07- Ȥ  

Ôσ #(ЃÎЄ0 Ôτ #(ЃÎЄ0

Ôσ #(ЃÎЄ. Ôτ #(ЃÎЄ.  

ÔσȾÔτ  

-TH

TH

t0 t1

TH<n>0

t3 t4

CH<n>_N

TH<n>1

CH<n>_P

t0 t1 t2t3 t4

 

ρτȤω -#07- 4(ЃÎЄπ4(ЃÎЄρȤ  
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14.1.4.3 -#07- Ȥ  

Ôπ #(ЃÎЄ0Ⱦ#(ЃÎЄ. Ôσ #(ЃÎЄ0 Ôτ

#(ЃÎЄ.  

ÔσȾÔτ  

#(ЃÎЄ0Ⱦ#(ЃÎЄ.  

-TH

TH

t0 t1 t2

TH<n>0

TH<n>1

t3 t4

CH<n>_P

CH<n>_N

 

ρτȤρπ-#07-  

 

14.1.4.4 -#07- Ȥ  

Ôπ #(ЃÎЄ0 Ôσ #(ЃÎЄ0

Ôπ #(ЃÎЄ. Ôσ #(ЃÎЄ.  

ÔπȾÔσ  
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-TH

TH

t0 t1

TH<n>0

TH<n>1

t3 t4

CH<n>_P

CH<n>_N

t0 t1 t2t3 t4

 

ρτȤρρ-#07- 4(ЃÎЄπ4(ЃÎЄρ  

 

14.1.4.5 -#07- )/  

-#07- )/ #(ЃÎЄ0Ⱦ#(ЃÎЄ.  

#(ЃÎЄ0Ⱦ#(ЃÎЄ. 6ÏÕÔ 6$$  

#(ЃÎЄ0Ⱦ#(ЃÎЄ. 6ÏÕÔ 633  

#(ЃÎЄ0Ⱦ#(ЃÎЄ. 6ÏÕÔ 6$$ 633  

#(ЃÎЄ0Ⱦ#(ЃÎЄ. 6ÏÕÔ  

#(ЃÎЄ0Ⱦ#(ЃÎЄ. 6$$633  

-#07- )/ -#07-πͺ$4(πȾρ 

-#07- )/  

-#07- )/  

)/ $ÒÉÖÅÒ #(ЃÎЄ0Ⱦ#(ЃÎЄ. )/

 

-#07- )/ -#07-

0 .  

#(ЃÎЄ0Ⱦ#(ЃÎЄ.)/  
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VDD

CH<n>_P

CH<n>_N

Vout

 

ρτȤρς-#07- )/  

14.1.4.6 -#07- )/  

#(ЃÎЄ0Ⱦ#(ЃÎЄ. Ⱦ )/

#(ЃÎЄ0Ⱦ#(ЃÎЄ.)/  

14.1.4.7 -#07- )/  

&ÁÉÌ #(ЃÎЄ0Ⱦ#(ЃÎЄ.

-#07-πͺ#(ͺ$%&Ȣ#(Ø.ͺ$%&!5,4-#07-πͺ#(ͺ$%&Ȣ#(Ø0ͺ$%&!5,4

 

ü )/ -#07-πͺ#(ͺ$%&Ȣ#(Ø.ͺ$%&!5,4

-#07-πͺ#(ͺ$%&Ȣ#(Ø0ͺ$%&!5,4 -#07-

-#07-πͺ&!),ØȢ-#07-πͺ/%-/% ρ )/ -#07- )/  

ü &!), )/  

ü #05 -#07-

 

ҏ / ᵣ

1.

 CHxP/N_DEFAULT

(  MOE=0)

Ԑᴌ?

I0 ₴ Ὴ

( ꜗ Є

2. ᴌ MCPWM

( ɻ ɻ )
3.ᶕ Ӏ ₴

 MCPWM_OE(MOE)=1

ᵲ

IO MCPWM ┼

ᴌ ┼⅓
IO └ Ὴ

(MOE ᴌ )
 MOE

ᴌFAIL( )

(CPU Stop)

ρτȤρσ &ÁÉÌ  

 

14.1.5 !$# 4ÒÉÇÇÅÒ 4ÉÍÅÒ 

-#07- !$# -#07-πͺ4-2πȾ -#07-πͺ4-2ρȾ 

-#07-πͺ4-2ςȾ -#07-πͺ4-2σ !$#

'0)/ '0)/ ÄÁÔÁÓÈÅÅÔ-#07-πͺ4-2πȾ 

-#07-πͺ4-2ρ π -#07-πͺ4-2ςȾ -#07-πͺ4-2σπȾρ

ρτȢςȢσσ -#07-πͺ4#,+ 

ρτȤρ -#07-  

-#07-Ø π Ôπ -#07-Øͺ#.4πЀЀȤ-#07-Øͺ4(π 
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-#07-Ø π Ôρ -#07-Øͺ#.4πЀЀπ 

-#07-Ø ρ Ôπ -#07-Øͺ#.4ρЀЀȤ-#07-Øͺ4(ρ 

-#07-Ø ρ Ôρ -#07-Øͺ#.4ρЀЀπ 

-#07-Ø 4)/πɍπɎ  -#07-Øͺ#.4πЀЀ-#07-Øͺ4(ππ 

-#07-Ø 4)/πɍρɎ  -#07-Øͺ#.4πЀЀ-#07-Øͺ4(πρ 

-#07-Ø 4)/ρɍπɎ  -#07-Øͺ#.4πЀЀ-#07-Øͺ4(ρπ 

-#07-Ø 4)/ρɍρɎ  -#07-Øͺ#.4πЀЀ-#07-Øͺ4(ρρ 

-#07-Ø 4)/ςɍπɎ  -#07-Øͺ#.4πЀЀ-#07-Øͺ4(ςπ 

-#07-Ø 4)/ςɍρɎ  -#07-Øͺ#.4πЀЀ-#07-Øͺ4(ςρ 

-#07-Ø 4)/σɍπɎ  -#07-Øͺ#.4ρЀЀ-#07-Øͺ4(σπ 

-#07-Ø 4)/σɍρɎ  -#07-Øͺ#.4ρЀЀ-#07-Øͺ4(σρ 

-#07-Ø 4)/τɍπɎ  -#07-Øͺ#.4ρЀЀ-#07-Øͺ4(τπ 

-#07-Ø 4)/τɍρɎ  -#07-Øͺ#.4ρЀЀ-#07-Øͺ4(τρ 

-#07-Ø 4)/υɍπɎ  -#07-Øͺ#.4ρЀЀ-#07-Øͺ4(υπ 

-#07-Ø 4)/υɍρɎ  -#07-Øͺ#.4ρЀЀ-#07-Øͺ4(υρ 

-#07-Ø 4!$#ɍπɎ  4-2π 

-#07-Ø 4!$# ɍρɎ  4-2ρ 

-#07-Ø 4!$# ɍςɎ  4-2ς 

-#07-Ø 4!$# ɍσɎ  4-2σ 

14.1.6  

-#07- 4ÉÍÅÒ$!# -#07-

-#07-πͺ#.4πȾρ

-#07-  

4ÉÍÅÒ $!# $!#

$!#

-#07-

393ͺ!&%ͺ$!#ͺ#42,Ȣ4)-%2Íͺ42)'ͺ$!#Ø4ÉÍÅÒ $!#

ÍЀπȟρȟςȟσ4)-%2πȾρȾςȾσØЀπȟρ $!#π $!#ρ$!#

393ͺ!&%ͺ$!#ͺ#42,Ȣ$!#Øͺ34%0 

-#07-

-#07-πͺ4#,+Ȣ#-0ͺ#42,ͺ#.4πЀρ#(π.Ⱦ0

-#07-πͺ4#,+Ȣ#-0ͺ#42,ͺ#.4ρЀρ#(σ.Ⱦ0 ρȾςȾτȾυ  

-#07- (3ͺ/.,3ͺ/.!,,ͺ/&& (3ͺ/.,3ͺ/.

-#07-(3ͺ/. ,3ͺ/.

(3ͺ/.

-#07-πͺ344ͺ(934 

-#07- Ôπ -#07-πͺ#.4ØЀЀȤ-#07-πͺ4(ØÔρ

-#07-πͺ#.4ØЀЀπ #(π.Ⱦ0

-#07-πͺ2%Ȣ42πͺ4πͺ2%Ѐρ-#07-πͺ2%Ȣ42πͺ4ρͺ2%Ѐρ-#07- π ÔπȾÔρ

$-! #(σ.Ⱦ0

-#07-πͺ2%Ȣ42ρͺ4πͺ2%Ѐρ-#07-πͺ2%Ȣ42ρͺ4ρͺ2%Ѐρ-#07- ρ ÔπȾÔρ
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$-! -#07- $-! $!# 393ͺ!&%ͺ$!#

4ÉÍÅÒ $!# $!#  

-#07-πͺ4#,+Ȣ#-0ͺ#42,ͺ#.4πЀρ

-#07-πͺ4#,+Ȣ#-0ͺ#42,ͺ#.4πЀρ#(π.Ⱦ0#(σ.Ⱦ0

 

(3ͺ/. 07-  

4ÉÍÅÒ $!#π 393ͺ!&%ͺ$!#π$!#π  

#-0ρ ,3ͺ/.

-#07- $-! 393ͺ!&%ͺ$!#π,3ͺ/.

 

-#07- !,,ͺ/&& 

,3ͺ/. 07-  

4ÉÍÅÒ $!#π $!#π  

#-0ρ (3ͺ/.

-#07- $-! 393ͺ!&%ͺ$!#π(3ͺ/.

 

!,,ͺ/&& 

DTH

CH0N

CH0P DTH

CMP1

DAC0 Reference 
Floor

DAC0

DAC0

MCPWM T0 event triggers DMA 
to update SYS_AFE_DAC0

MCPWM T1 event triggers DMA 
to update SYS_AFE_DAC0

CMP1 output

 

ρτȤρτ -#07- π ρ   

(3ͺ/. #-0ς :#3 :#3

4ÚÃÓ4ÚÃÓ -#07-πͺ:#3ͺ$%,!9

,3ͺ/. ,3ͺ/. #-0ς :#3

4ÚÃÓ (3ͺ/.  
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4ÚÃÓ -#07-πͺ:#3ͺ$%,!9 

CH0P

CH0N

ZCS DELAY ZCS DELAY

CMP2
DAC1

CMP2
 output

 

ρτȤρυ ς :#3 -#07- π  

 

14.1.7  

-#0-7ͺ)&π-#07-πͺ%)&ɍυȡτɎ-#07-πͺ%)&ɍψɎ

-#07-πͺ)21π 

-#0-7ͺ)&ρ-#07-πͺ%)&ɍχȡφɎ -#07-πͺ%)&ɍωɎ

-#07-πͺ)21ρ 

14.2  

14.2.1  

-#07- πØτππρͺπ#ππ 

ȡ 

ρτȤς -#07-  

   

-#07-πͺ4(ππ πØππ -#07- #(πͺ0  

-#07-πͺ4(πρ πØπτ -#07- #(πͺ.  

-#07-πͺ4(ρπ πØπψ -#07- #(ρͺ0  

-#07-πͺ4(ρρ πØπ# -#07- #(ρͺ.  

-#07-πͺ4(ςπ πØρπ -#07- #(ςͺ0  

-#07-πͺ4(ςρ πØρτ -#07- #(ςͺ.  

-#07-πͺ4(σπ πØρψ -#07- #(σͺ0  

-#07-πͺ4(σρ πØρ# -#07- #(σͺ.  

-#07-πͺ4(τπ πØςπ -#07- #(τͺ0  

-#07-πͺ4(τρ πØςτ -#07- #(τͺ.  

-#07-πͺ4(υπ πØςψ -#07- #(υͺ0  

-#07-πͺ4(υρ πØς# -#07- #(υͺ.  
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-#07-πͺ4-2π πØσπ !$# π  

-#07-πͺ4-2ρ πØστ !$# ρ  

-#07-πͺ4-2ς πØσψ !$# ς  

-#07-πͺ4-2σ πØσ# !$# σ  

-#07-πͺ4(π πØτπ -#07- π  

-#07-πͺ4(ρ πØττ -#07- ρ  

-#07-πͺ#.4π πØτψ -#07- π  

-#07-πͺ#.4ρ πØτ# -#07- ρ  

-#07-πͺ50$!4% πØυπ -#07-  

-#07-πͺ&#.4 πØυτ -#07- &!),#.4  

-#07-πͺ%64π πØυψ -#07- π  

-#07-πͺ%64ρ πØυ# -#07- ρ  

-#07-πͺ$4(ππ πØφπ -#07- #(πȾρȾς .  

-#07-πͺ$4(πρ πØφτ -#07- #(πȾρȾς 0  

-#07-πͺ$4(ρπ πØφψ -#07- #(σȾτȾυ .  

-#07-πͺ$4(ρρ πØφ# -#07- #(σȾτȾυ 0  

-#07-πͺ&,4 πØχπ -#07-  

-#07-πͺ3$#&' πØχτ -#07-  

-#07-πͺ!5%. πØχψ -#07-  

-#07-πͺ4#,+ πØχ# -#07-  

-#07-πͺ)%π πØψπ -#07- π  

-#07-πͺ)&π πØψτ -#07- π  

-#07-πͺ)%ρ πØψψ -#07-  

-#07-πͺ)&ρ πØψ# -#07-  

-#07-πͺ%)% πØωπ -#07-  

-#07-πͺ%)& πØωτ -#07-  

-#07-πͺ2% πØωψ -#07- $-!  

-#07-πͺ00 πØω# -#07-  

-#07-πͺ)/πρ πØ!π -#07- #(π #(ρ )/ 

-#07-πͺ)/ςσ πØ!τ -#07- #(ς #(σ )/ 

-#07-πͺ)/τυ πØ!ψ -#07- #(τ #(υ )/ 

   

-#07-πͺ&!),πρς πØ"π -#07- #(π #(ρ #(ς 

-#07-πͺ&!),στυ πØ"τ -#07- #(σ #(τ #(υ  

-#07-πͺ#(ͺ$%& πØ"ψ -#07-  

-#07-πͺ#(ͺ-3+ πØ"# -#07-  

-#07-πͺ024 πØ#π -#07-  

-#07-πͺ344ͺ(934 πØ#ψ -#07-  

-#07-πͺ:#3ͺ$%,!9 πØ## -#07- :#3  

 

 ρτȤσ -#07-πͺ024  

   

-#07-πͺ4(π πØσπ -#07-  

-#07-πͺ4(ρ πØστ -#07-  
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-#07-πͺ$4(ππ πØφπ -#07- #(πȾρȾς .  

-#07-πͺ$4(πρ πØφτ -#07- #(πȾρȾς 0  

-#07-πͺ$4(ρπ πØφψ -#07- #(σȾτȾυ .  

-#07-πͺ$4(ρρ πØφ# -#07- #(σȾτȾυ 0  

-#07-πͺ&,4 πØχπ -#07-  

-#07-πͺ3$#&' πØχτ -#07-  

-#07-πͺ!5%. πØχψ -#07-  

-#07-πͺ4#,+ πØχ# -#07-  

-#07-πͺ)%π πØψπ -#07- π  

-#07-πͺ)%ρ πØψψ -#07- ρ  

-#07-πͺ%)% πØωπ -#07-  

-#07-πͺ2% πØωψ -#07-$-!  

-#07-πͺ00 πØω# -#07-  

-#07-πͺ)/πρ πØ!π -#07- #(π #(ρ )/ 

-#07-πͺ)/ςσ πØ!τ -#07- #(ς #(σ )/ 

-#07-πͺ)/τυ πØ!ψ -#07- #(τ #(υ )/ 

   

-#07-πͺ&!),πρς πØ"π -#07- #(π #(ρ #(ς  

-#07-πͺ&!),στυ πØ"τ -#07- #(σ #(τ #(υ 

-#07-πͺ#(ͺ$%& πØ"ψ -#07-  

-#07-πͺ#(ͺ-3+ πØ"# -#07-  

-#07-πͺ344ͺ(934 πØ#ψ -#07-  

-#07-πͺ:#3ͺ$%,!9 πØ## -#07- :#3  

 

 ρτȤτ  

   

-#07-πͺ4(ππ πØππ -#07- #(πͺ0  

-#07-πͺ4(πρ πØπτ -#07- #(πͺ.  

-#07-πͺ4(ρπ πØπψ -#07- #(ρͺ0  

-#07-πͺ4(ρρ πØπ# -#07- #(ρͺ.  

-#07-πͺ4(ςπ πØρπ -#07- #(ςͺ0  

-#07-πͺ4(ςρ πØρτ -#07- #(ςͺ.  

-#07-πͺ4(σπ πØρψ -#07- #(σͺ0  

-#07-πͺ4(σρ πØρ# -#07- #(σͺ.  

-#07-πͺ4(τπ πØςπ -#07- #(τͺ0  

-#07-πͺ4(τρ πØςτ -#07- #(τͺ.  

-#07-πͺ4(υπ πØςψ -#07- #(υͺ0  

-#07-πͺ4(υρ πØς# -#07- #(υͺ.  

-#07-πͺ4-2π πØσπ !$# π  

-#07-πͺ4-2ρ πØστ !$# ρ  

-#07-πͺ4-2ς πØσψ !$# ς  

-#07-πͺ4-2σ πØσ# !$# σ  

-#07-πͺ4(π πØτπ -#07- π  

-#07-πͺ4(ρ πØττ -#07- ρ  
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-#07-πͺ#.4π πØτψ -#07- π  

-#07-πͺ#.4ρ πØτ# -#07- ρ  

-#07-

 

14.2.2 -#07-πͺ4(ππ 

 

ȡπØτππρͺπ#ππ 

ȡπØπ 

ρτȤυ -#07-πͺ4(ππ  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

4(ππ 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ 4(ππ 

-#07- #(πͺ0 ρφ

-#07-

 

 

14.2.3 -#07-πͺ4(πρ 

 

ȡπØτππρͺπ#πτ 

ȡπØπ 

ρτȤφ -#07-πͺ4(ππ  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

4(πρ 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ 4(πρ 
-#07- #(πͺ. ρφ

-#07-  
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14.2.4 -#07-πͺ4(ρπ 

 

ȡπØτππρͺπ#πψ 

ȡπØπ 

ρτȤχ -#07-πͺ4(ρπ  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

4(ρπ 

27 

π 

 

   

ɍσρȡρφɎ   

ρυȡπɎ 4(ρπ 
-#07- #(ρͺ0 ρφ

-#07-  

 

14.2.5 -#07-πͺ4(ρρ 

 

ȡπØτππρͺπ#π# 

ȡπØπ 

ρτȤψ -#07-πͺ4(ρρ  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

4(ρρ 

27 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ 4(ρρ 
-#07- #(ρͺ. ρφ

-#07-  

 

14.2.6 -#07-πͺ4(ςπ 

 

ȡπØτππρͺπ#ρπ 

ȡπØπ 
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14.2.52 -#07-πͺ:#3ͺ$%,!9 

 

ȡπØτππρͺπ### 

ȡπØπ 

ρτȤυτ -#07-πͺ:#3ͺ$%,!9  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

:#3ͺ$%,!9 

27 

π 

 

   

ɍσρȡρυɎ   

ɍρτȡπɎ :#3ͺ$%,!9 

:#3 -#07-πͺ4#,+Ȣ#-0ͺ#42,ͺ#.4πЀρ

-#07-πͺ4#,+Ȣ#-0ͺ#42,ͺ#.4ρЀρρυÂÉÔ  

:#3ͺ$%,!9 344ͺ(934 
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15 GPIO 

15.1  

,3+σς-#πχØ τ '0)/ ρφ '0)/ '0)/

'0)/  

15.1.1  

GPIOm_POE[n]

Pm[n]

GPIOm_PIE[n]

GPIOm_PDO[n]

GPIOm_PDI[n]

GPIOm_PUE[n]

Analog Signal

Pull-up Resister

Resister: ~200ɱ
 

ρυȤρ '0)/  

 

0ÍɍÎɎ 0!$Í πͯσ τ '0)/ Î

πͯρυ ρφ '0)/ )/ ςππɱ 0!$

'0)/Íͺ0/%ɍÎɎЀπÂÕÆÆÅÒ ÂÕÆÆÅÒ

'0)/Íͺ0$/ɍÎɎ '0)/Íͺ0)%ɍÎɎЀπ

'0)/Íͺ0$)ɍÎɎπ '0)/Íͺ0)%ɍÎɎЀρ '0)/Íͺ0$)ɍÎɎ0ÍɍÎɎ

0!$ 0πɍςɎ 234. σππËɱ

0!$ 0!$ ρυȢςȢφ

0!$ '0)/Íͺ05%ɍÎɎ  

15.1.2  

ü φτ '0)/ 

ü  

ü '0)/  

ü '0)/  

ü '0)/  

'0)/ ρυȢςȢρυȢτ 
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'0)/ ςρȢφȢυ 

'0)/ ρυȢσȢς 

'0)/ ρσ '0)/ ɉÄÁÔÁÓÈÅÅÔɊ 

 ρυȤρ '0)/  

'0)/   

π 
'0)/ )/

)/  

ρ #-0ͺ/54Ⱦ#,+/ Ⱦ  

ς (!,,(!,,  

σ -#07--#07-  

τ 5!24 28$ 48$ 

υ 30)30)  

φ )ς#)ς# )ς#  

χ 
4)-%2πȾρ4)-%2πȾρ πȾρ

4)-%2π  

ψ 
4)-%2ςȾσ4)-%2ςȾσ πȾρ

1%0πȾρ:  

ω 
!$#ͺ42)''%2πȾρ!$#πȾρ !$#

!$#ͺ42)''%2  

ρπ #!.#!. 2848 

ρρ 3)&  

ρς #, #ÏÎÆÉÇÕÒÁÂÌÅ ,ÏÇÉÃ5.)4  

 

15.2   

15.2.1  

'0)/ π πØτππρͺπ$ππ 

'0)/ ρ πØτππρͺπ$τπ 

'0)/ ς πØτππρͺπ$ψπ 

'0)/ σ πØτππρͺπ$#π 

'0)/ πȾρȾςȾσ  

ρυȤς '0)/Ø  

   

'0)/Øͺ0)% πØππ '0)/ Ø  

'0)/Øͺ0/% πØπτ '0)/ Ø  

'0)/Øͺ0$) πØπψ '0)/ Ø  

'0)/Øͺ0$/ πØπ# '0)/ Ø  



,+3χφ-#τϋØ 5ÓÅÒ -ÁÎÕÁÌ           

Ò2023             ςτσ 

'0)/Øͺ05% πØρπ '0)/ Ø  

'0)/Øͺ0/$% πØρψ '0)/ Ø  

'0)/Øͺ0&,4 πØρ# '0)/ Ø  

'0)/Øͺ&σςρπ πØςπ '0)/ Ø ɍσȡπɎ 

'0)/Øͺ&χφυτ πØςτ '0)/ Ø ɍχȡτɎ 

'0)/Øͺ&"!ωψ πØςψ '0)/ Ø ɍρρȡψɎ 

'0)/Øͺ&&%$# πØς# '0)/ Ø ɍρυȡρςɎ 

'0)/Øͺ"322 πØσπ '0)/ Ø  

'0)/Øͺ"22 πØστ '0)/ Ø  

 

'0)/ πØτππρͺπ%ππ 

ρυȤσ '0)/  

   

%84)ͺ#2π πØππ π 

%84)ͺ#2ρ πØπτ ρ 

%84)ͺ)% πØπψ '0)/ Ⱦ$-!  

%84)ͺ)& πØπ# '0)/  

#,+/ͺ3%, πØρπ  

07-ͺ37!0 πØρτ -#07-  

 

15.2.2 '0)/Øͺ0)% ɉ Ø Ѐ πȟρȟςȟσɊ 

ȡπØτππρͺπ$ππȟ πØτππρͺπ$τπȟ πØτππρͺπ$ψπȟ πØτππρͺπ$#π 

ȡπØπ 

ρυȤτ '0)/Ø '0)/Øͺ0)% 

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

PIE15 PIE14 PIE13 PIE12 PIE11 PIE10 PIE9 PIE8 PIE7 PIE6 PIE5 PIE4 PIE3 PIE2 PIE1 PIE0 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

   

ɍσρȡρφɎ   

ɍρυɎ 0)%ρυ '0)/ ØɍρυɎ Ⱦ 0ØɍρυɎ  

ɍρτɎ 0)%ρτ '0)/ ØɍρτɎ Ⱦ 0ØɍρτɎ  

ɍρσɎ 0)%ρσ '0)/ ØɍρσɎ Ⱦ 0ØɍρσɎ  

ɍρςɎ 0)%ρς '0)/ ØɍρςɎ Ⱦ 0ØɍρςɎ  

ɍρρɎ 0)%ρρ '0)/ ØɍρρɎ Ⱦ 0ØɍρρɎ  

ɍρπɎ 0)%ρπ '0)/ ØɍρπɎ Ⱦ 0ØɍρπɎ  

ɍωɎ 0)%ω '0)/ ØɍωɎ Ⱦ 0ØɍωɎ  

ɍψɎ 0)%ψ '0)/ ØɍψɎ Ⱦ 0ØɍψɎ  

ɍχɎ 0)%χ '0)/ ØɍχɎ Ⱦ 0ØɍχɎ  
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ɍφɎ 0)%φ '0)/ ØɍφɎ Ⱦ 0ØɍφɎ  

ɍυɎ 0)%υ '0)/ ØɍυɎ Ⱦ 0ØɍυɎ  

ɍτɎ 0)%τ '0)/ ØɍτɎ Ⱦ 0ØɍτɎ  

ɍσɎ 0)%σ '0)/ ØɍσɎ Ⱦ 0ØɍσɎ  

ɍςɎ 0)%ς '0)/ ØɍςɎ Ⱦ 0ØɍςɎ  

ɍρɎ 0)%ρ '0)/ ØɍρɎ Ⱦ 0ØɍρɎ  

ɍπɎ 0)%π '0)/ ØɍπɎ Ⱦ 0ØɍπɎ  

 

15.2.3 '0)/Øͺ0/% ɉ Ø Ѐ πȟρȟςȟσɊ 

ȡπØτππρͺπ$πτȟ πØτππρͺπ$ττȟ πØτππρͺπ$ψτȟ πØτππρͺπ$#τ 

ȡπØπ 

ρυȤυ '0)/Ø '0)/Øͺ0/% 

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

P
O

E
1

5 

P
O

E
1

4 

P
O

E
1

3 

P
O

E
1

2 

P
O

E
1

1 

P
O

E
1

0 

P
O

E
9 

P
O

E
8 

P
O

E
7 

P
O

E
6 

P
O

E
5 

P
O

E
4 

P
O

E
3 

P
O

E
2 

P
O

E
1 

P
O

E
0 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

   

ɍσρȡρφɎ   

ɍρυɎ 0/%ρυ '0)/ ØɍρυɎ Ⱦ 0ØɍρυɎ  

ɍρτɎ 0/%ρτ '0)/ ØɍρτɎ Ⱦ 0ØɍρτɎ  

ɍρσɎ 0/%ρσ '0)/ ØɍρσɎ Ⱦ 0ØɍρσɎ  

ɍρςɎ 0/%ρς '0)/ ØɍρςɎ Ⱦ 0ØɍρςɎ  

ɍρρɎ 0/%ρρ '0)/ ØɍρρɎ Ⱦ 0ØɍρρɎ  

ɍρπɎ 0/%ρπ '0)/ ØɍρπɎ Ⱦ 0ØɍρπɎ  

ɍωɎ 0/%ω '0)/ ØɍωɎ Ⱦ 0ØɍωɎ  

ɍψɎ 0/%ψ '0)/ ØɍψɎ Ⱦ 0ØɍψɎ  

ɍχɎ 0/%χ '0)/ ØɍχɎ Ⱦ 0ØɍχɎ  

ɍφɎ 0/%φ '0)/ ØɍφɎ Ⱦ 0ØɍφɎ  

ɍυɎ 0/%υ '0)/ ØɍυɎ Ⱦ 0ØɍυɎ  

ɍτɎ 0/%τ '0)/ ØɍτɎ Ⱦ 0ØɍτɎ  

ɍσɎ 0/%σ '0)/ ØɍσɎ Ⱦ 0ØɍσɎ  

ɍςɎ 0/%ς '0)/ ØɍςɎ Ⱦ 0ØɍςɎ  

ɍρɎ 0/%ρ '0)/ ØɍρɎ Ⱦ 0ØɍρɎ  

ɍπɎ 0/%π '0)/ ØɍπɎ Ⱦ 0ØɍπɎ  

 

15.2.4 '0)/Øͺ0$) ɉ Ø Ѐ πȟρȟςȟσɊ 

ȡπØτππρͺπ$πψȟ πØτππρͺπ$τψȟ πØτππρͺπ$ψψȟ πØτππρͺπ$#ψ 
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ȡπØπ 

ρυȤφ '0)/Ø '0)/Øͺ0$) 

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

PDI 

RO 

0 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ 0$) '0)/ Ø  

 

15.2.5 '0)/Øͺ0$/ ɉ Ø Ѐ πȟρȟςȟσɊ 

ȡπØτππρͺπ$π#ȟ πØτππρͺπ$τ#ȟ πØτππρͺπ$ψ#ȟ πØτππρͺπ$## 

ȡπØπ 

ρυȤχ '0)/Ø '0)/Øͺ0$/ 

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

PDO 

RW 

0 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ 0$/ '0)/ Ø  

 

15.2.6 '0)/Øͺ05% ɉ Ø Ѐ πȟρȟςȟσɊ 

ȡπØτππρͺπ$ρπȟ πØτππρͺπ$υπȟ πØτππρͺπ$ωπȟ πØτππρͺπ$$π 

ȡπØπ 

ρυȤψ '0)/Ø '0)/Øͺ05% 

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

P
U

E
1

5 

P
U

E
1

4 

P
U

E
1

3 

P
U

E
1

2 

P
U

E
1

1 

P
U

E
1

0 

P
U

E
9 

P
U

E
8 

P
U

E
7 

P
U

E
6 

P
U

E
5 

P
U

E
4 

P
U

E
3 

P
U

E
2 

P
U

E
1 

P
U

E
0 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

   

ɍσρȡρφɎ   
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ɍρυɎ 05%ρυ '0)/ ØɍρυɎ Ⱦ 0ØɍρυɎ  

ɍρτɎ 05%ρτ '0)/ ØɍρτɎ Ⱦ 0ØɍρτɎ  

ɍρσɎ 05%ρσ '0)/ ØɍρσɎ Ⱦ 0ØɍρσɎ  

ɍρςɎ 05%ρς '0)/ ØɍρςɎ Ⱦ 0ØɍρςɎ  

ɍρρɎ 05%ρρ '0)/ ØɍρρɎ Ⱦ 0ØɍρρɎ  

ɍρπɎ 05%ρπ '0)/ ØɍρπɎ Ⱦ 0ØɍρπɎ  

ɍωɎ 05%ω '0)/ ØɍωɎ Ⱦ 0ØɍωɎ  

ɍψɎ 05%ψ '0)/ ØɍψɎ Ⱦ 0ØɍψɎ  

ɍχɎ 05%χ '0)/ ØɍχɎ Ⱦ 0ØɍχɎ  

ɍφɎ 05%φ '0)/ ØɍφɎ Ⱦ 0ØɍφɎ  

ɍυɎ 05%υ '0)/ ØɍυɎ Ⱦ 0ØɍυɎ  

ɍτɎ 05%τ '0)/ ØɍτɎ Ⱦ 0ØɍτɎ  

ɍσɎ 05%σ '0)/ ØɍσɎ Ⱦ 0ØɍσɎ  

ɍςɎ 05%ς '0)/ ØɍςɎ Ⱦ 0ØɍςɎ  

ɍρɎ 05%ρ '0)/ ØɍρɎ Ⱦ 0ØɍρɎ  

ɍπɎ 05%π '0)/ ØɍπɎ Ⱦ 0ØɍπɎ  

ȡ )/ )/ ρυȢσȢρ

)/ 05% ρ π  

15.2.7 '0)/Øͺ0/$% ɉ Ø Ѐ πȟρȟςȟσɊ 

ȡπØτππρͺπ$ρψȟ πØτππρͺπ$υψȟ πØτππρͺπ$ωψȟ πØτππρͺπ$$ψ 

ȡπØπ 

ρυȤω '0)/Ø '0)/Øͺ0/$% 

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

P
O

D
E

1
5 

P
O

D
E

1
4 

P
O

D
E

1
3 

P
O

D
E

1
2 

P
O

D
E

1
1 

P
O

D
E

1
0 

P
O

D
E

9 

P
O

D
E

8 

P
O

D
E

7 

P
O

D
E

6 

P
O

D
E

5 

P
O

D
E

4 

P
O

D
E

3 

P
O

D
E

2 

P
O

D
E

1 

P
O

D
E

0 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

   

ɍσρȡρφɎ   

ɍρυɎ 0/$%ρυ '0)/ ØɍρυɎ Ⱦ 0ØɍρυɎ  

ɍρτɎ 0/$%ρτ '0)/ ØɍρτɎ Ⱦ 0ØɍρτɎ  

ɍρσɎ 0/$%ρσ '0)/ ØɍρσɎ Ⱦ 0ØɍρσɎ  

ɍρςɎ 0/$%ρς '0)/ ØɍρςɎ Ⱦ 0ØɍρςɎ  

ɍρρɎ 0/$%ρρ '0)/ ØɍρρɎ Ⱦ 0ØɍρρɎ  

ɍρπɎ 0/$%ρπ '0)/ ØɍρπɎ Ⱦ 0ØɍρπɎ  

ɍωɎ 0/$%ω '0)/ ØɍωɎ Ⱦ 0ØɍωɎ  

ɍψɎ 0/$%ψ '0)/ ØɍψɎ Ⱦ 0ØɍψɎ  

ɍχɎ 0/$%χ '0)/ ØɍχɎ Ⱦ 0ØɍχɎ  
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ɍφɎ 0/$%φ '0)/ ØɍφɎ Ⱦ 0ØɍφɎ  

ɍυɎ 0/$%υ '0)/ ØɍυɎ Ⱦ 0ØɍυɎ  

ɍτɎ 0/$%τ '0)/ ØɍτɎ Ⱦ 0ØɍτɎ  

ɍσɎ 0/$%σ '0)/ ØɍσɎ Ⱦ 0ØɍσɎ  

ɍςɎ 0/$%ς '0)/ ØɍςɎ Ⱦ 0ØɍςɎ  

ɍρɎ 0/$%ρ '0)/ ØɍρɎ Ⱦ 0ØɍρɎ  

ɍπɎ 0/$%π '0)/ ØɍπɎ Ⱦ 0ØɍπɎ  

 

15.2.8 '0)/Øͺ0&,4 ɉ Ø Ѐ πȟρȟςȟσɊ 

ȡπØτππρͺπ$ρ#ȟ πØτππρͺπ$υ#ȟ πØτππρͺπ$ω#ȟ πØτππρͺπ$$# 

ȡπØπ 

ρυȤρπ '0)/Ø '0)/Øͺ0&,4 

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

P
F

L
T

 1
5 

P
F

L
T

 1
4 

P
F

L
T

 1
3 

P
F

L
T

 1
2 

P
F

L
T

 1
1 

P
F

L
T

 1
0 

P
F

L
T

 9
 

P
F

L
T

 8
 

P
F

L
T

 7
 

P
F

L
T

 6
 

P
F

L
T

 5
 

P
F

L
T

 4
 

P
F

L
T

 3
 

P
F

L
T

 2
 

P
F

L
T

1 

P
F

L
T

0 

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

   

ɍσρȡρφɎ   

ɍρυɎ 0&,4ρυ '0)/ ØɍρυɎ Ⱦ 0ØɍρυɎ  

ɍρτɎ 0&,4ρτ '0)/ ØɍρτɎ Ⱦ 0ØɍρτɎ  

ɍρσɎ 0&,4ρσ '0)/ ØɍρσɎ Ⱦ 0ØɍρσɎ  

ɍρςɎ 0&,4ρς '0)/ ØɍρςɎ Ⱦ 0ØɍρςɎ  

ɍρρɎ 0&,4ρρ '0)/ ØɍρρɎ Ⱦ 0ØɍρρɎ  

ɍρπɎ 0&,4ρπ '0)/ ØɍρπɎ Ⱦ 0ØɍρπɎ  

ɍωɎ 0&,4ω '0)/ ØɍωɎ Ⱦ 0ØɍωɎ  

ɍψɎ 0&,4ψ '0)/ ØɍψɎ Ⱦ 0ØɍψɎ  

ɍχɎ 0&,4χ '0)/ ØɍχɎ Ⱦ 0ØɍχɎ  

ɍφɎ 0&,4φ '0)/ ØɍφɎ Ⱦ 0ØɍφɎ  

ɍυɎ 0&,4 υ '0)/ ØɍυɎ Ⱦ 0ØɍυɎ  

ɍτɎ 0&,4 τ '0)/ ØɍτɎ Ⱦ 0ØɍτɎ  

ɍσɎ 0&,4 σ '0)/ ØɍσɎ Ⱦ 0ØɍσɎ  

ɍςɎ 0&,4 ς '0)/ ØɍςɎ Ⱦ 0ØɍςɎ  

ɍρɎ 0&,4ρ '0)/ ØɍρɎ Ⱦ 0ØɍρɎ  

ɍπɎ 0&,4π '0)/ ØɍπɎ Ⱦ 0ØɍπɎ  

'0)/ '0)/ ρυȢσȢς 
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15.2.9 '0)/Øͺ&σςρπ ɉ Ø Ѐ πȟρȟςȟσɊ 

ȡπØτππρͺπ$ςπȟ πØτππρͺπ$φπȟ πØτππρͺπ$!πȟ πØτππρͺπ$%π 

ȡπØπ 

ρυȤρρ '0)/Ø '0)/Øͺ&σςρπ 

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

F3 F2 F1 F0 

RW RW RW RW 

0 0 0 0 

 

   

ɍσρȡρφɎ   

ɍρυȡρςɎ &σ '0)/ ØɍσɎ Ⱦ 0ØɍσɎ  

ɍρρȡψɎ &ς '0)/ ØɍςɎ Ⱦ 0ØɍςɎ  

ɍχȡτɎ &ρ '0)/ ØɍρɎ Ⱦ 0ØɍρɎ  

ɍσȡπɎ &π '0)/ ØɍπɎ Ⱦ 0ØɍπɎ  

&σȾ&ςȾ&ρȾ&π '0)/  ρυȤρ '0)/

'0)/ '0)/ ɉÄÁÔÁÓÈÅÅÔɊ

'0)/Øͺ&χφυτ'0)/Øͺ&"!ωψ'0)/Øͺ&&%$#'0)/Øͺ&σςρπ 

 

15.2.10 '0)/Øͺ&χφυτ ɉ Ø Ѐ πȟρȟςȟσɊ 

ȡπØτππρͺπ$ςτȟ πØτππρͺπ$φτȟ πØτππρͺπ$!τȟ πØτππρͺπ$%τ 

ȡπØπ 

ρυȤρς '0)/Ø '0)/Øͺ&χφυτ 

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

F7 F6 F5 F4 

RW RW RW RW 

0 0 0 0 

 

   

ɍσρȡρφɎ   

ɍρυȡρςɎ &χ '0)/ ØɍχɎ Ⱦ 0ØɍχɎ  

ɍρρȡψɎ &φ '0)/ ØɍφɎ Ⱦ 0ØɍφɎ  

ɍχȡτɎ &υ '0)/ ØɍυɎ Ⱦ 0ØɍυɎ  

ɍσȡπɎ &τ '0)/ ØɍτɎ Ⱦ 0ØɍτɎ  

 

15.2.11 '0)/Øͺ&"!ωψ ɉ Ø Ѐ πȟρȟςȟσɊ 

ȡπØτππρͺπ$ςψȟ πØτππρͺπ$φψȟ πØτππρͺπ$!ψȟ πØτππρͺπ$%ψ 
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ȡπØπ 

ρυȤρσ '0)/Ø '0)/Øͺ&"!ωψ 

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

F11 F10 F9 F8 

RW RW RW RW 

0 0 0 0 

 

   

ɍσρȡρφɎ   

ɍρυȡρςɎ &ρρ '0)/ ØɍρρɎ Ⱦ 0ØɍρρɎ  

ɍρρȡψɎ &ρπ '0)/ ØɍρπɎ Ⱦ 0ØɍρπɎ  

ɍχȡτɎ &ω '0)/ ØɍωɎ Ⱦ 0ØɍωɎ  

ɍσȡπɎ &ψ '0)/ ØɍψɎ Ⱦ 0ØɍψɎ  

 

15.2.12 '0)/Øͺ&&%$# ɉ Ø Ѐ πȟρȟςȟσɊ 

ȡπØτππρͺπ$ς#ȟ πØτππρͺπ$φ#ȟ πØτππρͺπ$!#ȟ πØτππρͺπ$%# 

ȡπØπ 

ρυȤρτ '0)/Ø '0)/Øͺ&&%$# 

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

F15 F14 F13 F12 

RW RW RW RW 

0 0 0 0 

 

   

ɍσρȡρφɎ   

ɍρυȡρςɎ &ρυ '0)/ ØɍρυɎ Ⱦ 0ØɍρυɎ  

ɍρρȡψɎ &ρτ '0)/ ØɍρτɎ Ⱦ 0ØɍρτɎ  

ɍχȡτɎ &ρσ '0)/ ØɍρσɎ Ⱦ 0ØɍρσɎ  

ɍσȡπɎ &ρς '0)/ ØɍρςɎ Ⱦ 0ØɍρςɎ  

 

'0)/ $!4!3(%%4  

15.2.13 '0)/Øͺ"322 ɉ Ø Ѐ πȟρȟςȟσɊ 

ȡπØτππρͺπ$σπȟ πØτππρͺπ$χπȟ πØτππρͺπ$"πȟ πØτππρͺπ$&π 

ȡπØπ 

ρυȤρυ '0)/Ø '0)/Øͺ"322 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
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E
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T
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S
E

T
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W W W W W W W W W W W W W W W W 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

   

ɍσρɎ #,2ρυ ρ '0)/ ØɍρυɎπ   

ɍσπɎ #,2ρτ ρ '0)/ ØɍρτɎπ   

ɍςωɎ #,2ρσ ρ '0)/ ØɍρσɎπ   

ɍςψɎ #,2ρς ρ '0)/ ØɍρςɎπ   

ɍςχɎ #,2ρρ ρ '0)/ ØɍρρɎπ   

ɍςφɎ #,2ρπ ρ '0)/ ØɍρπɎπ   

ɍςυɎ #,2ω ρ '0)/ ØɍωɎπ   

ɍςτɎ #,2ψ ρ '0)/ ØɍψɎπ   

ɍςσɎ #,2χ ρ '0)/ ØɍχɎπ   

ɍςςɎ #,2φ ρ '0)/ ØɍφɎπ   

ɍςρɎ #,2υ ρ '0)/ ØɍυɎπ   

ɍςπɎ #,2τ ρ '0)/ ØɍτɎπ   

ɍρωɎ #,2σ ρ '0)/ ØɍσɎπ   

ɍρψɎ #,2ς ρ '0)/ ØɍςɎπ   

ɍρχɎ #,2ρ ρ '0)/ ØɍρɎπ   

ɍρφɎ #,2π ρ '0)/ ØɍπɎπ   

ɍρυɎ 3%4ρυ ρ '0)/ ØɍρυɎρ π   

ɍρτɎ 3%4ρτ ρ '0)/ ØɍρτɎρ π   

ɍρσɎ 3%4ρσ ρ '0)/ ØɍρσɎρ π   

ɍρςɎ 3%4ρς ρ '0)/ ØɍρςɎρ π   

ɍρρɎ 3%4ρρ ρ '0)/ ØɍρρɎρ π   

ɍρπɎ 3%4ρπ ρ '0)/ ØɍρπɎρ π   

ɍωɎ 3%4ω ρ '0)/ ØɍωɎρ π   

ɍψɎ 3%4ψ ρ '0)/ ØɍψɎρ π   

ɍχɎ 3%4χ ρ '0)/ ØɍχɎρ π   

ɍφɎ 3%4φ ρ '0)/ ØɍφɎρ π   

ɍυɎ 3%4υ ρ '0)/ ØɍυɎρ π   
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ɍτɎ 3%4τ ρ '0)/ ØɍτɎρ π   

ɍσɎ 3%4σ ρ '0)/ ØɍσɎρ π   

ɍςɎ 3%4ς ρ '0)/ ØɍςɎρ π   

ɍρɎ 3%4ρ ρ '0)/ ØɍρɎρ π   

ɍπɎ 3%4π ρ '0)/ ØɍπɎρ π   

"322 ρφ ρφ '0)/ ρ  

15.2.14 '0)/Øͺ"22 ɉ Ø Ѐ πȟρȟςȟσɊ 

ȡπØτππρͺπ$στȟ πØτππρͺπ$χτȟ πØτππρͺπ$"τȟ πØτππρͺπ$&τ 

ȡπØπ 

ρυȤρφ '0)/Ø '0)/Øͺ"22 

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

R
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W W W W W W W W W W W W W W W W 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

   

ɍσρȡρφɎ   

ɍρυɎ #,2ρυ ρ '0)/ ØɍρυɎπ   

ɍρτɎ #,2ρτ ρ '0)/ ØɍρτɎπ   

ɍρσɎ #,2ρσ ρ '0)/ ØɍρσɎπ   

ɍρςɎ #,2ρς ρ '0)/ ØɍρςɎπ   

ɍρρɎ #,2ρρ ρ '0)/ ØɍρρɎπ   

ɍρπɎ #,2ρπ ρ '0)/ ØɍρπɎπ   

ɍωɎ #,2ω ρ '0)/ ØɍωɎπ   

ɍψɎ #,2ψ ρ '0)/ ØɍψɎπ   

ɍχɎ #,2χ ρ '0)/ ØɍχɎπ   

ɍφɎ #,2φ ρ '0)/ ØɍφɎπ   

ɍυɎ #,2υ ρ '0)/ ØɍυɎπ   

ɍτɎ #,2τ ρ '0)/ ØɍτɎπ   

ɍσɎ #,2σ ρ '0)/ ØɍσɎπ   

ɍςɎ #,2ς ρ '0)/ ØɍςɎπ   

ɍρɎ #,2ρ ρ '0)/ ØɍρɎπ   

ɍπɎ #,2π ρ '0)/ ØɍπɎπ   

 

15.2.15  

%84)ͺ#2π%84)ͺ#2ρ '0)/ $-! Ⱦ
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15.2.15.1  %84)ͺ#2π 

ȡπØτππρͺπ%ππ 

ȡπØπ 

ρυȤρχ %84)ͺ#2π π  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

4χ 4φ 4υ 4τ 4σ 4ς 4ρ 4π 

27 27 27 27 27 27 27 27 

π π π π π π π π 

 

   

ɍσρȡρφɎ   

ɍρυȡρτɎ 4χ 

'0)/ πɍρυɎȾ 0πɍρυɎ 

ππȡ  

πρȡ  

ρπȡ  

ρρȡ  

ɍρσȡρςɎ 4φ 

'0)/ πɍρτɎȾ 0πɍρτɎ 

ππȡ  

πρȡ  

ρπȡ  

ρρȡ  

ɍρρȡρπɎ 4υ 

'0)/ πɍρρɎȾ 0πɍρρɎ  

ππȡ  

πρȡ  

ρπȡ  

ρρȡ  

ɍωȡψɎ 4τ 

'0)/ πɍφɎȾ 0πɍφɎ 

ππȡ  

πρȡ  

ρπȡ  

ρρȡ  

ɍχȡφɎ 4σ 

'0)/ πɍσɎȾ 0πɍσɎ 

ππȡ  

πρȡ  

ρπȡ  

ρρȡ  

ɍυȡτɎ 4ς 

'0)/ πɍςɎȾ 0πɍςɎ 

ππȡ  

πρȡ  

ρπȡ  

ρρȡ  

ɍσȡςɎ 4ρ 
'0)/ πɍρɎȾ 0πɍρɎ 

ππȡ  
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πρȡ  

ρπȡ  

ρρȡ  

ɍρȡπɎ 4π 

'0)/ πɍπɎȾ 0πɍπɎ 

ππȡ  

πρȡ  

ρπȡ  

ρρȡ  

 

15.2.15.2  %84)ͺ#2ρ 

ȡπØτππρͺπ%πτ 

ȡπØπ 

ρυȤρψ %84)ͺ#2ρ ρ  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

4ρυ 4ρτ 4ρσ 4ρς 4ρρ 4ρπ 4ω 4ψ 

27 27 27 27 27 27 27 27 

π π π π π π π π 

 

   

ɍσρȡρφɎ   

ɍρυȡρτɎ 4ρυ 

'0)/ ςɍρυɎȾ0ςɍρυɎ 

ππȡ  

πρȡ  

ρπȡ  

ρρȡ  

ɍρσȡρςɎ 4ρτ 

'0)/ ςɍρςɎȾ0ςɍρςɎ 

ππȡ  

πρȡ  

ρπȡ  

ρρȡ  

ɍρρȡρπɎ 4ρσ 

'0)/ ςɍχɎȾ0ςɍχɎ 

ππȡ  

πρȡ  

ρπȡ  

ρρȡ  

ɍωȡψɎ 4ρς 

'0)/ ςɍτɎȾ0ςɍτɎ 

ππȡ  

πρȡ  

ρπȡ  

ρρȡ  

ɍχȡφɎ 4ρρ 
'0)/ ςɍσɎȾ0ςɍσɎ 

ππȡ  
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πρȡ  

ρπȡ  

ρρȡ  

ɍυȡτɎ 4ρπ 

'0)/ ρɍρπɎȾ0ρɍρπɎ 

ππȡ  

πρȡ  

ρπȡ  

ρρȡ  

ɍσȡςɎ 4ω 

'0)/ ρɍρɎȾ0ρɍρɎ 

ππȡ  

πρȡ  

ρπȡ  

ρρȡ  

ɍρȡπɎ 4ψ 

'0)/ ρɍπɎȾ0ρɍπɎ  

ππȡ  

πρȡ  

ρπȡ  

ρρȡ  

 

ρυȤρω '0)/ Ⱦ$-!  

 ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
0π Ѝ Ѝ   Ѝ     Ѝ   Ѝ Ѝ Ѝ Ѝ 
0ρ      Ѝ         Ѝ Ѝ 
0ς Ѝ   Ѝ     Ѝ   Ѝ Ѝ    
0σ                 

 

15.2.15.3  %84)ͺ)% 

ȡπØτππρͺπ%πψ 

ȡπØπ 

ρυȤςπ %84)ͺ)% '0)/  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

%
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ρ
ͺ
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8
4
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π
ͺ
)
%

 

27 27 27 27 27 27 

π π π π π π 

 

   

ɍσρȡρςɎ   

ɍρρɎ   

ɍρπɎ %84)ςͺ2% '0)/ς $-! %84)ͺ#2πȾρ 
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ɍωɎ %84)ρͺ2% '0)/ρ $-! %84)ͺ#2πȾρ 

ɍψɎ %84)πͺ2% '0)/π $-! %84)ͺ#2πȾρ 

ɍχȡτɎ   

ɍσɎ   

ɍςɎ %84)ςͺ)% '0)/ς %84)ͺ#2πȾρ 

ɍρɎ %84)ρͺ)% '0)/ρ %84)ͺ#2πȾρ 

ɍπɎ %84)πͺ)% '0)/π %84)ͺ#2πȾρ 

'0)/ $-!

$-! $-!

%84)Øͺ2%$-! '0)/ '0)/π

ρφ '0)/ 0πȢπͯ0πȢρυ

$-! 0πȢπ0πȢρ )/

$-! 0πȢπ0πȢρ $-! 0πȢπͯ0πȢρυ

 

'0)/π )/ '0)/ς )/ $-!

'0)/ς)/ $-! $-! '0)/ς

'0)/π '0)/π  

 

15.2.15.4  %84)ͺ)& 

ȡπØτππρͺπ%π# 

ȡπØπ 

ρυȤςρ %84)ͺ)&  

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

IF15 IF14 IF13 IF12 IF11 IF10 IF9 IF8 IF7 IF6 IF5 IF4 IF3 IF2 IF1 IF0 
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R
W

1
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R
W

1
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R
W

1
C 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

   

ɍσρȡρφɎ   

ɍρυɎ )&ρυ '0)/ ςɍρυɎ Ⱦ 0ςɍρυɎ ρ  

ɍρτɎ )&ρτ '0)/ ςɍρςɎ Ⱦ 0ςɍρςɎ ρ  

ɍρσɎ )&ρσ '0)/ ςɍχɎ Ⱦ 0ςɍχɎ ρ  

ɍρςɎ )&ρς '0)/ ςɍτɎ Ⱦ 0ςɍτɎ ρ  

ɍρρɎ )&ρρ '0)/ ςɍσɎ Ⱦ 0ςɍσɎ ρ  

ɍρπɎ )&ρπ '0)/ ρɍρπɎ Ⱦ 0ρɍρπɎ ρ  

ɍωɎ )&ω '0)/ ρɍρɎ Ⱦ 0ρɍρɎ ρ  

ɍψɎ )&ψ '0)/ ρɍπɎ Ⱦ 0ρɍπɎ ρ  
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ɍχɎ )&χ '0)/ πɍρυɎ Ⱦ 0πɍρυɎ ρ  

ɍφɎ )&φ '0)/ πɍρτɎ Ⱦ 0πɍρτɎ ρ  

ɍυɎ )&υ '0)/ πɍρρɎ Ⱦ 0πɍρρɎ ρ  

ɍτɎ )&τ '0)/ πɍφɎ Ⱦ 0πɍφɎ ρ  

ɍσɎ )&σ '0)/ πɍσɎ Ⱦ 0πɍσɎ ρ  

ɍςɎ )&ς '0)/ πɍςɎ Ⱦ 0πɍςɎ ρ  

ɍρɎ )&ρ '0)/ πɍρɎ Ⱦ 0πɍρɎ ρ  

ɍπɎ )&π '0)/ πɍπɎ Ⱦ 0πɍπɎ ρ  

%84)ͺ)%%84)ͺ)& $-!  

15.2.15.5  #,+/ͺ3%, 

ȡπØτππρͺπ%ρπ 

ȡπØπ 

ρυȤςς #,+/ͺ3%, '0)/  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 (
3
%
ͺ
/
%

 

!
$
#
ͺ
/
%

 

0
,
,
ͺ
/
%

 

(
3
)
ͺ
/
%

 

,
3
)
ͺ
/
%

 

27 27 27 27 27 

π π π π π 

 

   

ɍσρȡυɎ   

ɍτɎ (3%ͺ/% ρȡ πȡ  

ɍσɎ !$#ͺ/% !$# ρȡ πȡ  

ɍςɎ 0,,ͺ/% 0,, ρȡ πȡ  

ɍρɎ (3)ͺ/% (2# ρȡ πȡ  

ɍπɎ ,3)ͺ/% ,2# ρȡ πȡ  

0πȢπȾ0ςȢχ !$#Ⱦ0,,

 

0πȢπ ρ '0)/πͺ&σςρπ Ѐ πØπππρ 0πȢπ

'0)/πͺ0/%ЀπØπππρ#,+/ͺ3%, 0πȢπ  

15.2.15.6  07-ͺ37!0 

ȡπØτππρͺπ%ρτ 

ȡπØπ 

ρυȤςσ 07-ͺ37!0  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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3
7
!
0 

27 

π 

 

   

ɍσρȡςɎ   

ɍρȡπɎ 37!0 
πØφχ ")4ɍρȡπɎρ πØφω ")4ɍρȡπɎ

ς ")4ɍρȡπɎπ 

-#07-πͺ37!00 MCPWM GPIO : 

ρυȤςτ -#07-  

-#07-  '0)/  

-#07-πͺ#(π0 0ρȢτ 0πȢρυ 
-#07-πͺ#(π. 0ρȢυ 0ρȢπ 
-#07-πͺ#(ρ0 0ρȢφ 0ςȢρρ 
-#07-πͺ#(ρ. 0ρȢχ 0ςȢρς 
-#07-πͺ#(ς0 0ρȢψ 0ςȢτ 
-#07-πͺ#(ς. 0ρȢω 0ςȢυ 
-#07-πͺ#(σ0 0ρȢρπ 0σȢς 
-#07-πͺ#(σ. 0ρȢρρ 0σȢτ 
-#07-πͺ#(τ0 0σȢρπ 0πȢσ 
-#07-πͺ#(τ. 0σȢρρ 0πȢτ 
-#07-πͺ#(υ0 0ςȢω 0πȢυ 
-#07-πͺ#(υ. 0ςȢρπ 0πȢφ 

 

-#5 'ÁÔÅ $ÒÉÖÅÒ ÄÉÅ 3)0 '0)/ 07-

-#07- )/

 

07-ͺ37!0 1 : 

ρυȤςυ 07-ͺ37!0Ѐρ-#07-  

-#07-  '0)/  

-#07-πͺ#(π. 0ρȢτ  
-#07-πͺ#(ρ. 0ρȢυ  
-#07-πͺ#(ς. 0ρȢφ  
-#07-πͺ#(π0 0ρȢχ  
-#07-πͺ#(ρ0 0ρȢψ  
-#07-πͺ#(ς0 0ρȢω  
-#07-πͺ#(σ. 0ρȢρπ 0σȢς 
-#07-πͺ#(τ. 0ρȢρρ 0σȢτ 
-#07-πͺ#(υ. 0σȢρπ 0πȢσ 
-#07-πͺ#(σ0 0σȢρρ 0πȢτ 
-#07-πͺ#(τ0 0ςȢω 0πȢυ 
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-#07-πͺ#(υ0 0ςȢρπ 0πȢφ 

07-ͺ37!0 2 : 

ρυȤςφ 07-ͺ37!0Ѐς-#07-  

-#07-  '0)/  

-#07-πͺ#(π. 0ρȢρσ  
-#07-πͺ#(ρ. 0ρȢρτ  
-#07-πͺ#(ς. 0ρȢρυ  
-#07-πͺ#(π0 0ςȢπ  
-#07-πͺ#(ρ0 0ρȢτ  
-#07-πͺ#(ς0 0ρȢυ  
-#07-πͺ#(σ. 0ρȢφ  
-#07-πͺ#(τ. 0ρȢχ  
-#07-πͺ#(υ. 0ρȢψ  
-#07-πͺ#(σ0 0ρȢω  
-#07-πͺ#(τ0 0ρȢρπ  
-#07-πͺ#(υ0 0ρȢρρ  

 

15.3  

15.3.1  

,+3σς-#πχØ '0)/ '0)/ ȡ 

ρυȤςχ '0)/  

 ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
0π Ѝ Ѝ     Ѝ  Ѝ Ѝ  Ѝ Ѝ Ѝ  Ѝ 
0ρ     Ѝ Ѝ       Ѝ   Ѝ 
0ς Ѝ Ѝ Ѝ   Ѝ Ѝ Ѝ Ѝ Ѝ Ѝ Ѝ     
0σ       Ѝ          

15.3.2  

,+3σς-#πχØ '0)/ τ ,3)

ρςπÕÓ ρςπÕÓ ,3) 2#

 

ρυȤςψ '0)/  

 ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
0π Ѝ Ѝ Ѝ Ѝ Ѝ    Ѝ Ѝ    Ѝ  Ѝ 
0ρ                 
0ς          Ѝ Ѝ Ѝ Ѝ    
0σ                 

15.3.3  

,+3σς-#πχØ )/ π )/ )/

'0)/ π )/ )/



,+3χφ-#τϋØ 5ÓÅÒ -ÁÎÕÁÌ           

Ò2023             ςυω 

 

ρυȤςω '0)/  

 ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
0π Ѝ Ѝ       Ѝ Ѝ  Ѝ Ѝ   Ѝ 
0ρ     Ѝ Ѝ           
0ς Ѝ Ѝ Ѝ Ѝ  Ѝ Ѝ Ѝ Ѝ Ѝ Ѝ Ѝ     
0σ                 

 

15.4  

15.4.1  

ȡ 

    '0)/τ;0)% Є τØτττυȠ    ȾȾ 0τɍτɎ 

    .6)#;%ÎÁÂÌÅ)21ɉ'0)/;)21ÎɊȠ   ȾȾ '0)/  

    ;;ÅÎÁÂÌÅ;ÉÒÑɉɊȠ              ȾȾ  

    É Є υτττȠ 

    ×ÈÉÌÅɉÉȤȤɊȠ 

 ȾȾ 0τɍϋɎ )/  

    %84);#2τ Є τØτττφȠ     ȾȾ ÐτɍϋɎ  

×ÈÉÌÅɉÉÒÑ;ÆÌÁÇ ȦЄ φɊȠ    ȾȾ ÉÒÑ;ÆÌÁÇ'0)/  

    %84);#2τ Є τØτττυȠ     ȾȾ ÐτɍϋɎ  

×ÈÉÌÅɉÉÒÑ;ÆÌÁÇ ȦЄ ψɊȠ 

    %84);#2τ Є τØττττχȠ     ȾȾ 0τɍϋɎ  

×ÈÉÌÅɉÉÒÑ;ÆÌÁÇ ȦЄ όɊȠ 

    %84);#2τ Є τØττττȠ     ȾȾ 0ɍϋɎ  

 

15.4.2 '0)/  

'0)/)% /% 0!$
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16 CRC 

16.1  

#2# #ÙÃÌÉÃ 2ÅÄÕÎÄÁÎÃÙ #ÈÅÃË

#2#

 

#2# +

2 ɉ#2#Ɋ

+Ϲ2 #2#

Ȱ ȱ  

16.2  

#2# + 2

. . + . +

.Ȥ+Ѐ2 'ɉØɊ 'ɉØɊ + 'ɉØɊ #2#

#ɉ8Ɋ #ɉØɊ2

#ɉØɊɕς2 #ɉØɊ 2  #ɉØɊɕς2 

'ɉØɊ  

ȬπȭȬρȭ

ρπρπρρρ ØφϹØτϹØςϹØϹρ ØυϹØσϹØςϹØϹρ

ρπρρρρ 

16.3  

16.3.1  

8

ρ π 8 2

2Ϲρ  

'ɉ8Ɋ #ɉ8Ɋ 

'ɉ8ɊЀ8τϹ8σϹ8Ϲρ ρρπρρ 

 ρπρρρρ #ɉ8ɊЀ8υϹ8σϹ8ςϹ8Ϲρ 

https://baike.baidu.com/item/%E5%BE%AA%E7%8E%AF%E5%86%97%E4%BD%99%E6%A0%A1%E9%AA%8C%E7%A0%81
https://baike.baidu.com/item/%E6%9C%80%E9%AB%98%E6%AC%A1%E5%B9%82
https://baike.baidu.com/item/%E6%9C%80%E9%AB%98%E6%AC%A1%E5%B9%82
https://baike.baidu.com/item/%E5%A4%9A%E9%A1%B9%E5%BC%8F
https://baike.baidu.com/item/%E5%A4%9A%E9%A1%B9%E5%BC%8F
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16.3.2  

 

ς

ς  

 

! ρ  

" #2# π  

#  

$  

16.3.3  

#2#  Ѐ  Ȥ ρ

ρ  

16.3.4  

ρ 8 2 'ɉ8Ɋ 2Ϲρ  

ς 2 #ɉ8Ɋɕς2  

σ 2 ɉ

ς Ɋ  

τ #2#  

'ɉ8ɊЀ8σϹ8Ϲρτ ρπρπ  

 

ρ 'ɉ8ɊЀ8σϹ8Ϲρ ρπρρ 

ς τ 2Ϲρɉ τ σ 2

Ɋ #ɉ8Ɋσ 2 ρπρπ πππ 

σ σ ς

 

ρπρππππ 

ρπρρ 

https://baike.baidu.com/item/%E4%BA%8C%E8%BF%9B%E5%88%B6%E6%95%B0
https://baike.baidu.com/item/%E4%BD%99%E6%95%B0
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ȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ 

πππρπππ 

πππρπρρ 

ȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ 

πππππρρ 

πρρ ρπρπ πρρ 

0/,ЀπØρσÄÁÔÁЀπØχχ 

 πρρρπρρρπππππππ 

  ρππρππρρ 

  πρρρρρπρππππππ 

   ρππρππρρ 

   πρρπρππρπππππ 

    ρππρππρρ 

    πρπππππρππππ    

 ρππρππρρ 

  πππρπππρπππ 

         ρππρππρρ 

   πππρρπρρ 

16.4  

16.4.1  

#2# πØτππρͺπ&ππ  

ρφȤρ #2#  

   

#2#πͺ$2 πØππ #2# Ⱦ  

#2#πͺ#2 πØπτ #2#  

#2#πͺ).)4 πØπψ #2#  

#2#πͺ0/, πØπ# #2#  
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16.4.2  

16.4.2.1 #2#πͺ$2 #2#  

πØτππρͺπ&ππ 

πØπ 

ρφȤς #2#πͺ$2 #2#  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

$2 

27 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

$2 

27 

π 

 

   

ɍσρȡπɎ $2 #2#  

 

#2#πͺ$2 #2#πͺ$2

#2# #2 #2#  

16.4.2.2 #2#πͺ#2 #2#  

πØτππρͺπ&πτ 

πØπ 

ρφȤσ #2#πͺ#2 #2#  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 2
%
6
ͺ
/
5
4
ͺ
4
9
0
%

 

 2
%
6
ͺ
)
.
ͺ
4
9
0
%

 

 

0
/
,
9
ͺ
3
)
:
%

 

 

2
%
3
%
4

 

27 27 27 7/ 

π π π π 

 

   

ɍσρȡρσɎ   

ɍρςɎ 2%6ͺ/54ͺ490% 
#2# ÂɍσρɎЀÂɍπɎȟ  ÂɍσπɎЀÂɍρɎȟȣ 

ɍÂπɎЀÂɍσρɎ 

ɍρρȡρπɎ   
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ɍωȡψɎ 2%6ͺ).ͺ490% 

 

ππȡ  

πρȡ ÂɍσρɎЀÂɍςτɎȟ ÂɍσπɎЀÂɍςυɎȟ ȣȟ ÂɍςτɎЀÂɍσρɎȟ ȣȟ 

ÂɍχɎЀÂɍπɎȟ ÂɍφɎЀÂɍρɎȟ ȣȟ ÂɍπɎЀÂɍχɎ 
ρπȡ ρφÂÉÔ ÂɍσρɎЀÂɍρφɎȟ ÂɍσπɎЀÂɍρχɎȟ ȣȟ 

ÂɍρφɎЀÂɍσρɎȟ ȣȟ ÂɍρυɎЀÂɍπɎȟ ÂɍρτɎЀÂɍρɎȟ ȣȟ ÂɍπɎЀÂɍρυɎ 
ρρȡ ÂɍσρɎЀÂɍπɎȟ  ÂɍσπɎЀÂɍρɎȟȣ ɍÂπɎЀÂɍσρɎ 

ɍχȡφɎ   

ɍυȡτɎ 0/,9ͺ3):% 

 

ππȡ σςÂÉÔÓ 
πρȡ ρφÂÉÔÓ 
ρπȡ ψÂÉÔÓ 
ρρȡ χÂÉÔÓ  

ɍσȡρɎ   

ɍπɎ 2%3%4 

#2#  

πȡ  

ρȡ #2#πͺ).)4 

ρ #2# πȢ 

 

#2#πͺ#2Ȣ2%3%4ρ #2#πͺ).)4 πØ&&&&&&&& 

#2# #2#πͺ#2Ȣ2%3%4ρ #2#

 

16.4.2.3 #2#πͺ).)4 #2#  

πØτππρͺπ&πψ 

πØ&&&&&&&& 

ρφȤτ #2#πͺ).)4 #2# 

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

).)4 

27 

πØ&&&&&&&& 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

).)4 

27 

πØ&&&&&&&& 

 

   

ɍσρȡπɎ ).)4  

 

#2#πͺ$2#2#πͺ).)4 #2#  
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16.4.2.4 #2#πͺ0/, #2#  

πØτππρͺπ&π# 

πØπ 

ρφȤυ #2#πͺ0/, #2#  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

0/, 

27 

πØπτ#ρρ$"χ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

0/, 

27 

πØπτ#ρρ$"χ 

 

   

ɍσρȡπɎ 0/,  
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17 UART 

17.1  

  5ÎÉÖÅÒÓÁÌ !ÓÙÎÃÈÒÏÕÎÏÕÓ 2ÅÃÅÉÖÅÒȾ4ÒÁÎÓÍÉÔÔÅÒ5!24

 

5!24 ȡ 

o  

o  

o ψȾω  

o ρȾς  

o Ⱦ Ⱦ  

o ρ  

o ρ  

o ,). ÂÒÅÁË ÃÈÁÒÁÃÔÅÒ 

o  

o -ÕÌÔÉȤÄÒÏÐ 3ÌÁÖÅȾ-ÁÓÔÅÒ 

17.2  

17.2.1  

5!24 5!24

5!24ͺ48$ 5!24 5!24

 

5!24  

 

 

393ͺ#,+ͺ&%.Ȣ 5!24ͺ#,+ͺ%. Ѐ ρ5!24  

5!24ͺ#42,Ȣ"94%ͺ,%.ψȾωÂÉÔ  

5!24ͺ#42,Ȣ#+ͺ%.  

5!24ͺ#42,Ȣ#+ͺ490%  
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5!24ͺ#42,Ȣ")4ͺ/2$%2,3" ÆÉÒÓÔ-3" ÆÉÒÓÔ 

5!24ͺ#42,Ȣ34/0ͺ,%. ρÂÉÔȾςÂÉÔ 

$-! 5!24ͺ2%Ȣ 48ͺ"5&ͺ%-049ͺ2%Ѐρ48 ÂÕÆÆÅÒ$-!

5!24 5!24ͺ)%Ȣ 48ͺ"5&ͺ%-049ͺ)%Ѐρ 

$-! 5!24 $-!  

5!24 5!24ͺ"5&& 5!24

5!24ͺ48$  

17.2.2  

5!24

5!24

5!24ͺ28

 

1.√
:

SYS _CLK_FEN.UART_CLK_EN=1
ᵣ:CK_EN/

CK_TYPE :BIT_ORDER
:BYTE_LEN

Ẩ

ᵣ:STOP_LEN

?

UART_RE.TX_BUF_EMPTY_RE=1
꜠ DMA ┼

UART_IE.TX_BUF_EMPTY_IE=1

ᴌ  UART_BUFF  

ῇ

DMA

DMA

ᴌ/Ҳ

ᴌ/Ҳ

“

?

ῇҷ ᵣ UART_TXD

DMA

ῇ “
֥ “ Ҳ

TX_BUF_EMPTY

֥ Ҳ
TX_DONE

ῇҐ҅ү

ρχȤρ 5!24  

17.2.3 5!24  

5!24  

 

 ɉρ ÂÉÔ 3ÔÁÒÔ ÂÉÔρ ÂÉÔ :ÅÒÏɊ 

 ɉÄÁÔÁ ×ÏÒÄȟ ψÂÉÔÓ ÏÒ ωÂÉÔÓȟ ,3" ÆÉÒÓÔ ÏÒ -3" ÆÉÒÓÔɊ 

 ɉρȾς ÂÉÔ 3ÔÏÐ ÂÉÔȡ ρȾςÂÉÔ /ÎÅÓɊ 

 5!24ͺ#42,Ȣ"94%ͺ,%.ψÂÉÔ ɉ5!24ͺ#42,Ȣ"94%ͺ,%.ЀπɊ

ωÂÉÔ ɉ5!24ͺ#42,Ȣ"94%ͺ,%.ЀρɊρÂÉÔ48 48

5!24ͺ#42,Ȣ34/0ͺ,%. 

 ɉ5!24ͺ#42Ȣ#+ͺ%.ЀρɊ ÂÉÔ

-3" ψÂÉÔ χÂÉÔϹρÂÉÔ ωÂÉÔ ψÂÉÔϹρÂÉÔ
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Stop bitBit0 Bit1 Bit2 Bit3 Bit4 Bit5 Bit6 Bit7/PStart bit

Stop bitBit8/PStart bit

Start bit

Next data frame8bit data byte length, 1 stop bit, lsb first

Next data frame9bit data byte length, 1 stop bit, lsb first

Start bit

Bit7/Parity bit according to UART_CTRL.CK_EN

Bit8/Parity bit according to UART_CTRL.CK_EN

Stop bitBit0 Bit1 Bit2 Bit3 Bit4 Bit5 Bit6 Bit8/PStart bit Bit7

Next data frame9bit data byte length, 2 stop bit, lsb first

Start bit

Bit8/Parity bit according to UART_CTRL.CK_EN

IdleIdle

Idle

Idle

Stop bitBit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0Start bit

Stop bitBit0Start bit

Start bit

Next data frame8bit data byte length, 1 stop bit, msb first, no parity bit

Next data frame9bit data byte length, 1 stop bit, lsb first, no parity bit

Start bit

Bit8/Parity bit according to UART_CTRL.CK_EN

IdleIdle

Idle

Bit0 Bit1 Bit2 Bit3 Bit4 Bit5 Bit6 Bit7

Bit8 Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1

Stop bitBit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 PStart bit

Stop bitPStart bit

Start bit

Next data frame8bit data byte length, 1 stop bit, msb first, 1 parity bit

Next data frame9bit data byte length, 1 stop bit, lsb first, 1 parity bit

Start bit

Bit8/Parity bit according to UART_CTRL.CK_EN

IdleIdle

Idle Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

 

ρχȤς 5!24  

17.2.4  

5!24  

Ѐ5!24 Ⱦ ςυφɕ$)6(Ϲ$)6,ϹρɊ 

393ͺ#,+ͺ$)6ς5!24 Ȣ 

5!24 Ѐ ȾɉρϹ393ͺ#,+ͺ$)6ςɊ 

ρχȤρ 5!24  

5!24  393ͺ#,+ͺ$)6ς 5!24ͺ$)6( 5!24ͺ$)6, 

σππ πØπππχ πØω# πØσ& 
φππ πØπππσ πØω# πØσ& 
ρςππ πØπππρ πØω# πØσ& 
ςτππ πØππππ πØω# πØσ& 
τψππ πØππππ πØτ% πØρ& 
ωφππ πØππππ πØςχ πØπ& 
ρωςππ πØππππ πØρσ πØψχ 
σψτππ πØππππ πØπω πØ#σ 
τσπππ πØππππ πØπψ πØ"ψ 
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υφπππ πØππππ πØπφ πØ"ρ 
υχφππ πØππππ πØπφ πØψς 
ρρυςππ πØππππ πØπσ πØτπ 

 

 

17.2.5 ɉ48Ⱦ28Ɋ 

5!24 4Ø 2Ø 4Ø '0)/ 2Ø '0)/

4Ø 2Ø '0)/ 5!245!24

 

'0)/ 4Ø 2Ø )/ 2Ø

4Ø  

17.2.6  

ÍÁÓÔÅÒ ÓÌÁÖÅ

5!24Íͺ48$ 5!24Óͺ28$ 5!24Óͺ48$

5!24Íͺ28$ ρχȤσ 5!24 σ

πØυρȟπØυςȟπØυσ 

    Master

              Slave 0x51

              Slave 0x52

              Slave 0x53

UART_TXD

UART_RXD

UART_TXD

UART_RXD

UART_TXD

UART_RXD

UART_TXD

UART_RXD

 

ρχȤσ 5!24  

5!24

ψÂÉÔ 5!24ͺ!$2

5!24ͺ#42,Ȣ-$ͺ%.Ѐρ -$ͺ%.

ωÂÉÔ 5!24ͺ#42,Ȣ"94%ͺ,%.Ѐρ-3"ɉ")4ψɊρ

ψ ɉ")4χȡ")4πɊ -3"ɉ")4ψɊπ

ψ ɉ")4χȡ")4πɊ  

-3"ɉ")4ψɊЀρ ψ ɉ")4χȡ")4πɊ

5!24ͺ!$2

-3"ɉ")4ψɊЀρ ψ ɉ")4χȡ")4πɊ

5!24ͺ!$2

5!24ͺ#42,Ȣ-$ͺ%.Ѐρ -3"Ѐρ
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5!24ͺ#42,Ȣ-$ͺ%.Ѐρ

5!24ͺ#42,Ȣ-$ͺ%.Ѐρ 5!24ͺ#42,Ȣ-$ͺ%.Ѐρ

 

5!24ͺ#42,Ȣ-$ͺ%.Ѐρ

5!24ͺ!$25!24ͺ)&Ȣ28ͺ$/.%ͺ)&

5!24ͺ)&Ȣ28ͺ$/.%ͺ)&

5!24ͺ)&Ȣ28ͺ$/.%ͺ)&ρ  

ρÂÉÔ ωÂÉÔ

5!24ͺ#42,Ȣ-$ͺ%.Ѐρ5!24ͺ#42,Ȣ#+ͺ%.Ѐρ

5!24ͺ#42,Ȣ"94%ͺ,%.ЀρωÂÉÔ 5!24ͺ#42,Ȣ-$ͺ%. -3" 

ÆÉÒÓÔ5!24ͺ#42,Ȣ")4ͺ/2$%2Ѐρ 

ρχȤτ 5!24 πØπσ

σ πØπσ πØρυρ πØυρ

πØρυσ πØυσ σ

πØπσȟπØυσȟπØπτπØυσ πØρυς

πØπχ πØυς  

0x003 0x151 0x153 0x003 0x053 0x004 0x152 0x007

Data to Nobody

Master sends 

Select slave 0x51

Select slave 0x53

0x03 to 0x53

0x53 to 0x53

0x04 to 0x53

Select slave 0x52

0x07 to 0x52

Mute Normal Mute

Slave 0x51 status

Slave 0x51 receives nothing

Mute Normal

Slave 0x52 status

Slave 0x52 receives 0x07 0x007

0x07 to 0x52

Mute Normal Mute

Slave 0x53 status

Slave 0x53 receives 0x03,0x53,0x04 0x003 0x053 0x004

 

ρχȤτ 5!24  

 

17.2.7  

5!24ͺ#42,Ȣ#+ͺ%.Ѐρ 5!24ͺ#42,Ȣ"94%ͺ,%.

5!24 τ  

ρχȤς 5!24  

"94%ͺ,%. #+ͺ%. 5!24 ÆÒÁÍÅ 

π π ȿ 3ÔÁÒÔ"ÉÔ ȿ ψÂÉÔ ÄÁÔÁ ȿ 3ÔÏÐ"ÉÔ ȿ 
π ρ ȿ 3ÔÁÒÔ"ÉÔ ȿ χÂÉÔ ÄÁÔÁ ȿ 0ÁÒÉÔÙ ȿ 3ÔÏÐ"ÉÔ ȿ 



,+3χφ-#τϋØ 5ÓÅÒ -ÁÎÕÁÌ           

Ò2023             ςχρ 

ρ π ȿ 3ÔÁÒÔ"ÉÔ ȿ ωÂÉÔ ÄÁÔÁ ȿ 3ÔÏÐ"ÉÔ ȿ 
ρ ρ ȿ 3ÔÁÒÔ"ÉÔ ȿ ψÂÉÔ ÄÁÔÁ ȿ 0ÁÒÉÔÙ ȿ 3ÔÏÐ"ÉÔ ȿ 

 

17.3  

17.3.1  

5!24π5!24ρ  

5!24π πØτππρͺρπππ 

5!24ρ πØτππρͺρρππ 

ρχȤσ 5!24  

   

5!24Øͺ#42, πØππ 5!24  

5!24Øͺ$)6( πØπτ 5!24  

5!24Øͺ$)6, πØπψ 5!24  

5!24Øͺ"5&& πØπ# 5!24  

5!24Øͺ!$2 πØρπ τψυ  

5!24Øͺ344 πØρτ 5!24  

5!24Øͺ2% πØρψ 5!24 $-!  

5!24Øͺ)% πØρ# 5!24  

5!24Øͺ)& πØςπ 5!24  

5!24Øͺ)/# πØςτ 5!24 )/ 

 

17.3.2 5!24Øͺ#42, 5!24Ø  ɉØ Ѐ πȟρɊ 

πØτππρͺρππππØτππρͺρρππ 

ȡπØπ 

ρχȤτ 5!24 5!24Øͺ#42, 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 $
5
0
,
%
8

 

,
)
.
ͺ
%
.

 

-
$
ͺ
%
.

 

#
+
ͺ
%
.

 

#
+
ͺ
4
9
0
%

 

"
)
4
ͺ
/
2
$
%
2

 

3
4
/
0
ͺ
,
%
.

 

"
9
4
%
ͺ
,
%
.

 

27 27 27 27 27 27 27 27 

π π π π π π π π 

 

   

ɍσρȡψɎ   

ɍχɎ $50,%8 π  
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πȡ ρȡ   

ɍφɎ ,).ͺ%. 
,). π  

πȡ ρȡ  

ɍυɎ -$ͺ%. 
-ÕÌÔÉȤÄÒÏÐ π  

πȡ ρȡ  

ɍτɎ #+ͺ%. 
π  

πȡ ρȡ  

ɍσɎ #+ͺ490% 
π  

πȡ %6%. ρȡ /$$ 

ɍςɎ ")4ͺ/2$%2 
π  

πȡ,3"ρȡ-3" 

ɍρɎ 34/0ͺ,%. 
π  

πȡρȤ"ÉÔρȡςȤ"ÉÔ 

ɍπɎ "94%ͺ,%. 
π  

πȡψȤ"ÉÔρȡωȤ"ÉÔ 

 

17.3.3 5!24Øͺ$)6( 5!24Ø  ɉØ Ѐ πȟρɊ 

πØτππρͺρππτπØτππρͺρρπτ 

ȡπØπ 

ρχȤυ 5!24 5!24Øͺ$)6( 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

$)6( 

27 

π 

 

   

ɍσρȡψɎ   

ɍχȡπɎ $)6( 
 

"!5$2!4% ЀȾɉρϹςυφɕ 5!24ͺ$)6(Ϲ5!24ͺ$)6,Ɋ 

 

17.3.4 5!24Øͺ$)6, 5!24Ø  ɉØ Ѐ πȟρɊ 

πØτππρͺρππψπØτππρͺρρπψ 

ȡπØπ 

ρχȤφ 5!24 5!24ͺ$)6, 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

$)6, 

27 

π 
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ɍσρȡψɎ   

ɍχȡπɎ $)6, 
 

"!5$2!4% Ѐ ȾɉρϹςυφɕ 5!24ͺ$)6(Ϲ5!24ͺ$)6,Ɋ 

 

17.3.5 5!24Øͺ"5&& 5!24Ø  ɉØ Ѐ πȟρɊ 
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18 DMA 

18.1  

$-! #05  

ρψȤρ $-! #05

!$#Ⱦ$!#Ⱦ30)Ⱦ)ς#Ⱦ-#07-Ⱦ5!24Ⱦ4ÉÍÅÒȾ'0)/Ⱦ(ÁÌÌȾ32!-#05$-!  

ARM CortexTM M0
processor

4Channel DMA

Flash

RAM

Debug 
interface

UART x2

I2C x1

SPI x1

GPIO

MCPWM

TIMER x4, QEP x2

ADC x1

OPA x4

Comparator x3

HALL

8MHz RC

32kHz RC

96MHz
PLL

IWDG
Power-on Reset

Voltage Regulator

Brown-out Detector

STORAGE

ANALOG INTERFACE

SERIAL INTERFACE

External
IRQ

External
Wakeup

Key  Reset

CLOCK MANAGEMENT

POWER MANAGEMENT

SYSTEM CTRL

I/O

TIMER & TRIGGER

DAC x2

 

ρψȤρ ÍÕÌÔÉȤÌÁÙÅÒ !(" 

 

$-! τ $-!
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$-! ψȟ ρφσς ÂÉÔ ɉÂÙÔÅȟ ÈÁÌÆȤ×ÏÒÄȟ ÏÒ ×ÏÒÄɊ 

$-!ͺ##2ØȢ3"47$-!ͺ##2ØȢ$"47
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DINC=0
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Source Address Offset 0x0
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Destination Address Offset 0x0

Source Address Offset 0x4
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Destination Address Offset 0x0
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Source Address Offset 0x4
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Destination Address Offset 0x0
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Destination Address Offset 0xC
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$-!ͺ2%.ØȢ37ͺ42)'Ѐρρ

$-!
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$-!  
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$-!ͺ2%.ØȢ37ͺ42)' $-!  

!$# 

!$# $-! !$#
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DMA
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SW trigger 0

HW request 0
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DSP
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SPI TX

MCPWM
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UART RX
UART TX
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SIF
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High priority

Low priority

 

ρψȤχ $-!  

18.4  

$-! $-! $-!

$-! $-! !$#

!$# !$# $-! $-!

5!24Ⱦ30)Ⱦ)ς# ÂÙÔÅ  

#05 $-! Ⱦ32!- Ⱦ32!-

 

 

18.5  

$-! $-! $-! $-!



,+3χφ-#τϋØ 5ÓÅÒ -ÁÎÕÁÌ           

Ò2023             ςψτ 
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/
ͺ
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%
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-
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4
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2
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ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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ɍσρɎ 372ͅ%.  

ɍσπɎ   

ɍςωɎ '0)/ͺ2%. '0)/  

ɍςψȡςχɎ   

ɍςφɎ #-02ͅ%.  

ɍςυɎ 3)&ͺ2%. 3)&  

ɍςτɎ (!,,ͺ2%. (!,,  
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ɍςσȡςπɎ   

ɍρωɎ 5!24ρͺ48ͺ2%. 5!24ρ  

ɍρψɎ 5!24ρͺ28ͺ2%. 5!24ρ  

ɍρχɎ 5!24πͺ48ͺ2%. 5!24π  

ɍρφɎ 5!24πͺ28ͺ2%. 5!24π  

ɍρυɎ )ς#πͺ48ͺ2%. )ς#π  

ɍρτɎ )ς#πͺ28ͺ2%. )ς#π  

ɍρσɎ -#07-ρͺ2%. -#07-ρ  

ɍρςɎ -#07-πͺ2%. -#07-π  

ɍρρɎ 30)ͺ48ͺ2%. 30)  

ɍρπɎ 30)ͺ28ͺ2%. 30)  

ɍωȡψɎ   

ɍχɎ 4)-%2σͅ2%. 4)-%2σ  

ɍφɎ 4)-%2ςͺ2%. 4)-%2ς  

ɍυɎ 4)-%2ρͺ2%. 4)-%2ρ  

ɍτɎ 4)-%2πͺ2%. 4)-%2π  

ɍσɎ $30ͺ2%. $30  

ɍςɎ   

ɍρɎ !$#ρͺ2%. !$#ρ  

ɍπɎ !$#πͺ2%. !$#π  

 

ɕ 393ͺ!&%ͺ).&/Ȣ6%23)/.ЃЀσ 3)&ͺ2%.393ͺ!&%ͺ).&/Ȣ6%23)/.Ѐτ

3)&ͺ2%.  

$-!

$-!ͺ2%.ØȢ37ͺ42)'ρ

$-! $-! /2 $-!

$-! $-!ͺ2%.ØȢ37ͺ42)'$-!

 

#-0 #-0 $-!

 

$-!ͺ2%.Ø $-!  

18.6.5.3 $-!πͺ#4-3Ø ɉ Ø Ѐ πȟρȟςȟσɊ 

ȡπØτππρͺρςπψπØτππρͺρςςψπØτππρͺρςτψπØτππρͺρςφψ 

ȡπØπ 

ρψȤψ $-! $-!πͺ#4-3Ø 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

4-3 

27 

π 
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ɍχȡπɎ 4-3 $-! Ø  

 

$-!ͺ#4-3Ø $-!ͺ##2ØȢ%.Ѐπ  

$-!ͺ#42,Ѐρ$-!ͺ##2ØȢ%.Ѐπ #4-3Ø $-!

 

$-!ͺ##2ØȢ2-/$%Ѐπρ $-!ͺ#4-3  

$-!ͺ##2ØȢ2-/$%Ѐρ$-!ͺ#4-3  

 

ρφ σς $-!ͺ#4-3ØЀρφ$-!ͺ##2ØȢ2-/$%Ѐπ

$-! ρφÂÉÔЀςÂÙÔÅ σςÂÉÔЀτÂÙÔÅ ρφ

σςÂÙÔÅ φτÂÙÔÅ 

#4-3Ȣ2/5.$ Ѐρ π  

$-!ͺ##2ØȢ#)2#Ѐρ $-!ͺ#4-3Ø

$-!ͺ#4-3Ø$-!ͺ#4-3ØЀρ$-!ͺ##2ØȢ2-/$%Ѐρ

 

$-!ͺ##2ØȢ2-/$%Ѐρ$-!ͺ#4-3Ø $-!

$-!ͺ#4-3ØЀτ

$-!ͺ#4-3Øτ σȟςȟρȣ π $-! τ

$-!ͺ#4-3Ø $-!ͺ##2ØȢ2-/$%Ѐπ$-!ͺ#4-3Ø

$-!

$-!ͺ#4-3Ø  

$-! $-!ͺ#4-3Ø

$-!ͺ#4-3Ø π  

 

 ῇ
DMA_CTMSx

/

ᵣ

꜠
CCRx.EN = 0

RMODE/

/ᵣ

ᶕ
CCRx.EN 

= 1

CTMS ҿ

√ẅ

CTMS: ⁯
4,3,2,1...

CTMS:◐ᵯ

( )

RMODE=1

( )

RMODE=0

( )

ρψȤψ $-!  

18.6.5.4 $-!πͺ3!$2Ø ɉ Ø Ѐ πȟρȟςȟσɊ 

ȡπØτππρͺρςπ#πØτππρͺρςς#πØτππρͺρςτ#πØτππρͺρςφ# 
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ȡπØπ 

ρψȤω $-! $-!πͺ 3!$2Ø 

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

!$$2 

27 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

!$$2 

27 

π 

 

   

ɍσρȡπɎ !$$2 $-! Ø  

 

$-!ͺ##2ØȢ3"47ЀςȭÂπρρφÂÉÔ $-!ͺ3!$2ØȢ!$$2ɍπɎ

ς  

$-!ͺ##2ØȢ3"47ЀςȭÂρπ σςÂÉÔ

$-!ͺ3!$2ØȢ!$$2ɍρȡπɎ τ  

ȡ$-!ͺ3!$2Ø $-!ͺ##2ØȢ%.Ѐπ  

18.6.5.5 $-!πͺ$!$2Ø ɉ Ø Ѐ πȟρȟςȟσɊ 

ȡπØτππρͺρςρππØτππρͺρςσππØτππρͺρςυππØτππρͺρςχπ 

ȡπØπ 

ρψȤρπ $-! $-!πͺ$!$2Ø 

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

!$$2 

27 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

!$$2 

27 

π 

 

   

ɍσρȡπɎ !$$2 $-! Ø  

 

$-!ͺ##2ØȢ$"47ЀςȭÂπρρφÂÉÔ $!$2ØȢ !$$2ɍπɎ

ς  

$-!ͺ##2ØȢ$"47ЀςȭÂρπσςÂÉÔ $!$2ØȢ !$$2ɍρȡπɎ

τ  
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ȡ$-!ͺ$!$2Ø $-!ͺ##2ØȢ%.Ѐπ  
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19 DSP 

19.1  

$30 $30

ÌÏÁÄȾÓÔÏÒÅ

 

$30  

$30 #/$% -%- $!4! -%- $30

!2- #ÏÒÔÅØ -π$30πͺ3#Ȣ0!53%$Ѐπ$30 #/$% -%-$!4! 

-%- $30 #05  

$30 !2- #ÏÒÔÅØ -π#05 $30

$30πͺ3#Ȣ0!53%$Ѐρ$30 $30

#/$% -%-$!4! -%-#05 $30

#05 $30  

$30 ɉ#/$% -%-Ɋ ɉ$!4! -%-Ɋ$30

$30πͺ3#Ȣ0!53%$Ѐρ#05 $30

#05 $30 $30#/$% -%-$!4! -%-$30

$30 #05 $!4! -%-

$30 $30 $30  

$30 $30 #05 $30 $30

#05 $30  
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19.1.1  

ALU

CODE MEM

DATA MEM

REGs

Program Fetching Unit

Instruction Decoder

Divider

CORDIC

SQRT

Adder

Shifter

General Purpose 
Registers

BUS ACCESS

512x16

64x32

DSP_paused

0

1

0

1

 

ρωȤρ $30  

19.1.2 $30  

ρωȤρ $30  

2ÅÇÉÓÔÅÒ "ÉÔ 7ÉÄÔÈ 5ÓÁÇÅ 

2π σς !Ì×ÁÙÓ ÒÅÁÄ ÁÓ π 
2ρ σς  
2ς σς  
2σ σς  
2τ σς  
2υ σς  
2φ σς !2#4!. ÍÏÄÕÌÅ ÄÅÓÔÉÎÁÔÉÏÎ  
2χ σς -!# ÒÅÓÕÌÔ Ⱦ $)6 ÄÉÖÉÄÅÎÄ  
0# ρφ 0ÒÏÇÒÁÍ #ÏÕÎÔÅÒ 

 

2π π π 2π

 

!$$ 2π 2π 2π ./0 

-!# 2ρ 2ς 2π -5, 2ρ 2ς π  

2φ !2#4!.  

2χ -!# $)6  

τ
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19.1.3  

σς σς  

σς ρφ  

σς σς  

#/2$)# ρφ 1ρυ  

$30 #05 $30

 

π π  

πØψπππͺππππȤρ σςÂÉÔ

πØχÆÆÆͺÆÆÆÆ 

 ρωȤς  

 $30πͺ$)$  $30πͺ$)3 $30πͺ15/ $30πͺ2%- 

(%8 $%# (%8 $%# (%8 $%# (%8 $%# 

πØχ&&&ͺ&&&& ςσρȤρ πØψπππͺππππ Ȥςσρ πØπ π πØχ&&&ͺ&&&& ςσρȤρ 
πØχ&&&ͺ&&&& ςσρȤρ πØχ&&&ͺ&&&& ςσρȤρ πØρ ρ πØπ π 
πØψπππͺππππ Ȥςσρ πØχ&&&ͺ&&&& ςσρȤρ πØ&&&&ͺ&&&&  Ȥρ πØ&&&&ͺ&&&& Ȥρ 
πØψπππͺππππ Ȥςσρ πØψπππͺππππ Ȥςσρ πØρ ρ πØπ π 
πØψπππͺππππ Ȥςσρ πØ&&&&ͺ&&&& Ȥρ πØχ&&&ͺ&&&& ςσρȤρ πØπ π 
πØχ&&&ͺ&&&& ςσρȤρ πØ&&&&ͺ&&&& Ȥρ πØψπππͺπππρ ρȤςσρ πØπ π 
πØρςστ τφφπ πØπ π πØπ π πØρςστ τφφπ 
ȤπØρςστ Ȥτφφπ πØπ π πØπ π ȤπØρςστ Ȥτφφπ 

 

#/2$)# πȢρϷ  

19.1.4  

ρς ωφ-(Ú  

ψ ωφ-(Ú  

ςπ ωφ-(Ú  

 

19.1.5  

ρωȤσ $30  

  #05  $30  Ⱦ  

#
/
$
%

 

$30 #ÏÄÅ -ÅÍÏÒÙ πØτππρͺςπππ ͯ πØτππρͺςχ&& 
#/$%

πØπͯπØρ&& 
υρς Ø ρφÂÉÔ 

$
!
4
! 

 
πØτππρͺςψππ ͯ 

πØτππρͺς%&& 
  

$30 $ÁÔÁ -ÅÍÏÒÙ πØτππρͺς&ππ ͯ $!4! πØπͯπØσ" φπ Ø σςÂÉÔ 
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πØτππρͺς&%& 

$30πͺ0$) πØτππρͺς&&π $!4! πØσ# '0)/ͺ0$) 

$30πͺ"322 πØτππρͺς&&τ $!4! πØσ$ '0)/ͺ0$/  

$30πͺ"22Ⱦ$30πͺ/0 πØτππρͺς&&ψ $!4! πØσ% 
'0)/ͺ0$/ Ⱦ$30

 

$30πͺ#,Ⱦ$30πͺ2%3 πØτππρͺς&&# $!4! πØσ& #,ͺ/54054Ⱦ$30  

2
%
' 

$30  πØτππρͺσπππ ͯ πØτππρͺσχ&&   

 

 πØτππρͺσψππ ͯ πØτππρͺσ&&&   

 

$30 τ ςË"

#/$% -%-$!4! -%- ςË" #/$% -%-

$30 32!- $!4! -%-

$30 32!- #05

$30  

#/$% -%- ρφ ×ÏÒÄ τ  

#/$% -%-$!4! -%- ×ÏÒÄ σςÂÉÔ σςÂÉÔ 

$30 $30

$30#/$% -%-$!4! -%- #/$)# $)6 3124

$30 $30πͺ3#Ȣ0!53%$Ѐρ $30

$30 #05 $30

$30πͺ3#Ȣ0!53%$Ѐπ $30  

$30 #05 $30 $30πͺ3#Ȣ0!53%$

ρȟ $30πͺ3#Ȣ0!53%$Ѐρ$30

$30 )21 $30  

#05 $30 $30 ÄÁÔÁ -ÅÍÏÒÙ  

 ρωȤτ $30 ÄÁÔÁ ÍÅÍÏÒÙ  

$30 
 

$30 #05 
 

#05 

2ÅÁÄ 7ÒÉÔÅ 2ÅÁÄ 7ÒÉÔÅ 

π $ÁÔÁɍπɎ $ÁÔÁɍπɎ πØτππρͺς&ππ $ÁÔÁɍπɎ $ÁÔÁɍπɎ 
ρ $ÁÔÁɍρɎ $ÁÔÁɍρɎ πØτππρͺς&πτ $ÁÔÁɍρɎ $ÁÔÁɍρɎ 
ς $ÁÔÁɍςɎ $ÁÔÁɍςɎ πØτππρͺς&πψ $ÁÔÁɍςɎ $ÁÔÁɍςɎ 

ȣ
 

ȣ
 

ȣ
 

ȣ
 

ȣ
 

ȣ
 

πØσ" $ÁÔÁɍυωɎ $ÁÔÁɍυωɎ πØτππρͺς&%# $ÁÔÁɍυωɎ $ÁÔÁɍυωɎ 
πØσ# $30πͺ0$)  πØτππρͺς&&π   
πØσ$  $30πͺ"322 πØτππρͺς&&τ   
πØσ% $30πͺ/0 $30πͺ"22 πØτππρͺς&&ψ $30πͺ/0 $30πͺ/0 
πØσ& $30πͺ#, $30πͺ2%3 πØτππρͺς&&# $30πͺ2%3 $30πͺ2%3 

$ÁÔÁɍÎɎ$30 $!4! -ÅÍÏÒÙÎ ×ÏÒÄ 

$30πͺ2%3 $30 ÄÁÔÁ ÍÅÍÏÒÙπØσ&×ÏÒÄ ×ÏÒÄ $ÁÔÁɍφσɎ
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#05 πØτππρͺς&&# $30πͺ2%3 #05

$30πͺ2%3 $30 $30 $30 πØσ& $30πͺ#,

πØσ& $30πͺ2%3  

$30πͺ/0$30 ÄÁÔÁ ÍÅÍÏÒÙπØσ%×ÏÒÄ ×ÏÒÄ #05

πØτππρͺς&&ψ $30πͺ/0 #05 $30πͺ/0

$30 $30 $30 πØσ$ $30πͺ/0$30 πØσ$

$30πͺ"22 '0)/  

19.1.6 #05ȟ '0)/ȟ #, 

$30 $!4! τ ×ÏÒÄ $!4! -ÅÍÏÒÙ 

$30 πØσ# $!4! -ÅÍÏÒÙ $30πͺ0$) 

$30 $!4! -%-πØσ$πØσ% '0)/Øͺ"322

'0)/Øͺ"22 '0)/ͺ0$/ '0)/ $30

 

$30 $!4! -%-πØσ& #,ͺ/54054 

πØσ%πØσ& #05$30 $30 $30πͺ/0

#05 $30 $30 $30πͺ2%3 $30

#05 $30 $-! $30

$30πͺ3#Ȣ)&$30πͺ3#Ȣ0!53%$$30 $30

$30  

19.2  

19.2.1  

$30 πØτππρͺςπππ$30 πØτππρͺσπππ 

ρωȤυ $30  

   

$30πͺ3# πØππ $30  

$30πͺ4(%4! πØπτ $30 ÓÉÎȾÃÏÓ  

$30πͺ8 πØπψ $30 ÁÒÃÔÁÎȾÍÏÄÕÌÅ8  

$30πͺ9 πØπ# $30 ÁÒÃÔÁÎȾÍÏÄÕÌÅ9  

$30πͺ3). πØρπ $30 ÓÉÎȾÃÏÓÓÉÎ  

$30πͺ#/3 πØρτ $30 ÓÉÎȾÃÏÓÃÏÓ  

$30πͺ-/$ πØρψ $30 ÁÒÃÔÁÎ ÓÑÒÔɉ8ςϹ9ςɊ  

$30πͺ!2#4!. πØρ# $30 ÁÒÃÔÁÎ ÁÒÃÔÁÎɉ9Ⱦ8Ɋ  

$30πͺ$)$ πØςπ $30  

$30πͺ$)3 πØςτ $30  

$30πͺ15/ πØςψ $30  

$30πͺ2%- πØς# $30  
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$30πͺ2!$ πØσπ $30  

$30πͺ3124 πØστ $30  

$30πͺ0# πØσψ $30 0ÒÏÇÒÁÍ #ÏÕÎÔ 

 

19.2.2 $30πͺ3# 

πØτππρͺσπππ 

πØς 

ρωȤφ $30 $30πͺ3# 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 $
-
!
ͺ
!
#
#
ͺ
%
.

 

2
% 

)
% 

 2
%
3
%
4
ͺ
0
#

 

#
/
2
$
)
#
ͺ
-
/
$
%

 

0
!
5
3
%
$

 

)
& 

27 27 27 7/ 27 27 27)# 

π π π π π ρ π 

 

   

ɍσρȡρρɎ   

ɍρπɎ $-!ͺ!##ͺ%. 

2%Ѐρ $-! )& 0!53%$2%3%4ͺ0# 

π $-! )& 

ρ $-! )&0!53%$2%3%4ͺ0# 

$-!ͺ!##ͺ%.Ѐρ$30  

ɍωɎ 2% 

$30 $-! 2%Ѐρ )& Ѐρ $-!  

$-! )&

)& 

ɍψɎ )% 
$30 )%Ѐρ)& Ѐρ

)%Ѐπ$30 )21 )&  

ɍχȡτɎ   

ɍσɎ 2%3%4ͺ0# $30 ρ $30 0#π  

ɍςɎ #/2$)#ͺ-/$% #/2$)# ÍÏÄÅȟ πȡ ÁÒÃÔÁÎȟ ρȡ ÓÉÎȾÃÏÓ 

ɍρɎ 0!53%$ 

$30 $30 )21 ÂÉÔρ

ÂÉÔρ ÂÉÔ $30  

π $30 #/$% -%-$!4! -%- $30  

ρ $30 !2- $30

 

$30 #/$% -%- 0!35%$ ρ 

ɍπɎ )& $30 ρ  

 

$30 $30πͺ3#Ȣ0!53%$Ѐρ$30πͺ3#Ȣ#/2$)#ͺ-/$%

#05 #/2$)# ÓÉÎȾÃÏÓ ÍÏÄÅÁÒÃÔÁÎ ÍÏÄÅ#/2$)#

ÓÉÎȾÃÏÓÁÒÃÔÁÎ $30πͺ3#
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$30 #05 $30 $30

#05 $30  

$30πͺ3#Ȣ#/2$)#ͺ-/$%#05 $30 #/2$)# $30

3).ͺ#/3!2#4!. $30πͺ3#Ȣ#/2$)#ͺ-/$% 

#/2$)# ÓÉÎȾÃÏÓ $30πͺ4(%4! ÓÉÎȾÃÏÓ

$30πͺ3).Ⱦ$30πͺ#/3ÁÒÃÔÁÎ $30πͺ8Ⱦ$30πͺ9

ÔÈÅÔÁЀ ÁÒÃÔÁÎ ɉÙȾØɊÍÏÄÕÌÅЀ ÓÑÒÔ ɉØςϹÙςɊ $30πͺ!2#4!.$30πͺ-/$  

19.2.3 $30 ÓÉÎȾÃÏÓ  

#/2$)# ÓÉÎȾÃÏÓÁÒÃÔÁÎ #05 #/2$)#

ÓÉÎȾÃÏÓ $30πͺ3#Ȣ#/2$)#ͺ-/$%ρ #/2$)#ÓÉÎȾÃÏÓ 

19.2.3.1 $30πͺ4(%4! 

πØτππρͺσππτ 

πØπ 

ρωȤχ $30 ÓÉÎȾÃÏÓ  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

4(%4! 

27 

π 

 

   

ɍσρȡρφɎ  ɑρφɑ$30πͺ4(%4!ɍρυɎɒɒ 

ɍρυȡπɎ 4(%4! $30 ÓÉÎȾÃÏÓ  

 

$30πͺ4(%4! ρφ  ɉ Ȥσςχφψ ͯ σςχφχ Ɋ  ɉ ɀʌ ͯ ʌ Ɋ  

19.2.3.2 $30πͺ3). 

πØτππρͺσπρπ 

πØπ 

ρωȤψ $30 ÓÉÎȾÃÏÓ  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

3). 

2/ 

π 

 

   



,+3χφ-#τϋØ 5ÓÅÒ -ÁÎÕÁÌ           

Ò2023             ςωω 

ɍσρȡρφɎ  ɑρφɑ$30πͺ3).ɍρυɎɒɒ 

ɍρυȡπɎ 3). $30 ÓÉÎȾÃÏÓÓÉÎ  

 

$30πͺ3).ρφ ρÂÉÔ ρυÂÉÔ  ɉ ɀρ ͯ ρ Ɋ  

19.2.3.3 $30πͺ#/3 

πØτππρͺσπρτ 

πØπ 

ρωȤω $30 ÓÉÎȾÃÏÓ  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

#/3 

2/ 

π 

 

   

ɍσρȡρφɎ  ɑρφɑ$30πͺ#/3ɍρυɎɒɒ 

ɍρυȡπɎ #/3 $30 ÓÉÎȾÃÏÓÃÏÓ  

 

$30πͺ#/3ρφ ρÂÉÔ ρυÂÉÔ  ɉ ɀρ ͯ ρ Ɋ  

19.2.4 $30 ÁÒÃÔÁÎ  

19.2.4.1 $30πͺ8 

πØτππρͺσππψ 

πØπ 

ρωȤρπ $30 ÁÒÃÔÁÎȾÍÏÄÕÌÅ8  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

8 

27 

π 

 

   

ɍσρȡρφɎ  ɑρφɑ$30πͺ8ɍρυɎɒɒ 

ɍρυȡπɎ 8 $30 ÁÒÃÔÁÎȾÍÏÄÕÌÅ8  

 

$30πͺ8 ρφ 1ρυ ρÂÉÔ ρυÂÉÔ ɉ ɀσςχφψ ͯ 

σςχφχ Ɋ 
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19.2.4.2 $30πͺ9 

πØτππρͺσππ# 

πØπ 

ρωȤρρ $30 ÁÒÃÔÁÎȾÍÏÄÕÌÅ9  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

9 

27 

π 

 

   

ɍσρȡρφɎ  ɑρφɑ$30πͺ9ɍρυɎɒɒ 

ɍρυȡπɎ 9 $30 ÁÒÃÔÁÎȾÍÏÄÕÌÅ9  

 

$30πͺ9ρφ ρÂÉÔ ρυÂÉÔ ɉ ɀσςχφψ ͯ σςχφχ Ɋ  

 

19.2.4.3 $30πͺ-/$ 

πØτππρͺσπρψ 

πØπ 

ρωȤρς $30 ÁÒÃÔÁÎ ÓÑÒÔɉ8ςϹ9ςɊ  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

-/$ 

2/ 

π 

 

   

ɍσρȡρφɎ  π 

ɍρυȡπɎ -/$ $30 ÁÒÃÔÁÎ ÓÑÒÔɉ8ςϹ9ςɊ  

 

$30πͺ-/$ρφ ρφÂÉÔ ɉπͯφυυσυɊ 

19.2.4.4 $30πͺ!2#4!. 

πØτππρͺσπρ# 

πØπ 

ρωȤρσ $30 ÁÒÃÔÁÎÁÒÃÔÁÎɉ9Ⱦ8Ɋ  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

!2#4!. 

2/ 
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π 

 

   

ɍσρȡρφɎ  ɑρφɑ$30πͺ!2#4!.ɍρυɎɒɒ 

ɍρυȡπɎ !2#4!. $30 ÁÒÃÔÁÎÁÒÃÔÁÎɉ9Ⱦ8Ɋ  

 

$30πͺ!2#4!.ρφ  ɉ Ȥσςχφψ ͯ σςχφχ Ɋ  ɉ ɀʌ ͯ ʌ Ɋ  

19.2.5 $30  

19.2.5.1 $30πͺ$)$ 

πØτππρͺσπςπ 

πØπ 

ρωȤρτ $30  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

$)$ 

27 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

$)$ 

27 

π 

 

   

ɍσρȡπɎ $)$ $30  

 

19.2.5.2 $30πͺ$)3 

πØτππρͺσπςτ 

πØπ 

ρωȤρυ $30  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

$)3 

27 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

$)3 

27 

π 
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ɍσρȡπɎ $)3 $30  

 

19.2.5.3 $30πͺ15/ 

πØτππρͺσπςψ 

πØπ 

ρωȤρφ $30  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

15/ 

2/ 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

15/ 

2/ 

π 

 

   

ɍσρȡπɎ 15/ $30  

 

19.2.5.4 $30πͺ2%- 

πØτππρͺσπς# 

πØπ 

ρωȤρχ $30  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

2%- 

2/ 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

2%- 

2/ 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

2%- 

2/ 

π 

 

   

ɍσρȡπɎ 2%- $30  
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#05 $30 $30 $30

σςȾσς ρς

$30πͺ15/$30πͺ2%-#05  

19.2.6 $30  

19.2.6.1 $30πͺ2!$ 

πØτππρͺσπσπ 

πØπ 

ρωȤρψ $30  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

2!$ 

27 

π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

2!$ 

27 

π 

 

   

ɍσρȡπɎ 2!$ $30  

 

19.2.6.2 $30πͺ3124 

πØτππρͺσπστ 

πØπ 

ρωȤρω $30  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

3124 

2/ 

π 

 

   

ɍσρȡρφɎ  π 

ɍρυȡπɎ 3124 $30  

 

#05 $30 $30 $30

σς ψ $30πͺ3124

#05  
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19.2.7 $30πͺ0# 

πØτππρͺσπσψ 

πØπ 

ρωȤςπ $30 $30πͺ0# 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

0# 

27 

π 

 

   

ɍσρȡωɎ   

ɍψȡπɎ 0# 
$30 0#  

$30 0#  

19.2.8 $30πͺ0$) 

$30 $30 $!4! -ÅÍÏÒÙȡπØσ# 

ȡπØπ 

ρωȤςρ $30πͺ0$) 

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

P2.14 P2.7 P2.6 P2.5 P2.4 P2.3 P1.0 P0.15 P0.14 P0.13 P0.12 P0.11 P0.4 P0.3 P0.2 P0.0 

RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

   

ɍσρȡρφɎ   

ɍρυɎ 0ςȢρτ '0)/ςͺ0$)ɍρτɎ 

ɍρτɎ 0ςȢχ '0)/ςͺ0$)ɍχɎ 

ɍρσɎ 0ςȢφ '0)/ςͺ0$)ɍφɎ 

ɍρςɎ 0ςȢυ '0)/ςͺ0$)ɍυɎ 

ɍρρɎ 0ςȢτ '0)/ςͺ0$)ɍτɎ 

ɍρπɎ 0ςȢσ '0)/ςͺ0$)ɍσɎ 

ɍωɎ 0ρȢπ '0)/ρͺ0$)ɍπɎ 

ɍψɎ 0πȢρυ '0)/πͺ0$)ɍρυɎ 

ɍχɎ 0πȢρτ '0)/πͺ0$)ɍρτɎ 

ɍφɎ 0πȢρσ '0)/πͺ0$)ɍρσɎ 

ɍυɎ 0πȢρς '0)/πͺ0$)ɍρςɎ 

ɍτɎ 0πȢρρ '0)/πͺ0$)ɍρρɎ 
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ɍσɎ 0πȢτ '0)/πͺ0$)ɍτɎ 

ɍςɎ 0πȢσ '0)/πͺ0$)ɍσɎ 

ɍρɎ 0πȢς '0)/πͺ0$)ɍςɎ 

ɍπɎ 0πȢπ '0)/πͺ0$)ɍπɎ 

 

 

19.2.9 $30πͺ"322 

$30 $30 $!4! -ÅÍÏÒÙȡπØσ$ 

ȡπØπ 

ρωȤςς $30πͺ"322 

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

P2.14 P2.7 P2.6 P2.5 P2.4 P2.3 P1.0 P0.15 P0.14 P0.13 P0.12 P0.11 P0.4 P0.3 P0.2 P0.0 

WO WO WO WO WO WO WO WO WO WO WO WO WO WO WO WO 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

   

ɍσρȡρφɎ   

ɍρυɎ 0ςȢρτ '0)/ςͺ"322ɍρτɎ 

ɍρτɎ 0ςȢχ '0)/ςͺ"322ɍχɎ 

ɍρσɎ 0ςȢφ '0)/ςͺ"322ɍφɎ 

ɍρςɎ 0ςȢυ '0)/ςͺ"322ɍυɎ 

ɍρρɎ 0ςȢτ '0)/ςͺ"322ɍτɎ 

ɍρπɎ 0ςȢσ '0)/ςͺ"322ɍσɎ 

ɍωɎ 0ρȢπ '0)/ρͺ"322ɍπɎ 

ɍψɎ 0πȢρυ '0)/πͺ"322ɍρυɎ 

ɍχɎ 0πȢρτ '0)/πͺ"322ɍρτɎ 

ɍφɎ 0πȢρσ '0)/πͺ"322ɍρσɎ 

ɍυɎ 0πȢρς '0)/πͺ"322ɍρςɎ 

ɍτɎ 0πȢρρ '0)/πͺ"322ɍρρɎ 

ɍσɎ 0πȢτ '0)/πͺ"322ɍτɎ 

ɍςɎ 0πȢσ '0)/πͺ"322ɍσɎ 

ɍρɎ 0πȢς '0)/πͺ"322ɍςɎ 

ɍπɎ 0πȢπ '0)/πͺ"322ɍπɎ 

19.2.10 $30πͺ"22 

$30 $30 $!4! -ÅÍÏÒÙȡπØσ% 

ȡπØπ 

ρωȤςσ $30πͺ"22 

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



,+3χφ-#τϋØ 5ÓÅÒ -ÁÎÕÁÌ           

Ò2023             σπφ 

P2.14 P2.7 P2.6 P2.5 P2.4 P2.3 P1.0 P0.15 P0.14 P0.13 P0.12 P0.11 P0.4 P0.3 P0.2 P0.0 

RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

   

ɍσρȡρφɎ   

ɍρυɎ 0ςȢρτ '0)/ςͺ"22ɍρτɎ 

ɍρτɎ 0ςȢχ '0)/ςͺ"22ɍχɎ 

ɍρσɎ 0ςȢφ '0)/ςͺ"22ɍφɎ 

ɍρςɎ 0ςȢυ '0)/ςͺ"22ɍυɎ 

ɍρρɎ 0ςȢτ '0)/ςͺ"22ɍτɎ 

ɍρπɎ 0ςȢσ '0)/ςͺ"22ɍσɎ 

ɍωɎ 0ρȢπ '0)/ρͺ"22ɍπɎ 

ɍψɎ 0πȢρυ '0)/πͺ"22ɍρυɎ 

ɍχɎ 0πȢρτ '0)/πͺ"22ɍρτɎ 

ɍφɎ 0πȢρσ '0)/πͺ"22ɍρσɎ 

ɍυɎ 0πȢρς '0)/πͺ"22ɍρςɎ 

ɍτɎ 0πȢρρ '0)/πͺ"22ɍρρɎ 

ɍσɎ 0πȢτ '0)/πͺ"22ɍτɎ 

ɍςɎ 0πȢσ '0)/πͺ"22ɍσɎ 

ɍρɎ 0πȢς '0)/πͺ"22ɍςɎ 

ɍπɎ 0πȢπ '0)/πͺ"22ɍπɎ 

19.2.11 $30πͺ#, 

$30πͺ#, $30 $30 $!4! -ÅÍÏÒÙȡπØσ& 

ȡπØπ 

ρωȤςτ $30πͺ#, 

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

 C
L

_
O

U
T

P
U

T
3 

C
L

_
O

U
T

P
U

T
2 

C
L

_
O

U
T

P
U

T
1 

C
L

_
O

U
T

P
U

T
0 

RO RO RO RO 

0 0 0 0 

 

   

ɍσρȡτɎ   

ɍσɎ #,ͺ/54054σ '0)/πͺ"22ɍτɎ 

ɍςɎ #,ͺ/54054ς '0)/πͺ"22ɍσɎ 

ɍρɎ #,ͺ/54054ρ '0)/πͺ"22ɍςɎ 

ɍπɎ #,ͺ/54054π '0)/πͺ"22ɍπɎ 
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19.2.12 $30πͺ/0 

ȡ πØτππρͺς&&ψ 

ȡπØπ 

ρωȤςυ $30πͺ/0  

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

OPERAND 

RW 

0 

 

   

ɍσρȡπɎ /0%2!.$ $30  

$30πͺ/0$30 $!4! ÍÅÍÏÒÙπØσ% ×ÏÒÄ #05

$30 $30 $30πͺ/0$30πØσ%

$30πͺ"22  

 

19.2.13 $30πͺ2%3 

ȡ πØτππρͺς&&# 

ȡπØπ 

ρωȤςφ $30πͺ2%3 

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

RESULT 

RO 

0 

 

   

ɍσρȡπɎ 2%35,4 $30  

$30πͺ2%3$30 $!4! ÍÅÍÏÒÙπØσ& ×ÏÒÄ

#05 $30 $30 $30πͺ2%3 $30

πØσ& $30πͺ#,  

19.3 $30  

19.3.1 )ÎÓÔÒÕÃÔÉÏÎ 3ÅÔ 3ÕÍÍÁÒÙ 

 ρωȤςχ $30  

/ÐÅÒÁÔÉÏÎ $ÅÓÃÒÉÐÔÉÏÎ !ÓÓÅÍÂÌÅÒ #ÙÃÌÅÓ 
!ÄÄ  !$$    2Äρ  2Óρ  2Óς ρ 
3ÕÂÔÒÁÃÔ  35"    2Äρ  2Óρ  2Óς ρ 
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!ÎÄ  !.$    2Äρ  2Óρ  2Óς ρ 
/Ò  /2    2Äρ  2Óρ  2Óς ρ 

3ÈÉÆÔ 

!ÒÉÔÈÍÅÔÉÃ ÒÉÇÈÔ ÓÈÉÆÔ !32    2Äρ  2Óρ  2Óς ρ 
υÂÉÔ )ÍÍÅÄÉÁÔÅ !32)   2Äρ  2Óρ  ΠЃ)ÍÍЄ ρ 
,ÏÇÉÃÁÌ ÌÅÆÔ ÓÈÉÆÔ ,3,    2Äρ  2Óρ  2Óς ρ 
,ÏÇÉÃÁÌ ÒÉÇÈÔ ÓÈÉÆÔ ,32 2Äρ  2Óρ  2Óς ρ 
υÂÉÔ )ÍÍÅÄÉÁÔÅ ,3,)  2Äρ  2Óρ  ΠЃ)ÍÍЄ ρ 

-ÕÌÔÉÐÌÙ ÁÎÄ 
ÁÃÃÕÍÕÌÁÔÉÏÎ 

 -!# 2Óρ  2Óς  2Óσ ρ 
υÂÉÔ )ÍÍÅÄÉÁÔÅ -!#)  2Óρ  2Óς  ΠЃ)ÍÍЄ ρ 

$ÉÖÉÄÅ  $)6  2Äρ  2Óρ  2Óς ρς 

3ÁÔÕÒÁÔÉÏÎ 
 3!4  2Äρ  2Óρ  2Óς ρ 
τÂÉÔ )ÍÍÅÄÉÁÔÅ 3!4) 2Äρ  ΠЃ)ÍÍρЄ  ΠЃ)ÍÍςЄ ρ 

#ÏÒÄÉÃ 
3).Ⱦ#/3 3).ͺ#/3 2Äρ  2Äς  2Óρ ςπ 
!ÒÃÔÁÎȾ-ÏÄÕÌÅ !2#4!. 2Äρ  2Óρ  2Óς ςπ 

3ÑÕÁÒÅ ÒÏÏÔ 3ÑÕÁÒÅ ÒÏÏÔ 3124 2Äρ  2Óρ ψ 

-ÅÍÏÒÙ ÁÃÃÅÓÓ 

,ÏÁÄ ×ÏÒÄ ,$27) 2Äρ  ΠЃ)ÍÍЄ ρ 
,ÏÁÄ ÄÏÕÂÌÅ ÈÁÌÆ ×ÏÒÄÓ ,$2$() 2Äρ  2Äς  ΠЃ)ÍÍЄ ρ 
3ÔÏÒÅ ×ÏÒÄ 3427) 2Óρ  ΠЃ)ÍÍЄ ρ 
3ÔÏÒÅ ÄÏÕÂÌÅ ÈÁÌÆ ×ÏÒÄÓ 342$() 2Óρ  2Óς  ΠЃ)ÍÍЄ ρ 

"ÒÁÎÃÈ 

5ÎÃÏÎÄÉÔÉÏÎÁÌ *ÕÍÐ *5-0 2Óρ ς 
)ÍÍÅÄÉÁÔÅ *5-0) ΠЃ)ÍÍЄ ς 
*ÕÍÐ ÉÆ ÌÅÓÓ ÔÈÁÎ ÏÒ ÅÑÕÁÌ ÔÏ *,% 2Óρ  2Óς  2Óσ ς 
*ÕÍÐ ÉÆ ÅÑÕÁÌ ÔÏ *%) 2Óρ  2Óς  2Óσ ς 
)ÍÍÅÄÉÁÔÅ *,%) 2Óρ  2Óς  ΠЃ)ÍÍЄ ς 

-ÉÓÃÅÌÌÁÎÅÏÕÓ 'ÅÎÅÒÁÔÅ )21 ÁÎÄ 0ÁÕÓÅ $30 )21  ρ 

 

$30 ρφÂÉÔ ψ σÂÉÔ

σ

τ  ɉ-!#Ɋ 2Ä Ѐ 2Óρɕ2ÓςϹ2Óσ

τ 2Ä 2χ τ !2#4!.Ⱦ$)6

 

19.3.2 !$$ 

19.3.2.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
π π π π π π π 2Óς 2Äρ 2Óρ 

 

19.3.2.2  

!$$  2Äρ  2Óρ  2Óς 

19.3.2.3  

2Äρ Ѐ 2Óρ Ϲ 2Óς  
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2Äρ Ѐ πØχ&&&ͺ&&&& 

2Äρ Ѐ πØψπππͺππππ 

19.3.3 !.$ 

19.3.3.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
π π π π ρ π π 2Óς 2Äρ 2Óρ 

  

19.3.3.2  

!.$  2Äρ  2Óρ 2Óς   

19.3.3.3  

2Äρ Ѐ 2ÓρǪ2Óς  

19.3.4 /2 

19.3.4.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
π π π π ρ ρ π 2Óς 2Äρ 2Óρ 

  

19.3.4.2  

/2  2Äρ  2Óρ 2Óς   

19.3.4.3  

2Äρ Ѐ 2Óρȿ2Óς  

 

19.3.5 35" 

19.3.5.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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π π π ρ π π π 2Óς 2Äρ 2Óρ 

 

19.3.5.2  

35"  2Äρ  2Óρ  2Óς 

19.3.5.3  

2Äρ Ѐ 2Óρ ɀ 2Óς 

 

2Äρ Ѐ πØχ&&&ͺ&&&& 

2Äρ Ѐ πØψπππͺππππ 

19.3.6 !32 

19.3.6.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
π π ρ π π π π 2Óς 2Äρ 2Óρ 

 

19.3.6.2  

!32  2Äρ  2Óρ  2Óς 

19.3.6.3  

2Äρ Ѐ 2Óρ ЄЄ 2Óς 

πͯσρ ÂÉÔ 

19.3.7 !32) 

19.3.7.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
π π ρ π ρ )ÍÍ 2Äρ 2Óρ 

 

υÂÉÔ πͯσρȢ 
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19.3.7.2  

!32) 2Äρ  2Óρ  )ÍÍ 

19.3.7.3  

2Äρ Ѐ 2Óρ ЄЄ )ÍÍ 

πͯσρ ÂÉÔ 

19.3.8 ,3, 

19.3.8.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
π π ρ ρ π π π 2Óς 2Äρ 2Óρ 

 

19.3.8.2  

,3,  2Äρ  2Óρ  2Óς 

19.3.8.3  

2Äρ Ѐ 2Óρ ЃЃ 2Óς 

πͯσρ ÂÉÔ 

19.3.9 ,32 

19.3.9.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
π π ρ ρ π ρ π 2Óς 2Äρ 2Óρ 

 

19.3.9.2  

,3,  2Äρ  2Óρ  2Óς 

19.3.9.3  

2Äρ Ѐ 2Óρ ЄЄ 2Óς 

πͯσρ ÂÉÔ 
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19.3.10 ,3,) 

19.3.10.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
π π ρ ρ ρ )ÍÍ 2Äρ 2Óρ 

 

υÂÉÔ πͯσρȢ 

19.3.10.2  

,3,)  2Äρ  2Óρ  )ÍÍ 

19.3.10.3  

2Äρ Ѐ 2Óρ ЃЃ )ÍÍ 

πͯσρ ÂÉÔ 

19.3.11 -!# 

19.3.11.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
π ρ π π π π π 2Óσ 2Óς 2Óρ 

 

19.3.11.2  

-!#  2Óρ  2Óς  2Óσ 

19.3.11.3  

2Äχ Ѐ 2Óρ ϼ 2Óς Ϲ 2Óσ  

 

2Äχ Ѐ πØχ&&&ͺ&&&& 

2Äχ Ѐ πØψπππͺππππ 

2Óρ2Óςσς 2Óσσς 2Óσ2π -!#

-5,  
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19.3.12 -!#) ɉÒÅÓÅÒÖÅÄɊ 

$30  

19.3.12.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
π ρ π π ρ )ÍÍ 2Óς 2Óρ 

 

υÂÉÔ ȤρφͯρυȢ 

19.3.12.2  

-!#)  2Óρ  2Óς  )ÍÍ 

19.3.12.3  

2Äχ Ѐ 2Óρ ϼ 2Óς Ϲ )ÍÍ  

 

2Äχ Ѐ πØχ&&&ͺ&&&& 

2Äχ Ѐ πØψπππͺππππ 

19.3.13 $)6 

19.3.13.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
π ρ π ρ π π π 2Äς 2Äρ 2Óρ 

 

19.3.13.2  

$)6  2Äς  2Äρ  2Óρ 

19.3.13.3  

2Äρ Ѐ 2χȾ2Óρȟ 2Äς Ѐ 2χ Ϸ 2Óρ 

ρς $30

ÌÏÎÇȤÐÉÐÅÌÉÎÅ

$30

$30
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2χ2Óρ2Äρ2Äς σς 2χ  

19.3.14 3!4 

19.3.14.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
π ρ ρ π π π π 2Óς 2Äρ 2Óρ 

 

19.3.14.2  

3!4  2Äρ  2Óρ  2Óς 

19.3.14.3  

)Æ ɉ2ÄρЃ2ÓρɊ 2ÄρЀ2ÓρȠ ÅÌÓÅ ÉÆ ɉ2ÄρЄ2ÓςɊ 2ÄρЀ2Óς 

19.3.15 3!4) ɉÒÅÓÅÒÖÅÄɊ 

$30  

19.3.15.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
π ρ ρ π ρ )ÍÍς )ÍÍρ 2Óρ 

 

19.3.15.2  

3!4)  2Äρ  )ÍÍρ  )ÍÍς 

19.3.15.3  

)Æ ɉ2ÄρЃ)ÍÍρɊ 2ÄρЀ)ÍÍρȠ ÅÌÓÅ ÉÆ ɉ2ÄρЄ)ÍÍςɊ 2ÄρЀ)ÍÍς 

19.3.16 3).ͺ#/3 

19.3.16.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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π ρ ρ ρ π π π 2Äς 2Äρ 2Óρ 

 

19.3.16.2  

3).ͺ#/3  2Äρ  2Äς  2Óρ 

19.3.16.3  

3ÉÎȾÃÏÓςπ $30  

2ÄρЀÃÏÓ ɉ2ÓρɊȠ 2ÄςЀÓÉÎ ɉ2ÓρɊ 

19.3.17 !2#4!. 

19.3.17.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
π ρ ρ ρ ρ π π 2Óς 2Äρ 2Óρ 

19.3.17.2  

!2#4!.  2Äρ  2Óρ  2Óς 

19.3.17.3  

!2#4!.ςπ $30  

2ÄρЀ ÁÒÃÔÁÎɉ2ÓςȾ2ÓρɊȠ 2φ Ѐ ÓÑÒÔɉ2ÓρͮςϹ2ÓςͮςɊ 

19.3.18 3124 

19.3.18.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
ρ π π ρ π π π π π π 2Äρ 2Óρ 

 

19.3.18.2  

3124  2Äρ  2Óρ 

19.3.18.3  

ψ $30  
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2Äρ Ѐ ÓÑÒÔɉ2ÓρɊ 

19.3.19 ,$27) 

19.3.19.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
ρ π ρ π )ÍÍ 2Äρ π π π 

 

19.3.19.2  

,$27)  2Äρ  )ÍÍ 

19.3.19.3  

2ÄρЀ×ÏÒÄɉ32!-ɍÉÍÍɎɊ 

,ÏÁÄ ÌÏÁÄ

ÌÏÁÄ #05 ς  

ÉÍÍ πͯφσ $30 ÄÁÔÁ ÍÅÍφτ σςÂÉÔ ×ÏÒÄ 

19.3.20 ,$2$() 

19.3.20.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
ρ ρ ρ ρ )ÍÍ 2Äρ 2Äς 

 

19.3.20.2  

,$2$()   2Äρ  2Äς  )ÍÍ 

19.3.20.3  

,$2$()  2Äρ   2Äς 

ɑ2Äρȟ2ÄςɒЀ ×ÏÒÄɉ32!-ɍ)ÍÍɎɊȟ  

ÄÁÔÁ ÍÅÍσςÂÉÔ ρφ σς 2Äρ 

ρφ σς 2Äς 

ÉÍÍ πͯφσ $30 ÄÁÔÁ ÍÅÍφτ σςÂÉÔ ×ÏÒÄ 
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19.3.21 3427) 

19.3.21.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
ρ π ρ ρ )ÍÍ π π π 2Óρ 

 

19.3.21.2  

3427)  2Óρ  )ÍÍ 

19.3.21.3  

×ÏÒÄɑ32!-ɍÉÍÍɎɒЀ2Óρ 

3ÔÏÒÅ 3ÔÏÒÅ

ÄÁÔÁ ÍÅÍÏÒÙ3ÔÏÒÅ

ÌÏÁÄ 342

,$2 !$$ 2π 2π 2π ÂÕÂÂÌÅ 

ÉÍÍ πͯφσ $30 ÄÁÔÁ ÍÅÍφτ σςÂÉÔ ×ÏÒÄ 

19.3.22 342$() ɉÒÅÓÅÒÖÅÄɊ 

$30  

19.3.22.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
ρ π π π )ÍÍ 2Óρ 2Óς 

 

19.3.22.2  

342$()  2Óρ  2Óς  )ÍÍ 

19.3.22.3  

×ÏÒÄɑ32!-ɍÉÍÍɎɒЀɑ2Óρȟ 2Óςɒ 

ÉÍÍ πͯφσ $30 ÄÁÔÁ ÍÅÍφτ σςÂÉÔ ×ÏÒÄ 
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19.3.23 *5-0) 

19.3.23.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
ρ ρ π π ρ π )ÍÍ 

 

19.3.23.2  

*5-0)  )ÍÍ 

19.3.23.3  

0# Ѐ 0# Ϲ ρ Ϲ )-- 

19.3.24 *,% 

19.3.24.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
ρ ρ π ρ π π π 2Óσ 2Óς 2Óρ 

 

19.3.24.2  

*,%   2Óρ  2Óς  2Óσ 

19.3.24.3  

0# Ѐ 0# Ϲ ρ Ϲ 2Óσȟ ÉÆ ɉ 2Óρ ЃЀ 2Óς Ɋ 

19.3.25 *%) 

19.3.25.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
ρ ρ π π π )ÍÍ 2Óς 2Óρ 

 

19.3.25.2  

*%)  2Óρ  2Óς  )ÍÍ 
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19.3.25.3  

0# Ѐ 0# Ϲ ρ Ϲ )--ȟ ÉÆ ɉ 2Óρ ЀЀ 2Óς Ɋ 

19.3.26 *,%) 

19.3.26.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
ρ ρ π ρ ρ )ÍÍ 2Óς 2Óρ 

 

19.3.26.2  

*,%)  2Óρ  2Óς  )ÍÍ 

19.3.26.3  

0# Ѐ 0# Ϲ ρ Ϲ )--ȟ ÉÆ ɉ 2Óρ ЃЀ 2Óς Ɋ 

19.3.27 )21 

19.3.27.1  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
ρ ρ ρ π π π π π π π π π π π π π 

 

19.3.27.2  

)21 

19.3.27.3  

)21 #05 $30  

19.3.28 2  

19.3.28.1  
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19.3.28.2  

2υ πØυυυυ   Π !ÓÓÉÇÎ πØυυυυ ÔÏ 2υ 

2ρ ςπ    Π !ÓÓÉÇÎ ςπ ÔÏ 2ρ  

19.3.28.3  

$30 %ÍÕÌÁÔÏÒ $30 2ρͯ2χ

 

19.3.29 "2%!+  

19.3.29.1  

 

19.3.29.2  

"2%!+ 

19.3.29.3  

$30 %ÍÕÌÁÔÏÒ $30 2ρͯ2χ

 

19.3.30 %.$  

19.3.30.1  

 

19.3.30.2  

%.$ 

19.3.30.3  

$30 %ÍÕÌÁÔÏÒ
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19.4  

19.4.1  

$30 $!4! -%- 342,$2 φÂÉÔ

$!4! -%-  

$!4! -%- πØπρπππρπππØπ

πØσπππυππππØρ πØπππσ&&&ψπØς  

,$2$() 2ρ 2ς πØρ2ρȟ2ς 2ρЀπØσπππ2ςЀπØυπππ 

 3427) 2σ πØσ2σ σςÂÉÔ πØσ πØ&&&&%πππ 

$30 ρ τ"ÙÔÅ #05 τ

τ"ÙÔÅ #05 $30 $!4! -%- $30πͺ$!4!ͺ-%-ͺ"!3%ϹÏÆÆÓÅÔɕτ

$!4! -%- πØσπππυπππ#05

πØτππρͺτψπτ πØπππσ&&&ψ#05 πØτππρͺτψπψ 

$!4! -%- 

    πØππρπππρπ 

    πØσπππυπππ  

    πØπππσ&&&ψ 

    πØ&&&&%πππ 

    πØσπππτπππ 

    πØχ&&&&&&& 

    πØχ&&&&&&& 

    πØ&ππππππσ 

    πØππππχ&&&  Π ψ 

    πØππππψπππ 

    πØψπππππππ 

    πØππππππππ 

19.4.2  

$30  

ρπ ωφ-(Ú  

ψ ωφ-(Ú  

ςπ ωφ-(Ú  
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$30 $30

!$$ 2π 2π 2π./0

 

3).ͺ#/3 2ρ 2ς 2σ 

!$$ 2π 2π 2π 

!$$ 2π 2π 2π 

!$$ 2π 2π 2π 

!$$ 2π 2π 2π 

!$$ 2π 2π 2π 

!$$ 2π 2π 2π 

!$$ 2π 2π 2π 

,$27) 2τ πØρπ 

-!# 2ρ 2τ 2π 

 

19.4.3  

$30πͺ0$)$30πͺ"322$30πͺ"22 $30 '0)/

#05 $30

$30 $30

5!24 5!24 ρÂÉÔ Ϲρ ϹρÂÉÔ $30

$30πͺ"322$30πͺ"22 '0)/ͺ0$/

#05Ⱦ$-! 5!24 $30

$30πͺ0$) π 5!24

$30πͺ0$) 5!24  

$30 30))ς#  
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20 IWDG  

20.1  

σςË(Ú 2#ɉ,2#Ⱦ,3)Ɋ

 

ςρÂÉÔ

-#5

0,,Ⱦ(2# ,2#

 

πØψ

)7$'ͺ24( )7$'ͺ74( )7$'

)7$' )7$')7$'ͺ24(

)7$' )7$' )7$'

-#5  

Time

IWDG_CNT

IWDG_WTH

Wakeup 
interval

IWDG_RTH

7

Reset interval

Wake up from sleep IWDG reset IWDG reload due to dog feeding

 

ςπȤρ )7$'  

 

4ÉÍÅÏÕÔ)7$'ЀÔ,2#ϼɉ)7$'ͺ24(ȤχɊ 
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7ÁËÅÕÐ)7$' Ѐ Ô,2#ϼɉ)7$'ͺ24(  )7$'ͺ74(Ɋ 

4ÉÍÅÏÕÔ)7$' 7ÁËÅÕÐ)7$' Ô,2#

,2# ρȾσςË(ÚЀσρȢςυÕ3)7$'ͺ24( )7$'ͺ74(

 

)7$'ͺ24(ЀπØππρπππ τπωφȾσςË(ÚЂρςψÍÓ 

)7$'ͺ24(ЀπØρ&&πππ υρρϼτπωφȾσςË(ÚЂφτÓ 

2# 2#

ϻυπϷ 

20.2  

20.2.1  

)7$' πØτππρρχππ 

ςπȤρ  

   

)7$'ͺ037 πØππ  

)7$'ͺ#&' πØπτ  

)7$'ͺ#,2 πØπψ  

)7$'ͺ74( πØπ#  

)7$'ͺ24( πØρπ  

)7$'ͺ#.4 πØρτ  

 

20.2.2 )7$'ͺ037  

ȡπØτππρͺρχππ 

ȡπØπ 

ςπȤς )7$'ͺ037  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

037 

7/ 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ 037 

πØ!φ"τ )7$'ͺ#,2Ⱦ )7$'ͺ24(

)7$'ͺ#,2)7$'ͺ24(

)7$'ͺ#,2Ⱦ )7$'ͺ24(  
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20.2.3 )7$'ͺ#&'  

ȡπØτππρͺρχπτ 

ȡπØπππρ 

ςπȤσ )7$'ͺ#&'  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

$
7
+
ͺ
%
.

 

 

7
$
'
ͺ
%
.

 

27 27 

π ρ 

 

   

ɍσρȡυɎ   

ɍτɎ $7+ͺ%. πȡ ρȡ  

ɍσȡρɎ   

ɍπɎ 7$'ͺ%. 

πȡ ρȡ ρ π

ɍρυȡψɎπØσ#

 

)7$'ͺ#&' )7$'ͺ037  

20.2.4 )7$'ͺ#,2  

ȡπØτππρͺρχπψ 

ȡπØπ 

ςπȤτ )7$'ͺ#,2  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

)7$'ͺ#,2 

7/ 

π 

 

   

ɍσρȡρφɎ   

ɍρυȡπɎ )7$'ͺ#,2 

 ρφȭÂπρρρͺρππρͺρπππͺρρπ"π ρυ

"ɍπɎ  

"ɍπɎρ 7$4 4( ÂÉÔ

π  

)7$'ͺ#,2 )7$'ͺ037  
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20.2.5 )7$'ͺ74(  

ȡπØτππρͺρχπ# 

ȡπØππρ&&πππ 

ςπȤυ )7$'ͺ74(  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

 

)7$'ͺ74( 

27 

πØρ& 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

)7$'ͺ74( 

 27 

πØ& 

 

   

ɍσρȡςρɎ   

ɍςπȡρςɎ )7$'ͺ74( 
σςË(Ú ,2#)7$'ͺ24(

)7$'ͺ74(  

ɍρρȡπɎ  π 

)7$'ͺ 74( )7$'ͺ037  

20.2.6 )7$'ͺ24(  

ȡπØτππρͺρχρπ 

ȡπØππρ&&πππ 

ςπȤφ )7$'ͺ24(  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

 

)7$'ͺ24( 

27 

πØρ& 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

)7$'ͺ24( 

 27 

πØ& 

 

   

ɍσρȡςρɎ   

ɍςπȡρςɎ )7$'ͺ24( 

σςË(Ú ,2#

)7$'ͺ24( πØχ πØπ

πØρπππ )7$'ͺ037

)7$'ͺ24( )7$'ͺ24(

)7$'ͺ24(   
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ɍρρȡπɎ  π 

)7$'ͺ24( π π πØρπππ

ρς π )7$'ͺ24' )7$'ͺ037  

 

20.2.7 )7$'ͺ#.4  

ȡπØτππρͺρχρτ 

ȡπØππππͺππππ 

ςπȤχ )7$'ͺ#.4  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

 

)7$'ͺ#.4 

2 

πØππ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

)7$'ͺ#.4 

2 

πØππππ 

 

   

ɍσρȡςρɎ   

ɍςπȡπɎ )7$'ͺ#.4 Ѕ)7$'ͺ4( 



,+3χφ-#τϋØ 5ÓÅÒ -ÁÎÕÁÌ           

Ò2023             σςψ 

21 PMU  

 

21.1  

-#,+

393ͺ#,+ͺ&%.

φȢσȢχ  

21.2  

 

)ς# 393ͺ#,+ͺ$)6π 5!24 393ͺ#,+ͺ$)6ς

φȢσȢσφȢσȢφ5!24 5!24  

21.3  

 ςρȤρ  

   0,,Ⱦ(3) ,3) 

 

3ÌÅÅÐ 
7&)Ⱦ7&% 

 

$ÅÂÕÇ 

 

)7$'  

0,,Ⱦ(3) /Î#05

/ÆÆ.6)#Ⱦ

/Î 

/Î 

 

$ÅÅÐ 3ÌÅÅÐ 

3,%%0$%%0 Ϲ 
7&)Ⱦ7&% 

)7$'  

)/  

$ÅÂÕÇ 

 

)7$'  

0,,Ⱦ(3) /ÆÆ#05Ⱦ

/ÆÆ 

 

21.4 3ÌÅÅÐ -ÏÄÅ  

#05 .6)# )/  

 

!$#Ⱦ/0!Ⱦ#-0Ⱦ$!#

 

21.4.1  

7&)Ⱦ7&% #05 3,%%0/.%8)4
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3ÌÅÅÐȤÎÏ×ȡ 3,%%0/.%8)4π #05 7&)Ⱦ7&%  

3ÌÅÅÐȤÏÎȤÅØÉÔȡ 3,%%0/.%8)4ρ #05  

21.4.2  

7&) #05 

7&% )/

#05 .6)#

3%6/.0%.$ρ .6)#  ÐÅÎÄÉÎÇ  

 

$ÅÂÕÇ  

21.5 $ÅÅÐ 3ÌÅÅÐ -ÏÄÅ  

0,,Ⱦ(3)

393ͺ!&%ͺ2%'υЀπØπυππ0,,Ⱦ(2#Ⱦ"'0 

393ͺ#,+ͺ#&'Ѐπ 0,,

(2# πȢυÍÓ 393ͺ!&%ͺ2%'υЀπØπυππ0,, 

σςË(Ú 2#,3) ,$/ "'0  

 

 

ÆÌÁÓÈ

 

21.5.1  

#05 3ÙÓÔÅÍ #ÏÎÔÒÏÌ 2ÅÇÉÓÔÅÒ 3,%%0$%%0ρ 7&)Ⱦ7&%

 

21.5.2   

)/ #, )7$'  

)7$'  

$ÅÂÕÇ  
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21.6  

21.6.1  

0-5 πØτππρρχςπ 

ςρȤς  

   

!/.ͺ072ͺ#&' πØπ  

!/.ͺ%64ͺ2#$ πØτ  

!/.ͺ)/ͺ7!+%ͺ0/, πØψ )/  

!/.ͺ)/ͺ7!+%ͺ%. πØ# )/  

 

21.6.2 !/.ͺ072ͺ#&'  

ȡπØτππρͺρχςπ 

ȡπØπππς 

ςρȤσ !/.ͺ072ͺ#&'  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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+
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27 

ρ 

 

   

ɍσρȡςɎ   

ɍρɎ )/7+ͺ&,4 )/  

ɍπɎ   

)/ )/ ρςπÕÓ

0-5 )/

ρςπÕÓ )/ )/

 

21.6.3 !/.ͺ%64ͺ2#$  

ȡπØτππρͺρχςτ 

ȡπØπ 

ςρȤτ !/.%ͅ64ͺ2#$  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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π π π π π π ρ 

 

   

ɍσρȡρτɎ   

ɍρσɎ $%%03,%%0  

ɍρςɎ 3,%%0  

ɍρρȡρπɎ   

ɍωɎ )7$'ͺ7+ )7$' $ÅÅÐ 3ÌÅÅÐ)7$'  

ɍψɎ %64ͺ7+ 
)/ #,5 $ÅÅÐ 3ÌÅÅÐ

!/.ͺ)/ͺ7!+%ͺ%.  

ɍχȡτɎ   

ɍσɎ )7$'ͺ234  

ɍςɎ +%9ͺ234ͺ2#$  

ɍρɎ   

ɍπɎ 0/2ͺ234ͺ2#$ 0/2  

!/.ͺ%64ͺ2#$ πØ#!τπ %64ͺ2#$,3)

σςÕÓ 

21.6.4 !/.ͺ)/ͺ7!+%ͺ0/, )/  

ȡπØτππρͺρχςψ 

ȡπØπ 

ςρȤυ !/.)ͅ/ͺ7!+%ͺ0/, )/  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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+
ͺ
0
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27 
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ɍσρȡρɎ   

ɍπɎ 7+ͺ0/, )/ ρȡ πȡ  

)/  



,+3χφ-#τϋØ 5ÓÅÒ -ÁÎÕÁÌ           

Ò2023             σσς 

21.6.5 !/.ͺ)/ͺ7!+%ͺ%. )/  

ȡπØτππρͺρχς# 

ȡπØπ 

ςρȤφ !/.)ͅ/ͺ7!+%ͺ%. )/  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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ɍσρȡρςɎ   

ɍρρɎ #,5/54σͺ%. #,5/54σ  

ɍρπɎ #,5/54ςͺ%. #,5/54ς  

ɍωɎ #,5/54ρͺ%. #,5/54ρ  

ɍψɎ #,5/54πͺ%. #,5/54π  

ɍχɎ 0ςͺρυͺ%. 0ςɍρυɎ  

ɍφɎ 0ςͺχͺ%. 0ςɍχɎ  

ɍυɎ 0ςͺτͺ%. 0ςɍτɎ  

ɍτɎ 0πͺρτͺ%. 0πɍρτɎ  

ɍσɎ 0πͺρρͺ%. 0πɍρρɎ  

ɍςɎ 0πͺφͺ%. 0πɍφɎ  

ɍρɎ 0πͺςͺ%. 0πɍςɎ  

ɍπɎ 0πͺπͺ%. 0πɍπɎ  
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22 SIF  

22.1  

SIF SIF

 

22.2  

 ̧  

 ̧  

 ̧ /  

 ̧  

 ̧  

 ̧ MSB/LSB  

 ̧ 2:1 3:1  

 ̧ DMA  

 

22.3  

22.3.1  

-#5 3)&

 

 

MCLK

AHB Interface

Tx Data

Shift Logic
sif_out

Baud Rate Generator

SIF Register dma_txreq

dma_txack

 

ςςȤρ 3)&  

 

3)& 2ÅÇÉÓÔÅÒ3)&  

"ÁÕÄ 2ÁÔÅ 'ÅÎÅÒÁÔÏÒ4ÏÓÃ  

4Ø $ÁÔÁ  
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3ÈÉÆÔ ,ÏÇÉÃ  

22.3.2  

22.3.2.1 3)&  

3)& 39.# $ÏÎÅ  

39.#  

39.# 39.#  

 

32 x ToscN x Tosc

SYNC

 

ςςȤς 3)& 39.#  

 

π ρ  

 

32 x Tosc64 x Tosc/96 x Tosc

DATA0

64 x Tosc/96 x Tosc32 x Tosc

DATA1

 

ςςȤσ 3)& $!4!  

 

$ÏÎÅ

Ⱦ  

 

22.3.2.2 4ÏÓÃ  

4ÏÓÃ 4ÏÓÃ σ-

4ÏÓÃ σσσÎÓ ρȢσφτÍÓσσσÎÓɕτπωφ 3)&Ȣ4/3#

 

 

22.3.2.3  

39.# 3)&Ȣ34(ρ 39.# 3)&Ȣ#&'

 

ρπςσɕ4ÏÓÃ σςɕ4ÏÓÃ 
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ρπςσɕ4ÏÓÃ σςɕ4ÏÓÃ 

22.3.2.4  

$ÏÎÅ 3)&Ȣ$4(ρ $ÏÎÅ

3)&Ȣ#&' ρÍÓ ρÍÓɂρφÍÓ

 

 

22.3.2.5 $-!  

3)& $-! 3)& ψȤÂÉÔ $-!

3)& $-! 3)& . $-!

.  

 

22.4  

22.4.1  

3)& πØτππρͺρυππ  

ςςȤρ 3)&  

   

3)&πͺ#&' πØππ 3)&  

3)&πͺ4/3# πØπτ 3)& 4/3#  

3)&πͺ434(ρ πØπψ 3)&  

3)&πͺ4$4(ρ πØπ# 3)&  

3)&πͺ)21 πØρπ 3)&  

3)&πͺ7$!4! πØρτ 3)&  

 

22.4.2 3)&πͺ#&'  

ȡπØτππρͺρυππ 

ȡπØπ 

ςςȤς 3)&πͺ#&' 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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π π π π π π π π 

 

   

ɍσρȡψɎ   

ɍχɎ $/.% 

3)&  

ρ  

π  

ɍφɎ 39.# 

3)&  

ρ  

π  

ɍυɎ 39.#ͺ05,3% 

3)&  

ρ  

π  

ɍτɎ $/.%ͺ6,$ 

3)&  

ρ  

π  

ɍσɎ 39.#ͺ6,$ 

3)&  

ρ  

π  

ɍςɎ 2!4)/ 

3)&  

ρ σȡρ 

π ςȡρ 

ɍρɎ -3" 

3)&  

ρ -3" 

π ,3" 

ɍπɎ %. 

3)&  

ρ 3)&  

π 3)&  

 

22.4.3 3)&πͺ4/3#  

ȡπØτππρͺρυπτ 

ȡπØπ 

ςςȤσ 3)&πͺ4/3# 3)& 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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ɍσρȡρςɎ   

ɍρρȡπɎ /3#ͺ4( 
3)& 4ÏÓÃ  

4ÏÓÃЀ ɉ/3#ͺ4(ϹρɊϼɉ σςɊ 

 

22.4.4 3)&πͺ434(ρ  

ȡπØτππρͺρυπψ 

ȡπØπ 

ςςȤτ 3)&πͺ434(ρ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

4
3
4
(
ρ

 

27 

π 

 

   

ɍσρȡρπɎ   

ɍωȡπɎ 434(ρ 

3)&  

39.# 39.#  

39.# 39.# 39.#

σςϼ4ÏÓÃ 

4ÉÍÅ Ѐ ɉ434(ρϹρɊϼ4ÏÓÃ 

 

22.4.5 3)&πͺ4$4(ρ  

ȡπØτππρͺρυπ# 

ȡπØπ 

ςςȤυ 3)&πͺ4$4(ρ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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ɍσρȡτɎ   

ɍσȡπɎ 4$4(ρ 
3)&  

4ÉÍÅ Ѐ ɉ4$4(ρϹρɊϼρÍÓ 

 

22.4.6 3)&πͺ)21  

ȡπØτππρͺρυρπ 

ȡπØπ 

ςςȤφ 3)&πͺ)21 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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ɍσρȡψɎ   

ɍχȡυɎ   

ɍτɎ )21ͺ)& 

3)& ρ  

ρ 3)&  

π 3)&  

ɍσȡςɎ   

ɍρɎ $-!ͺ%. 

3)& $-!  

ρ  

π  

ɍπɎ )21ͺ%. 

3)&  

ρ  

π  

 

22.4.7 3)&πͺ7$!4!  

ȡπØτππρͺρυρτ 

ȡπØπ 

ςςȤχ 3)&πͺ7$!4! 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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23 CL0  

23.1  

#ÏÎÆÉÇÕÒÁÂÌÅ ,ÏÇÉÃ 5ÎÉÔ #,5 #05

#, #,5

#,

 

23.2  

#,π  

 ̧ #,5 )/ ÐÉÎ  

 ̧ #,5 ςυφ

$  

 ̧ #,5  

 ̧ #,5  

 ̧ 30))ς# 4)-%2-#07-  

 ̧ ɉ!$#ȟ 54)-4%2Ɋ 

 ̧  

23.3  

23.3.1  

ςσȤρ #,π τ #,5 #,5

#05

#,5 #,5 )/  
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Configurable Logic(CL)

CL Interrupt Control 
Logic

CLU0

CLU1

CLU2

CLU3

Output
Drive
Logic

CLU0OUT

CLU1OUT

CLU2OUT

CLU3OUT

External Pins

Interrupt 
Logic

TIMER0, 2
MCPWM0, 1, 3

ADC BUSY
SPI_MOSI

TIMER1, 3
MCPWM1, 2, 3

ADC BUSY
SPI_MISO

TIMER4, 6
MCPWM0, 1, 2, 3

SPI_CLK
I2C_SDA

TIMER5, 7
MCPWM0, 1, 2, 3

SPI_CSN
I2C_SCL

 
ςσȤρ #,  

CLUn

OEN

CLUnOUT

Carry to CLU[n+1]

CnOUT

M
U
X

PWM

Timer Overflow Pulses

...

Input Mux A

External Pins

F
N

S
E

L

M
U
X

M
U
X

Input Mux B

Clock 
Selection

CnEN

CnEN

CnEN

 D      Q

CE
CLR    Q

CnEN

M
U
X

RST

CnEN

Synchronizer

Output
Selection

SYSCLK

Clock Polarity

Look 
Up 

Table 
(LUT)

CnOUTa

CLU Asynch Outputs

PWM

ADC BUSY

...External Pins

CLU Asynch Outputs

SPI

I2C

ALTCLK0

ALTCLK1

Carry from CLU[n-1]
(CLU3 carries to CLU0)

 

ςσȤς #,5  

#, #, #05

#,5 Ȱ,54 ȱ )/

 

23.3.2  

23.3.2.1  

     #,5 #,5
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1. #πͺ-8π,54 ! "  

2. #,πͺ&.π,54  

3. #,5#,πͺ#&π  

4. #,5$ /5403%,Ѐρ 234Ѐρ $

π 

5. #,πͺ)%π #Î&)%#Î2)%

 

6. #,πͺ%.π#Î%. #,5Î #,5 

7. )/ #,πͺ#&π#Î/%. 

23.3.2.2  

#,5 ! " # ! "

#,πͺ-8π#Î-8!#Î-8"

#,5 #,5  

.ÏÔÅÓ 4ÉÍÅÒ

 

# #,5 #,5ρ # #,5π #,5π

# #,5σ  

ςσȤρ #,5Î!  

#,5Î-8Ȣ-8! #,5π! #,5ρ! #,5ς! #,5σ! 
ππππ #,5π/54 #,5π/54 #,5π/54 #,5π/54 
πππρ #,5ρ/54 #,5ρ/54 #,5ρ/54 #,5ρ/54 
ππρπ #,5ς/54 #,5ς/54 #,5ς/54 #,5ς/54 
ππρρ #,5σ/54 #,5σ/54 #,5σ/54 #,5σ/54 
πρππ 4ÉÍÅÒπ ÃÈπ ÏÖÆÌ 4ÉÍÅÒπ ÃÈρ ÏÖÆÌ 4ÉÍÅÒς ÃÈπ ÏÖÆÌ 4ÉÍÅÒς ÃÈρ ÏÖÆÌ 
πρπρ 4ÉÍÅÒρ ÃÈπ ÏÖÆÌ 4ÉÍÅÒρ ÃÈρ ÏÖÆÌ 4ÉÍÅÒσ ÃÈπ ÏÖÆÌ 4ÉÍÅÒσ ÃÈρ ÏÖÆÌ 
πρρπ 07-π 07-ς 07-π 07-ρ 
πρρρ 07-ρ 07-σ 07-ς 07-σ 
ρπππ 0πȢπ 0πȢπ 0ςȢψ 0ςȢψ 
ρππρ 0πȢσ 0πȢς 0ρȢρσ 0σȢω 
ρπρπ 0πȢυ 0πȢυ 0ρȢρυ 0ρȢρυ 
ρπρρ 0πȢχ 0πȢφ 0ρȢρπ 0ςȢπ 
ρρππ 0ςȢρς 0ςȢρς 0ςȢρ 0ςȢρ 
ρρπρ 0πȢρς 0πȢρρ 0ςȢτ 0ςȢσ 
ρρρπ 0πȢρτ 0πȢρτ 0ςȢφ 0ςȢφ 
ρρρρ 0ρȢπ 0πȢρυ 0ςȢρτ 0ςȢρσ 

 

ςσȤς #,5Î"  

#,5Î-8Ȣ-8" #,5π" #,5ρ" #,5ς" #,5σ" 
ππππ #,5π/54 #,5π/54 #,5π/54 #,5π/54 
πππρ #,5ρ/54 #,5ρ/54 #,5ρ/54 #,5ρ/54 
ππρπ #,5ς/54 #,5ς/54 #,5ς/54 #,5ς/54 
ππρρ #,5σ/54 #,5σ/54 #,5σ/54 #,5σ/54 
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πρππ !$"539π !$"539π 07-ρ 07-π 
πρπρ !$"539ρ !$"539ρ 07-σ 07-ς 
πρρπ 07-σ 07-ρ )ς#3$! )ς#3#, 
πρρρ 30)-/3) 30)-)3/ 30)#,+ 30)#3. 
ρπππ 0πȢς 0πȢσ 0σȢω 0ρȢρσ 
ρππρ 0πȢτ 0πȢτ 0ρȢρτ 0ρȢρτ 
ρπρπ 0πȢφ 0πȢχ 0ςȢπ 0ρȢρπ 
ρπρρ 0ςȢρρ 0ςȢρρ 0ρȢρρ 0ρȢρρ 
ρρππ 0πȢρρ 0πȢρς 0ςȢσ 0ςȢτ 
ρρπρ 0πȢρσ 0πȢρσ 0ςȢυ 0ςȢυ 
ρρρπ 0πȢρυ 0ρȢπ 0ςȢρσ 0ςȢρτ 
ρρρρ 0ςȢχ 0ςȢχ 0ςȢρυ 0ςȢρυ 
     

̔ 

ρȁ #,5π/54ȁ#,5ρ/54ȁ#,5ς/54ȁ#,5σ/54№≢ף #,5 τҩ ₮ ̕ 

ςȁ !$"539πף !$# ÓÔÁÒÔḤ ̆ !$# ̕ 

σȁ 07-πȁ07-ρȁ07-ςȁ07-σ№≢ף ҩ07- 4!$#Ԋᴆ Ḥ ̂ !$#

̃̕ 

τȁ 30)-/3)ȁ30)-)3/ȁ30)#,+ȁ30)#3.№≢ף 30) -/3)ȁ-)3/ȁ#,+ȁ#3 ̕ 

υȁ )ς#3$!ȁ)ς#3#,№≢ף )ς# Ḥ 3$! Ḥ 3#,̕ 

φȁ4)-%2π ÃÈπ ÏÖÆÌȁ4)-%2π ÃÈρ ÏÖÆÌȁ4)-%2ρ ÃÈπ ÏÖÆÌȁ4)-%2ρ ÃÈρ ÏÖÆÌȁ4)-%2ς ÃÈπ ÏÖÆÌȁ

4)-%2ς ÃÈρ ÏÖÆÌȁ4)-%2σ ÃÈπ ÏÖÆÌȁ4)-%2σ ÃÈρ ÏÖÆÌף ÕÔÉÍÅÒ!$# Ԋᴆ̂ÕÔÉÍÅÒ

Ԋᴆ ÕÔÉÍÅÒ Ԋᴆ̃Ȃ 

23.3.2.3  

#,5 #,/54π #,5

#,5.#&/543%, ,54 $&& #,5 #Î%.

#,%.π π π  

$&& #,5Î#&#,+3%, $&& ÂÉÔ #,+).6

#,5 $&&  

1. #!229ͺ). #,5 # #,5 #,5  

2. -8!ͺ).054#,5! -8!  

3. !,4#,+π#,5π4ÉÍÅÒσ #,5ρ4ÉÍÅÒπ #,5ς4ÉÍÅÒρ #,5σ

4ÉÍÅÒς  

4. !,4#,+ρ#,5π4ÉÍÅÒρ #,5ρ4ÉÍÅÒς #,5ς4ÉÍÅÒσ #,5σ

4ÉÍÅÒπ  

 

 ςσȤσ #,5 Ⱦ  

   -ÉÎ 4ÙÐ -ÁØ 5ÎÉÔ 

 Ô$,9 
#,5 ÐÉÎ Ȥ Ȥ υπ ÎÓ 

#,5  Ȥ τ φ ÎÓ 
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 Æ#,+ 
ρ ς σ  #,5  Ȥ Ȥ ωφ -(Ú 

τ #,5  Ȥ Ȥ τψ -(Ú 

 

23.3.2.4 ,54  

    #,5 ,54 #,πͺ&.π#Î&.3%,

#Î&.3%, ψ ,54 ! " #

 

ςσȤτ ,54  

!  "  #  ,54  

π π π &.3%,Ȣπ 
π π ρ &.3%,Ȣρ 
π ρ π &.3%,Ȣς 
π ρ ρ &.3%,Ȣσ 
ρ π π &.3%,Ȣτ 
ρ π ρ &.3%,Ȣυ 
ρ ρ π &.3%,Ȣφ 
ρ ρ ρ &.3%,Ȣχ 

    ,54 ! !.$ 

" ! " ρ ρ &.3%,Ȣχ&.3%,Ȣφρ &.3%,

ρρππππππÂπØ#πȢ 

23.4  

23.4.1  

#,π πØτππρρψππ  

ςσȤυ #,π  

   

#,πͺ%.π πØππ #,π  

#,πͺ)%π πØπτ #,π  

#,πͺ)&π πØπψ #,π  

#,πͺ/54π πØπ# #,π  

#,πͺ-8π πØρπ #,π  

#,πͺ&.π πØρτ #,π  

#,πͺ#&π πØρψ #,π  

 

23.4.2 #,πͺ%.π  #,π  

ȡ πØτππρρψππ 

ȡπØπ 
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ςσȤφ #,πͺ%.π #,π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

#
σ
%
.

 

#
ς
%
.

 

#
ρ
%
.

 

#
π
%
.

 

27 27 27 27 

π π π π 

 

   

ɍσρȡτɎ   

ɍσɎ #σ%. 

#,5σ  

πȡ  

ρȡ  

ɍςɎ #ς%. 

#,5ς  

πȡ  

ρȡ  

ɍρɎ #ρ%. 

#,5ρ  

πȡ  

ρȡ  

ɍπɎ #π%. 

#,5π  

πȡ  

ρȡ  

 

23.4.3 #,πͺ)%π  #,π  

ȡ πØτππρρψπτ 

ȡπØπ 

ςσȤχ #,πͺ)%π #,π  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

#
σ
2
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%

 

#
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&
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#
ς
&
)
%

 

#
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#
ρ
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#
π
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#
π
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27 27 27 27 27 27 27 27 

π π π π π π π π 

 

   

ɍσρȡψɎ   

ɍχɎ #σ2)% 

#,5σ  

πȡ  

ρȡ  

ɍφɎ #σ&)% 

#,5σ  

πȡ  

ρȡ  
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ɍυɎ #ς2)% 

#,5ς  

πȡ  

ρȡ  

ɍτɎ #ς&)% 

#,5ς  

πȡ  

ρȡ  

ɍσɎ #ρ2)% 

#,5ρ  

πȡ  

ρȡ  

ɍςɎ #ρ&)% 

#,5ρ  

πȡ  

ρȡ  

ɍρɎ #π2)% 

#,5π  

πȡ  

ρȡ  

ɍπɎ #π&)% 

#,5π  

πȡ  

ρȡ  

 

23.4.4 #,πͺ)&π  #,π  

ȡ πØτππρρψπψ 

ȡπØπ 

ςσȤψ #,πͺ)&π #,π  

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

#
σ
2
)
&

 

#
σ
&
)
&

 

#
ς
2
)
&

 

#
ς
&
)
&

 

#
ρ
2
)
&

 

#
ρ
&
)
&

 

#
π
2
)
&

 

#
π
&
)
&

 

27 27 27 27 27 27 27 27 
π π π π π π π π 

 

   

ɍσρȡψɎ   

ɍχɎ #σ2)& #,5σ ρ  

ɍφɎ #σ&)& #,5σ ρ  

ɍυɎ #ς2)& #,5ς ρ  

ɍτɎ #ς&)& #,5ς ρ  

ɍσɎ #ρ2)& #,5ρ ρ  

ɍςɎ #ρ&)& #,5ρ ρ  

ɍρɎ #π2)& #,5π ρ  

ɍπɎ #π&)& #,5π ρ  
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23.4.5 #,πͺ/54π  #,π  

ȡ πØτππρρψπ# 

ȡπØπ 

ςσȤω #,πͺ/54π #,π 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

#
σ
/
5
4

 

#
ς
/
5
4

 

#
ρ
/
5
4

 

#
π
/
5
4

 

2 2 2 2 
π π π π 

 

   

ɍσρȡτɎ   

ɍσɎ #σ/54 
#,5σ  

 

ɍςɎ #ς/54 #,5ς  

ɍρɎ #ρ/54 
#,5ρ  

 

ɍπɎ #π/54 #,5π  

 

23.4.6 #,πͺ-8π  #,π  

ȡ πØτππρρψρπ 

ȡπØπ 

ςσȤρπ #,πͺ-8π #,π  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

#σ-8! #σ-8" #ς-8! #ς-8" 

27 27 27 27 

πØπ πØπ πØπ πØπ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

#ρ-8! #ρ-8" #π-8! #π-8" 

27 27 27 27 

πØπ πØπ πØπ πØπ 

 

   

ɍσρȡςψɎ #σ-8! #,5σ !  

ɍςχȡςτɎ #σ-8" #,5σ "  

ɍςσȡςπɎ #ς-8! #,5ς !  

ɍρωȡρφɎ #ς-8" #,5ς "  

ɍρυȡρςɎ #ρ-8! #,5ρ !  
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ɍρρȡψɎ #ρ-8" #,5ρ "  

ɍχȡτɎ #π-8! #,5π !  

ɍσȡπɎ #π-8" #,5π "  

 

23.4.7 #,πͺ&.π  #,π  

ȡ πØτππρρψρτ 

ȡπØπ 

ςσȤρρ #,πͺ&.π #,π  

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

#σ&. #ς&. 

27 27 

πØππ πØππ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

#ρ&. #π&. 

27 27 

πØππ πØππ 

 

   

ɍσρȡςτɎ #σ&. #,5σ  

ɍςσȡρφɎ #ς&. #,5ς  

ɍρυȡψɎ #ρ&. #,5ρ  

ɍχȡπɎ #π&. #,5π  

 

23.4.8 #,πͺ#&π  #,π  

ȡ πØτππρρψρψ 

ȡπØπ 

ςσȤρς #,πͺ#&π #,π 

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

#
σ
/
5
4
3
%
,

 

#
σ
/
%
.

 

 #
σ
2
3
4

 

#
σ
#
,
+
)
.
6

 

#
σ
#
,
+
3
%
,

 

#
ς
/
5
4
3
%
,

 

#
ς
/
%
.

 

 #
ς
2
3
4

 

#
ς
#
,
+
)
.
6

 

#
ς
#
,
+
3
%
,

 

27 27 27 27 27 27 27 27 27 27 

π π π π πØπ π π π π πØπ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

#
ρ
/
5
4
3
%
,

 

#
ρ
/
%
.

 

 

#
ρ
2
3
4

 

#
ρ
#
,
+
)
.
6

 

#
ρ
#
,
+
3
%
,

 

#
π
/
5
4
3
%
,

 

#
π
/
%
.

 

 

#
π
2
3
4

 

#
π
#
,
+
)
.
6

 

#
π
#
,
+
3
%
,

 

27 27 27 27 27 27 27 27 27 27 
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π π π π πØπ π π π π πØπ 

 

   

ɍσρɎ #σ/543%, 

#,5σ  

πȡ $  

ρȡ ,54 

ɍσπɎ #σ/%. 

#,5σ  

πȡ  

ρȡ  

ɍςωȡςψɎ   

ɍςχɎ #σ234 #,5σ $ ρ π  

ɍςφɎ #σ#,+).6 

#,5σ $  

πȡ  

ρȡ  

ɍςυȡςτɎ #σ#,+3%, 

#,5σ $  

πØπȡ  

πØρȡ -8! 

πØςȡ !,4#,+π 
πØσȡ !,4#,+ρ 

ɍςσɎ #ς/543%, 

#,5ς  

πȡ $  

ρȡ ,54 

ɍςςɎ #ς/%. 

#,5ς  

πȡ  

ρȡ  

ɍςρȡςπɎ   

ɍρωɎ #ς234 #,5ς $ ρ π  

ɍρψɎ #ς#,+).6 

#,5ς $  

πȡ  

ρȡ  

ɍρχȡρφɎ #ς#,+3%, 

#,5ς $   

πØπȡ  

πØρȡ -8! 

πØςȡ !,4#,+π 
πØσȡ !,4#,+ρ 

ɍρυɎ #ρ/543%, 

#,5ρ  

πȡ $  

ρȡ ,54 

ɍρτɎ #ρ/%. 

#,5ρ  

πȡ  

ρȡ  

ɍρσȡρςɎ   

ɍρρɎ #ρ234 #,5ρ $ ρ π  

ɍρπɎ #ρ#,+).6 
#,5ρ $  

πȡ  
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ρȡ  

ɍωȡψɎ #ρ#,+3%, 

#,5ρ $   

πØπȡ  

πØρȡ -8! 

πØςȡ !,4#,+π 
πØσȡ !,4#,+ρ 

ɍχɎ #π/543%, 

#,5π  

πȡ $  

ρȡ ,54 

ɍφɎ #π/%. 

#,5π  

πȡ  

ρȡ  

ɍυȡτɎ   

ɍσɎ #π234 #,5π $ ρ π  

ɍςɎ #π#,+).6 

#,5π $  

πȡ  

ρȡ  

ɍρȡπɎ #π#,+3%, 

#,5π $   

πØπȡ  

πØρȡ -8! 

πØςȡ !,4#,+π 
πØσȡ !,4#,+ρ 
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24 CAN 

#!.#ÏÎÔÒÏÌÌÅÒ !ÒÅÁ .ÅÔ×ÏÒË

 

24.1  

#!. #!. "/3#( ςȢπ!ςȢπ" ςȢπ! #!.ρȢς ρρ )$

ςȢπ" ρρ )$ ςω )$ 

#!. #!. τ

 

#!. 4Ø "ÕÆÆÅÒ

0ÒÉÍÁÒÙ 4ÒÁÎÓÍÉÔ "ÕÆÆÅÒ 04" 3ÅÃÏÎÄÁÒÙ 4ÒÁÎÓÍÉÔ 

"ÕÆÆÅÒ 34" 04" 3ÌÏÔ34" 3ÌÏÔ

2ÅÃÅÉÖÅ "ÕÆÆÅÒ 2Ø "ÕÆÆÅÒ 2Ø "ÕÆÆÅÒ3ÌÏÔ3ÌÏÔ

#!. ρσȤÂÙÔÅ 

24.2  

24.2.1  

-#5 #!.

 

CAN
Register

SYS_CLK

mode

AHB Interface
Rx FiFo wih id filter

Shift Logic

Tx FiFo

rx

tx,tx_oeBaud Rate
Generator

 

ςτȤρ #!.  

#!. ÔØ ÒØ ÔØ ÔØͺÏÅ ÔØ

ÔØͺÏÅ  

ÒØ #!.  
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ÔØ #!. #!.  

ÔØͺÏÅ ÔØ ÔØͺÏÅ ÔØ ÔØͺÏÅ  

24.2.2  

#!.

ɉ48Ɋ ɉ28Ɋ #!. 0(9  

24.2.2.1  

#!.  

)$ #!.ͺ#&'ͺ34!4Ȣ 2%3%4

ρ #!.  

#!.ͺ#&'ͺ34!4Ȣ 2%3%4π #!.  

,ÉÓÔÅÎ /ÎÌÙ 3ÅÌÆ 4ÅÓÔ

#!.

 

 

24.2.2.2  

3&&3ÔÁÎÄÁÒÄ &ÒÁÍÅ &ÏÒÍÁÔ%&&%ØÔÅÎÄÅÄ &ÒÁÍÅ &ÏÒÍÁÔρρ

ρσ  

-#5  

'0)/ #!. '0)/  

#!.  

#!.ͺ4"5& 04"Ⱦ34" 

#!.  

 

24.2.2.3  

#!. #!.ͺ24)%#!.ͺ%22).4

 

#!.  

Ɇ  

Ɇ  

Ɇ  

Ɇ  
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Ɇ  

Ɇ  

Ɇ  

24.2.2.3.1  

#!.2ͅ4)%Ȣ2)%#!. 2Ø "ÕÆÆÅÒ #!.ͺ24)&Ȣ2)&

#!.ͺ24)%Ȣ2/)%#!.ͺ24)%Ȣ2&)%#!.ͺ24)%Ȣ2!&)%#!. 2Ø 

"ÕÆÆÅÒ #!. 2Ø "ÕÆÆÅÒ #!. 2Ø "ÕÆÆÅÒ

 

 

24.2.2.3.2  

#!. 4Ø "ÕÆÆÅÒ 04" 34" #!.2ͅ4)%Ȣ40)%

#!.ͺ24)%Ȣ43)%#!.

#!.2ͅ4)&Ȣ!)& 

 

24.2.2.3.3  

#!.

 

#!.ͺ24)%Ȣ%)%#!.ͺ2%#.4Ⱦ#!.ͺ4%#.4 #!. ͅ,)-)4Ȣ%7,

#!.,ͅ)-)4Ȣ%7, "ÕÓ/ÆÆ "ÕÓ/ÆÆ

#!.ͺ24)%Ȣ%)& 

#!.ͺ%22).4Ȣ%0)%#!.ͺ2%#.4Ⱦ#!.ͺ4%#.4

Єρςχ #!.

Ѓρςχ #!.ͺ%22).4Ȣ%0)& 

 

24.2.2.3.4  

#!. 2Ø "ÕÆÆÅÒ -#5

#!.ͺ24)%Ȣ2/)% #!.ͺ24)%Ȣ2/)& 

24.2.2.3.5  

#!.ͺ%22).4Ȣ!,)%#!. #!.

#!.ͺ%22).4Ȣ!,)& 

 

24.2.2.3.6  

#!.ͺ%22).4Ȣ"%)%#!.
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#!.ͺ%22).4Ȣ"%)&

 

 

 

24.2.2.4  

#!. #!.ͺ3"!5$ #!.ͺ3"!5$ 41 41

#!.ͺ3"!5$  

#!.ͺ3"!5$Ȣ02%3# TQ TQ = Tclk * (#!.ͺ3"!5$Ȣ02%3# + 1) 

LKS07x 96M Tclk 10.4ns TQ 2.6624us  

#!.ͺ3"!5$ BIT TSEG1 TSEG2

 

Bit Period

Sync

1-TQ

Propagation Segment 1st Phase Buffer 2nd Phase Buffer

BAUD.SEG1+2 BAUD.TSEG2+1

TSEG1 TSEG2

 

ςτȤς #!. "ÉÔ  

TSEG1 Sync Propagation Segment 1st Phase Buffer Sync

BIT 1 TQ Propagation Segment 1st Phase Buffer

CAN Propagation Segment

Propagation Segment SEG1

TSEG1 TSEG2 2nd Phase Buffer

Sync TSEG1 TSEG2 CAN

TSEG1

TSEG2  

SEG1 TSEG1 = TQ*(#!.ͺ3"!5$.SEG1 + 2) 

SEG2 TSEG2 = TQ*(#!.ͺ3"!5$.SEG2 + 1) 

#!. "ÁÕÄÒÁÔÅ Ѐ ρȾɉ43%'ρ Ϲ 43%'ςɊ 

#!. 3*7

#!.ͺ3"!5$Ȣ3*73*7

 

 Ѓ  Ѓ  

41 ɕ ɉ3*7 Ϲ ρɊ 

#!.ͺ3"!5$  



,+3χφ-#τϋØ 5ÓÅÒ -ÁÎÕÁÌ           

Ò2023             συυ 

 ̧ 43%'ρ43%'ς

43%'ς ЄЀς 3%'ςЄЀρ"/3#(

43%'ρϹ43%'ςЄЀψ

CAN_SB!5$Ȣ02%3#CAN_SB!5$Ȣ3%'ρCAN_SB!5$Ȣ3%'ς  

 ̧ 3*7 SEG2  

 ̧ CAN

#!.ͺ3"!5$Ȣ02%3# CAN_SB!5$Ȣ02%3#

41 41 43%'ρ43%'ς 3*7  

LKS07x  

ςτȤρ  

CAN

 
CAN_SBAUD.PRESC[7:0] CAN_SBAUD.SJW[6:0] CAN_SBAUD.SEG2[6:0] CAN_SBAUD.SEG1[7:0] Sample Point 

1Mbps 0x05 0x02 0x05 0x08 63% 

800Kbps 0x0B 0x01 0x03 0x04 60% 

666Kbps 0x0B 0x01 0x03 0x06 67% 

500Kbps 0x0B 0x02 0x05 0x08 63% 

400Kbps 0x0B 0x02 0x06 0x0B 65% 

250Kbps 0x17 0x02 0x05 0x08 63% 

200Kbps 0x17 0x02 0x06 0x0B 65% 

125Kbps 0x2F 0x02 0x05 0x08 63% 

100Kbps 0x2F 0x02 0x06 0x0B 65% 

80Kbps 0x35 0x02 0x06 0x0B 65% 

50Kbps 0x5F 0x02 0x06 0x0B 65% 

40Kbps 0x77 0x02 0x06 0x0B 65% 

25Kbps 0xBF 0x02 0x06 0x0B 65% 

20Kbps 0xEF 0x02 0x06 0x0B 65% 

10Kbps 0xEF 0x06 0x0D 0x18 65% 

05Kbps 0xEF 0x0D 0x1B 0x32 65% 

 

24.2.2.5 )$  

#!. )$

#!. τ )$

!#&πȾρȾςȾσ #!. -#5 )$ #!. )$

ȤȤρρ ςω 3&&3ÔÁÎÄÁÒÄ &ÒÁÍÅ &ÏÒÍÁÔ%&&%ØÔÅÎÄÅÄ 

&ÒÁÍÅ &ÏÒÍÁÔ#!. )$ ςω  

)$ #!.

2Ø "ÕÆÆÅÒ 2)% 2)&

2)&2Ø "ÕÆÆÅÒ

 

#!.ͺ!#2#!.ͺ!-2 #!. )$ #!.ͺ!#2

)$#!.ͺ!-2 -!3+ #!.ͺ!#2 )$

#!.ͺ!-2 π #!.ͺ!#2 #!.ͺ!-2
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ρ #!.ͺ!#2 #!.ͺ!#2

 

XNOR
ID Bit

ACR Bit ORAMR Bit AND
1 = ̆

0 = Ҍ ̆Ҍ

 

ςτȤσ #!. )$  

#!. #!.ͺ!#&#42,#!.ͺ!#&%.#!.ͺ!#&

#!.ͺ!#2πȾρȾςȾσ#!.ͺ!-2πȾρȾςȾσ#!.ͺ!#2Ø#!.ͺ!-2Ø )$

!#&πȾρȾςȾσ#!.ͺ!#&#42, -#5

#!.ͺ!#&%. Ⱦ #!.ͺ!#2#42,!#2ØȾ!-2Ø

#!.ͺ!#& !#2ØȾ!-2Ø !#&π #!.ͺ!#2π

π #!.ͺ!-2πρ  

#!. #!.ͺ!#2Ø#!.ͺ!-2Ø ςωȤÂÉÔ )$ ρρȤ

ÂÉÔ #!.ͺ!-2Ø ρ  

 ̧ #!.ͺ!#2ØɍρπȡππɎ )$ #!.ͺ!-2ØɍςψȡρρɎρ

#!.ͺ!-2ØɍρπȡππɎ 

 ̧ #!.ͺ!#2ØɍςψȡππɎ)$ #!.ͺ!-2ØɍςψȡππɎ 

 

24.2.2.6 #!.  

2Ø "ÕÆÆÅÒ 3ÌÏÔ #!.

2Ø "ÕÆÆÅÒρπ 3ÌÏÔ2Ø "ÕÆÆÅÒ&)&/ 2Ø "ÕÆÆÅÒ

-#5  

 ̧ #!.ͺ24)%Ȣ2)% #!.ͺ24)&Ȣ2)&ρ  

 ̧ #!.ͺ24)%Ȣ2!&)% #!.ͺ,)-)4Ȣ!&7,

#!.ͺ24)&Ȣ2!&)&ρ  

 ̧ #!.ͺ24)%Ȣ2&)% 2Ø "ÕÆÆÅÒ#!.ͺ24)&Ȣ2&)&

ρ  

#!.ͺ2"5& 2Ø "ÕÆÆÅÒ 3ÌÏÔ -#5

 #!.ͺ2#42,Ȣ22%,ρ 2Ø "ÕÆÆÅÒ 3ÌÏÔ#!.ͺ2"5&

2Ø "ÕÆÆÅÒ 3ÌÏÔ 

2Ø "ÕÆÆÅÒ#!. #!.

)$ #!.ͺ2#42,Ȣ2/- #!.ͺ2#42,Ȣ2/-ρ

#!.ͺ2#42,Ȣ2/-π 2Ø "ÕÆÆÅÒ  
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#!. )$ 3&&

%&& 3&& )$

ς %&&)$ τ ψ  

ςτȤς  

SFF 

 [7]  [6]  [5]  [4]  [3]  [2]  [1]  [0]  

CAN_RBUF0[31:24] /  

CAN_RBUF0[23:16] /  

CAN_RBUF0[15:08] /  ID[10:08]  

CAN_RBUF0[07:00] ID[07:00]  

CAN_RBUF1[31:24] /  

CAN_RBUF1[23:16] /  

CAN_RBUF1[15:08] KOER[2:0] TX /  

CAN_RBUF1[07:00] 0 RTR /  DLC[3:0] 

CAN_RBUF2[31:24] DATA3 

CAN_RBUF2[23:16] DATA2 

CAN_RBUF2[15:08] DATA1 

CAN_RBUF2[07:00] DATA0 

CAN_RBUF3[31:24] DATA7 

CAN_RBUF3[23:16] DATA6 

CAN_RBUF3[15:08] DATA5 

CAN_RBUF3[07:00] DATA4 

EFF 

 [7]  [6]  [5]  [4]  [3]  [2]  [1]  [0]  

CAN_RBUF0[31:24] /  ID[28:24]  

CAN_RBUF0[23:16] ID[23:16]  

CAN_RBUF0[15:08] ID[15:08]  

CAN_RBUF0[07:00] ID[07:00]  

CAN_RBUF1[31:24] /  

CAN_RBUF1[23:16] /  

CAN_RBUF1[15:08] KOER[2:0] TX /  

CAN_RBUF1[07:00] 1 RTR /  DLC[3:0] 

CAN_RBUF2[31:24] DATA3 

CAN_RBUF2[23:16] DATA2 

CAN_RBUF2[15:08] DATA1 

CAN_RBUF2[07:00] DATA0 

CAN_RBUF3[31:24] DATA7 

CAN_RBUF3[23:16] DATA6 

CAN_RBUF3[15:08] DATA5 

CAN_RBUF3[07:00] DATA4 

 

)$%)$ÅÎÔÉÆÉÅÒ %ØÔÅÎÓÉÏÎπ ρ  

2422ÅÍÏÔÅ 4ÒÁÎÓÍÉÓÓÉÏÎ 2ÅÑÕÅÓÔπ ρ  

$,#$ÁÔÁ ,ÅÎÇÔÈ #ÏÄÅ πͯψ π "ÙÔÅͯψ "ÙÔÅ 
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+/%2 #!.ͺ%!,#!0Ȣ+/%2 

48  ρ 

 

#!.  

 ̧ )$  

 ̧ #!.ͺ24)%Ȣ2&)%#!.ͺ24)%Ȣ2!&)%#!.ͺ,)-)4Ȣ!&7, 

 ̧ #!.ͺ24)&Ȣ2&)&#!.ͺ24)&Ȣ2!&)&  

 ̧ #!.ͺ2"5&2Ø "ÕÆÆÅÒ #!.  #!.ͺ2#42,Ȣ22%,ρ

2Ø "ÕÆÆÅÒ 3ÌÏÔ#!.ͺ2"5& 2Ø "ÕÆÆÅÒ 

3ÌÏÔ #!.ͺ2#42,Ȣ234!42Ø "ÕÆÆÅÒ 

 

24.2.2.7 #!.  

#!.

0ÒÉÍÁÒÙ 4ÒÁÎÓÍÉÔ "ÕÆÆÅÒ3ÅÃÏÎÄÁÒÙ 4ÒÁÎÓÍÉÔ "ÕÆÆÅÒ#!.ͺ4"5&

0ÒÉÍÁÒÙ 4ÒÁÎÓÍÉÔ "ÕÆÆÅÒ04" 3ÅÃÏÎÄÁÒÙ 4ÒÁÎÓÍÉÔ "ÕÆÆÅÒ34" #!.

04" #!. #!.ͺ4#-$Ȣ40%ρ 04"

34" 04"  

04" 34" #!.ͺ4#-$Ȣ4"3%,ρ

34" π 04"#!.ͺ4#-$Ȣ4"3%,ρ -#5 34"

#!.ͺ4"5& #!.ͺ4#42,Ȣ43.%84 34" 3ÌÏÔ

#!.ͺ4"5& #!.ͺ4#42,Ȣ4334!434"  

#!.  

 ̧ #!.ͺ4#-$Ȣ4"3%, 4Ø "ÕÆÆÅÒπ 04"ρ 34" 

 ̧ #!.ͺ4"5&  

 ̧ 34"  43.%84Ѐρ 34" 3ÌÏÔ 

 ̧ #!.ͺ4#-$Ȣ40%ρ 04"#!. #!.ͺ4#-$Ȣ43!,,#!.ͺ4#-$Ȣ43/.%

ρ 34"#!.  

 ̧ #!.ͺ24)%Ȣ40)%04" #!. #!.ͺ24)&Ȣ40)&

#!.ͺ4#-$Ȣ43/.%#!.ͺ24)%Ȣ43)%34" #!.

#!.ͺ24)&Ȣ43)&#!.ͺ4#-$Ȣ43!,,#!.ͺ24)%Ȣ43)%34" #!.

#!.ͺ24)&Ȣ43)& 

 ̧ 34"04" 04"  

 

#!. #!. #!.

#!.ͺ#&'ͺ34!4Ȣ 4033 04" π ρ #!.ͺ#&'ͺ34!4Ȣ 
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4333 34" π ρ

#!.ͺ24)&Ȣ40)&Ⱦ#!.ͺ24)&Ȣ43)&3ÌÏÔ

 

 ̧ #!.ͺ%!,#!0Ȣ+/%2#!.ͺ%22).4Ȣ"%)& #!.ͺ%22).4Ȣ"%)%

 

 ̧ #!.ͺ%22).4Ȣ!,)& #!.ͺ%22).4Ȣ!,)% 

#!. ψ $,# 242

$,# π  

ςτȤσ  

SFF 

 [7]  [6]  [5]  [4]  [3]  [2]  [1]  [0]  

CAN_TBUF0[31:24] /  

CAN_TBUF0[23:16] /  

CAN_TBUF0[15:08] /  ID[10:08]  

CAN_TBUF0[07:00] ID[07:00]  

CAN_TBUF1[31:24] /  

CAN_TBUF1[23:16] /  

CAN_TBUF1[15:08] /  

CAN_TBUF1[07:00] 0 RTR /  DLC[3:0] 

CAN_TBUF2[31:24] DATA3 

CAN_TBUF2[23:16] DATA2 

CAN_TBUF2[15:08] DATA1 

CAN_TBUF2[07:00] DATA0 

CAN_TBUF3[31:24] DATA7 

CAN_TBUF3[23:16] DATA6 

CAN_TBUF3[15:08] DATA5 

CAN_TBUF3[07:00] DATA4 

EFF 

 [7]  [6]  [5]  [4]  [3]  [2]  [1]  [0]  

CAN_TBUF0[31:24] /  ID[28:24]  

CAN_TBUF0[23:16] ID[23:16]  

CAN_TBUF0[15:08] ID[15:08]  

CAN_TBUF0[07:00] ID[07:00]  

CAN_TBUF1[31:24] /  

CAN_TBUF1[23:16] /  

CAN_TBUF1[15:08] /  

CAN_TBUF1[07:00] 1 RTR /  DLC[3:0] 

CAN_TBUF2[31:24] DATA3 

CAN_TBUF2[23:16] DATA2 

CAN_TBUF2[15:08] DATA1 

CAN_TBUF2[07:00] DATA0 

CAN_TBUF3[31:24] DATA7 

CAN_TBUF3[23:16] DATA6 

CAN_TBUF3[15:08] DATA5 

CAN_TBUF3[07:00] DATA4 
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#!.ͺ4#-$Ȣ40!#!.ͺ4#-$Ȣ43!

 

 ̧  

 ̧ !#+

!#+ #!.ͺ4#-$Ȣ43!,,

 34" 3ÌÏÔ 34" 3ÌÏÔ 

 

24.2.2.8  

#!.

#!.ͺ2%#.4#!.ͺ4%#.4-#5

CAN_LIMIT.%7, CAN

 

Һꜚ

Error Warning Limit
(default 96)

0

Error Interrupt

127

Error Passive 
Interrupt

ꜚ

TECNT >255

῏

Error Interrupt

TECNT/RECNT

Error Interrupt

 

ςτȤτ #!.  

 

24.2.2.9  

Ⱦ  

ςτȤτ #!.  

  
(TECNT) 

(RECNT) 

1 

 

Ȱ ȱ

 

- +1 

2  - +8 

3  +8 - 

4  +8 - 

5  - +8 

6 
14

8  

 

+8 

 

+8 
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7 8  
 

+8 

 

+8 

8 
ACK

 

TECNT=0

TECNT=0 
TECNT-1 

- 

9 
CRC

ACK  
- 

RECNT=0 RECNT=0 

1<=RECNT<=127

RECNT-1 

RECNT>127

RECNT=127 

10 128 11  =0 =0 

 

24.2.2.10  

#!.ͺ4%#.4 #!.ͺ2%#.4ЃЀρςχ

#!. #!.

φ  

24.2.2.11  

#!.ͺ4%#.4 #!.ͺ2%#.4ЄρςχЃςυφ

#!.

φ #!.  

24.2.2.12  

#!.ͺ4%#.4 #!.ͺ2%#.4Єςυυ #!.

#!.

#!.ͺ#&'ͺ34!4Ȣ"53/&& #!. "53/&& #!.ͺ24)&Ȣ%)&

 

#!.  

 ̧  

 ̧  ρςψ ρρ  

#!.ͺ4%#.4 #!.ͺ2%#.4

#!.ͺ4%#.4#!.ͺ2%#.4  π  

24.2.2.13  

#!. #!.ͺ%!,#!0Ȣ!,#

#!.ͺ%!,#!0Ȣ!,# #!.

#!.ͺ%!,#!0Ȣ!,# 

#!.ͺ!,#  

3/& )$ #!.ͺ%!,#!0Ȣ!,#π )$ #!.ͺ%!,#!0Ȣ!,# ρ

#!.ͺ%!,#!0Ȣ!,#σρ

)$% #!.ͺ%!,#!0Ȣ!,#Ѐρς 
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24.2.3  

24.2.3.1  

#!. πØτππρͺρσππ  

ςτȤυ #!.  

   

#!.ͺ2"5&π πØππ #!. 2Ø "ÕÆÆÅÒπ 

#!.ͺ2"5&ρ πØπτ #!. 2Ø "ÕÆÆÅÒρ 

#!.ͺ2"5&ς πØπψ #!. 2Ø "ÕÆÆÅÒς 

#!.ͺ2"5&σ πØπ# #!. 2Ø "ÕÆÆÅÒσ 

#!.ͺ4"5&π πØυπ #!. 4Ø "ÕÆÆÅÒπ 

#!.ͺ4"5&ρ πØυτ #!. 4Ø "ÕÆÆÅÒρ 

#!.ͺ4"5&ς πØυψ #!. 4Ø "ÕÆÆÅÒς 

#!.ͺ4"5&σ πØυ# #!. 4Ø "ÕÆÆÅÒσ 

#!.ͺ#&'ͺ34!4 πØ!π #!.  

#!.ͺ4#-$ πØ!ρ #!.  

#!.ͺ4#42, πØ!ς #!.  

#!.ͺ2#42, πØ!σ #!.  

#!.ͺ24)% πØ!τ #!.  

#!.ͺ24)& πØ!υ #!.  

#!.ͺ%22).4 πØ!φ #!.  

#!.ͺ,)-)4 πØ!χ #!.  

#!.ͺ3"!5$ πØ!ψ #!.  

#!.ͺ%!,#!0 πØ"π #!.  

#!.ͺ2%#.4 πØ"ς #!.  

#!.ͺ4%#.4 πØ"σ #!.  

#!.ͺ!#&#42, πØ"τ #!. )$  

#!.ͺ!#&%. πØ"φ #!. )$  

#!.ͺ!#& πØ"ψ #!. )$  

 

24.2.3.2  

24.2.3.2.1 #!.ͺ2"5&πȾρȾςȾσ  

πØτππρͺρσππȾτȾψȾ# 

8 

ςτȤφ #!.ͺ2"5&πȾρȾςȾσ 

 

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

2$!4! 

2/ 
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8 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

2$!4! 

2/ 

8 

 

   

ɍσρȡπɎ 2$!4! 2Ø "ÕÆÆÅÒ 3ÌÏÔ#!.  

 

#!.ͺ2"5&πȾρȾςȾσ

 

 

24.2.3.2.2 #!.ͺ4"5&πȾρȾςȾσ  

πØτππρͺρσυπȾτȾψȾ# 

8 

ςτȤχ #!.ͺ4"5&πȾρȾςȾσ 

σρ σπ ςω ςψ ςχ ςφ ςυ ςτ ςσ ςς ςρ ςπ ρω ρψ ρχ ρφ 

7$!4! 

7/ 

8 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

7$!4! 

7/ 

8 

 

   

ɍσρȡπɎ 7$!4! 4Ø "ÕÆÆÅÒ 3ÌÏÔ04" 34" 

 

#!.ͺ4"5&πȾρȾςȾσ

π  

 

24.2.3.2.3 #!.ͺ#&'ͺ34!4  

πØτππρͺρσ!π 

πØππψ 

ςτȤψ #!.ͺ#&'ͺ34!4 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 
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2
%
3
%
4

 

,
"
-
% 

,
"
-
)

 

4
0
3
3

 

4
3
3
3

 

2
!
#
4
)
6
%

 

4
!
#
4
)
6
%

 

"
5
3
/
&
&

 

27 27 27 27 27 2/ 2/ 27 

ρ π π π π π π π 

 

   

ɍχɎ 2%3%4 

ρ #!.  

π #!.  

#!.

#!.  

ρρ #!. "ÉÔ 

4ÉÍÅ υππ+ "ÉÔ 4ÉÍÅςÕÓ

ςςÕÓ #!.  

ɍφɎ ,"-% 

 

ρ  

π  

 

ɍυɎ ,"-) 

 

ρ  

π  

 

ɍτɎ 4033 

04"  

ρ  

π  

ɍσɎ 4333 

34"  

ρ  

π  

ɍςɎ 2!#4)6% 

 

π #!.  

ρ #!. #!.  

ɍρɎ 4!#4)6% 

 

π #!.  

ρ #!. #!.  

ɍπɎ "53/&& 

#!. "ÕÓ /ÆÆ 

π #!.  

ρ #!.  

"53/&&ρ 4%#.42%#.4

#!.Øͺ#&'ͺ34!4Ȣ"53/&&ρ

 #!.Øͺ#&'ͺ34!4 ȿЀ

ǪЀ  #!.Øͺ#&'ͺ34!4 

 #!.Øͺ#&'ͺ34!4Ȣ"53/&&  ρ  

"53/&& "53/&&  
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#!.Øͺ#&'ͺ34!4 ȿЀ ǪЀ

#!.Øͺ#&'ͺ34!4 #!.Øͺ#&'ͺ34!4Ȣ"53/&&ρ

"53/&&  

#!.Øͺ#&'ͺ34!4  ȿЀ ")4τ#!.Øͺ#&'ͺ34!4

")4π ")4τ #!.Øͺ#&'ͺ34!4 

$%-/ Ѐ#!.Øͺ#&'ͺ34!4 Ƞ 

$%-/ Ѐ $%-/Ǫɉͯ")4πɊȠ 

$%-/Ѐ$%-/ ȿ ")4τȠ 

#!.Øͺ#&'ͺ34!4 Ѐ $%-/Ƞ 

24.2.3.2.4 #!.4ͅ#-$  

πØτππρͺρσ!ρ 

πØπ 

ςτȤω #!.ͺ4#-$ 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

4
"
3
%
,

 

,
/
- 

Ȥ
Ȥ 

4
0
% 

4
0
! 

4
3
/
.
%

 

4
3
!
,
,

 

4
3
! 

27 27 ȤȤ 2/ 2/ 2/ 2/ 2/ 

π π π π π π π π 

 

   

ɍχɎ 4"3%, 

4Ø "ÕÆÆÅÒ #!.ͺ4"5& "ÕÆÆÅÒ 

ρ 34" 

π 04" 

#!.ͺ4"5& 4"3%,

34" 43.%84 

ɍφɎ ,/- 

 

ρ  

π  

40%43/.%43!,, ,/- ,/-

,"-%  

,/-Ѐρ,"-%Ѐπ  

,/-Ѐρ,"-%Ѐρ

#!.  

 

ɍυɎ ȤȤ  

ɍτɎ 40% 

04"  

ρ 04"  

π 04"  
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40% 34" 04"

34" 04"  

ρ ρ 04" 40!

π 40%  

1. #!.ͺ#&'ͺ34!4Ȣ2%3%4Ѐρ 
2. #!.ͺ4#-$Ȣ,/-Ѐρ#!.ͺ#&'ͺ34!4Ȣ,"-%Ѐπ 

ɍσɎ 40! 

04"  

ρ 40%ρ 04"  

π  

40! 40% 40!

40% #!.ͺ#&'ͺ34!4Ȣ2%3%4Ѐρ40! 

ɍςɎ 43/.% 

34" 4ÒÁÎÓÍÉÔ 3ÅÃÏÎÄÁÒÙ /.% &ÒÁÍÅ 

ρ 34"  

π  

43/.% ρ 43!

ρ #!.ͺ#&'ͺ34!4Ȣ2%3%4Ѐρ 

ɍρɎ 43!,, 

34" 4ÒÁÎÓÍÉÔ 3ÅÃÏÎÄÁÒÙ !ÌÌ &ÒÁÍÅÓ 

ρ 34"  

π  

43!,, ρ 43!

ρ #!.ͺ#&'ͺ34!4Ȣ2%3%4Ѐρ 

ɍπɎ 43! 

34"  

ρ 43/.% 43!,,ρ 34"

ρ ρ 43/.% 43!,, 

π  

43! 43/.%Ⱦ43!,, #!.ͺ#&'ͺ34!4Ȣ2%3%4Ѐρ

43! 

 

24.2.3.2.5 #!.4ͅ#42,  

πØτππρͺρσ!ς 

πØπ 

ςτȤρπ #!.ͺ4#42, 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

  

4
3
.
%
8
4

 

 

4
3
3
4
!
4

 

27 27 

π π 
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ɍχɎ Ȥ  

ɍφɎ 43.%84 

34" 3ÌÏÔ 

ρ  

π  

34" 3ÌÏÔ 43.%84

34" 3ÌÏÔ43/.%Ⱦ43!,, 34" 

3ÌÏÔ 43.%8443/.%43!,, 4"3%,Ѐπ

43.%84 43.%84

34" 3ÌÏÔ 43.%84 3ÌÏÔ

 

ɍυȡςɎ Ȥ  

ɍρȡπɎ 4334!4 

34"  

σ 34" 

ς 34"  

ρ 34"  

π 34" 

 

24.2.3.2.6 #!.2ͅ#42,  

πØτππρͺρσ!σ 

πØπ 

ςτȤρρ #!.ͺ2#42, 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

3
!
#
+

 

2
/
- 

2
/
6 

2
2
%
,

 

2
"
!
,
,

 

 

2
3
4
!
4

 

27 27 27 27 27 2/ 

π π π π π π 

 

   

ɍχɎ 3!#+ 

 

ρ ,"-%Ѐρ  

π  

ɍφɎ 2/- 

2Ø "ÕÆÆÅÒ  

ρ  

π  

ɍυɎ 2/6 
2Ø "ÕÆÆÅÒ  

ρ 22%,ρ  
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π  

ɍτɎ 22%, 

2Ø "ÕÆÆÅÒ 3ÌÏÔ 

ρ 2Ø "ÕÆÆÅÒ 3ÌÏÔ 2Ø "ÕÆÆÅÒ 

3ÌÏÔ 2Ø "ÕÆÆÅÒ 3ÌÏÔ 

π  

ɍσɎ 2"!,, 

2Ø "ÕÆÆÅÒ)$  

ρ #!.  

π #!.  

ɍςɎ ȤȤ  

ɍρȡπɎ 234!4 

2Ø "ÕÆÆÅÒ 

σ  

ς 2Ø "ÕÆÆÅÒ !&7,  

ρ 2Ø "ÕÆÆÅÒ !&7,  

π 2Ø "ÕÆÆÅÒ π  

 

24.2.3.2.7 #!.2ͅ4)%  

πØτππρͺρσ!τ 

πØπ 

ςτȤρς #!.ͺ24)% 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

2)% 2/)% 2&)% 2!&)% 40)% 43)% %)% 43&& 

27 27 27 27 27 27 27 27 

π π π π π π π π 

 

   

ɍχɎ 2)% 

2ÅÃÅÉÖÅ )ÎÔÅÒÒÕÐÔ %ÎÁÂÌÅ 

ρ  

π  

ɍφɎ 2/)% 

2ÅÃÅÉÖÅ /ÖÅÒÒÕÎ )ÎÔÅÒÒÕÐÔ %ÎÁÂÌÅ 

ρ  

π  

ɍυɎ 2&)% 

2Ø "ÕÆÆÅÒ 2Ø "ÕÆÆÅÒ &ÕÌÌ )ÎÔÅÒÒÕÐÔ %ÎÁÂÌÅ 

ρ  

π  

ɍτɎ 2!&)% 

2Ø "ÕÆÆÅÒ 2Ø "ÕÆÆÅÒ !ÌÍÏÓÔ &ÕÌÌ )ÎÔÅÒÒÕÐÔ %ÎÁÂÌÅ 

ρ  

π  

ɍσɎ 40)% 

04" 4ÒÁÎÓÍÉÓÓÉÏÎ 0ÒÉÍÁÒÙ )ÎÔÅÒÒÕÐÔ %ÎÁÂÌÅ 

ρ  

π  
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ɍςɎ 43)% 

34" 4ÒÁÎÓÍÉÓÓÉÏÎ 3ÅÃÏÎÄÁÒÙ )ÎÔÅÒÒÕÐÔ %ÎÁÂÌÅ 

ρ  

π  

ɍρɎ %)% 

%ÒÒÏÒ )ÎÔÅÒÒÕÐÔ %ÎÁÂÌÅ 

ρ  

π  

ɍπɎ 43&& 

4Ø "ÕÆÆÅÒ 

ρ 34" 3ÌÏÔ  

π 34" 3ÌÏÔ  

 

24.2.3.2.8 #!.2ͅ4)&  

πØτππρͺρσ!υ 

πØπ 

ςτȤρσ #!.ͺ24)& 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

2)& 2/)& 2&)& 2!&)& 40)& 43)& %)& !)& 

27 27 27 27 27 27 27 27 

π π π π π π π π 

 

   

ɍχɎ 2)& 

2ÅÃÅÉÖÅ )ÎÔÅÒÒÕÐÔ &ÌÁÇ 

ρ ρ  

π  

ɍφɎ 2/)& 

2ÅÃÅÉÖÅ /ÖÅÒÒÕÎ )ÎÔÅÒÒÕÐÔ &ÌÁÇ 

ρ 2Ø "ÕÆÆÅÒ  

π 2Ø "ÕÆÆÅÒ 

2/)&2&)& ρ ρ  

ɍυɎ 2&)& 

2Ø "ÕÆÆÅÒ 2Ø "ÕÆÆÅÒ &ÕÌÌ )ÎÔÅÒÒÕÐÔ &ÌÁÇ 

ρ 2Ø "ÕÆÆÅÒρ  

π 2Ø "ÕÆÆÅÒ 

ɍτɎ 2!&)& 

2Ø "ÕÆÆÅÒ 2Ø "ÕÆÆÅÒ !ÌÍÏÓÔ &ÕÌÌ )ÎÔÅÒÒÕÐÔ &ÌÁÇ 

ρ 2Ø "ÕÆÆÅÒ 3ÌÏÔ!&7,  

π 2Ø "ÕÆÆÅÒ 3ÌÏÔ!&7,  

ɍσɎ 40)& 

04" 4ÒÁÎÓÍÉÓÓÉÏÎ 0ÒÉÍÁÒÙ )ÎÔÅÒÒÕÐÔ &ÌÁÇ 

ρ 04" ρ  

π 04"  

ɍςɎ 43)& 

34" 4ÒÁÎÓÍÉÓÓÉÏÎ 3ÅÃÏÎÄÁÒÙ )ÎÔÅÒÒÕÐÔ &ÌÁÇ 

ρ 34" ρ  

π 34"  

ɍρɎ %)& %ÒÒÏÒ )ÎÔÅÒÒÕÐÔ &ÌÁÇ 



,+3χφ-#τϋØ 5ÓÅÒ -ÁÎÕÁÌ           

Ò2023             σχπ 

ρ

ρ  

π  

"ÕÓ /ÆÆ"ÕÓ /ÆÆ  

ɍπɎ !)& 

!ÂÏÒÔ )ÎÔÅÒÒÕÐÔ &ÌÁÇ 

ρ 40! 43! ρ  

π  

!)&  

 

!)&  

24.2.3.2.9 #!.%ͅ22).4  

πØτππρͺρσ!φ 

πØπ 

ςτȤρτ #!.ͺ%22).4 

 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

%7!2. %0!33 %0)% %0)& !,)% !,)& "%)% "%)& 

27 2 27 27 27 27 27 27 

π π π π π π π π 

 

   

ɍχɎ %7!2. 

 

ρ 2%#.4 4%#.4 %7, ρ  

π 2%#.4 4%#.4 %7,  

ɍφɎ %0!33 

#!.  

ρ #!.  

π #!.  

ɍυɎ %0)% 

%ÒÒÏÒ 0ÁÓÓÉÖÅ )ÎÔÅÒÒÕÐÔ %ÎÁÂÌÅ 

ρ  

π  

ɍτɎ %0)& 

%ÒÒÏÒ 0ÁÓÓÉÖÅ )ÎÔÅÒÒÕÐÔ &ÌÁÇ  

ρ ρ  

π  

ɍσɎ !,)% 

!ÒÂÉÔÒÁÔÉÏÎ ,ÏÓÔ )ÎÔÅÒÒÕÐÔ %ÎÁÂÌÅ 

ρ  

π  

ɍςɎ !,)& 
!ÒÂÉÔÒÁÔÉÏÎ ,ÏÓÔ )ÎÔÅÒÒÕÐÔ &ÌÁÇ 

ρ ρ  
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π  

ɍρɎ "%)% 

"ÕÓ %ÒÒÏÒ )ÎÔÅÒÒÕÐÔ %ÎÁÂÌÅ 

ρ  

π  

ɍπɎ "%)& 

"ÕÓ %ÒÒÏÒ )ÎÔÅÒÒÕÐÔ &ÌÁÇ 

ρ ρ  

π  

 

24.2.3.2.10 #!.,ͅ)-)4 Ǫ  

πØτππρͺρσ!χ 

πØρ" 

ςτȤρυ Ǫ #!.ͺ,)-)4 

ρυ ρτ ρσ ρς ρρ ρπ ω ψ χ φ υ τ σ ς ρ π 

 

!&7, %7, 

27 27 

πØρ πØ" 

 

   

ɍχȡτɎ !&7, 

2Ø "ÕÆÆÅÒ  

!&7,2Ø "ÕÆÆÅÒ !&7,

2!&)& 

!&7,Ѐπ ρ !&7, 2Ø "ÕÆÆÅÒ

2Ø "ÕÆÆÅÒ 

ɍσȡπɎ %7, 
Ѐ %7,Ϲρɕψ ψ ρφȣρςψ

%7, %)& 
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