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Ô \DMPKDMfIUTVX�SqMPGJORQJo2IUT!b:TVQ�SqT!I5Mph5QÂX�MPIUX!�DMfS�SUsRQ>SuMPh5X!QJbRQ�\RofT­G�m
KNIUMfeHMPODv¾hqMfvgORQ�ophlMPOÕT!MfSqsDTVI­KNMPIUTVX�SUMfGgO�SqGÖMPtubDIUG>eJT�SqsRTÂhqMfvJr
ORQJoØ×¿�RQ�oPMfSkjJc�nEO�vJTVODT!ILQ�o�w
hqMPvJORQJo[KNT!vgIUQgKDQ>SUMfGgO�GHXVX��DILh�Ù�sDTVO
hqMfvgORQ�oph·b
QJhUh�SUsDIqGg�DvJsaX�Ggt5b:GJORT!O¿SUh·SqsRQ�SlsRQ£eJTBhiMPvJODMfÚ
XVQ�O¿S
bRQJIUQghiMfSqMpX,IqT�hiMphkSLQ�ORX!TZQ�ORK�X!QJbRQJX!M¢SLQ�ORX!TJc�ÛRGJI�MPORhiSUQ�O
X�TJwRofGgODv
GJODr|XLsDMPblMPOgSUT!ILX�GgODODTVX�SqMPGJORh2X!QJO´sRQ£eJT�hiMPvJODMfÚ
XVQ�O¿S�IUTVhqMPhiSUQJORX�Tgw
X!QJbRQJX!M¢SLQ�ORX!T5QJORKÂSqsDT´KDT!opQ£j MfO
X�IUTVQJhqTVh¸×¿�RQgKNIUQ�SqMpX!QJofoPj�Ù�M¢SUs
MPOgSUT!ILX�GgODODTVX�S´ofTVODv�SUs½Ü¢y!Ý�cÞnEO®QJKDKNMfSqMPGJO[w2SUsDT@hqMfvgORQ�o�Ù Q£eJT!r
m�GJIUtßQ>SBSqsDT+IUTVX�TVMfeHMPODv¾TVORKÕGJm�SqsDT+oPGJODv'MfO¿SqTVIUX!GJODORTVX�SBMPh
hqT!eJTVIqTVofj+KNT!vgIUQgKNTVKÊQJORKÄSUsDT�opQ�IUvJTVI�hqofTVÙ r�ILQ>SUT à«hqofGgb
T£á�X!QJO
X!QJ�RhqT�Q�OlMPORX�IUTVQghiT�MPOuSqsDT,hisRGJIqSirEX�MPIUX!�DM¢S�X!�DIUIqTVOgS�GJm7SqsDT*hq�D\Nr
hqTV×¿�DT!O¿S�oPGJvgMPX�v¿Q>SUTgà«hLá�c½â sDMph´b:T!Iqm�GJIUtlQ�ORX!T�ofMPtuM¢SLQ>SUMfGgOÕG�m
MPOgSUT!ILX�GgODODTVX�SUh�XVQ�OÄ\:T�Q£eJGgMPKNT�K+\¿jÂofMPtuM¢SUMfORv�SqsDT�ofTVODv�SUsÊG�m
SqsRT�MPOgSUT!ILX�GgODODTVX�SUhVc�n|m�SqsDTBhiMPvJORQJo�ãRG>ÙäMph��DORM¢rEKNMPIqT�X�SqMPGJO
Q�o�w
SqsRT!O+�DODMfr|KNMPIUTVX�SUMfGgORQ�o-IUT!b:TVQ>SUT!ILh�à«\D�Nå7T!ILhUá,XVQ�O@\:T5MfORhqT!IqSqT�K
Q>S¸Q�bDbRIqGgbDIqMpQ>SUT�oPGHXVQ>SUMfGgORh�QJofGgODvlSUsDT�oPGJORv�MPOgSUT!ILX�GgODODTVX�S*SUG
\DIUTVQJæ´M¢S�MPO¿SqG´Q5m�TVÙ�hqsDGJIqSqTVI�hiTVvJtuT!O¿SLhZÜ ç>Ý�c�â sDMph�IUTVhq�DofSUh�MPO
IUTVKN�RX!TVK­KNT!opQ£j5m�GJI#SqsDT¸X�Ggt·\DMPORQ�SqMPGJO´GJm[IqTVb
T�Q>SUT!ILh2QJORK�hqT!vJr
tuT!O¿SUh�Ù�sDT!O�X�GgtubRQ�IUTVK�Ù�M¢SUs�SqsDTZoPGJODvuMPO¿SqT!ILX�GgODODT�X�SVc�ÛR�DIir
SqsRT!IUt5GgIqTgw�SqsDT�hqofTVÙ r�ILQ>SUT�G�mDSUsDT�hiMPvJO
Q�oHQ>S-SqsDT#IqT�X�TVMfeHMPODv*TVORK
Mph�hqtuQJofoPT!I�SqsRQJOuSqsDT,hioPT!Ù r|IUQ�SqT Ù�MfSqslSUsDT�oPGJODv�MPO¿SqTVIUX!GJODODT�X�S�c
nEO�X!QghiT¸G�m$oPGJODvlMPO¿SqT!ILX�GgODODT�X�SUh#SUsRQ>S�s
Q£eJT,SqG´hq�DbDb:GJIqS�\DMpKNM¢r
IUTVX�SUMfGgORQ�o7Ggb
TVIUQ�SqMPGJOèwN\DMpKNMPIqT�X�SUMfGgORQ�o7IUT!b:TVQ>SUT!ILh�Q�IUT�IUTV×¿�DMPIUTVK
SqG@t5MPODMPtuMféVT´SqsRT­hqMfvgORQ�o�KDT!vJILQJKRQ>SqMPGJO[cBnEOÄSUsDMph·bRQJb
TVIVw-Ù#T
bDIUTVhqT!O¿SlhiTVeJT!ILQ�o2\DMpKNMfIUTVX�SqMPGJORQJo2IUT!b:TVQ�SqTVIUh·SqsRQ�SlIqT�KN�RX�T­SqsRT
KNTVoPQ£j�QJORK­MftubDIUG>eJT�SqsDT�hqMPvJORQJoè×g�
Q�oPM¢Skjgc
Ô tuMPX!IqGJr|QJIUXLsRM¢SUTVX�SU�DIUTØtlQ£j,IqT�×g�RMfIUT�\DMpKNMfIUTVX�SqMPGJORQJogQJORK
ê£GgI

t·�Ro¢SUMfbDoPT�hiGg�DIUX!T´\D�RhUhqTVhVc@â sDMph�IUTV×¿�DMPIUT!tuT!O¿S�Q£egGJMpKDh�KNT�KNM¢r
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Û-Mfvg�DIUTByg}��#QgXLæ¿r~SUG�r|\RQJXLæ�X�GgODODT�X�SqT�K SUIqMphiSUQ>SUTu\D�Nå7T!ILhZÙ�M¢SUs
X�GgO¿SqIUGJo hiMPvJO
Q�oph
X!Q�SqT�KÊb
GgMfO¿Sqr�b:GJMPO¿S�\D�RhUhqTVhZSUsRQ>SuODTVeJT!I�sRQ£eJT­Q X�GgORX��DIUIUT!O¿S
hqMfvgORQ�o¸SUIUQJORhituMphqhqMPGJO=MPOË\
GJSqs½KNMPIqT�X�SUMfGgORh!c ÛRGJI�MPORhiSUQ�O
X�TJw
KDQ�SUQ5IqT�QJK­Q�ORK­Ù�IqMfSqT,SUG´Q5KRQ>SUQ�r|XVQJXLsDT�IqT�×¿�DMfIUTVh#tuG>eJTVtuT!O¿S
G�m�KDQ�SUQuSUG­QJORKBm�IqGgt�SUsDT�XVQJXLsDTgc���ODT�Gg\¿eHMPGJ�Rh*hiGgof�NSUMfGgO�MPh
SqG�s
Q£eJT5SkÙ2G�hqT!bRQJIUQ�SqTuIUTVQJK+Q�O
KÂÙ�IUMfSqT´KDQ�SUQB\D�RhUhiT�h!c��2�DS
Mfm-SUsDT�IUTVQgK­QJORKBÙ�IqMfSqTZGgb
TVIUQ�SqMPGJORh�ORT!eJTVI�GNX!X��RI*hiMPt·�Ro¢SLQ�ODT!r
GJ�
hioPjJw>Q,hiMPODvJoPT�\R�RhØXVQ�O�\
T his
Q�IUTVK,m�GJI-\:G�Sqs·SqsDT#GJb:T!ILQ>SUMfGgORhVc
â sDMph IqT�×¿�DMfIUTVh#Q5\D�Rh#SUsRQ>S�X!QJO�bDIUGJb
Q�vgQ�SqT,hiMPvJORQJoPh#MPO­TVM¢SUsDT!I
KNMPIqT�X�SUMfGgOèc$WNMfORX!T�hiMPvJO
Q�oDMPO¿SqT!ILX�GgODODT�X�SUh�QJIqT MPODsDTVIqTVOgSUofj�\DMpKNM¢r
IUTVX�SUMfGgORQ�o�wHQ·hqMfODvgofT*MfO¿SqTVIUX!GJODORTVX�S X!QJO´\
T��RhqTVK´\:T�SkÙ#T!TVOlSqsRT
SqIUMfr|hiSUQ�SqTuKNIqMPeJTVIZQ�ORK@IqT�X�T!MPeJTVI*SUG�IqT�Q�oPMféVT·SUsDTu\DMPKDMfIUTVX�SqMPGJORQJo
GJb:T!ILQ>SUMfGgOèc Ô o¢SUsDGJ�DvgsÊSqsRMPh�tlQ£j+\:T­QgX!X!T!bNSLQ�\DoPTlm�GJIuhqsDGJIqS
MPOgSUT!ILX�GgODODTVX�SUhVw*m�GgI�ofGgODv�MfO¿SUT!ILX�GJORODTVX�SUh­SqsDTÊb:T!Iqm�GJIUtlQ�ORX!T
KNTVvJILQJKDQ�SqMPGJO�X!QJOB\:T�hqMPvJODMfÚ
X!QJO¿SVc���TVORX�Tgw
\DMpKNMPIqT�X�SUMfGgORQ�oØIqT!r
b:TVQ>SUT!ILh�Q�IUT IqT�×g�RMfIUTVK�SqGZMPt5bRIqG>egT�SUsDT�b
TVIim�GgIqtlQJORX�T#G�m7\DMpKNM¢r
IUTVX�SUMfGgORQ�o \R�RhqhqTVhVc
Ô hiMPtubDoPT¾\DMpKNMPIqT�X�SqMPGJO
Q�o�IUT!b:TVQ�SqT!IÂX!Q�O½\:TÖIUTVQJofMPé!T�KÞ\Hj

\RQgXLægr�SqGJr�\
QJXLæÊX�GgODODTVX�SqT�K¾SUIqMphiSUQ>SUT�\D�Nå7T!ILhuÙ�M¢SUs®QÄX�GJO¿SUIqGgo
hqMfvgORQ�o�c Û-Mfv
c�y­hqsDG>Ù�h�QJOÊMfO¿SUT!ILX�GJORODTVX�S·Ù�M¢SUs¾Q�O¾MfO¿SqTVIqtuT!r
KNMpQ>SUT�\DMpKNMPIqT�X�SUMfGgORQ�oØIqTVb
T�Q>SqTVIVc���ODoPj�GJODT�G�m�SUsDT�\R�Nå:TVIUh,MPO
SqsRTB\RMPKNMPIUTVX�SUMfGgORQ�o IUT!b:TVQ�SqT!I5MphuT!ORQJ\DofT�KÖÙ�sDTVO¾SUsDT�X�GJO¿SUIqGgo
hqMfvgORQ�o$MphZY��äGgI���n�c��*T!ORX!TlM¢SZbDIUG>eHMPKNT�h�SqsDT´KNIUMPeJT�m�GJI¸SqsRT
hqMfvgORQ�oDMPO´Q¸bRQJIiSUMPX!�DoPQJI�KNMPIqT�X�SUMfGgOuKDT!b:T!ORKNMPODv�GJO5SqsDT�X�GJO¿SUIqGgo
hqMfvgORQ�o�c-â sRMPh$SUTVXLsDORMP×¿�DT�IUTV×¿�DMPIqT�h-SqsDT�X�GJO¿SUIqGgoDhiMPvJORQJoDIUGJ�NSUTVK
SqG'TVQgXLs�SqIUMPhiSUQ�SqTÂKDIqMPeJTVI­Q�O
KÕMfOÞQJKDKNMfSqMPGJO®SqsDTVIqT+Q�IUT@hiTVe¿r
T!ILQ�oRbDIqGg\DoPT!tlh$Ù�M¢SUsuSqsDMph�tuT!SqsDGNK c�â sDT*KDMfIUTVX�SqMPGJORQJoDX�GJO¿SUIqGgo
hqMfvgORQ�o2t·�RhiS·\:T­X�oPGNXLæJT�KÊQ�ORKÖhqT�S��DbÖ\:T�m�GJIUTlSUsDT­hqMfvgORQ�o2MPh
SqILQ�O
hituMfSiSqT�KBSqG´Q£egGJMpK­KNIUMPeJT�X�GgONãRMpX�SLh!c��ÕsDT!O�t��DofSqMPbDofT·IqT!r
b:TVQ>SUT!ILh*QJIqT��
hiT�K w:SqsDMph*vgT�SLh�m��DIqSqsDTVI,X!GJtubDoPMPXVQ>SUTVK�\:TVX!QJ�RhqT
G�mØSqsDTZKNIUMPeJTZX�GgONãRMpX�SUh#SUsRQ>S�XVQ�OBT��NMPhiS#SqMPofo[QJofo7SUsDT¸IqTVb
T�Q>SUT!ILh
IUTVX�TVMfegT´SUsDTBX!GJO¿SqIUGJo hqMfvgORQ�o�cÊâ sDMPh5SUTVXLsDORMP×¿�DT�X!QJO¾hkSUMfoPo�\:T
�RhqTVK¾m�GJI´QÂ\DMpKNMfIUTVX�SqMPGJORQJo�\D�RhVw�\D�DS´M¢S´X!QJO'vgT�SlT��HSUIqTVt5TVofj
X�GgtubDofT��lm�GJI Q·t��DofSqMPbDofTZhqGJ�DILX�T�\D�Rh2Sqs
Q>S�sRQJh#Q�OBQ�IU\DMfSqILQ�IUj
hiSqIU�RX�SU�DIqTgc Ô vJTVODT!ILQ�o#t·�Ro¢SUMfbDoPT�hiGg�DILX�T�\R�RhutlQ£jÊIqT�×g�RMfIUT
hqT!oPTVX�SUMfegT·QJX�SqMPe>Q>SqMPGJO�GJm�SqIUMPhiSUQ�SqT5KNIqMPeJTVIUh�\¿j­SqsRT·�RhqT·GJm�KNM¢m�r
m�T!IUT!O¿SZX�GgOgSUIqGgo-hqMPvJORQJoPh*m�GJIZKNMfå:TVIqTVO¿S�SUIqMphkSLQ>SUT5KNIUMPeJT!ILhVc¸â sRT
G>eJTVIqsRTVQJK�G�mDSUsDT�KNMfIUTVX�SqMPGJORQJoNX�GJO¿SUIqGgo¿hqMfvgORQ�oHvgT!ODTVIUQ�SqMPGJO·QJORK
hqT�Sir|�Db�\
T!m�GJIUT�SUsDT#KRQ>SUQ�hiMPvJO
Q�ogSqILQ�ORhqtuMPhUhiMPGJO·MfORX!IqT�QJhqTVhØÙ�M¢SUs
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Schmitt trigger

Û-Mfvg�DIUTlçD}·WHT!ofm�r�SqMPt5T�KÊX�Ggt5bRofTVt5TVO¿SUQ�IUj�IUT!vJTVODT!ILQ>SUMfegT·m�TVTVKHr
\RQgXLæ@à�F���Û�á#IUT!b:TVQ�SqT!I�Ü  >Ý

MPORX�IUTVQghiMPODvBO¿�Rt·\:T!I¸G�m2SqIUMPhiSUQ�SqTlKNIUMfegT!ILh!c Ô ofSqsDGg�DvJsÄQ�X�GJODr
SqIUGJo�hqMPvJORQJo�\RQJhqTVK@SqIUMPhiSUQ�SqTlKNIUMfegT!I¸Mph�X�GgORX�TVbNSq�RQJofoPj@hqMftubDoPTJw
SqsRT�KNMphqQgKNe>Q�O¿SUQJvJT�h�ofMPtuM¢S¸MfSUh,Q�bDbDoPMpX!Q>SUMfGgOèc!�*T!ORX!TJw:Ù2T5X�GJODr
hqMPKNTVIlGJODoPjÊSUTVXLsDODMp×¿�DTVh5SUsRQ>S´KNGÊORG�SlIqT�×¿�DMfIUT�Q�OHjÖT��NbDoPMpX�MfS
X�GgO¿SqIUGJo hiMPvJO
Q�o|à«hLá�c
nEO�SqsDTuQ�\
hiTVORX�T�GJm�Q�KNMPIUTVX�SUMfGgORQ�o-X�GgOgSUIqGgoØhqMfvgORQ�o�wDSUsDT5IqT!r

b:TVQ>SUT!I�t·�RhiS,hqT!ORhqTZSUsDT�SUIUQJORhiMfSqMPGJO QJORK�oPGNX!Q�oPoPj­IUT!vgT!ODTVIUQ�SqT
SqsRT�Q�bDbDIUGJbRIqMpQ>SUT#hqMfvgORQ�oNe>QJof�DT�h!c$â sDMph�X!QJO5\:T�QJXVX�Ggt5bRofMphisRTVK
\HjBSqsDT5�RhqT�GJm�IqTVvJT!ORT!ILQ>SqMPeJT·IqTVb
T�Q>SqTVIUhVc�â sRT·m��DO
X�SqMPGJO
Q�oPM¢Skj
G�m7IUT!vJTVODT!ILQ>SUMfegT2IUT!b:TVQ�SqTVIUh$Mph�KNT�hqX!IqMP\
T�K5MfO´WHT�X�SqMPGJO´çDc-Û-MPv·ç
hqsDG>Ù�h,SqsDT´hqT!ofm�r�SqMPt5T�KÊX�Ggt5bRofTVt5TVO¿SUQ�IUj�IUT!vJTVODT!ILQ>SUMfegT·m�TVTVKHr
\RQgXLæ'IUT!b:TVQ�SqT!I­bDIUTVhqT!O¿SqT�KÕMfO Ü  �Ý�c_â sDTÂX!MfILX��DMfSBhqsDG>Ù�OÕMPO
Û-Mfv
cØçBMphZT��HSqIUT!tuTVofj+hiTVORhiMfSqMPeJT5SUG�ODGJMphiTgc�â sDMph·X!MfILX��DMfS�sRQgh
oPMftuMfSqTVKÂQ�bDbRofMpX!Q�SqMPGJO�SUG­hqMfvgORQ�oØMfO¿SqTVIUX!GJODORTVX�SLh�MPOÂQ�\DMPKDMfIUTVX�r
SqMPGJO
Q�o�\D�Rhu\:TVXVQ��RhqT�Q+hqtlQ�oPo tuQJvJODMfSq�
KNT�X�IUGghUhkr�SUQJofæÄODGgMPhqT
X!QJO�SqIUMPvJvJTVI�hqbD�DIUMfGg�Rh*SqILQ�ORhqM¢SUMfGgORhVc Ô hqT!ofm�r~SUMftuTVK SqILQ�ORhqMPT!O¿S
hqT!ORhqM¢SUMfegT QJXVX�T!oPT!ILQ>SUGJIum�GgI�oPGJODvÊIUTVhqMPhiSqMPeJT�MPO¿SqTVIUX!GJODODT�X�SLhlMPh
bDIUGJb:GghqTVK�MPO¾Ü "�Ý|c*â sDT·\RMPKNMPIUTVX�SUMfGgORQ�oØIqTVb
T�Q>SUT!ILh�Ù2T�bDIUTVhqT!O¿S
MPOlSqsDMph#bRQ�b:T!I KNMfå:TVI�m�IUGJt_SUsDT*T��HMphiSqMPODv·IUT!b:TVQ�SqT!ILh�MPO´GgODT*GgI
tuGJIUT�G�m$SUsDT�m�GgofoPG>Ù�MfORv�QJhqb
T�X�SLh!}��ÂT�bDIUTVhqT!O¿S�X�MPILX��DMfSUh�SqsRQ�S
Q�IUT¸hiMPtubDofTVIVwN�
hiT,m�T!Ù#T!I SUIUQJORhqMPhiSqGgIUh Q�O
K­hiSqMPofoèQgXLsDMPT!eJT,MpKNT!ONr
SqMpX!QJo�b:T!Iqm�GJIUtlQ�ORX!TJc�â sDT´bDIUGJb:GghqTVKÄX!MfILX��DMfSUh�X!QJOÄm��DORX�SUMfGgO
X�GgIqIUTVX�SqoPjZMfO�SqsRT#bRIqT�hiTVORX�T G�m7X�IUGghUhkr�SUQJofæ,ODGgMPhqTJc-nEO5QgKDKNMfSqMPGJOèw
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