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ȋŴʊ�Ţ�E$ʷ¸�ʊȻŢ�!

�K	ʷ¸ <(5/8.ʕ�íSǓʏʃ�ʷěØˎƬ�!

�I	͒��Ǔ <(5/8.ʕʳʏʃɠ�ģŷͱ�ȓʊ͒�̏ɭƋóˠʃƤěʏʃɠ�

ģ��!

�W	ͷˎ�ówͷˎ˽Š`ʏʃViĮȔ7�!

�X	ʶü�ȓʊʶü˽Ǔ)ˁųĮʿʭŠ`�Ƥ�ʏʃ�!

ȓʊ�ŶÝͻŢE$ "*?ʏʃģ,HĦ�ªŹº�pʳ�̩ȽʠĮˁßŢpŨâ,

{Į�!

!
ʕĵ! KI�1(&-#Įów2ź!

!

5#"#5! ãǿ]ư !

�Ʊ��̀ĮǍp]ư£�!

�K	O/-.(&#!9/'.3/--#)!P$2%--(./3ʏ̧ǜþ˶̰̀�Ƕv���˔Į N(>#0/3+��I	

O/-.(&#!9/'.3/--#)!F%-.#3ʏ̧ǜþͅĥ �̀</N!C($$!F%-.#3ºȏͅĥ �̀L%&6!C($$!F%-.#3

ƾȏͅĥ̀�R(')!C($$!0%-.#3ǖȏͅĥ̀�ȼ��W	O/-.(&#!9/'.3/--#)!=+,-%0%#3ʏ

̧ǜþę ̀�ʙƵɻǂ =+,-%.8)#!B/)8-(.%/'�͈ʩ =B��X	</N!F3#H8#'25!



!

KI!
!

P$2%--(./3º̢˶̰̀�Ţʏ̧ǜþɔ��Y	1'>#-/,#!`#'#3(./3��ƙɑ�Ƕvʏ̧

ǜþ ="4G�=..(2T�"#2(5�48$.(%'�G#-#($#�!

pŨâńV O/-.(&#!9/'.3/--#)!P$2%--(./3ʏ̧ǜþ˶̰̀ŢTųȹƌ��\�͈ĜĮ

</N!F3#H8#'25!P$2%--(./3º̢˶̰̀¸Ţǜþɔ�íS\� 100#2.ƖĢ< =8)%/!

B%U#3�țŐɣƹ̈¸2ź�VÊȿĮ O9P�O/-.(&#!9/'.3/--#)!P$2%--(./3	ãǿŢŜ

ʠ�ªpãǿ]ư£�!

�K	ʏ̧ǜþ˶̰̀��I	º̢˶̰̀��W	Ͷ̙ƖĢ��X	ď̝ƖĢ��Y	=8)%/!

B%U#3��[	ŻɎ˭ģ��\	B*"*!*DQPE@��]	ãǿʏɩ��^	ɤ̈ǜ2ź�!

5#$2źʳ̈ǜȋŴ !

5#$#"! ]ưźģȋŴ !

źģTų7��ƁȔ7�!

�K	Tų̈ǜźģ!

Tų̈ǜźģ�ɼě˗̀rź�^ÇĖ£Įǜþɔ{�ªŢ�ówĲHľʳįͣó

w�Ǔ÷Ɓ˶̰̀�÷Ɓº̢˶̰̀ʳɤ̈ǜ2ź�7jc÷͛�VìówĲ¬x

°Ǟƙ.ŧ'́�*ɑńŢď̝ƖĢ̀ʳͶ̙ƖĢ̀�țŐ̚ZǓ°Ǟ­ț�ǢĮ

B%U#3�¥ƹɴŢ�̺½Ļ͓ýɤ̈ǜ2ź�!

!
ʕĵ! KW�TųĮ̈ǜźģȋŴ!



!

KW!
!

�I	B*"*ůģ!

B*"*ůģ��ɼě˗̀ŐH�ŢB*"*2ź̚�<̚ZƑ��÷ȁ *DQPE@ěůģ��

ǓB*"*ɚ̚2ź­ěŐH�Hľ°ȐùW̄£B*"*Įʏ"˗̀�íSŹºʳùW

ʏ"˗̀°Ȑƙ̂ˠĮ'́�!

!

!
ʕĵ! KX�B*"*ůģȋŴ!

!

�W	]ưůģ!

]ưůģ��˔�ɼě˗̀ŐH�]ưůģ^Ç�ʏɩãǿ�ŻɎ˭ģ̚�<̉͹

Ƶɻ̚Z�ʏɩãǿń̄£ KKJ�ƣĮȩƑ<ǖ̏ʏɩɐ͝�!

!

!
ʕĵ! KY�]ưůģȋŴ!

!

5#$#$! °Ǟ�>&,+4	ȋŴ !

pŨâǡw͟¶˖ȁ��̀Į¸Ħ�Ǔ�Ɓ̐~Į]ưȓʊ¬x C(.26!f[gíSȋŴ



!

KX!
!

¬x�͵Į̵Ż�Tųźģ�źĮ°ǞH�V R('('(!b(2TȋŴ�7�÷ʨ͏®�

Ŭ®Ţ̚Z�͉ ®Ţ̚��ª]ưůģ�ĮŻɎ˭ģ̚�<̉͹Ƶɻ̚Zťów [SW

ĮȠŻƑ��³ [SWĮ @4̂ˠťaów�!

!

! !

! ! !
ʕĵ! K[�R('('(!b(2T�j�	�R('('(!C-8&�c�	�[SW!@G4!b(2T�j�	�[SW!@G4!C-8&�c�	!

ʁƗöɩ�!

6..,VQQ2-/8)KS-A/US+#Q%+(&#$QW]XUW]XQIJKIJ\QIJ:,%#2#$:A('('(:e(2T:0/3:X++:A('('(:,-8&:)%5d-,U+>'KWXW

[IWYIJX\[Se,&!

6..,VQQ%S#A(5%+&S2/+QK]QjR\7ccYjj;TklmZ`3LHFMj%E17DWBE9]nRBK;$WJ>1&kkdKISbC`!

6..,VQQNNNS./8T#S2/+S.NQ</&/QCLPD1oIJb=9ZQ[SWQKS@9[]:KKI:JKS&%0!

6..,VQQNNNSH(A-#$S2/+Q$6/,Q%+(&#$Q.[$dT-%'T#'$.#2T#3$.#3#/dISe,&!

!

5#$#5! iŉȋŴ !

�K	ãǿT͹�!

!
ʕĵ! K\�ãǿT͹ȋŴʕ!



!

KY!
!

! !
ʕĵ! K]�ãǿiȳ!

!

�I	ŻɎ˭ģ�!

!

!
ʕĵ! K^�ŻɎ˭ģiŉȋŴ!

!

!
ʕĵ! IJ�ŻɎ˭ģiȳ!

!

5#$#B! ɤ̈ǜ2źȋŴ !

̈ǜ2źĮȜɤ��įřɤ2ź˗̀Į{ �̞̂ ŕEɜǜþ�`#$.83(-!9/'.3/-	! f\g�

ʞ̪ǜþ�C#328$$%/'!%'.#30(2#	! f]g��ōǜþ�F/32#!2/'.3/-	f^g�ȼ�ȓʊ�

��˔Į̈ǜ2źÖȣÚ�˲ʡŊĮ˗̀̈ǜHĦ�ªpŨâówƣƞÜ˫Į̊ˢ



!

K[!
!

ˠȋŴŢˍ�ė´̈ǜ2ź�¥̊ˢˠŢơĩɘʥĖʷ��ŢƓˉŭ I++Į̂ʏ

̊ˢˠ�̊ˢˠěę͑ĭʚ�Þ67ŭ KXJ­ K[J˘ć�ɯėʯ̊ˢˠƙ�Ǒō<

Ǟͤź̑ɥÙ͵�ʏĻǓɥˠĔˈ\�ªę͑ƙ�ʏĻžɥʂɂ�ȧ�·xě̊ˢ

Ü˫Į͝ł�ɥ��ˍ�ĮƣĔ�̊ ˢpéɥʛʛ�ȧ�ǶvƣƞĮʏĻ͵9ƖĢ�

̊ˢpéĮ´ĹɎŭŢ̡Lę͑ƙĮ YJo­ \J��� KJ67ˠŝŭ KXJJ˘ć�ț

ƾĮ´ĹɎĖʙ̩ĮĻžŭŢ ISXZ˘ć�̊ˢĮ͑ʯōįͣĮʳŻƾŧ��ɯŘ�

ˈ\�̊ˢ´ĹȤʓĐ̳ʯ�Ʊ�ŻƾȪƾ�=,Ř�ȴA�̊ˢÃǵ͑��Żƾ

ľŹº��¥pŨâȓʊˍ�ė´̈ǜ2ź�ͺówĲưÚįͣĮ̈ǜ˗̢̀ǲ<

˨͵Ǉ˓�!

!
ʕĵ! IK�̂ʏ̊ˢˠ!

ʁƗöɩ�!

6..,VQQNNNS$,%T#'7%#-(A$S2/+Q9(.(-/&Q%+(&#$Q-(3&#Q=)(038%.QYK^dJJd<G`Se,&



!

K\!
!

h�ãǿȋŴʳʘ¸ !

B#"ʏ̧ǜþ˶̰̀�J-(,&:*!K-.,'-((*7!62+/((&,-'	 !

ĖVpŨâɓȽ�Ŷ�ɒŝĮ�Ɓ˗̀Į̤̀�ȹƌZpŨâĮƣ®�C/-5,6/'%2Įʏ

̧ǜþ˶̰̀�aV¬x C(.26ɔ{Į]ư�FB��Ħ�ƣƞĮ]ưƖĢV<ȹƌƣ

ƞĮɤǜþ2ź�ÌǧưȹƌZ)�VđĮɤ2ź˗̀�fKJg!

B#"#"! įǞ˓±��Ħ�@/'*+,!@/:/,&(!;).,4*2/2	 !

""4�"%3#2.!"%&%.(-!45'.6#$%$	fKKg�ȈʩŢ D8+#3%2(--5:9/'.3/--#)!P$2%--(./3!�D9P	

fKIg�ͮ�őɵř�ʨȓʊ˓±H�ów˓�ɯǂ˓̆ĮHĦ�ʇwȎï˓�˓̆

ɣƹʮɬĮƙƯaVǶvĄČĮ̢ǲ�ŧʙĮ�ưȆǴ̚�ɍöĮ̢ǲ�""4ȓʊ

ówĮ˓�˓̆ɉˋ�A%.˓ɉƾ	�ńǎ¯ZöĮ˔pɉŢʮɬ��̢ǲ˨͵�Ú

ŢūZ�ʓř�=3A%.3(35!N(>#0/3+�;(>#0/3+!&#'#3(./3�F8'2.%/'!&#'#3(./3�ȼ�

ȕřȓʊ ""4öǶv�""4ĮǍpŜʠ£ ,3#2%$%/'!3#0#3#'2#!2-/2T�())3#$$!2/8'.#3�

+#+/35!<//T8,�2/+,(3#! ! 3#&%$.#3<țŷųĮ "=9�"%&%.(-!./!='(-/&!9/'>#3.#3	�

P$2%--(./3ȓʊ ""4ĖǶvĮ˓±ĽɻťɥȓʊțŐĮ "=9͌Ȭ�͟MƵɻ�Z/3&

¡Ȱě ]J�XĮ ";ã�ʏ"˗̀�ów ""4�·Wſʩ,Ţ ";`4�"%&%.(-!

;(>#0/3+!`#'#3(./3!45$.#+	�CC`�! C(-+!C3/)82.$!`+AL	¡ȰĖvǶĮ;(>#�

řów͟¶ĮHĦ�·ņřęǪ¿wͳĀĮȑōöÙ͵̢ǲ�ªř˷a͵ĮĀ˔̢

ǲöÙ͵�xěǵ1ũÓɉöɉȹʉ�̂ŰȊ�ȍȺ͹�p�Ź�ĔưȪƾ�]ư

Êȿ�ȮP͹̑�ŹĕřƳ̃͹Įów�Ź�ȼ�)˩řȍ͹ĕřȺ͹�""4Óȇ

ťaV͈Ƞʘw�Ñȑv����¥ȈˋĪ̩w��û˓ĥÏǶv̀�ȶˠʏĮʏ

"ȋȚĕřʮǑ˨̢̉ǲĮȹƋ̀�ȼ�ȕřǵ1 ɎówĮʏ"ȋȚ�pŨâě

=3)8%'/�V "%3#2.!"%&%.(-!45'.6#$%$HĦ�ʘ¸ʏ"˗̀Į P$2%--(./3�!



!

K]!
!

!
ʕĵ! II�""4}ɟʕ!

!

B#"#$! ˓±͟M͌Ȭ̀�@/:/,&(!,-!9.&(-:!K-.L*',*'	 !

pŨâĮ "=9V G:IGʏĻãǿ�@6#!G:IG!<())#3	fKWgH�ö×ƹʏ̧�ª G:IG

ř�ʨ¿wʏĻöɯǂʏʃ*Įɒǩ�ȓʊȎ˔Į×ƹH��G:IGɥò̆̚�ʪĮ

ɕÍƹɴ�ʏ̧ #�Ǎěów ]!A%.Į̚��ʏĻ×ƹŢ (':K!B4R�+/$.!$%&'%0%2('.!

A%.	'i]!�ý (J!<4R�-($.!$%&'%0%2('.!A%.	�!

!
ʕĵ! IW�G:IGʏʃ}ɟʕ!

ʁƗöɩ�!

6..,VQQ8,-/()SN%T%+#)%(S/3&QN%T%,#)%(Q2/++/'$QXQXKQGI3:-())#3S,'&!

Vout =Verf ! VAL
2N

!

pŨâƜ̆�Ŷ�"�ów ]!A%.Į̚� Di]�O3#0!Ǉ©ʏ̧ńów Y�ƣ�O=<

ńŢ =3)8%'/̚Zöǜþ�O/8.!Į˞ȡǓɥ� JJJJJJJJ�O=<iJ< KKKKKKKK�

O=<iIYY�!

ɯÒǓ =3)8%'/Į�Ɓ̚ZŢ KJJJJJJJ�O=<iKI]�ńVout = 5! 128
256

= 2.5�ƣ�ȓ

ʊȎ˔ĮH�ÒaVʼĜĮ˨̉ÒˁųĮʏ̧ž��Ɓɐ͝�aVȓʊ G:IGĮH

�͌Ȭ�͟Mʏ̧�ɲŦ =3)8%'/Į "%&%.(-ɸ±ów�!



!

K^!
!

!
ʕĵ! IX�ʏ̧ǜþ˶̰̀ <(5/8.ʕ!

!

B#"#5! Ŵ˓̀ʳ*͂�3/0*'!&.7!=.,*''1?,	 !

� +%23/2/'.3/--#3*�*͂£���˔ĮÏ����Œɏͤȹ�@%++#3!/>#30-/Nĕ

řŷɤǥǆ�ȼ�ȎƙƂ 9CEɥǀLɯ�Į$¸öǎ¯¹ˁųW̤�ǂĮ�=3)8%'/

ɽ£Ɓʩǂ *4G�*'.#338,.!4#3>%2#!G/8.%'#	Į*͂Ġǅû��ù{Įřͺǫ�ͤȹ

ŐaVʄ­ *4Gʇ¸�ɯ *4GʄZń�Ƅpǔ±ͫ͢ǎ¯�*͂£ŏ�ʨ¸Ħ�ț

ǕówĮŢ 9@9!+/)#�9-#(3!@%+#3!/'!9/+,(3#!B(.26	�ȷŐŴʬĀ˔̢ǲ�ƷZ

ƣČ̢ǲĮƵɻ�Ƕv�ƁɌȰĖˁųĮƙɑŢ 1
100Ū�ǁ� 4(+,-#̀£ KJJƁ

Įʀ��Ū4ǓųȆǴ�ɱ¤�ȎǓˁųļǕÑĮȆǴȑō�@%+#3!*'.#338,.ľư

ʉýǭŪV�Įʇʬ��˒ˊ =3)8%'/!$T#.26ƙ�Ė£ŔYȕř� <//,mpĎ�ǎ¯�

xě$¸ɕÍĮ͝łŏ͞ʇʬƙɑ�ŏ�ŔY�ɥƠƮʊ�Įƙɑ��� *0�0/3

ĕř;6%-#�ȼ�ª =3)8%'/�£Ȋ�û�řx�ƁŔYĖȁ�Į�� )%&%.(-G#()�

)%&%.(-;3%.#�('(-/&;3%.#�./'#�ȼ�=3)8%'/!EDP£�ʨ @%+#3�7¾Ţ @%+#3J�

@%+#3K�@%+#3I�ÞƁ @%+#3ɽȕ£�Ɓ¬%Į 9/8'.#3�ª 9/8'.#3ɥ̠ @%+#3!2-/2T

ÞƁƳ˓ªʾˈ�ɯŴ˓̀ʉýÒſĖȉČĮ×ƹ˓ž�9@9!@%+#3Ǔɥͤȹ�í

S̥�ě 2/+,(3#!+(.26!3#&%$.#3ɽ�,ŐľǓ 2/8'.#3̈́ʐŷɤŴ˓�ɯÒſɍ�



!

IJ!
!

ãǿǇ˓ȋČ 2/8'.#3Į 2/+,(3#!+(.26!>(-8#ă $,##)�ÒſaVǜþ*͂Į̢ǲ�

=3)8%'/!EDPĮƙƯŢ K[B67�·ȎřțƾĮǎ¯ȑō�ɯȋČ� K[B67Įĭħ�

$¸�2/8'.#3ÞŴʬ�¤î�ř 1
16000000Ū�ŭ [W'$	�ɯÒſˁų�ƁȂ\̀

ǚ Jʬý ^ńˁųĴɆ KJQK[MJJJMJJJŪĮƙɑöÊ��V¥͟ǟ˓ý ^^^ńˁų

1000
16000000ŪĮƙɑ�@%+#3Jʳ @%+#3IŢ ]!A%.!.%+#3�ɟĂɂ @%+#3Jă @%+#3I

țƾŴ˓̀Į×ƹžŢ IYY�@%+#3Kř K[!A%.!.%+#3�țƾŴ˓̀Į×ƹžŢ [YYWY�

ɯŴ˓̀Ɋʊț ×ƹžƙ�Ǔɥȹv />#30-/N�2/8'.#3̈́ʐ��¥�ɯÒſÕ

2/+,(3#!+(.26!3#&%$.#3ȋČŢț ž�]!A%.Į 2/8'.#3țƾǎ¯ȑōfưʉý

256
16000000Ū�ŭ K[8$	�V¥͟ǟ�K[!A%.Ţ6553516000000�ŭȅ X+$	�!

2/+,(3#!+(.26!3#&%$.#3!i! 16000000Hz
prescaler ! InterruptFrequency( )

"

#
$

%

&
' (1 !

2/+,(3#!+(.26!3#&%$.#3!i! 16000000
1!25600( )

"

#
$

%

&
' (1= 624 !

Ȼ�˜���!

!

ʕĵ! IY�@%+#!*'.#338,.!4#.8,!


