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� ����� ×����ÿÓ�� �� � �
ñ©àËÜSøËÜ ë,÷%á·èðí¦ä�ï>á·è�áðÞ¥é'Ú�ï�ì1ë,á·â"!�Ü�í�æyé'îËì$#²ø"ïËï%!'&Þ�àËá·â_á�ãí;÷%á·ö>Ü.æR��ã#á�å'Ú£í'è�Þ á·ë�Þ¥îËá·ì©é>Þ�Þ¥î<�
â>û>á·ÚËå�í¦Ú�í¦ë,Ü�íFé'ê�(>ù�þ)(+*�,£ù ,)-%÷%÷/.'ù���ìKÞ í'ÚÍäcÜ%æËÜ�ã,Þ¥ë,á·äcÜ�æüí'ãUá·Ú£Þ è·î�æyá·Ú£å�ê½é�îËëSè·é�å'áðÞ í¦è
ã1Ü�Þ�ì,á·é�Ú£ã���í'ãã1àËé¶Ý�Ú/á·Ú�øjá·å�ù U ù�ñ©àËÜ�û/í¦ë,Ü�ì1àËÜ¡Þ¥é�ë1ÜO�¦ì,àËÜUâ£ë1é�å'ë�í¦÷%÷/í¦äËè�Ü�ë1Ü�å'áðã�ì,Ü ë�ã�í¦Ú�æ
æyá�å'á·ì,í'è �oì1é���í'Ú£í¦è�é'åAÞ¥é�Ú�ç�Ü ë1ì1Ü�ë,ã���ì1àËÜüâËë,é'å'ë�í¦÷%÷%á�ÚËåAá·Ú�ì1Ü�ë#ê²í�Þ¥Üÿí'Ú£æhì1àËÜ�æËí¶ì�í é'îËì1âËîyì
á�Ú�ì,Ü ë1ê²í'Þ Ü'ù

ñ©àËÜKÞ¥é�ë1Ü¡Þ¥é�Ú£ã#áðã#ì,ãé¦ê U þ10�í¦Ú£í'è·é�å�ë,Ü�í�æyé'îyì©Þ�à£í¦Ú£ÚËÜ èðã��>è�é'å�á�Þ�í¦è�è·ûFã1îËäsæyá·ç>áðæyÜ�æ�á�Ú U -
ã1Ü¥ì,ã�é¦ê20WÞ�à£í¦Ú£ÚËÜ èðã�Ü.í'Þ�à���ì1àËÜUÜ Ú£æ<�oé'ê ��ã1Ü¥ìè·é�å'áðÞ3# U -;äËè�éyÞ�ò>ã��'é�ÚËÜÃê½é�ë�Ü.í'Þ�àFã1Ü¥ì©é¦ê¤ê½ë,é'Ú�ì �
Ü Ú�æ�Þ�à�í¦ÚËÚËÜ�è�ã4&í¦Ú£æ_ì1à£Ü;Þ¥é'ë,Ü¡è·é�å'áðÞ��yÝ�àËáðÞ�àOÞ¥é'Ú�ì,ë1é�è�ã�ì1à£Ü;æËí¶ì�í65�é¶ÝCê½ë,é'÷ ì,àËÜ;Þ¥é�ë1ÜUì1é
ì1à£ÜFæËí¶ì�í�é�îyì1â£îyì;á·Ú�ì,Ü ë1ê²í'Þ¥Ü�ù�ñ©àËÜ%âËë,é'å'ë�í¦÷%÷%á�ÚËå�á�Ú�ì1Ü�ë#ê²í�Þ¥Ü%í'Þ Þ Ü âyì�ãKÞ¥é�÷�÷/í'Ú£æËãKí¦Ú�æ
æËí¦ì,í¡ê½ë,é'÷ í;ã1Ü ë,á�í'è£á�ÚËâËîyìäËî£ãí¦Ú£æ���á·Ú_ë1Ü.ã#âcé'Ú£ã1Ü�ì,é�í�Þ é'÷%÷/í¦Ú£æ���âËë,é¶ç�áðæyÜ.ã�æËí¶ì�íKé'ÚFí
ã1Ü ë,á�í'è£é'îËì1âËîyìäËî£ã�ù�ñ©à£Ü¹âËë,é'å�ë,í'÷�÷/í'äËè·Ü�ë,Ü å�á�ã#ì1Ü�ë,ã�í¦ë,ÜÃî£ã1Ü�æ%ì,é�àËé�è�æ%á�ÚËâËîyì©ç¶í¦è�îËÜ�ã�ê½é'ë
7 Ù'8ãì,à£í¶ìÃâËë,é¶ç>á�æËÜSÞ îËë1ë,Ü Ú�ì�ãí'Ú£æ�ç'é'è·ì,í'å'Ü.ã�ë,Ü:9�îËá�ë,Ü�æFä>û_ì1àËÜKÞ¥é�ë1ÜO�>ê½é'ë�á�Ú£ã#ì,í¦Ú�Þ¥ÜSì1àËÜ
ì1à£ë1Ü.ã#àËé�è�æAè�Ü ç�Ü èðã¡ê½é'ë�ì1àËÜ�æyáðã1Þ ë1á�÷%á·Ú£í¦ì1é�ë;á·Ú�ì1àËÜ�í¦Ú£í'è·é�åÿÞ�à£í¦ÚËÚ£Ü èoùzñ©àËÜ�ûüà£íaç�ÜFé¦ì,àËÜ ë
ê½îËÚ£Þ¥ì1á�é'Ú£ã��wã1î£Þ�àAí'ãKÞ¥é�Ú�ì1ë,é'è�è·á�ÚËåOæËí¶ì�í�é�îyì1â£îyì�ã#âcÜ Ü.æAí¦Ú£æ�ã#Ü�è·Ü.Þ�ì,á·ÚËå�ì,àËÜ/â£í¶ì1ì1Ü�ë1Ú�ê½é'ë
Þ�à£í'ë1å�ÜFá·Ú1;�Ü�Þ�ì,á·é�Ú�ì,Ü�ã#ì,ã�ùjñ©àËÜOæËí¦ì,íÿé�îyì1â£îyì�á�Ú�ì1Ü�ë#ê²í�Þ¥Ü�í�Þ Þ Ü âyì�ãWæËí¦ì,íÿê½ë1é�÷ ì,àËÜOÞ¥é'ë,Ü��
ã1Ü ë,á�í'è·á=< Ü.ã"ì1à£Ü¡æ£í¶ì,íWí¦Ú£æFì1ë�í¦Ú£ã1÷%á+ì�ã�ì1àËÜ�÷ é�	ÿÞ�àËá�â��>î£ã1á·ÚËå%íWâ�é�á·Ú�ìì1é�â�é�á·Ú�ì©âËë1é'ì1éyÞ¥é�è\ù
> é'ì1Ü�ì1à£í¦ìwê½é'ëzì1Ü.ã�ì�âËîËë,âcé�ã1Ü�ã?#²Ü¥öyâËèðí¦á�ÚËÜ�æ;è�í¦ì1Ü ëjá�ÚKì1àËÜ©æyéyÞ¥î£÷�Ü�Ú�ì4&sì,àËÜâËë1Ü.ã#Ü�Ú�ìzç'Ü�ë,ã1á�é'Ú
é¦êwì1àËÜ;Þ�àËá�â_á�Ú£Þ è·î£æËÜ�ã©é'Ú£è·û UOU ,�í¦Ú£í'è·é�åWÞ�à£í'ÚËÚËÜ èðã©í¦Ú£æ�ÚËÜ�Ü�æËãÚËé 7 Ù'8ã�ê½é'ë©ì,àËë,Ü�ã1àËé'èðæ
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(16 blocks)
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øjá·å�îËë,Ü U)@ ø"ïËï%!pÞ�àËá�â;ì,Ü�ã#ì"äËè·éyÞ�ò;æyáðí¦å�ë,í'÷Où.Ù¹ë1ë,é¶ÝÃãwë,Ü â£ë1Ü.ã#Ü�Ú�ì�Þ¥é�Ú�ì,ë1é�è�í'Ú£æ�æËí¶ì�íA5£é¶ÝKù
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âËë,é'å�ë,í'÷�÷%á�ÚËå£ù�Ù¹è·è ����� #²Ü¥öËÞ¥Ü�âyì�ì,àËÜ/ì1Ü.ã�ì%ã#á�å'Ú�í¦è�á�Ú ;�Ü.Þ�ì4&;á�ã�æyá
	cÜ�ë1Ü�Ú�ì1áðí¦è�í'Ú£æAáðã;ê½Ü.æ
ä>û_÷%Ü�í'Ú£ãÃé'ê���é¶ÝRô"é'è·ì,í¦å�Ü 7 á
	sÜ ë,Ü Ú�ì1áðí¦è�ï>á·å�Ú£í¦è�á�ÚËå #���ô 7 ï%& �sÝ�àËáðÞ�à9áðã�ä£í'ã1Ü�æOé�ÚOì1àËÜ
âËë,á·Ú�Þ¥á�âËè·Ü¹á·è�è·î�ã�ì,ë,í¦ì1Ü�æFá·Ú_øjá�å£ùyþyù�ñzí'äËè·Ü.ã U �>þKí'Ú£æI�Kè�áðã�ì©í¦è�è�é'êcì,àËÜ¹Ý�á�ë,Ü¹äcé'Ú£æyá�ÚËå;â�í'æËã
#½Ü.í'Þ�à U ���2* U �����¤÷ . á�ÚWí¦ë,Ü�í &¤á�Ú;ì,àËÜ©âËë1Ü.ã#Ü�Ú�ìwì1Ü.ã�ì�ç'Ü�ë,ã1á�é'Ú;é'êËì1àËÜ©ø"ïËï !hÞ�àËá�â�ù¶ÙÃÚ£í'è·é�å
äËáðí'ã"áðã�ê½Ü.æ�ì1é¡ì1à£Ü¹í¦Ú£í'è·é�åSÞ�à�í¦ÚËÚËÜ�èËäËè�éyÞ�ò>ã��¦Ý�á·ì1à%ì,àËÜ�Ü¥öËÞ¥Ü�âyì1á�é'Ú%é'êcì,àËÜÃæyáðã1Þ ë1á�÷%á·Ú�í¶ì1é�ë�ù
ñ©àËÜKÞ�àËá�âOè�íaû�é'îyìM��á�Ú£Þ è·î£æËá·ÚËå%ì,àËÜKäcé'Ú£æyá�ÚËå/â£í�æ�æËá�í'å'ë�í¦÷@�>á�ãÃã1àËé¶Ý�Ú�á·ÚOøjá·å�ù+�Ëù

�¹ì1àËÜ�ëKâ£í'æ£ã/# ú£ç�Ü
	¡þËù �_ô äËáðí'ã¡â£í�æËã��sú�ç'Ü�å'ë,é'îËÚ£æüâ£í�æËã¡í¦Ú£æÍú£ç'Ü%á�ÚËâËîyì;â�í'æËã4& �
Ý�àËáðÞ�à�í'ë1Ü¡ÚËé'ìÃè·áðã#ì1Ü�æ�á�Ú�ì1àËÜ¡ì�í¦äËè�Ü�ã��£í¦ë,ÜSî£ã#Ü.æ�ê½é'ëÃã1Ü¥ì#ì,á·Ú£å%ì1àËÜ;Þ�àËá�â9í'æËæËë1Ü.ã1ã©ë,Ü å�á�ã#ì1Ü�ë
ä>ûWá�Ú�ì1Ü�ë1Ú£í'è£Ý�á�ë1Ü¹ä�é�Ú£æËã�ù�ø£îËë#ì,àËÜ ë,÷%é'ë,Ü���Ü�í'Þ�à%é'ê¤ì1àËÜ U�U ,;Þ�à�í¦ÚËÚËÜ�è�ã�à£í'ã�í¦ÚFá�ÚËâËîËì�â£í�æ
ê½é'ë�Þ¥é'Ú£ÚËÜ�Þ¥ì1á�é'Ú�ì1é�í¡÷%áðÞ¥ë,é�ã#ì1ë,á·âwù'ñ©àËÜ�ã1Ü�â£í�æËã�í¦ë,Ü U �����¤÷õè�é'ÚËå;í'Ú£æ (���¤÷ Ý�áðæyÜ�äËîyì
í¦ë,ÜKí¦ë,ë,í'ÚËå'Ü.æFá�Ú9ã#î£Þ�à9í%Ý©íaû/ì1à�í¶ì�ì1à£Ü û�à£íaç'ÜKí
�����¤÷ Ü�	sÜ�Þ�ì,á·ç�ÜKâËá·ì,Þ�à #²ã1Ü Ü;øjá�å£ù%, &�ù
ñ©àËÜ�ë1ÜSí¦ë,Ü U ��÷%é'ë,ÜSí'Ú£í¦è�é'å;á�ÚËâËîËì©â�í'æËãÚËé'ì©Þ é'ÚËÚËÜ.Þ�ì,Ü�æFÝ�á·ì1à�í¦Ú>û/Þ�à£í¦Ú£ÚËÜ è�#²ã1Ü ÜSÚËÜ ö�ì
ã1Ü�Þ�ì,á·é�Ú£ãê½é'ë©ê½î£ë#ì,àËÜ ëÃæyÜ ì,í'á·èðã &¥ù

Ù Þ�à£í¦ë,å'Ü�á·Ú1;�Ü�Þ�ì,á·é�ÚHì,Ü�ã#ì/â£í'æ # ��Ú ;�Ü.Þ�ì ��Ú &�à£í'ã%äcÜ Ü�Úpâ£è�í�Þ¥Ü�æhí¦÷%é�ÚËåÿì,àËÜÿí¦Ú£í'è·é�å
Þ�à£í'ÚËÚËÜ è�á·Ú£âËîyìWâ�í'æËã�ù'��ì%Þ í¦Ú äcÜ_î�ã#Ü.æAì1éÍÞ�à£Ü�Þ�òüì1àËÜ�Þ�àËá·â ë,Ü�ã1âcé'Ú£ã1Ü/ì1éüí¦Ú á�Ú ;�Ü�Þ¥ì1Ü�æ
Þ�à£í'ë1å�Ü�Ý�à£Ü ÚAì1à£Ü�í¦Ú�í¦è�é'åOá·Ú£âËîyìWâ�í'æËãWí¦ë,ÜFÞ¥é'Ú£ÚËÜ�Þ¥ì1Ü�æüì,é9ì1àËÜ�æyÜ¥ì,Ü�Þ¥ì1é'ëWí¦Ú£æ í'ë1Ü/ÚËé
è�é'ÚËå�Ü ëWíaç¶í'á·èðí¦äËè�Ü/ê½é�ë�ì,Ü�ã#ì�ì1à£ë1é�îËå'àHæËá·ë,Ü�Þ¥ì�Þ�à£í'ë1å�Ü/á·Ú ;�Ü.Þ�ì,á·é�Ú�ù���á�å'à�ì�ã1á·Ú£å'è�Ü_æyÜ ç>áðÞ¥Ü.ã��
ã1Ü ç'Ü�Ú >�� �¡ï9í'Ú£æOé'Ú£Ü�� � �¡ï��ËÝ�á+ì,à9ì1à£ÜWã,í¦÷%Ü;å�í¦ì1Ü;æyá�÷%Ü Ú£ã1á�é'Ú£ãUí'ã�ì,àËÜ;á�ÚËâËîyìSÜ è�Ü��
÷%Ü Ú�ì,ã¹é¦ê"ì,àËÜWÞ�à£í'ë1å�ÜKâËë,Ü�í¦÷%âËè�á·ú£Ü ë�ã���à£íaç'ÜKäcÜ Ü�Úÿá�Ú£Þ¥è�î£æyÜ.æÿá�Ú9ì1àËÜ�Þ�àËá�âOê½é'ëUì1Ü�ã#ìUâ£îËë �
âcé�ã1Ü�ã�ù�øËé'î£ë;Ý�á·ë,Ü/äcé'Ú£æyá�ÚËå9â£í�æËã/#²æËë,í'á·Ú��zã#é�îËë,Þ Ü��¤å�í¶ì1Ü/í'Ú£æAã#îËä�ã�ì,ë,í¦ì1Ü/é'ëKÝÜ è�è &¡í¦ë,Ü
í'ã,ã1é>Þ á�í¦ì1Ü.æ;Ý�á·ì1à%Ü�í�Þ�àWé'ê£ì1à£Ü ÷Où'ñ©àËÜÃã1á·Ú£å'è�Ü©æËÜ ç>á�Þ Ü�ã��¶Ý�á+ì,à�ì1àËÜ�á·ë�Þ�à£í'ÚËÚËÜ�èËæyá·÷%Ü�Ú£ã#á�é'Ú�ã��

100 Ω

4 mA

1.4 V

A−T

A−F Ab−T

Ab−F

øjá·å�îËë,ÜSþ @ ã,Þ�àËÜ ÷/í¶ì,á�Þ¹âËë,á·Ú£Þ á·â£è·ÜUé¦ê�ì,àËÜ��wé¶ÝJô"é'è·ì,í¦å�Ü 7 á 	sÜ ë,Ü Ú�ì,á�í'è¤ïyá·å�Ú£í¦è�á·Ú£å�Þ¥é�Ú£Þ¥Ü�âyì�ù
� àËÜ�Ú/ì1àËÜSã#á�å'Ú�í¦è£äcÜ á�ÚËå�æyë1á�ç'Ü�ÚFáðã�ñ�!����$��ã1Ý�á+ì�Þ�àËÜ�ã�Ù ��ñ�í¦Ú£æ_ÙÃä<��ñ�í¦ë,Ü¹Þ¥è�é�ã1Ü�æ���í¦Ú�æ
ã1Ý�á+ì�Þ�àËÜ�ãWÙ ��øRí'Ú£æ�Ù¹ä<��øXí'ë1Ü_é'âcÜ Ú�ù�ñ©àËÜ_ç�é'è·ì,í'å'Ü/é'Ú�ì1àËÜ�ÚËé'Ú<��á�Ú�ç�Ü ë1ì1á�ÚËåÍí'÷�â£è·á·ú£Ü ë
á�ÚËâËîyì�áðã U ù ,Kô�í¦Ú£æ ,K÷/Ù 5�é¶ÝÃã�ì1àËë,é'î£å'à�ì1àËÜ U �����pë,Ü�ã1á�ã#ì1é�ë��¦÷/í'ò�á�ÚËå¡ì,àËÜÃç'é�è+ì�í¦å�Üé'ê
ì1à£ÜSá�Ú>ç'Ü�ë#ì,á·ÚËåWì1Ü�ë1÷%á�Ú£í¦è U ô�ù � àËÜ Ú�ì1àËÜKã1á·å�Ú£í¦è¤áðã©øyÙ��jï�� �Ëã1Ý�á+ì�Þ�àËÜ�ã�Ù ��øHí¦Ú£æ�ÙÃä<��ø
í¦ë,Ü©Þ¥è�é�ã1Ü�æ��¦Ù ��ñpí¦Ú£æ�ÙÃä<��ñhí¦ë,Ü�é�â�Ü�Ú�í'Ú£æWì1àËÜ©ç'é�è+ì�í¦å�Ü�ã�í¦Ú£æ�æyá�ë1Ü.Þ�ì,á·é�ÚWé'ê£ì1à£ÜÃÞ¥îËë,ë1Ü�Ú�ì
5£é¶ÝRí¦ë,ÜUë,Ü ç�Ü ë�ã#Ü.æ¤ù
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U ô¡ïËïyÙ ��ï>î£ä£ã�ì,ë,í¦ì1Ü , U ïyàËá+ê ì ��Ú>ä@��ï>àËá·ê ì$��Ú
þ ô 7 7 Ù � 	¡þyù ��ô Ù¹Ú£í¦è�é'å ó á�í�ã ,>þ ïyàËá+ê ì ��Ú@��ï>àËá·ê ì$��Ú
� � > 7 Ù ��ÙÃÚ�í¦è�é'å��Së1é�îËÚ£æ ,�� ïyàËá+ê ì �Uîyì1ä@��ïyàËá+ê ì��Uîyì
, ô¡ïËïyÙ ��ï>î£ä£ã�ì,ë,í¦ì1Ü ,), ïyàËá+ê ì �Uîyì ��ï>à£á+ê ì �UîËì
� ô¡ïËïyÙ ��ï>î£ä£ã�ì,ë,í¦ì1Ü , � �$!ÃäA� �UâcÜ ë�í¶ì,á·é�Ú"!ÃÜ�ã1Ü¥ì
- ô 7 7 Ù � 	¡þyù ��ô Ù¹Ú£í¦è�é'å ó á�í�ã , - �$! � �UâcÜ ë�í¶ì,á·é�Ú"!�Ü.ã#Ü ì
( � > 7 Ù ��ÙÃÚ�í¦è�é'å��Së1é�îËÚ£æ , ( � 8�è·òyÙÃä � � í'ã#ì1Ü ë'8�è�éyÞ�ò_Ù
0 � > 7 � 7 á�ã��Së,é'î£Ú£æ , 0 � 8�è·òyÙ � � í�ã�ì,Ü ë 8�è�é>Þ�ò�Ù
� ô 7 7 � 	¡þyù ��ô 7 áðã ó á�í�ã , � � 8�è·ò ó ä � � í'ã#ì1Ü�ë 8�è·éyÞ�ò ó
U � ô 7 7$7 ��	¡þËù ��ô 7 á·å�á+ì�í¦è ó áðí'ã ��� � 8�è·ò ó � � í'ã#ì1Ü ë 8�è�éyÞ�ò
U�U ô¡ïËï 7 � 7 á�å'á·ì,í¦è��Së1é�îËÚ£æ � U ïyîËä£ã #½Ü éyÞ & �ï>îËä£ã#ì1ë�í¶ì,Ü
U þ ô 7 7$7 ��	¡þËù ��ô 7 á·å�á+ì�í¦è ó áðí'ã ��þ ô 7 7$7 #²æyá & ��	¡þËù ��ô 7 � � ó á�í�ã
U � ô¡ïËï 7 � 7 á�å'á·ì,í¦è��Së1é�îËÚ£æ ��� �UîËì -¦ä � 7 í¶ì�í �UîËì1âËîyì
U , ô¡ïËïyÙ ��ï>î£ä£ã�ì,ë,í¦ì1Ü �1, �UîËì -*� 7 í¶ì,í
�Uîyì,âËîyì
U � ô 7 7$7 ��	¡þËù ��ô 7 á·å�á+ì�í¦è ó áðí'ã � � �UîËì �¶ä � 7 í¶ì�í �UîËì1âËîyì
U - ô¡ïËï 7 � 7 á�å'á·ì,í¦è��Së1é�îËÚ£æ � - �UîËì � � 7 í¶ì,í
�Uîyì,âËîyì
U ( ô 7 7$7 ��	¡þËù ��ô 7 á·å�á+ì�í¦è ó áðí'ã � ( ô¡ïËï 7 #²æyá & � 7 � �	�Së1é�îËÚ£æ
U 0 ô¡ïËï 7 � 7 á�å'á·ì,í¦è��Së1é�îËÚ£æ � 0 ô 7 7$7 #²æyá & ��	¡þËù ��ô 7 � � ó á�í�ã
U
� ��ë1÷%â���Ú�ì1ô"ë,Ü¥ê%��ô"ë,Ü¥ê�á·Ú ��ë,÷%â �N��Ú�ì � � �UîËì ,'ä � 7 í¶ì�í �UîËì1âËîyì
þ�� ��ë1÷%âËôUäËÚ�þ ��ô¹ä£Ú�þWá·Ú ��ë,÷%â -O� �UîËì ,D� 7 í¶ì,í
�Uîyì,âËîyì
þ U ��ë1÷%âËôUäËâ�þ ��ô¹ä£â�þWá·Ú ��ë,÷%â - U �UîËì �¦ä � 7 í¶ì�í �UîËì1âËîyì
þ'þ ��ë1÷%âËôUäËâ+�*��ô¹ä£â+��á·Ú ��ë,÷%â -�þ �UîËì �*� 7 í¶ì,í
�Uîyì,âËîyì
þ�� ��ë1÷%â>ç>äËÚ U ��ô¹äËÚ U á·Ú ��ë,÷%â -O� ô¡ïËï 7 #²æyá & � 7 � �	�Së1é�îËÚ£æ
þ , ��Ú�ì1ôUäËÚ U ��ôUäËÚ U á�Ú ��Ú�ì - , ô 7 7$7 #²æyá & ��	¡þËù ��ô 7 � � ó á�í�ã
þ�� ï>à£â ó è·ë 7 áðã !�Ü¥ê���ô"ë,Ü¥êzá�Úÿï>àËâ � ó è·ë � 7 á�ã - � �UîËì�þ¶ä � 7 í¶ì�í �UîËì1âËîyì
þ1- 7 á�ã1ôÃì,Ú@��ñ©àËë,Ü�ã1àËé'èðæ_ô"é�è+ì�í¦å�ÜSá�Ú 7 áðã -)- �UîËì�þ � 7 í¶ì,í
�Uîyì,âËîyì
þ)( 7 á�ã1ôÃì,â@��ñ©àËë,Ü�ã1àËé'èðæ_ô"é�è+ì�í¦å�ÜSá�Ú 7 áðã - ( ô¡ïËï 7 #²æyá & � 7 � �	�Së1é�îËÚ£æ
þ10 ó è�ë1ôUäËâ U ��ô¹ä£â U á·Ú ó è·ë -)0 ô 7 7$7 #\æyá & � 	¡þyù �Wô 7 � � ó áðí'ã
þ � ï>à£âËô¹äËâcþ*��ô¹äËâcþ�á�Úÿï>àËâ - � �UîËì U ä � 7 í¶ì�í �UîËì1âËîyì
��� ï>à£âËô¹äËâ U ��ô¹äËâ U á�Úÿï>àËâ (�� �UîËì U � 7 í¶ì,í
�Uîyì,âËîyì
� U ø�ø�!�ä@��øjá·ë,Ü¥ú�å'à�ì1Ü�ë�!ÃÜ�ã1Ü¥ì ( U ô¡ïËï 7 #²æyá & � 7 � �	�Së1é�îËÚ£æ
��þ ø�ø�! ��øjá·ë,Ü¥ú£å�à�ì1Ü ë�!�Ü.ã#Ü ì ('þ ô 7 7$7 #²æyá & ��	¡þËù ��ô 7 � � ó á�í�ã
��� ó 8 �
8�è�ò�äA� ó 8 � 8�è�éyÞ�ò (�� �UîËì 8�è�ò�ä � �Uîyì,âËîyì$8�è�éyÞ�ò
�1, ó 8 �
8�è�òH� ó 8 � 8�è�é>Þ�ò ( , �UîËì 8�è�òI� �Uîyì,âËîyì$8�è�é>Þ�ò
� � ô¡ïËï 7 #\Þ:& ��8�é�ë1Ü��Së,é'îËÚ£æ (�� ô¡ïËï 7 #²æyá & � 7 � �	�Së1é�îËÚ£æ
� - ô 7 7$7 #\Þ:& � 	¡þËù ��ô 8�é'ë,Ü ó áðí'ã (1- ïyîËä£ã #²æyá & ��ï>îËä�ã�ì,ë,í¦ì1Ü
� ( ô¡ïËï 7 #\Þ:& ��8�é�ë1Ü��Së,é'îËÚ£æ ()( 8�à£á·â�Uí'ã 7 í¦ì,í*� 7 á�í'å'ÚËé�ã�ì,á�ÞKï>á�å'Ú�í¦è
� 0 ô 7 7$7 #\Þ:& � 	¡þËù ��ô 8�é'ë,Ü ó áðí'ã (10 8�à£á·â�¹á+ì$� 7 áðí¦å�ÚËé�ã#ì1áðÞKï>á·å�Ú£í¦è
� � ï>à£á+ê ì 8�ì1ë,è·ä@��ï>à£á+ê ì 8�é�Ú�ì1ë,é'è ( � � ��ë,÷%âËô¹äËâcþ ��ôUäËâ�þ�á�Ú � ��ë,÷%â
,O� ï>à£á+ê ì 8�ì1ë,è���ï>àËá·ê ì 8�é�Ú�ì,ë1é�è 0O� � ��ë,÷%âËô¹äËÚcþ ��ôUäËÚ�þ�á�Ú � ��ë,÷%â

ñzí'äËè�Ü U)@ ø"ïËï !6Ý�á�ë1Ü¡äcé'Ú£æyá�ÚËå%â£í�æËã ù
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0 U � ��ë,÷�â£ô¹äËâ+�*��ôUäËâ+�%á�Ú � ��ë,÷%â ��U ô 7$7$7 � 	¡þËù ��ô 7 á�å'á·ì,í'è ó á�í�ã
0�þ � ��ë,÷�â£ô¹äËÚ U ��ôUäËÚ U á�Ú � ��ë,÷%â � þ ô 7$7 � 	¡þyù �;ô 7 á�ã,Þ¥ë,á�÷�á�Ú£í¦ì1é'ë ó áðí'ã
0�� ô¡ïËï 7 � 7 á�å'á·ì,í¦è��Së1é�îËÚ£æ � � � >'7 � 7 áðã,Þ¥ë,á·÷%á�Ú£í¶ì,é'ë��Së,é'îËÚ£æ
01, ô 7 7$7 ��	¡þËù � 7 á·å�á+ì�í¦è ó áðí'ã � , � >'7 Ù ��ÙÃÚ£í'è·é�å��Së1é�îËÚ£æ
0 � ô¡ïËï 7 � 7 á�å'á·ì,í¦è��Së1é�îËÚ£æ � � ô 7$7 Ù � 	¡þyù �;ô Ù¹Ú£í¦è�é'å ó á�í�ã
0 - ô 7 7$7 ��	¡þËù ��ô 7 á·å�á+ì�í¦è ó áðí'ã � - ô 7$7 ÙSþD� � � �¡ï ��ë,÷%â ó áðí'ã
0 ( ô¡ïËïyÙ ��ï>î£ä£ã�ì,ë,í¦ì1Ü � ( ôSï£ïyÙ ��ï>îËä�ã�ì,ë,í¦ì1Ü
0 0 ô¡ïËï 7 � 7 á�å'á·ì,í¦è��Së1é�îËÚ£æ � 0 � >'7 Ù ��ÙÃÚ£í'è·é�å��Së1é�îËÚ£æ
0 � ô 7 7$7 ��	¡þËù ��ô 7 á·å�á+ì�í¦è ó áðí'ã � � ô 7$7 Ù � 	¡þyù ��Ù¹Ú£í¦è�é'å ó á�í�ã
� � ô¡ïËï 7 � 7 á�å'á·ì,í¦è��Së1é�îËÚ£æ U �O� ôSï£ïyÙ ��ï>îËä�ã�ì,ë,í¦ì1Ü

ñjí¦äËè�Ü;þ @ ø"ïËï !6Ý�á�ë,ÜSäcé'Ú�æyá·Ú£å�â�í'æËã3#\Þ¥é�Ú�ì � æ &�ù

��� KQ#�#'GQ&��

� � ��ë,é'å�ë,í'÷%÷�á�ÚËå*��Ú�ì,Ü ë1ê²í'Þ Ü
��ë1÷%â ��ë,Ü�í'÷%âËè·á·ú£Ü�ë
��Ú�ì ��Ú�ì1Ü�å'ë�í¶ì1é�ë
ïyàËâ ï>à£í'â�Ü�ë
ó è�ë ó í'ã1Ü è�á·Ú£Ü !ÃÜ�ã#ì1é'ë,Ü ë
7 á�ã 7 á�ã,Þ¥ë,á·÷%á�Ú£í¶ì,é'ë

ó 8 � ó Ü�í'÷ 8�ë1é�ã1ã �Uç�Ü ë
7 � � 7 í¶ì,í �UîËì1âËîyì ��Ú�ì,Ü ë1ê²í'Þ¥Ü

� ��ë1÷%â � � �¡ïI��ÚËâ£îyì ��ë,Ü�í'÷%âËè·á·ú£Ü�ë

.�9 GA�%3+=?�B2 .�� E KH� �R9 / �  ���� �?CM��,R=?=�3��%,R�B�%C
/$3+�%C /$3���C / 3��%C /$3+�%C

- �Së1é�îËÚ£æ � �Së,é'î£Ú£æ ,��Së,é'îËÚ£æ - �Së1é�îËÚ£æ
( ��é¶Ý�Ü�ë � ��é¶ÝÜ ë , ��é¶ÝÜ ë - ��é¶Ý�Ü�ë
�%ï>îËä£ã#ì1ë�í¶ì,Ü U ïyîËä£ã#ì1ë�í¶ì1Ü þ%ï>àËá·ê ì 8�é�Ú�ì,ë1é�è �/ï>îËä£ã#ì1ë�í¶ì,Ü
U -*��Ú�ì1Ü�ë1Ú£í'è¤ô"é'è·ì,í'å'Ü U þ%ï>á�å'Ú£í'è �Uîyì1âËîËì þ%ï>àËá·ê ì$��Ú þ ó 8 � 8�è�é>Þ�ò
í¦Ú�æ�8�îËë,ë,Ü Ú�ì ó áðí'ã1Ü�ã þ 8�è�éyÞ�ò �Uîyì,âËîyì þ%ï>àËá·ê ì �Uîyì þ�øjá·ë,Ü¥ú£å�à�ì1Ü ëA!ÃÜ�ã1Ü¥ì

þ � í'ã#ì1Ü ë 8�è�éyÞ�ò_Ù þ �Uâ�Ü�ë,í¦ì1á�é'Ú�!�Ü�ã1Ü¥ì
þ � í'ã#ì1Ü ë 8�è�éyÞ�ò ó
þ 7 áðí¦å'Ú£é�ã#ì1áðÞ¡ïyá·å�Ú£í¦èðã

ñzí'äËè�Ü � @ ø"ïËï !�ì1Ü.ã�ì¹Þ�à£á·â�â£í'æ£ã�ä>û/ê½îËÚ£Þ¥ì1á�é'Ú£í'è�å'ë,é'îËâwù
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øzá�å'î£ë1Ü � @ èðíaû'é�îyì�é¦êzì1àËÜ;ø"ïËï !�ì,Ü�ã#ì¹Þ�àËá·âOÝ�á·ì1àOÝ�á�ë1Ü¡äcé'Ú£æyá�ÚËå/â£í�æ�æËá�í'å'ë�í¦÷Où
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øzá�å'î£ë1Ü , @ í'Ú£í¦è�é'å%Þ�à£í'ÚËÚËÜ è¤á�ÚËâËîËì¹â£í'æ£ãê½é'ëÃÞ¥é�ÚËÚËÜ.Þ�ì1á�é'Ú�ì1é/÷%áðÞ¥ë,é�ã#ì1ë,á·â�æyÜ¥ì,Ü�Þ¥ì1é'ë�ã�ù

í¦ë,ÜÃè�á�ã#ì1Ü.æ/á�Ú_ñzí'äËè�ÜA,£ù�øzá�Ú£í'è·è�û���é¦ì,àËÜ ë��1-KâËë,é'ä£á·ÚËå�â£í'æËã # ê½é�îËë�ê½é�ë�Ü.í'Þ�à/é¦ê U ,;á�Ú£æyá�ç�áðæR�
î£í'èsÞ�à�í¦ÚËÚËÜ�è�ã4&"à�íaç'Ü¹äcÜ Ü�Ú�á�Ú£Þ è·î£æËÜ�æFá�ÚFì,àËÜKÞ�àËá�â_èðíaû'é'îËì�ê½é'ë©æyá�ë1Ü.Þ�ì�í'Þ:9�î£á�ã1á+ì,á·é�Ú_é'ê�ì1àËÜ
ë,Ü�ã1â�é�Ú£ã#Ü¡í¶ì�ì,àËÜKé'îËì1âËîyìÃé'êwì,àËÜ¡ê½é'îËë¹÷%í'á·Ú�äËè�éyÞ�ò>ã©é'êzì,àËÜ;í¦Ú�í¦è�é'åWÞ�à�í¦ÚËÚËÜ�è\ù

� 	 Ò9Ò�
 � ��×�

��ÚWì1àËáðãjì1Ü.ã�ì"ç'Ü�ë,ã1á�é'Ú���ì1àËÜ�í'Ú£í¦è�é'åSã#Ü.Þ�ì1á�é'ÚWé¦ê�ì1àËÜ�ø"ïËï ! 8�é'ë,ÜÞ é'Ú£ã1áðã�ì�ãzé'ê UOU ,UÞ�à�í¦ÚËÚËÜ�è�ã
# ì,àËÜWã1â£í�Þ¥Ü;é'êjì,àËÜ U ,F÷%á�ã,ã1á·ÚËå_é'ÚËÜ.ãÃáðãÃî£ã1Ü�æ�ê½é�ëÃì1à£Ü�âËë,é'äËá�ÚËåFâ�í'æËã¹é¦ê U ,Fá�Ú£æyá�ç>á�æËî£í¦è
Þ�à£í'ÚËÚËÜ èðã4& �¤Ü�í�Þ�àÍá�Ú£Þ¥è�î£æyá�ÚËå9íOÞ�à£í¦ë,å'Ü�âËë,Ü�í'÷�â£è·á·ú£Ü ëM�¤í¦Ú�á·Ú�ì,Ü å'ë�í¶ì,é'ëM�cíOã1à£í¦âcÜ ëKí'Ú£æüí
æyáðã1Þ ë1á�÷%á·Ú�í¶ì1é�ë�ù.ÙHã1û>÷�÷%Ü ì1ë,á�Þ�ä£í'ã1Ü è�á·Ú£Ü�ë,Ü�ã#ì1é'ë,Ü ëwÝí�ãzí�æËæyÜ�æ;á·Ú�ã1é'÷%Ü�é¦êyì1à£ÜÞ á·ë�Þ¥îËá·ì,ãzá�Ú
é'ë�æyÜ�ëwì,éUÜ�çaí'è·î�í¶ì1ÜÝ�àËÜ ì1àËÜ�ë�í'Ú>û;ã#á�å'ÚËá·ú�Þ�í¦Ú�ì�í�æyç¶í¦Ú�ì,í'å'ÜO��Þ¥é�÷%â£í¦ë,Ü�æ�Ý�á+ì,à�ì,àËÜ�á�Ú£Þ ë1Ü.í'ã1Ü
á�Ú�ì1à£Ü�Þ¥á�ë�Þ¥îËá·ì%Þ é'÷%âËè�Ü¥öyá·ì�û��j÷�á�å'à�ì�ä�Ü�å�í'á·ÚËÜ.æ ä>ûAä£í'ã1Ü è�á·Ú£Ü�ã1àËá+ê ìFã1îËâËâËë,Ü�ã,ã1á·é�Ú�ùzñ©àËÜ
äËè�éyÞ�ò�æyáðí¦å�ë,í'÷ é¦ê�ì1à£Ü�í¦Ú£í'è·é�å/Þ�à£í¦ÚËÚ£Ü è�áðã¹ã1àËé¶Ý�Ú�á·Úÿøjá�å£ù �Ëù 7 Ü¥ì,í'á·è�Ü�æ9ã,Þ�àËÜ�÷%í¦ì1áðÞ ã�é'ê

E ,����?��, E ,�������, � 3<�M, EA��45,R�%CM�?�B��C
� ��� ����L , ��� ��� ����� �����

U > � �¡ï U ����� ���Ëù � �
þ > � �¡ï U ����� ���Ëù , �
� > � �¡ï U ����� ���Ëù ���
, > � �¡ï U �O��� ���Ëù , �
� > � �¡ï þ��O��� ���Ëù , �
- > � �¡ï U ����� ���Ëù � �
( > � �¡ï U ����� ���Ëù � �
0 � � �¡ï U þ�þ�� ���Ëù � �

ñjí¦äËè�Ü
, @ ïyá·ÚËå�è·ÜKæyÜ�ç>á�Þ Ü�ã©á�Ú£Þ¥è�î£æyÜ.æOá·Ú�ì1àËÜ;ø"ïËï%!Rì1Ü�ã#ìÃÞ�àËá�â�ù
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ì1à£Ü;ã#á�ÚËå'è�ÜKí¦Ú£í'è·é�å�ã#ì,í'å'Ü.ãÞ�í¦Ú�ä�Ü¡ê½é�îËÚ£æ�á�Ú�ì,àËÜ;í¦â£â�Ü�Ú£æyá·ösù
øËé�è·è�é¶Ý�á·Ú£å�áðã�í�è·áðã#ìÃé¦êjì1àËÜ UOU ,%í¦Ú£í'è·é�å�Þ�à£í'ÚËÚËÜ�è�ã©Ý�á·ì1à�ì1à£Ü á�ë�÷%í'á·Ú�ê½Ü.í¶ì1î£ë1Ü.ã @
� T �M�5P�. @ Þ�à£í'ÚËÚËÜ èðã©Ý�á·ì1à >�� �¡ï_á�ÚËâËîyì¹â£ë1Ü.í¦÷%âËè�á+ú£Ü�ë3# � ���� U ����� ���Ëù , �)&

� ,���,R�F����4 ; ,���C @ Ý�á+ì,àËé'îyìÃä�í'ã1Ü è�á·ÚËÜ¡ë,Ü�ã#ì1é�ë1Ü�ë
� ����� ���%46; ,���C @ Ý�á·ì1àOä£í�ã#Ü�è·á�ÚËÜ¡ë1Ü.ã�ì,é'ë,Ü ë

� P�9 ��� S'� @

� ,���,R�F����4 ; ,���C @ äËè�í'ÚËò_Þ�à£í'ÚËÚËÜ�è�ã
#\ã#îËë1ê²í'Þ Ü¡î£ã#Ü.æFê½é�ë�âËë,é'äËá�ÚËå%â£í'æ£ã &
� ����� ���%46; ,���C @ á�Ú£æyá�ç>á�æyî�í¦è�Þ�à£í'ÚËÚËÜ èðã©Ý�á·ì1àOâËë,é'äËá�ÚËå%â£í'æ£ã

� P�J @ Þ�à£í'ÚËÚËÜ�è�Ý�á+ì,à >�� �¡ï_á·Ú£âËîyì¹âËë,Ü�í'÷%âËè·á·ú£Ü�ë # � � ��� U ���O� ���Ëù � � &
� P�- @ Þ�à£í'ÚËÚËÜ�è�Ý�á+ì,à > � �¡ïHá·ÚËâ£îyì_âËë,Ü�í'÷�â£è·á·ú£Ü ë # � � ��� U ���O� ���£ù , � &

í¦Ú�æ�ä�í'ã1Ü è�á·ÚËÜ¡ë,Ü�ã#ì1é�ë1Ü�ë
� PBS @ Þ�à£í'ÚËÚËÜ�è�Ý�á+ì,à >�� �¡ï_á·Ú£âËîyì¹âËë,Ü�í'÷%âËè·á·ú£Ü�ë # � � ��� U ���O� ���Ëù , � &
� -�� @ Þ�à£í'ÚËÚËÜ�è�Ý�á+ì,à >�� �¡ï_á·Ú£âËîyì¹âËë,Ü�í'÷%âËè·á·ú£Ü�ë # � � ��� U ���O� ���Ëù ��� &
� -�. @ Þ�à£í'ÚËÚËÜ�è�Ý�á+ì,à >�� �¡ï_á·Ú£âËîyì¹âËë,Ü�í'÷%âËè·á·ú£Ü�ë # � � ��� U ���O� ���Ëù � � &
� -BJ @ Þ�à£í'ÚËÚËÜ�è�Ý�á+ì,à >�� �¡ï_á·Ú£âËîyì¹âËë,Ü�í'÷%âËè·á·ú£Ü�ë # � � ��� U ���O� ���Ëù , � &
� -B- @ Þ�à£í'ÚËÚËÜ�è�Ý�á+ì,à >�� �¡ï_á·Ú£âËîyì¹âËë,Ü�í'÷%âËè·á·ú£Ü�ë # � � ��� U ���O� ���Ëù ��� &
� -�S @ Þ�à£í'ÚËÚËÜ�è�Ý�á+ì,à >�� �¡ï_á·Ú£âËîyì¹âËë,Ü�í'÷%âËè·á·ú£Ü�ë # � � ���¡þ����O� ���Ëù � � &
��� � @ Þ�à£í'ÚËÚËÜ�è�Ý�á+ì,à >�� �¡ï_á·Ú£âËîyì¹âËë,Ü�í'÷%âËè·á·ú£Ü�ë # � � ���¡þ����O� ���Ëù , � &
��� . @ Þ�à£í'ÚËÚËÜ�è�Ý�á+ì,à >�� �¡ï_á·Ú£âËîyì¹âËë,Ü�í'÷%âËè·á·ú£Ü�ë # � � ���¡þ����O� ���Ëù ��� &
��� J @ Þ�à£í'ÚËÚËÜ�è�Ý�á+ì,à � � �¡ï_á·Ú£âËîyìÃâËë,Ü�í'÷�â£è·á·ú£Ü ë3# � � ��� U þ'þ�� ���Ëù � � &
��� - @ Þ�à�í¦ÚËÚËÜ�èÃÝ�á·ì1à � � �¡ï�á�ÚËâËîyì�âËë,Ü�í¦÷%âËè�á·ú£Ü ë # � � ��� U þ'þ�� ���£ù � � &

í¦Ú�æ�ä�í'ã1Ü è�á·ÚËÜ¡ë,Ü�ã#ì1é�ë1Ü�ë

CD

Q δ

CF

G m

V th

Comparator

T(s)

Preamplifier

Detector

Integrator +
Shaper

Baseline
Restorer

øjá·å�îËë,Ü�� @ ä£è·éyÞ�ò%æyá�í'å'ë�í¦÷õé¦êsì1àËÜSí¦Ú£í'è·é�å;Þ�à£í¦Ú£ÚËÜ èoù �	��á�ã�ì1àËÜUâËë1Ü.í¦÷%âËè�á+ú�Ü ë�ì,ë,í'Ú£ã,Þ¥é'Ú��
æyî£Þ¥ì1é�ë�� 8�
Xáðã;ì,àËÜ�â£ë1Ü.í¦÷%âËè�á+ú£Ü�ë�ê½Ü�Ü�æyä�í'Þ�ò Þ í'â£í'Þ á+ì�í¦Ú£Þ Ü���8�� á�ã�ì1àËÜOæyÜ ì1Ü�Þ¥ì1é�ë�ã1á·÷D�
îËèðí¶ì,á·ÚËå9Þ�í¦â£í�Þ¥á·ì1é'ë¡í¦Ú�æÍô���Oá�ãSì,àËÜ/æyáðã1Þ ë1á�÷%á·Ú£í¦ì1é�ëUì,àËë,Ü�ã1àËé'èðæÍç�é'è·ì,í'å'Ü'ùsøËé�ë¡ì1àËÜ/ã,í¦ò�Ü
é¦ê¡ã#á�÷%âËè�á�Þ á+ì�ûO��á·Ú�ì,Ü å'ë�í¶ì,é'ë%í¦Ú£æhã1à£í¦âcÜ ëFí'ë1Ü�ë1Ü�âËë,Ü�ã1Ü Ú�ì1Ü.æ�ä>ûHíAã#á�ÚËå�è·ÜOäËè�éyÞ�òB�"Ý�à£é�ã1Ü
ì1ë�í¦Ú�ã�ê½Ü�ë�ê½î£Ú£Þ�ì,á·é�Ú9á�ã�ñ
#\ã &¥ù



������� � ��	���� �

��� S @ Þ�à£í¦Ú£ÚËÜ è ê½Ü�í¦ì1îËë,á·Ú£åVí âËë,Ü�í'÷%âËè·á·ú£Ü�ë Ý�á·ì1à � � �¡ï á�ÚËâËîyì
# � ���� U þ'þ�� ���£ù � � &�í'Ú£æ�Ý�á+ì,àËé'îËì�Þ¥é'÷%âcÜ Ú£ã,í¶ì,á·é�Ú/Þ í¦â�í'Þ¥á·ì,í'Ú£Þ¥Ü©á�Ú%ì1àËÜ
è�é>Þ�í¦è¤è�é>é'â�é¦êjì1àËÜ¡ê½é�è�æyÜ.æOÞ í'ã,Þ¥éyæyÜ¡ã#ì,í¦å�Ü

� S'� @ Þ�à£í'ÚËÚËÜ�è�Ý�á+ì,à � � �¡ï_á·Ú£âËîyìÃâËë,Ü�í'÷�â£è·á·ú£Ü ë3# � � ��� U þ'þ�� ���Ëù � � &
� S� 6��� �<T�. @ Þ�à£í'ÚËÚËÜ èðã©Ý�á·ì1à � � �¡ï_á�ÚËâËîyì¹â£ë1Ü.í¦÷%âËè�á+ú£Ü�ë
# � � ��� U þ�þ�� ���Ëù � �)&
� �<T�9 �M� �B��J @ Þ�à£í'ÚËÚËÜ èðãUÝ�á+ì,à � � �¡ï9á�ÚËâËîyìKâËë,Ü�í'÷%âËè·á·ú£Ü�ë�# � � ��� U þ'þ�� ���£ù � � &

í'Ú£æ�ä£í'ã1Ü è�á�ÚËÜ¡ë1Ü.ã�ì,é'ë,Ü ë
� �B�<P ��� �< B- @ Þ�à£í¦Ú£ÚËÜ èðãXê½Ü.í¶ì1î£ë1á�ÚËå í â£ë1Ü.í¦÷%âËè�á+ú£Ü�ë Ý�á·ì1à � � �¡ï á�ÚËâËîyì
# � � ��� U þ'þ�� ���Ëù � � &�í¦Ú�æ¡Ý�á+ì,àËé'îyì�Þ¥é�÷�âcÜ Ú�ã1í¦ì1á�é'ÚKÞ í'â£í'Þ á+ì�í¦Ú£Þ Ü"á·ÚKì,àËÜ�è�éyÞ í'è¦è·é>é�â
é'êzì,àËÜ¡ê½é'èðæyÜ.æ�Þ�í'ã,Þ¥éyæyÜ¡ã�ì�í¦å�Ü

ñ©àËÜSè�íaû�é'îyì©é¦êzé'ÚËÜSé¦êzì1àËÜ¡á�Ú£æyá�ç�áðæyî£í'è�Þ�à£í¦Ú£ÚËÜ èðã���Ý�á·ì1à�ì1àËÜ¡ë,Ü è�Ü ç¶í¦Ú�ìâËë1é�äËá�ÚËåWâ�í'æËã��>á�ã
ã1àËé¶Ý�Ú�á�ÚOøzá�å£ù -Ëù

ñzí'äËè�Ü �Íæyá�ã1âËèðíaûyãKì1à£Ü�Ý�á�ë1Ü�ä�é�Ú£æyá�ÚËå�â£í'æËãWë,Ü¥ê½Ü ë,ë,á·ÚËåÿì1éÍá�Ú�ì1Ü�ë1Ú£í'è�ä£á�í�ã#Ü.ã�é'êÃì1àËÜ
í¦Ú�í¦è�é'åüÞ�à�í¦ÚËÚËÜ�è�ã�ù�øËé'ë�ì,àËÜ9Þ¥á�ë,Þ îËá+ì%ì,éüÝé'ë,òAâËë1é�â�Ü�ë1è�û��"ã1é'÷%Ü�é¦êÃì,àËÜOâ£í'æËã�#²Ú£í¦÷%Ü è�û
â£í�æËã�ÚËé�ùcþ ,���þ1-+��þ)(<��þ10+��þ � í'Ú£æ ��� &÷�î£ã#ì¹äcÜ;Ü¥ö>ì,Ü ë,Ú£í¦è�è·û�â�é¶ÝÜ ë,Ü�æ��Ëâ�é�ã1ã1á�äËè·û�î£ã1á·ÚËå
è�Ü ÷%éÍÞ¥é�ÚËÚËÜ.Þ�ì1á�é'Ú�ã ùjñ©àËÜFé¦ì,àËÜ ëWâ£í'æ£ãWÞ�í¦Ú äcÜ�Þ¥é�ÚËÚËÜ.Þ�ì1Ü.æ�ì1éÿâ£á·Ú£ã�ã1é9ì1à£í¦ì�ì,àËÜ ûAÞ í'Ú
äcÜ¹âËë,é'äcÜ�æ/é�ë�é¶ç�Ü ë,ë1áðæËæyÜ�Ú%á+êwÚ£Ü�Þ¥Ü.ã1ã,í¦ë,û'ù�ï>Ü Ü¹ì1àËÜ¡í¦âËâcÜ Ú�æyá+ö%ê½é�ë�ê½îËë1ì1à£Ü ë©æyÜ¥ì�í¦á�è�ãí¦äcé'îyì
ì1à£ÜKè·éyÞ í¦ì1á�é'Ú�é¦êzì1àËÜKë,Ü è�Ü ç¶í¦Ú�ì�ÚËéyæyÜ.ã©á·Ú�ì1à£Ü;ã#á�ÚËå'è�ÜKã�ì�í¦å�Ü�ã�ù

��Ú ;�Ü�Þ¥ì ��Ú�â£í'æ_á�ãÚ>îË÷Wä�Ü�ëA('þ�í'÷%é'ÚËå�ì1àËÜSâËë,Ü�í¦÷%âËè�á·ú£Ü ë©á�ÚËâËîyì©â£í'æ£ã ùyñ©àËÜKí'æ ;#í'Þ¥Ü�Ú�ì
â£í�æËã�í¦ë,Ü�ÚËé'ì�Þ¥é�ÚËÚËÜ�Þ¥ì1Ü.æ��'Ý�àËáðÞ�à/âËë,é¶ç>á�æyÜ.ã ��Ú ;�Ü.Þ�ì ��Ú/Ý�á·ì1à_ä�Ü ì#ì1Ü�ë�áðã#é�è�í¦ì1á�é'Ú�ù�Ù¹ã�ã#ì,í¦ì1Ü.æ
á�Ú�ì1àËÜüá·Ú�ì,ë1éyæyî£Þ¥ì1á�é'Ú��Ý�àËÜ�Ú�ì1àËÜ�Þ�àËá�âCá�ã�í¦è�ë,Ü�í'æËûHÝ�á�ë1Ü.æJì1ép÷�áðÞ¥ë,é�ã#ì1ë,á�âCæyÜ¥ì,Ü�Þ�ì,é'ë�ã��
��Ú ;�Ü.Þ�ì ��Ú�â£í'æ�í'è·è�é¶ÝÃã/á·ì_ì1éHä�ÜÍì1Ü�ã#ì1Ü.æJì1à£ë1é�îËå'àJá�Ú ;�Ü�Þ¥ì1á�é'ÚCé'ê�í ò>ÚËé¶Ý�Ú�í¦÷%é'îËÚ�ì_é'ê
Þ�à£í'ë1å�Ü'ù�8�à£í'ÚËÚËÜ�è�ã�ì1éüä�Ü_ì1Ü�ã#ì1Ü.æ�Þ í'Ú�äcÜ�ã1Ü è�Ü�Þ�ì,Ü�æ ä>û ã,Þ í¦Ú£ÚËá·Ú£åÿá·Úpí U þ 09äËá·ìWÝé'ë�æ
Þ í'ë1ë,û>á·Ú£åSá�Úyê½é�ë1÷/í¶ì,á·é�Ú/í¦äcé'îyì�ì,àËÜÃá�Ú ;�Ü�Þ¥ì1á�é'Ú/â£í¦ì#ì,Ü ë,Ú��'Ý�àËáðÞ�àFÞ¥é�Ú�ì1ë,é'èðãjì1àËÜ¹ã1Ý�á·ì,Þ�àËÜ.ã�á�Ú
ì1à£ÜWã,Þ�àËÜ ÷/í¶ì,á�Þ�é¦ê�øjá�å£ù�(>ùsøËîËë1ì1àËÜ�ëSæËá�ã,Þ¥î£ã,ã1á·é�Ú9é'Ú9ì,àËÜ�ã1îËä ;�Ü.Þ�ì¡Þ í¦ÚÍä�ÜWê½é'îËÚ�æ9á·ÚÍì1àËÜ
ã1Ü�Þ�ì,á·é�Ú�ë,Ü è�Ü ç¶í'Ú�ì©ì,é ��ë1é�å'ë�í¦÷%÷/í¦äËè�Ü !ÃÜ å'áðã#ì1Ü ë�ã�ù

ñ©àËÜ�8�é�ë1Ü�Þ é'÷%÷�î£ÚËá�Þ�í¶ì,Ü�ã�Ý�á·ì1à;ì1àËÜ�é¦ì1à£Ü ëzø"ïËï%! è·é�å'áðÞ í'è¦äËè�é>Þ�òyã�ì1àËë,é'îËå�àSì1àËÜ�8�é'ë,Ü
��é�å'áðÞ¦ù�ñ©àËÜ U þ10�ê½ë,é'Ú�ì ��Ü Ú£æ�Þ�à£í'ÚËÚËÜ èðãKí¦ë,Ü/ã#î£äcæyá�ç>á�æËÜ�æAá�Ú U -Oã#Ü ì,ãKé'êÜ�á·å�à�ì�Þ�à�í¦ÚËÚËÜ�è�ã
Ü�í�Þ�à�ù ��í'Þ�àOé¦ê�ì1à£Ü U -%ä£è·éyÞ�òyã¹Þ é'÷%â�é�ã#á�ÚËå%ì,àËÜ���Ú�æR� �¹ê ��ï>Ü ì ��é�å'áðÞKæyÜ�í'è�ã¹Ý�á+ì,à9é'ÚËÜ;é'ê
ì1à£ÜKÜ á�å'à�ìÃÞ�à£í¦ÚËÚ£Ü è�ã1Ü¥ì,ã�ù

øjá·å�îËë,Ü�- @ èðíaû'é�îyìUé'ê�í¦Úüá·Ú�æyá·ç>áðæyî£í'è�Þ�à£í¦ÚËÚ£Ü èoùsñ©à£ÜWâËë,é'ä£á·ÚËå�â£í�æËã¡í¦ë,Ü�è�é>Þ�í¶ì,Ü�æ��cê½ë,é'÷
è�Ü¥ê ì�ì1é%ë,á·å�à�ì��Ëí¶ì�ì,àËÜKâËë,Ü�í'÷�â£è+ú£Ü�ë��yá�Ú�ì1Ü�å'ë�í¶ì1é�ë��>ã1à£í¦âcÜ ëÃí'Ú£æOæyá�ã,Þ¥ë,á�÷�á�Ú£í¦ì1é'ë©é�îyì1âËîËì,ã�ù
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/$3�� /$3+� ������,����%3�=��D�?3+C
� � � � 3�45, � ,R,R�%,R�

U
� ��ë,÷%â���Ú�ì1ô"ë,Ü¥ê ÚËé
þ�� ��ë,÷%âËô¹ä£Ú�þ ÚËé
þ U ��ë,÷%âËô¹ä£â�þ ÚËé
þ'þ ��ë,÷%âËô¹ä£â+� ÚËé
þ�� ��ë,÷%âËô¹ä£Ú U ÚËé
þ , ��Ú�ì1ôUäËÚ U û'Ü.ã
þ�� ï>àËâ ó è�ë 7 áðã !ÃÜ¥ê ÚËé
þ1- 7 á�ã1ôÃì,Ú û'Ü.ã
þ)( 7 á�ã1ôÃì,â û'Ü.ã
þ10 ó è·ë,ô¹ä£â U û'Ü.ã
þ � ï>àËâ£ô¹äËâ�þ û'Ü.ã
��� ï>àËâ£ô¹äËâ U û'Ü.ã
( � � ��ë1÷%âËôUäËâ�þ ÚËé
0�� � ��ë1÷%âËôUäËÚ�þ ÚËé
0 U � ��ë1÷%âËôUäËâ+� ÚËé
0�þ � ��ë1÷%âËôUäËÚ U ÚËé

ñjí¦äËè�Ü�� @ � á�ë1Ü¡äcé'Ú£æËá·ÚËå/â�í'æËã©ë,Ü¥ê½Ü�ë1ë,á·Ú£å�ì,é/á·Ú�ì1Ü�ë1Ú�í¦è¤äËáðí'ã1Ü�ãé¦êjì1à£Ü;í¦Ú£í'è·é�å�Þ�à£í'ÚËÚËÜ�è\ù

�Uâ�Ü�ë,í¦ì1á�é'Ú�é'êKì1àËÜ�ø�ï£ï ! 8�é�ë1Ü9áðã�ã,Þ�àËÜ�÷%í¦ì1áðÞ í'è·è�ûpë,Ü â£ë1Ü.ã#Ü�Ú�ì,Ü�æJá�Ú�øjá·å�ù�0£ù�ñ©àËÜ
(��%�?L�� �?� í¦Ú£æ (	��� L
� 3�CMEA3���3 è�á·Ú£Ü�ã�ã#àËé¶Ý�Ú�á�Ú�ì,àËÜÍâËáðÞ�ì,îËë,Üüí¦ë,ÜOì�ÝéHæyáðí¦å'Ú£é�ã#ì1áðÞ
ã1á·å�Ú£í¦èðã ù'��Ú�â£í¦ë1ì1áðÞ¥î£è�í'ë���8�à£á·â�¹á+ì�å'é>Ü�ã;àËá·å�à�Ý�àËÜ�ÚËÜ ç�Ü ë�íÿæËá�ã,Þ¥ë,á·÷%á�Ú£í¶ì,é'ëKú�ë1Ü.ã;Ý�àËá�è·Ü
8�àËá�â�¹í�ã 7 í¶ì�í�å'é>Ü�ã©àËá�å'à�Ü ç�Ü ë,û%ì1á�÷%Ü¡ì1àËÜ;Þ é'ë,ÜSà�í'ã�æËí¦ì,íWì1é/é�îyì1âËîËì�ù

Preamplfier
Input

in0

in1

in127

40 fF

InjectIn

inj0 inj1 inj127

øjá·å�îËë,Ü3( @ Þ�à£í'ÚËÚËÜ è�ã1Ü è�Ü�Þ¥ì1á�é'Ú�ê½é'ë©ì,Ü�ã#ì¹Þ�à£í¦ë,å'ÜSá·Ú1;�Ü�Þ�ì,á·é�Ú�ì1àËë,é'îËå�àA��Ú1;�Ü�Þ�ì ��Ú�ù
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Other FSSR

Logical Blocks

CORE

Logic

8 
A

na
lo

g 
C

ha
nn

el
 S

et
E

O
S 

L
og

ic

E
O

S 
L

og
ic

8 
A

na
lo

g 
C

ha
nn

el
 S

et

8 
A

na
lo

g 
C

ha
nn

el
 S

et

8 
A

na
lo

g 
C

ha
nn

el
 S

et

8 
A

na
lo

g 
C

ha
nn

el
 S

et

8 
A

na
lo

g 
C

ha
nn

el
 S

et

8 
A

na
lo

g 
C

ha
nn

el
 S

et

8 
A

na
lo

g 
C

ha
nn

el
 S

et

8 
A

na
lo

g 
C

ha
nn

el
 S

et

8 
A

na
lo

g 
C

ha
nn

el
 S

et

8 
A

na
lo

g 
C

ha
nn

el
 S

et

8 
A

na
lo

g 
C

ha
nn

el
 S

et

8 
A

na
lo

g 
C

ha
nn

el
 S

et

8 
A

na
lo

g 
C

ha
nn

el
 S

et

8 
A

na
lo

g 
C

ha
nn

el
 S

et

8 
A

na
lo

g 
C

ha
nn

el
 S

et

E
O

S 
L

og
ic

E
O

S 
L

og
ic

E
O

S 
L

og
ic

E
O

S 
L

og
ic

E
O

S 
L

og
ic

E
O

S 
L

og
ic

E
O

S 
L

og
ic

E
O

S 
L

og
ic

E
O

S 
L

og
ic

E
O

S 
L

og
ic

E
O

S 
L

og
ic

E
O

S 
L

og
ic

E
O

S 
L

og
ic

E
O

S 
L

og
ic

ChipHit, ChipHasData

øjá·å�îËë,Ü 0 @ äËè�éyÞ�ò_æyáðí¦å'ë�í¦÷ é'êwì,àËÜ;ø"ïËï ! 8�é'ë,Ü'ù
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ñ©àËÜ ��ë,é'å'ë�í¦÷%÷%á�ÚËå@��Ú�ì,Ü ë1ê²í'Þ Ü_âËë,é¶ç>á�æyÜ.ã;íÿ÷%Ü.í¦Ú£ã�ê½é'ë�ì1àËÜ�î£ã1Ü ë;ì,éüÞ é'Ú�ì1ë,é'è�ì1àËÜ�é'â<�
Ü ë�í¶ì,á·é�Ú�é¦êUì1àËÜ9ø"ïËï !ÛÞ�àËá�â���í'Ú£æ ì,é�è�é�í�æHí'Ú£æ�ë,Ü�í�æ�ä£í�Þ�òAì1àËÜ9Þ¥é�Ú�ì1Ü Ú�ì�ãWé'êSí'Ú�û é'ê
ì1à£Ü ��ë1é�å'ë�í¦÷%÷/í¦äËè�Ü6!�Ü�å'áðã�ì,Ü ë�ã ù�ï>Ü�ë1áðí¦è"Þ é'÷%÷/í¦Ú£æËãKí'ë1Ü�á�ÚËâËîyìKì,é_ì,àËÜ
��ë,é'å�ë,í'÷�÷%á�ÚËå
��Ú�ì1Ü�ë#ê²í�Þ¥ÜSî£ã#á�ÚËåWì1àËÜ�� # �%��7 �H(*�B��������=�� í¦Ú�æFì,àËÜ�� # ���?7 �*����� è·á�ÚËÜ�ã�ù � àËÜ�Ú��¹ï>à£á+ê ì
8�é'Ú�ì,ë1é�è � áðã�à£á·å�à����¹ï>àËá·ê ì@��Ú � á�ã�èðí¶ì�Þ�àËÜ�æ�á·Ú�ì1épì1à£Üüá�ÚËâËîyì9ë,Ü å�á�ã#ì1Ü�ë�é'ê;ì1àËÜ ��ë1é��
å'ë�í¦÷%÷%á�ÚËåI��Ú�ì1Ü�ë#ê²í�Þ¥Ü�é�Ú9ì1à£Ü�ê²í'è·è�á·Ú£å_Ü�æËå'Ü�é'ê"ì1àËÜ �H(DK (*=?����� ùsÙ�ê ì1Ü�ëKí	� &Q,R3����
Þ¥é�÷%÷%í'Ú£æ��yì,àËÜWÞ é'Ú�ì1Ü�Ú�ì,ã�é'êjì,àËÜ;ë,Ü:9�îËÜ.ã�ì,Ü�æOë,Ü å'áðã#ì1Ü ëÃí'ë1ÜKé�îyì1â£îyìUé�Ú�� # ���?7 �QKH�%��� ù
�¹ï>àËá·ê ì 8�é�Ú�ì,ë1é�è � ÷�î£ã#ìUí'è�ã1é/ä�Ü�ò'Ü âËìÃàËá·å�àÿí¶ê ì,Ü ë¹í��A!ÃÜ�í'æ � Þ¥é�÷%÷%í'Ú£æOÝ�àËá�è·ÜWæËí¶ì�í
áðã¹äcÜ á�ÚËå�é'îyì,âËîyìKé'Ú��¹ïyàËá+ê ì �Uîyì � ùcñ©à£Ü ë,ÜWáðã¡íFé'Ú£Ü���Þ¥ûyÞ¥è�ÜWæyÜ�è�íaûOäcÜ¥ê½é�ë1Ü�ì1àËÜ%é'îËì1âËîyì
í¦â£â�Ü.í¦ë�ã ù 7 í¶ì,í%áðã�ã1àËá+ê ì,Ü�æ�é'îËìÃé'Ú�ì1àËÜKë,á�ã1á�ÚËå%Ü�æyå�ÜSé'êzì,àËÜ ó 8 �XÞ è·éyÞ�òsù

ñ©àËÜ ��ë1é�å'ë�í¦÷%÷%á·Ú£åD��Ú�ì,Ü ë1ê²í'Þ¥Ü�Ý�á·è�èzë,Ü�ã1âcé'Ú£æ�ì,é�í¦è�èwä£ë1é�í'æËÞ�í'ã#ìUÞ¥é�÷�÷/í'Ú£æËã6#�� �?=?�
� �%�?L 3��%�%��,RC�C! �RT'�RT'� &zí'Ú£æ�ì1éKí¦è�èËÞ¥é�÷�÷/í'Ú£æËã�á�Ú�Ý�à£á�Þ�àWì1àËÜÃÞ�à£á·â%í'æËæËë1Ü.ã1ã�÷/í¶ì�Þ�àËÜ�ã
ì1à£Ü_Þ¥é�Ú�ì,Ü Ú�ì,ã;é¦êì1àËÜ (���� L GQ���'��,RC�C &Q,R2���C��M,�� #²ã1Ü¥ì�ä>û�á·Ú�ì,Ü ë,Ú£í¦è�Ý�á�ë,Ü/ä�é�Ú£æËã��zí'ã
Ü¥öyâËèðí¦á�ÚËÜ.æOá·ÚOì,àËÜ�á�Ú�ì1ë,é>æËî£Þ�ì,á·é�Ú &�ù ��í'Þ�à9Þ é'÷%÷/í¦Ú£æ9Þ é'Ú£ã1á�ã#ì,ã¹é¦ê J ;��?��CI�B7 � ��� L 3��#"
�%�N,RCMC �Ëê½é'è�è·é¶ÝÜ�æOä>ûOí J$" ;��?�H�N,R2B�?C���,��A����46; ,�� í¦Ú�æ9í .�" ;��?�I�?��C������%�����?�B� �O���%, ù
øËé�ë%� � ��� ��,&� Þ é'÷%÷/í¦Ú£æ£ãzé�ÚËè�û��aì1à£Üá�Ú£ã#ì1ë,î£Þ�ì,á·é�Ú�Þ éyæyÜ�áðãjê½é'è�è�é¶Ý�Ü.æ;ä>û�æËí¦ì,í��aÝ�àËáðÞ�à�á�ã
Ý�ë,á+ì1ì1Ü Ú%ì,éKì1à£Ü¹ã#âcÜ�Þ á+ú�Ü�æ%ë,Ü å'áðã#ì1Ü ë.ù � á·ì1àFé�ÚËÜ�Ü¥öËÞ Ü âyì,á·é�Ú���í'è·è'� #�,���� �(� &Q,RC�,��)� í¦Ú�æ
� E ,�783���= �)� Þ¥é�÷%÷%í'Ú£æËã"í�	cÜ.Þ�ì�í¹ë,Ü å�á�ã#ì1Ü�ëjê½é'ë"í¦Ú�Ü Ú�ì1á�ë,Ü ó 8 ��Þ è·éyÞ�òKâcÜ ë,á·éyæ��¦ã#ì,í'ë#ì,á·Ú£å
é'Ú�ì1à£ÜKë1áðã#á�ÚËå�Ü�æyå�Ü¡á·÷%÷%Ü�æyáðí¶ì,Ü è�û�í¦ê ì1Ü ë©ì,àËÜ¡è�í�ã�ìÃá�Ú£ã#ì1ë,î£Þ�ì,á·é�Ú�ä£á+ìÃáðã©è�í¦ì,Þ�àËÜ.æ¤ùËñ©àËÜKÜ ö��
Þ¥Ü�âyì1á�é'Ú_á�ã�ì1àËÜ*� G,+ �H( K.- #',���� # GA��+���� ��,@���%�M��,R�����H( K ���%46; ,�� &"Þ¥é�÷%÷%í'Ú£æ��
Ý�àËáðÞ�à%á�ã�Ü ö>Ü.Þ¥îyì,Ü�æ�é'Ú�ì,àËÜ©ú£ë�ã�ì�ÚËÜ�å�í¦ì1á�ç'Ü©å'é�á·ÚËå ó 8 ��Þ è·éyÞ�ò;Ü.æyå'ÜÃí¦ê ì1Ü�ë�ï>àËá·ê ì�8�é'Ú�ì1ë,é'è
å'é>Ü.ã�è·é¶ÝKù¦ñ©àËÜÃø"ïËï%!�Þ¥é'÷%÷/í¦Ú�æ�ê½é�ë1÷/í¦ì�áðã"á�è·è�î£ã#ì1ë�í¶ì,Ü�æ�á·Ú/øjá�å£ù � í'Ú£æWì1àËÜ�á�Ú£ã#ì1ë,î£Þ�ì,á·é�Ú
Þ¥éyæyÜ.ãzí'ë1Ü�è·áðã#ì1Ü�æ�á·ÚWñzí'äËè·Ü�-Ëù ��ë,é'å�ë,í'÷%÷%í'äËè�Ü !�Ü å�á�ã#ì1Ü�ë,ãwÚ�î£÷�äcÜ ë,á·ÚËå¡Þ¥éyæyÜ�á�ã�æyáðã,Þ¥î£ã,ã#Ü.æ
á�Ú�ì,àËÜKÚËÜ ö�ìÃã1Ü�Þ¥ì1á�é'Ú�ù
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����C������%�����?�B� ( �'�%,

� ��� �M, # ê½é�è·è�é¶ÝÜ�æ�ä�û�þ<�%0�é'ë U þ10WäËá+ì�ã�é¦ê"æËí¦ì,í)& ��� U
#',O� #\í¦è�è�äËá·ì,ã�á�ÚOë1Ü�å'áðã�ì,Ü ë � U & � U �
&Q,R3�� U �O�
&Q,RCM,�� #\í¦è�è�äËá·ì,ã�á�ÚOë1Ü�å'áðã�ì,Ü ë � �)& U � U
E ,�783���= � #\ã#Ü ì�ë1Ü�å'áðã�ì,Ü ë©ì1é/æyÜ ê²í¦îËè·ìÃç¶í¦è�îËÜ & U�U �

ñzí'äËè�Ü - @ ��ë,é'å�ë,í'÷%÷�á�ÚËå ��Ú�ì,Ü ë1ê²í'Þ¥Ü¡á�Ú£ã#ì1ë,î£Þ�ì,á·é�Ú£ã ù

C1 C2 C3 C4 C5 R1 R2 R3 R4 R5 I1 I2 I3

Chip ID Register # Instruction

BCO Clk

Shift In

Shift Control

<AqBCO,Set>

øjá·å�îËë,Ü �%@ ��ë,é'å�ë,í'÷%÷�á�ÚËå ��Ú�ì1Ü�ë#ê²í�Þ¥Ü�á�ÚËâËîËìUê½é�ë1÷/í¶ì.ùcñ©à£Ü �ÃÙ 9 ó 8 �*��ï>Ü¥ì � Þ¥é'÷%÷/í¦Ú�æ
áðã©Ü¥öyÜ�Þ îyì1Ü.æ�í¦ì©ì1àËÜKá�Ú£æyáðÞ í¦ì1Ü�æOÞ è·éyÞ�ò/ê²í'è·è�á·Ú£å�Ü.æyå'Ü�ù
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��ë,é'å�ë,í'÷%÷%í'äËè�Ü�!ÃÜ å'áðã#ì1Ü ë�ã�í'ë1Ü¹è·áðã�ì,Ü�æ/á�Ú_ñjí¦äËè�Ü (yù�ñ©àËÜ¹ì,í'äËè·ÜSí¦èðã#éWã#àËé¶ÝÃã�ì1àËÜUÚ>îË÷�äcÜ ë
é¦êKäËá·ì,ã_ê½é'ë�Ü�í�Þ�àJë1Ü�å'áðã�ì,Ü ë�í'Ú£æJàËé¶Ýßì1à£ÜÍç¶í¦ë,á·é�î£ã/ì�û>âcÜ�ã�é¦êKë,Ü�ã1Ü¥ì�íaç¶í¦á�èðí¦äËè�Üÿá�Ú�ì1àËÜ
Þ�àËá�â #²ø�ø�!��Søjá�ë1Ü ú£å'à�ì1Ü�ë !�Ü.ã#Ü ì���$!����UâcÜ ë�í¶ì1á�é'Ú
!�Ü.ã#Ü ì��¶ï��?! �¡ï>÷/í¦ë1ì ��ë,é'å�ë,í'÷�÷%á�ÚËå
!�Ü.ã#Ü ì��yï 8�!��¡ï>÷/í¦ë1ì�8�é�ë1Ü$!�Ü�ã1Ü¥ì &�í�	cÜ.Þ�ì©Ü�í'Þ�à_ë1Ü�å'áðã�ì,Ü ë.ù 7 Ü¥ì,í'á·è�Ü�æ_æyÜ�ã,Þ¥ë,á·âËì1á�é'ÚFé'ê�ì1àËÜ
ë,Ü å'áðã#ì1Ü ë�ã�ê½é'è�è·é¶ÝÃã @
(*3<L #�,R=�" 8í'â�ï>Ü�è�áðã©íWþN��äËá·ìë,Ü å�á�ã#ì1Ü�ë�ù���ì©á�ã�î£ã1Ü�æ/ì,é�ã1Ü è�Ü�Þ¥ì�ì,àËÜ¡ã#à£í'âËá�ÚËå;ì,á·÷%Ü¡á·Ú_ì1àËÜ

í'Ú£í¦è�é'åWê½ë,é'Ú�ì ��Ü Ú£æ�Þ�à£í'ÚËÚËÜ è�í�Þ Þ é'ë�æyá·Ú£å�ì,éFñzí'äËè·Ü
0
G,+ �H( K " Ù 9 ó 8 � á�ãKí'Ú 0��oäËá·ìKë1Ü�å'áðã�ì,Ü ë.ù � à£Ü Ú Ù'9 ó 8 � áðãKã#Ü ì¡ì1àËÜ/ç¶í¦è�îËÜ%é¦ê�ì1àËÜ

ó 8 �õÞ¥é�îËÚ�ì1Ü�ëÃá�ã¹è·é�í'æyÜ.æ�á·Ú9ì,àËÜ�Ù 9 ó 8 � ë,Ü å'áðã#ì1Ü ë.ùËñ©àËáðãÃë,Ü å�á�ã#ì1Ü�ë¹Þ í'Ú�äcÜ�ë,Ü�í�æ
í¦ìUí¦Ú>û�è�í¦ì1Ü ë©ì,á·÷%Ü�ì1é/ç'Ü�ë1á·ê½û ó 8 � ã#û>Ú£Þ ë1é�ÚËá=<�í¶ì,á·é�Ú�ù ó 8 � ã1û>Ú£Þ¥ë,é'Ú£á <.í¶ì1á�é'Ú�Þ í'Ú
í'è�ã1é¹äcÜ�Þ�àËÜ�Þ�ò�Ü�æKÝ�á·ì1à£é'îyì"ë,Ü�í'æËá·ÚËå¹ì1àËÜ©Ù'9 ó 8 �hë,Ü å�á�ã#ì1Ü�ëzá·êËì1à£Ü �ÃÙ 9 ó 8 �*��ï>Ü ì �
Þ é'÷%÷/í¦Ú£æAáðã¡ì,á·÷%Ü�æHã#éOì,à£í¶ì;ì,àËÜ ó 8 � Þ¥é�îËÚ�ì1Ü ë�çaí'è·î£Ü/è�í¦ì,Þ�àËÜ.æ ã#àËé�îËèðæAÜ:9�î£í¦è
<�Ü ë,é£ù���ê£Ù 9 ó 8 ��ë,Ü å'áðã#ì1Ü ëzÞ¥é'Ú�ì,Ü Ú�ì,ã�í'ë1Ü"Ú£é¦ì2<�Ü ë,é+� í©äËá·ìzáðãwã1Ü¥ìzá·Ú¡ì,àËÜ�ã1û�Ú�Þ �¶ã#ì,í¦ì1î£ã
Ýé'ë�æ #²ã1Ü ÜKã#Ü.Þ�ì,á·é�Ú �)&�ù

GQ=��?��,RC " ñ©àËÜÿÙUÞ�ì1á�ç'Ü �wá·Ú£Ü�ã/ë,Ü å�á�ã#ì1Ü�ë��"ÙÃè�á�ÚËÜ�ã���áðã/í�þN��äËá·ìFë1Ü�å'áðã�ì,Ü ë.ù�ñ©à£á�ã/ë,Ü å�á�ã#ì1Ü�ë��
Ý�à£á�Þ�àhá�ã%á�÷%âËè�Ü ÷%Ü Ú�ì1Ü.æHî�ã#á�ÚËåAë1Ü.æyîËÚ£æ£í¦Ú�ì�è�é'å�á�Þ�æyÜ.ã#á�å'ÚËÜ.æ�ì,éAä�ÜOá�÷�÷WîËÚËÜ�ì1é



� �?�
	��������	�	����� � ��� ��� ��� � ���,� �'� ���3��� U �

&A,R2 � GA�%�%� � � � �>�B7 ! ! & KH& #'/ & � ����,RC
� 3+45, �*�?��C

� �O���O��� #��)& � � � � > �
� �O���O� U # U & � � � � > �
� �O��� U � #oþ & � � � � > �
� �O��� U�U #��)& � � � � > �
� �O� U ��� # , & � � � � > �
� �O� U � U # � & � � � � > �
� �O� UOU � # -)& � � � � > �
� �O� UOU�U # (1& � � � � > �
� � U �O��� # 0)& � � � � > �
� � U �O� U # � & � � � � > �
� � U � U � # U � & � � � � > �
� � U � U�U # U�U & � � � � > �
� � U�U ��� # U þ)& � � � � > �
8í'â�ï>Ü�è � U�U � U # U � & þ �O� �ÃÚ 7 � �
� � U�UOU � # U , & � � � � > �
Ù 9 ó 8 � � U�UOU�U # U �)& 0 �O���O�����O��� �ÃÚ 7 �
Ù¹è·á�ÚËÜ.ã U ���O��� # U - & þ �O��#��)& �ÃÚ �¹Ú � �
� á�è�è U ���O� U # U ( & U þ 0 Ú£é�ò>á�è·è # � � & �ÃÚ �¹Ú � �
��Ú1;�Ü�Þ�ì U ��� U � # U 0 & U þ 0 Ú£é�á�Ú ;�Ü.Þ�ì # � �)& �ÃÚ �¹Ú � �
ïyÜ Ú£æ 7 í¶ì�í U ��� U�U # U
� & U Ú£é%ã1Ü Ú�æ�# � � & �ÃÚ �¹Ú � �
!ÃÜ�;�Ü�Þ¥ì �¹á+ì�ã U � U ��� #oþ�� & U ë,Ü�;�Ü.Þ�ì # � U & �ÃÚ �¹Ú � �
� ��=?��&Q,R2 U � U � U #oþ U & � � � � �
� U � UOU � #oþ'þ)& � � � � > �
� U � UOU�U #oþ�� & � � � � > �
ï �?! UOU �O��� #oþ , & � > Ù > Ù > Ù � �
� UOU �O� U #oþ��)& � � � � > �
� UOU � U � #oþ1- & � � � � > �
� UOU � U�U #oþ)( & � � � � > �
ï 8�! UOU�U ��� #oþ10 & � � � � � �
� UOU�U � U #oþ � & � � � � > �
� UOU�UOU � #���� & � � � � > �
� UOU�UOU�U #�� U & � � � � > �

ñjí¦äËè�Ü�( @ ø�ï£ï ! Þ�àËá�â ��ë,é'å�ë,í'÷�÷/í'äËè·Ü !�Ü�å'áðã�ì,Ü ë�ã ù > � � > é¦ì �Uã#Ü.æ�� �¹Ú ���ÃÚ�Þ�à£í¦ÚËå�Ü�æ��
� � � ��å'Ú£é'ë,Ü�ã � á·èðæ%!�Ü�å'áðã�ì,Ü ëM� 7 � 7 Ü¥ê²í'îËè·ì�� > Ù � > é'ì¹Ù 	sÜ�Þ¥ì1Ü�æ�ù
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(*3<L #�,R=�� 3�=?��, /$,R3����?��2 � ��45, � ��� �

��� -��
� U 0 �
U � �
U�U U þ��

ñjí¦äËè�Ü30 @ âcÜ�í'ò>á·ÚËå�ì,á·÷%Ü;ã1Ü è�Ü�Þ�ì,á·é�Ú�á�Ú�ì1àËÜ;í'Ú£í¦è�é'å%Þ�à£í'ÚËÚËÜ èsì,àËë,é'îËå�à 8í'â�ï>Ü èoù

ã1á�ÚËå'è�ÜUÜ�ç'Ü�Ú�ìîËâ£ã1Ü¥ìM�ËæyÜ¥ì,Ü ë,÷�á�ÚËÜ.ã�ì,àËÜ¡æËí¶ì�í�é�îyì1âËîËì©Þ é'Úyú£å�îËë�í¶ì1á�é'Ú�í'Þ Þ é'ë�æyá�ÚËåKì1é
ñjí¦ä£è·Ü � ù

� �?=�=�" ñ©àËÜ � á·è�è¤ë,Ü å'áðã#ì1Ü ë©à£í�ãé'ÚËÜ¡äËá·ì©ê½é'ë©Ü�í�Þ�à�í'Ú£í¦è�é'å�Þ�à£í¦ÚËÚ£Ü è ��ì,àËÜ ë,Ü¥ê½é�ë1ÜSáðã�í U þ10��
ä£á+ìë1Ü�å'áðã�ì,Ü ë.ù � á·è�è � Ú ��� U #²Ú �� ä£á+ìé¦ê¤ì1à£Ü¹ë,Ü å'áðã#ì1Ü ë�Ü:9�î£í¦è£ì1é U &�é'âcÜ Ú�ã�í;ã1Ý�á·ì,Þ�àFí¶ì
ì,àËÜ%é'îyì,âËîyì¡é¦ê�ì,àËÜ%æyá�ã,Þ¥ë,á�÷�á�Ú£í¦ì1é'ëSé¦ê�ì1àËÜ�Ú �� Þ�à£í'ÚËÚËÜ è �cÜ�	sÜ�Þ�ì,á·ç�Ü è�û9ò>á·è�è·á�ÚËå�ì1àËÜ
Þ é'ë,ë1Ü.ã#âcé'Ú�æyá·Ú£åW÷%áðÞ¥ë,é�ã#ì1ë,á·â�ù�ù

�����M,����*" ��Ú1;�Ü�Þ�ì©áðãí U þ 0���äËá+ìë1Ü�å'áðã�ì,Ü ë�ì1é>é£ùR��Ú ;�Ü.Þ�ì � ÷ � � U Þ¥è�é�ã1Ü�ã�íWã1Ý�á·ì,Þ�à�Þ é'ÚËÚ£Ü�Þ�ì,á·Ú£å
ì,àËÜ ��Ú ;�Ü�Þ¥ì ��Ú�ì,Ü�ã#ì�â�í'æAì,éÿì1à£Ü�Þ�à£í'ë1å�ÜFá�Ú ;�Ü�Þ¥ì%Þ�í¦â£í�Þ¥á·ì1é'ë�í'ã,ã#éyÞ á�í¦ì1Ü�æAÝ�á·ì1àHì1àËÜ
÷ �� Þ�à�í¦ÚËÚËÜ�è #²ã1Ü Ü;øjá�å£ù (1&¥ù

#',�����EA3<�M3�" ï>Ü�Ú£æ 7 í¶ì�í_áðã¡í U �oäËá·ì���ï�� � ì,é'è�Ü ë�í¦Ú�ìUë,Ü å�á�ã#ì1Ü�ë�ùsï>Ü¥ì1ì1á�ÚËåÿï>Ü Ú�æ 7 í¦ì,í � �
æËá�ã,í¦äËè�Ü�ã�ì1à£ÜOÞ é'ë,ÜFë,Ü�í'æËé'îyì.ù%��ê¡æËí¶ì�íÿáðãWäcÜ á�ÚËå�ë1Ü.í'æ é�îyìWÝ�à£Ü ÚhïyÜ Ú£æ 7 í¦ì,íÍá�ã
Þ�à�í¦ÚËå�Ü�æ�ê½ë,é'÷ U ì1éD���'î£â/ì1éKì�Ýé�æËí¦ì,íKÝé'ë�æËã"÷/íaû�ä�ÜUè·é�ã�ì #½Ü�á+ì,àËÜ ë�é'ÚËÜÃé�ë?<�Ü ë,é
é�Ú%ì1àËÜ¹ì1ë�í¦Ú£ã1á·ì1á�é'Ú%ê½ë,é'÷ U ì1é ��í¦Ú£æ%Ü�á+ì,àËÜ ë�é'ÚËÜÃé�ë?<�Ü ë,éKé'Ú%ì1à£ÜÃì1ë�í¦Ú�ã#á·ì1á�é'Ú�ê½ë,é'÷
�Wì,é U &�ù

&Q,��M,R��� � � ��C ��á�ò'ÜKï>Ü�Ú£æËí¶ì�í��%!�Ü ;�Ü�Þ¥ì �Ãá·ì,ãÃá�ã�í U ��äËá·ì��£ï�� �Cì,é'è�Ü ë�í¦Ú�ìë,Ü å�á�ã#ì1Ü�ë�ùËï>Ü ì#ì,á·ÚËå
!ÃÜ�;�Ü�Þ¥ì �¹á+ì�ã � U á�ÚËàËá�äËá+ì�ã¡ì1à£Ü%Þ é'ë,Ü�ê½ë,é'÷ í'Þ Þ Ü âyì,á·Ú£åOí'Ú>û9÷�é�ë1Ü%ã#ì1ë,á·â�àËá·ì,ã/#²æ£í¶ì,í
í'è·ë,Ü�í�æyû/èðí¶ì,Þ�à£Ü�æ�á�ã©Ú£é¦ì¹í�	sÜ�Þ¥ì1Ü.æ &�ù

ñ©àËë,Ü Ü¡é¦êjì1àËÜKë,Ü å�á�ã#ì1Ü�ë�í'æËæyë,Ü�ã,ã1Ü�ã©æyé%ÚËé¦ì¹Þ é'ë,ë1Ü.ã#âcé'Ú�æ/ì1é%âËà>ûyã1á�Þ�í¦è¤ë,Ü å'áðã#ì1Ü ë�ã @
� �?=��%&A,�C " � á·èðæ%!�Ü�å�# U � U � U &¤áðãzî�ã#Ü.æKì1éSäËë,é�í�æËÞ í�ã�ì�Þ¥é'÷%÷/í¦Ú�æËãzì1à£í¦ì��.ê½é'ë�á�Ú£ã�ì�í¦Ú£Þ Ü��

ã1Ü¥ì¹í'è·è�0��oä£á+ìÃë,Ü å�á�ã#ì1Ü�ë,ã�ì1é%ì,àËÜ á�ëÃæyÜ¥ê²í'îËè·ìÃçaí'è·î£Ü�ã�ù

GQ=��?��,�C	� 3�=��%, � �%46; ,��I�B7 ���%��L>�'� L>3�� ��C

�O� U
� U þ
U � ,
UOU -

ñjí¦äËè�Ü �%@ í�Þ�ì1á�ç'Ü¡è�á·Ú£Ü�ã©ë,Ü å'áðã#ì1Ü ëÃÞ éyæyÜ'ù



� ���A� � 	��� �6�� ����� �?�����3� � U �

#�( & " ñ©àËÜ%ïy÷%í'ë#ì38�é'ë,Ü�!�Ü.ã#Ü ìUáðãSÜ¥öyÜ�Þ îyì1Ü.æ9Ý�àËÜ ÚÍì1àËÜ�ë,Ü å'áðã#ì1Ü ëUá�ã¡ã1Ü¥ì.ùcñ©àËáðã¡Þ¥é�÷*�
÷/í'Ú£æ�Þ¥è�Ü�í'ë,ã/í'è·èÃ÷%áðÞ¥ë,é�ã#ì1ë,á·â�ã/í¦Ú£æ ��Ú£æR� �¹ê ��ï>Ü ì
��é'å�á�Þ9í'Ú£æhë1Ü.ã#Ü ì,ã%ì,àËÜ ó 8 �
Þ é'îËÚ�ì,Ü ë©ì1é <�Ü ë,é£ù

#'/ & " ñ©àËÜ¹ï>÷/í'ë#ì ��ë1é�å'ë�í¦÷%÷%á·ÚËå$!�Ü�ã1Ü¥ì�ì1é>éKá�ã�Ü¥öyÜ�Þ îyì1Ü.æWÝ�à£Ü Ú�ì1àËÜUÞ¥é'ë,ë,Ü�ã1â�é�Ú£æyá�ÚËå
ë,Ü å�á�ã#ì1Ü�ë�á�ã¹ã#Ü ì�ù£ï�� !�ë,Ü�ã1Ü¥ì�ãì1àËÜ�äËá�í�ã�Þ¥îËë,ë,Ü Ú�ì,ã�í'Ú£æ�ì1àËÜ¡ì,àËë1Ü.ã#à£é'èðæ_ç�é'è·ì,í¦å�Ü�ã�ì1é
æËÜ¥ê²í¦î£è+ì�#²ã,í¶ê½Ü &Kçaí'è·î£Ü�ã��wäËîyì%æyé>Ü�ãKÚ£é¦ì�í�	cÜ.Þ�ì;ì,àËÜ_æËí¦ì,í9é�îyì1â£îyì�Þ é'Úyú£å�îËë�í¶ì1á�é'Ú'�
ì,àËÜ � á�è·èwí'Ú£æA��Ú ;�Ü�Þ¥ìÃë1Ü�å'áðã�ì,Ü ë�ã�é�ë¹ï>Ü Ú�æ 7 í¦ì,í%é�ë�!ÃÜ�;�Ü�Þ¥ì �¹á+ì�ã ù

ï 8�! í¦Ú£æ�ï �?! í'ë1Üÿì1àËé�ë1é�îËå'àËè�û�æyáðã1Þ î£ã1ã1Ü�æCá·ÚRã#Ü.Þ�ì1á�é'Ú -��©Ý�àËáðÞ�à�í¦èðã#éhÞ¥é�Ú�ì�í¦á�Ú£ã_í
æyÜ.ã1Þ ë1á�âyì1á�é'Ú�é¦êzì1àËÜ¡ì�Ýé%à£í¦ë�æyÝ©í¦ë,ÜUë,Ü�ã1Ü¥ì�ã #²ø�ø�!Xí¦Ú£æ �$!'&�ù

ÙÃè�è>é¦êyì1à£Ü�ë,Ü å'áðã#ì1Ü ë�ã��¥Ü¥öËÞ¥Ü�âyì � á�è�è�í'Ú£æ ��Ú ;�Ü.Þ�ì��aí¦ë,Ü�è�é�í�æyÜ�æKè�Ü�í�ã�ìjã#á�å'ÚËá·ú�Þ�í¦Ú�ìwäËá·ì�#²ä+�)&
ú£ë�ã�ì.ù¤ÙÃè�è"é¦ê�ì,àËÜ%ë1Ü�å'áðã�ì,Ü ë�ã��cÜ¥öËÞ¥Ü�âyì � á·è�è�í¦Ú£æ ��Ú ;�Ü�Þ¥ì;Þ í¦Úüä�Ü%ë,Ü�í�æ9ÚËé'ÚAæyÜ.ã�ì,ë1î£Þ¥ì1á�ç'Ü�è·û
í¶ì¡í¦Ú>û�ì1á�÷%Ü'ù¤Ù�ê ì,Ü ëKí_ë,Ü�í�æ9Þ¥é�÷�÷/í'Ú£æ9ì,àËÜWë,Ü:9�îËÜ.ã�ì,Ü�æ9ë,Ü å�á�ã#ì1Ü�ëUÞ é'Ú�ì1Ü�Ú�ì�ãUí'ë1ÜWÞ¥é'â£á·Ü.æ
ì1é9íOã1à£í'æyé¶Ýõë1Ü�å'áðã�ì,Ü ëM�cì1àËÜ�ÚAã1àËá·ê ì1Ü.æüé�îyì��w÷�é�ã�ì�ã1á�å'ÚËá·ú�Þ í'Ú�ìSäËá·ì;ú£ë�ã#ì�ù > é'ì1Ü%ì,àËá�ã;äËá+ì
é'ë�æyÜ�ëáðã©é'â£â�é�ã#á·ì1Ü¡ì,éWì,àËÜKé'ë�æyÜ�ëî�ã#Ü.æ_ì,é%è·é�í'æ_ì1àËÜKë,Ü å�á�ã#ì1Ü�ë�ù

� á·è�èwí'Ú£æQ��Ú1;�Ü�Þ�ìUë1Ü�å'áðã�ì,Ü ë�ãí'ë1ÜSè�é�í'æËÜ�æ�ä�û�ã#à£á+ê ì,á·ÚËåFæ£í¶ì,í�á�Ú9ã�ì�í¦ë1ì1á�ÚËå�ê½ë1é�÷ ì1àËÜ�äËá+ì
á�Ú�ì,Ü Ú£æËÜ�æOê½é�ëSÞ�à£í'ÚËÚËÜ�è U þ)(Wì,àËë1é�îËå'àOì,àËÜ�äËá+ìUê½é'ë¡Þ�à£í¦Ú£ÚËÜ è>�Ëù � á·è�è�í¦Ú£æ ��Ú1;�Ü�Þ�ìKÞ í'ÚËÚËé'ì
äcÜ�ë,Ü�í�æÿÚËé�Ú<��æyÜ�ã#ì1ë,î£Þ�ì,á·ç�Ü è�û��¤í'ã¡Ú£éOã1à£í�æyé¶ÝXë1Ü�å'áðã�ì,Ü ë¡áðã¡á·÷%âËè�Ü ÷%Ü Ú�ì,Ü�æ¤ùwÙÃê ì1Ü�ë;í�ë,Ü�í�æ
Þ¥é�÷%÷%í'Ú£æ��£æ£í¶ì,í/ê½ë1é�÷ � á�è·èzé'ë ��Ú1;�Ü�Þ�ìSí¦âËâcÜ�í'ë,ã�é�Ú��¹ï>àËá·ê ì��Uîyì � á�Ú9ì,àËÜ�ã,í¦÷%ÜKé'ë�æyÜ ë
ì1à�í¶ì©á+ì©Ýí�ã�è�é�í�æyÜ�æ #½äËá·ì©ê½é'ë©Þ�à£í¦Ú£ÚËÜ è U þ (Uú£ë�ã�ìM�>äËá+ì©ê½é�ëÞ�à£í'ÚËÚËÜ�èB�Wè�í�ã�ì &�ùyÙ¹ã�ì,àËÜKæËí¶ì�í
áðã¡ë1Ü.í'æüé'îyìM��á+ì;áðã;í'è�ã1é�ã1àËá·ê ì1Ü.æAä£í'Þ�òOì,àËë1é�îËå'àüì1à£Ü/Ü Ú�ì1á�ë1ÜFã1àËá·ê ì;ë1Ü�å'áðã�ì,Ü ëM�¤ã#é�ì1à�í¶ì�í¶ì
ì1à£Ü;Ü Ú£æ�é'êjì,àËÜ;ë,Ü�í�æ�é�â�Ü�ë,í¦ì1á�é'Ú #½á·ê��¹ï>àËá·ê ì 8�é'Ú�ì,ë1é�è � á�ã�è�é¶ÝÜ ë,Ü�æ6;�î£ã�ìSí¶ê ì1Ü�ë�ì1à£Ü;è�í�ã�ì
äËá·ìÃá�ã�ã1àËá·ê ì1Ü.æOé'îyì & �yì,àËÜKë1Ü�å'áðã�ì,Ü ë�Þ¥é�Ú�ì1Ü Ú�ì�ã�í¦ë,ÜUë,Ü�ã#ì1é�ë1Ü.æ¤ù

� � Ö � Ö��ÛÓ ��� Ó � ��� � Ã×��¦Ö
� 

ñ©àËÜ�ë1Ü�í'ë1Ü�ê½é'îËëzê½îËÚ£Þ¥ì1á�é'Ú£í'è�ä£è·éyÞ�òyã�á�Ú;ì,àËÜ 7 í¶ì�í��Uîyì,âËîyì>��Ú�ì1Ü ë1ê²í'Þ Ü @ ì1àËÜA8�è·éyÞ�ò38�é'Ú�ì1ë,é'è
��é�å'áðÞ���ì1àËÜ > Ü¥ö>ì � é�ë,æ ó è�éyÞ�ò���ì,àËÜ � é�ë,æ�ï>Ü ë,á�í'è·á=< Ü�ëKí¦Ú£æÿì1àËÜFï�ì,Ü Ü ë,á�ÚËå �wé'å�á�Þ'ùcñ©àËÜ
ë,Ü èðí¶ì1á�é'Ú�ã#àËâ�ä�Ü ì�Ý�Ü�Ü Ú�ì1à£Ü�ã1ÜKäËè·éyÞ�òyãá�ã¹ã#àËé¶Ý�Ú�á�ÚOøjá�å£ù U �Ëù

ñ©àËÜ�8�è·éyÞ�ò 8�é'Ú�ì1ë,é'è ��é'å�á�Þ;ë1Ü.Þ¥Ü á�ç'Ü.ã�ì�Ýé_Þ¥è�éyÞ�ò9ã#á�å'Ú£í'è�ãÃê½ë1é�÷ í¦ÚÿÜ ö�ì,Ü ë,Ú£í¦èzä�é�í¦ë�æ
÷/í¦Ú£í'å'á�ÚËåüæ£í¶ì,íüì,éAí'Ú£æHê½ë1é�÷ Þ�àËá�â£ã�ä�Ü�è·é�ÚËå'á�ÚËå�ì1é�ì1à£ÜOã,í¦÷%ÜO÷%éyæyîËè�Ü'ù�ñ©àËÜ.ã#Ü�ì�Ýé
Þ¥è�éyÞ�òyã6# � ( G � � í'ã#ì1Ü�ë 8�è�é>Þ�ò9Ù í¦Ú£æ � (�� � � í'ã#ì1Ü�ë
8�è�éyÞ�ò ó &¹í¦ë,Ü�äËî�ã1ã1Ü�æOì,é�í'è·è
ø"ïËï !RÞ�àËá�â£ã©á·ÚOíW÷�éyæyî£è·Ü�ù � 8Ù6í¦Ú£æ � 8 ó í'ë1ÜUä�é'ì1àOÚËé�÷�á�Ú£í'è·è�û�- 0£ù 0 � �A<KÞ è·éyÞ�òyã��
Ý�á·ì1à � 8 ó èðí¦å�å'á�ÚËå � 8Ù�ä>û � ���¦ù>ñ©à£Ü 8�è�é>Þ�ò 8�é�Ú�ì,ë1é�è �wé'å'áðÞ�äËè�éyÞ�ò%î£ã#Ü.ã � 8Ù�í¦Ú�æ
� 8 ó ì1éOæyÜ�ë1á�ç'ÜKì,àËÜWì�Ý�é�Þ¥è�é>Þ�òyãUî£ã1Ü�æ9á�Ú�ì1Ü ë,Ú£í'è·è�û�ì1éOÞ¥é'Ú�ì,ë1é�èwë,Ü�í'æËé'îyì # &I( � � �cì1àËÜ
&Q,R3����B�'�H( =������ �yí¦Ú£æ #%( � � ��ì,àËÜ #�,����?3�= ( =������ & �Ëí�ã�ÝÜ è�è¤í'ã�ì1àËÜ �Uîyì,âËîyì 8�è·éyÞ�ò
# KI�'��( � � & ��Ý�àËáðÞ�à/á�ã�é'îËì1âËîyì©í¦è�é'ÚËåKÝ�á·ì1àFì1àËÜSã#Ü�ë1áðí¦è�á <�Ü�æ%æËí¦ì,íËù�ñ©àËÜÃÜ ö�ì,Ü ë,Ú£í¦è�ä�é�í¦ë�æ
ê½Ü Ü.æyá�ÚËå/ì1à£ÜKì�Ý�éFÞ è·éyÞ�òyã©ì,é/ì1àËÜWÞ�àËá·â�ãÃ÷/íaû�í�æ ;�î£ã#ìÃì1àËÜWâËà£í�ã#ÜKë,Ü èðí¶ì,á·é�Ú�é'ê � 8Ù í¦Ú�æ
� 8 ó í�ãjÚËÜ�Þ Ü�ã,ã1í'ë1ûSì1é¡÷/í¶öyá�÷%á <�Ü�ì,àËÜ©è·Ü�ÚËå¦ì,àWé'ê£ì,á·÷%Ü©ì1à�í¶ì�æËí¶ì�íSë1Ü.Þ¥Ü á�ç'Ü.æKê½ë,é'÷ ø"ïËï !
Þ�àËá�â£ã�áðã"ç¶í¦è�á�æ¤ù > é¦ì,Ü©ì1à£í¦ì�âËë,é'âcÜ ë"é�â�Ü�ë,í¦ì1á�é'Ú�é¦ê£ì,àËÜ¹ø"ïËï !JÞ�àËá�â/æyé>Ü�ã"Ú£é¦ì�ë,Ü:9�îËá�ë1Ü�í¦Ú>û
âËà£í�ã#ÜSé'ëê½ë,Ü:9�îËÜ�Ú£Þ¥ûFë,Ü èðí¶ì,á·é�Ú£ã1àËá·â�ä�Ü ì�Ý�Ü�Ü Ú�ì1àËÜ ó 8 �6Þ è·éyÞ�ò_í'Ú£æ/ì,àËÜKë,Ü�í'æËé'îyì�Þ¥è�éyÞ�ò>ã
# � 8ÙXí¦Ú£æ � 8 ó &�ù

ñ©àËÜ_ï>Ü�ë1áðí¦è 8�è�éyÞ�ò9á�ã;æËÜ ë,á·ç�Ü�æ9ê½ë,é'÷ � 8Ù í¦Ú£æ � 8 ó î£ã#á�ÚËå9íOã#á�÷%âËè�Ü/Ü¥öËÞ¥è�î£ã1á·ç�Ü
�$!Kù¶ñ©àËÜ'8�é'ë,Ü�!�Ü�í�æyé'îyì?8�è�é>Þ�òKî�ã#Ü.æ�ä>û¡ì1à£Ü©ø"ïËï%! 8�é�ë1Üá�ã�æyÜ�ë1á�ç'Ü.æ;î£ã1á�ÚËåKíUÞ é'îËÚ�ì1Ü�ë�ù
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Clock Control

Logic

Next Word

Block

Operation
Reset

Word Serializer Block

Steering Logic

Serial Data on 1, 2, 4 or 6 Output Pairs

SCLK

MCA

MCB

Alines

24−bit WordSCLK

SCLK

RCLK

RCLK to Core
23−bit Data from Core

Sync/Status Word

OutCLK

OutCLK

øjá�å'îËë,Ü U � @ 7 í¦ì,í �Uîyì,âËîyì ��Ú�ì1Ü�ë#ê²í�Þ¥Ü¡äËè�é>Þ�ò�æyá�í'å'ë�í¦÷Où

ï 8 � � á�ãSì�Ý�áðÞ¥ÜWì1à£Ü%ê½ë1Ü 9�î£Ü Ú£Þ û9é¦ê � 8Ù í'Ú£æ � 8 ó ùsñ©à£ÜWê½ë,Ü:9�îËÜ�Ú£Þ¥û9é'ê�!A8 � � æyÜ��
âcÜ Ú£æËãWé'ÚHì1àËÜ�Ú>îË÷�äcÜ ë�é¦êUí�Þ�ì,á·ç�Ü_æËí¶ì�íÿé�îyì1âËîËì�è�á·Ú£Ü�ã"#²ã1Ü ÜOñzí'äËè·Ü U � &Kí¦Ú£æHá�ãWå'á�ç'Ü�Ú
ä>ûÍæyá�ç>á�æyá�ÚËåÍï 8 � � ä>ûÿì,àËÜ/Ú>îË÷�äcÜ ëKé'êä£á+ì�ã;ã#Ü�ë1áðí¦è�á=< Ü�æÍé'ÚAÜ�í�Þ�àüé�îyì1â£îyì;â£í¶ì,à�ùwñ©àËÜ
ë,Ü èðí¶ì1á�é'Ú�ã#àËá�â_äcÜ¥ì�ÝÜ Ü�ÚOï 8 � � �>ì1à£ÜSÚ>îË÷Wä�Ü�ë�é¦ê�í'Þ�ì,á·ç�ÜUè�á�ÚËÜ�ã�í'Ú£æ�!A8 � � á·Ú�ã#îËë,Ü�ãì,à£í¶ì
æËí¦ì,íKáðãé'îyì,âËîyì�ê½ë,é'÷ ì,àËÜSÞ�à£á·â_í¦ì�ì,àËÜSã,í¦÷%ÜUë,í¦ì1Ü¹í�ã�á·ì�áðã�ë,Ü�í�æ/é'îËì�é¦ê¤ì,àËÜ38�é'ë,Ü'ù�ñ©à£á�ã
÷%Ü�í'Ú£ãì1à£í¦ìÃÚËé%Ü¥ö>ì1ë�í�äËî<	sÜ ëÃ÷%Ü�÷�é�ë1û/áðã�ë,Ü:9�îËá�ë1Ü.æFá�Ú�ì1àËÜ 7 í¶ì�í �Uîyì1âËîËì ��Ú�ì,Ü ë1ê²í'Þ Ü'ù

ñ©àËÜ��Uîyì,âËîyì 8�è�éyÞ�ò��ËÝ�àËáðÞ�à�à�í'ã©ì,àËÜ�ã,í¦÷%Ü¡ê½ë1Ü 9�îËÜ Ú£Þ û�í�ã � 8Ù ��á�ãUæyÜ ë,á�ç'Ü�æ_ê½ë,é'÷
ï 8 � � ù �Uîyì1â£îyìUæËí¦ì,í�á�ã¹í'ã,ã#Ü�ë#ì,Ü�æ�é'Ú�ì1àËÜ�â�é�ã#á·ì1á�ç'ÜKå�é'á�ÚËå%Ü�æyå�Ü�ã©é¦ê�ï 8 � ��� �Uîyì 8 � �

ì1ë�í¦Ú�ã#á·ì1á�é'Ú£ãéyÞ Þ îËë�é'Ú�ì,àËÜKÚËÜ å�í¶ì,á·ç�ÜUå�é'á�ÚËåWÜ.æyå'Ü.ã©é¦ê�ï 8 � � ù
ñ©àËÜ > Ü¥ö>ì � é�ë,æ ó è�éyÞ�ò/ã#Ü�è·Ü.Þ�ì,ã�ì1à£ÜSã1é'îËë�Þ¥Ü¹é¦ê�ì,àËÜ¹ÚËÜ ö>ìÝé'ë�æ%ì1éWä�ÜSá�ÚËâËîyìì1éWì1àËÜ

Ýé'ë�æÍã1Ü ë,á�í'è·á=< Ü�ë,ã�ù���ê�� (*����, � 3+= ���?��2'� áðãKí'ã,ã#Ü�ë#ì,Ü�æÍí'Ú£æ�á+ì;à�í'ãSä�Ü�Ü Ú í'ã,ã1Ü ë1ì1Ü�æÍê½é'ë
í¶ì¡è�Ü�í'ã#ì¡é'ÚËÜ/!A8 � � Þ û>Þ è·ÜO�sì1àËÜ�ÚÍì,àËÜ (*�+��, E 3<��3 � ����� áðãKã1Ü è�Ü�Þ�ì,Ü�æüí¦Ú£æÍè�í¦ì,Þ�àËÜ.æ
á�Ú�ì,é
5£á�â<� 5£é'â£ã�á·ÚFì1àËÜÃé�îËâyì,âËîyìã#ì,í'å'ÜÃé'êsì1àËÜUÚËÜ¥ö>ì�Ýé'ë�æ%äËè�é>Þ�òsù��¹ì1àËÜ�ë1Ý�áðã#ÜO�¶ì1à£Ü # ���%�

( �B����2B�'��3<�M�?�B� #�( � � !���,$+��%,R��� � &I( � � !'��, +���,R�%� �

-�é'îËì1âËîyìUâ£í¦á�ë,ã � 8Ù *�þ � 8Ù �¦þ
,%é'îËì1âËîyìUâ£í¦á�ë,ã � 8Ù *�þ � 8Ù ���
þWé'îËì1âËîyìUâ£í¦á�ë,ã � 8Ù *�þ � 8Ù � -
U é'îËì1âËîyìUâ£í¦á�ë,ã � 8Ù *�þ � 8Ù�� U þ

ñjí¦äËè�Ü U � @ æyÜ âcÜ Ú£æËÜ Ú£Þ ÜKé¦ê�ï 8 � � í¦Ú£æ�!A8 � � é'ÚOæËí¶ì�íWé�îyì1â£îyì¹Þ¥é�Úyú£å'î£ë,í¦ì1á�é'Ú�ù



� ���A� � 	��� �6�� ����� �?�����3� � U (

b14b15b16b17b18b19b20b21b22b23
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b23 b22 b21 b20 b18b19 b16b17 b15 b14 b10b13 b12 b11 b9 b8 b7

Word
Mark

10 0 0 0 0 0

BCO StripSet

0000000000000 1

Status Sync

øjá·å�îËë1Ü UOU @ ê½é'ë,÷/í¶ìÃé¦ê"ï>û>Ú£Þ � é'ë�æ #½ì1é'â &©í¦Ú£æ 7 í¶ì,í � é'ë�æ #²ä�é'ì#ì,é'÷�&�ù

� ����� á�ãUã#Ü�è·Ü.Þ�ì,Ü�æOí¦Ú£æOèðí¶ì�Þ�àËÜ�æ�á�Ú�ì1é%ì1à£Ü�ã1í'÷%Ü 5£á·â�� 5£é�â£ã�ù�ñ©àËáðãÃæËí¦ì,í�ì1ë�í¦Ú�ã�ê½Ü�ë�ì,í'ò'Ü�ã
âËèðí'Þ Ü/é'ÚAì1à£Ü/ê²í¦è�è·á�ÚËåÿÜ.æyå'Ü/é'êA!�8 � � ù � àËÜ�ÚAì1àËÜ 8�é'ë,Ü �¹é'ë,á <�é'Ú�ì,í'è�ñzé'ò'Ü�ÚAë1Ü.í'Þ�àËÜ.ã
ã1Ü¥ì�Ú>îË÷Wä�Ü�ë U �<�¦ì,àËÜ ë,Ü¹áðã�í¦ì�è�Ü�í�ã�ì�é�Ú !A8 � � Þ¥ûyÞ è·ÜUá·ÚFÝ�à£á�Þ�à�� 8�é�ë1Ü¹ñjí¦è�ò>á·Ú£å � á�ã�ÚËé¦ì
í'ã,ã1Ü ë1ì1Ü�æ�ù � à£Ü Ú�ì1àËÜ��¹é'ë,á <�é'Ú�ì,í'è�ñwé�ò'Ü�Ú_áðã�è�í'îËÚ£Þ�àËÜ.æ�í'å�í'á·Ú #½á�Ú9ë1Ü.ã#âcé'Ú£ã1ÜUì1é�� (*�+��,
� 3�C EA3���3 � &��¤é'ÚËÜ�÷%é'ë,Ü�!A8 � � Þ û>Þ è·Ü�áðã¹ë,Ü:9�îËá�ë1Ü.æ9äcÜ¥ê½é'ë,Ü�çaí'è·áðæÍæ£í¶ì,í_á�ã¡æyÜ�è·á�ç'Ü�ë1Ü.æ
ê½ë,é'÷ ì,àËÜ 8�é'ë,Ü_ì,éüì,àËÜ 7 í¶ì,í �Uîyì,âËîyìH��Ú�ì1Ü�ë#ê²í�Þ¥Ü'ù�ñ©à£á�ã%å�î£í¦ë�í¦Ú�ì1Ü�Ü�ã�ì1à£í¦ì%ì1àËÜÍï>û>Ú£Þ
� é'ë�æHÝ�á�è·è�äcÜ9é'îËì1âËîyìFí¦ì%è�Ü�í�ã�ì%ì�Ý�áðÞ¥ÜOÜ ç�Ü ë,ûAì1á�÷%ÜOì1à£í¦ì�ì,àËÜÿø"ïËï !ßë,Ü�í'æËé'îyì/ã1Þ�í¦Ú£ã
ì1à£ë1é�îËå'à_í'è·è U -Wã#Ü ì,ã�ùyÙ¹ãá·è�è�î£ã�ì,ë,í¦ì1Ü.æFá�Ú�øjá·å�ù UOU ��ì1àËÜ > Ü¥ö>ì � é'ë�æ ó è�é>Þ�ò/í�æËæËã©í;Ýé'ë�æ
÷/í¦ë,ò9äËá·ì���Ý�àËáðÞ�à�á�ã¡å�î£í¦ë�í¦Ú�ì1Ü�Ü�æOì,éOä�Ü/é�ÚËÜ��sì,é�ì,àËÜ/æËí¶ì�íËù�ñ©àËÜFï>û>Ú£Þ � é'ë�æüÞ�í¦Ú�ä�Ü
î£ã1Ü�æüä>ûÿì1à£Ü/Ü¥ö>ì1Ü�ë1Ú£í'è"ä�é�í¦ë�æüã1îËâcÜ ë,ç>á�ã1á·Ú£å�ì,àËÜ/÷%éyæyîËè�Ü/é'âcÜ ë�í¶ì1á�é'Úüì1éOÜ.ã�ì�í¦äËè�á�ã1à�ì1àËÜ
è�é>Þ�í¶ì,á·é�Úpé'ê¹ì1à£Üüþ ,��oäËá·ì%Ý�é�ë,æpä�é�îËÚ£æËí'ë1û�ù�ï>û>Ú£Þ � é'ë�æpÞ�í¦ÚJä�ÜÿæËá�ã#ì1á�ÚËå'î£á�ã1àËÜ�æHê½ë,é'÷
7 í¶ì,í � é'ë�æ # 8�é'ë,Ü 7 í¶ì,í &Sä�Ü.Þ í'î£ã#Ü%ì,àËÜ_ï>û>Ú£Þ � é'ë�æ�à£í'ã U �"< Ü ë,é�ãSá�Ú äËá·ì,ã U ì,é U �Ëù
ñ©àËÜ � é'ë�æ � í¦ë,òÿäËá·ì�í¦Ú£æÍì1àËÜFã#ì1ë,á�âAí'Ú£æAã#Ü ìKÚ�î£÷�äcÜ ë;Ü�Ú£Þ¥éyæyá�ÚËåOÜ Ú£ã1îËë,Ü�ì1à£í¦ì�8�é'ë,Ü
7 í¶ì,í�Þ í'ÚpÚ£Ü ç'Ü�ë%à£íaç'Ü U ��Þ¥é�Ú£ã#Ü.Þ¥îyì,á·ç�Ü�ä£á+ì�ã%Ü:9�î£í¦èì,é <�Ü ë,é+��Ü á·ì1à£Ü ë/Ý�á·ì1àËá�Ú�íÍÝé'ë�æ
é'ëWí'Þ¥ë,é�ã,ãUì�Ý�éÿæ£í¶ì,íOÝé'ë�æËã�ùwñ©àËÜF÷%é�ã�ì�ã1á·å�ÚËá·ú�Þ í'Ú�ì U �OäËá·ì,ã #²ä U ,��oäcþ��)&Ué'êì,àËÜ�ï>û>Ú£Þ
� é'ë�æ�í'ë1Ü�ë,Ü�ã1Ü ë,ç'Ü.æ;ê½é�ë�ã#ì,í¦ì1î£ã�í'Ú£æ%Ü ë,ë,é'ë�Þ¥éyæyÜ.ã ù�ï>éKê²í¦ëM�¶ú£ç�ÜÃé¦êsì,àËÜ�ã1ÜÃäËá·ì,ã�à£íaç'Ü�äcÜ Ü�Ú
í'ã,ã1á·å�ÚËÜ�æ���í'ã�ñjí¦äËè�Ü UOU ã1àËé¶ÝÃã�ù�ïyÜ¥ìFí¦Ú£æpã�ì,ë1á�âHÚ>îË÷Wä�Ü�ë1á�ÚËåAÞ¥éyæyÜ.ãWí'ë1ÜOæyáðã#âËèðíaû'Ü.æ á�Ú
ñjí¦äËè�Ü U þ;í'Ú£æ_ñjí¦äËè�Ü U �;ë,Ü�ã1âcÜ�Þ�ì,á·ç�Ü è�û'ù>øËë,é'÷ ì,àËÜ ÷ é�ÚËÜUÞ�í¦Ú�á·Úyê½Ü�ë���ê½é�ëá�Ú£ã#ì,í'Ú£Þ¥ÜO��ì,à£í¶ì
ã#ì1ë,á·â �+�sÝ�àËá�Þ�à�Þ¥é�ë1ë,Ü�ã1â�é�Ú£æËã©ì,é_ì,àËÜ�è·Ü ê ì1÷%é�ã#ì¡Þ�à�í¦ÚËÚËÜ�è�á·ÚÍì1àËÜ%Þ�àËá�â��¤í¦Ú£æ9áðãUì1àËÜWú£ë�ã�ì
ã#ì1ë,á·â;é'êËì1à£Ü�ú£ë�ã#ìjã1Ü¥ì��aÝ�á�è·è�à£íaç�Ü�ì1à£ÜÞ é>æËÜ � U � U ��� U � U ��Ý�àËá·è�Ü�ã#ì1ë,á�â U þ (R�.Þ¥é'ë,ë,Ü�ã1â�é�Ú£æyá�ÚËå

�D� � � ��� � ,R3����?��2 �D� � � � � � ,R3����?��2

þ�� ï>Ü Ú�æ 7 í¦ì,í U 0 > é¦ì¹ÙUã1ã1á·å�ÚËÜ�æ
þ�þ !�Ü ;�Ü�Þ¥ì �Ãá·ì,ã U ( > é¦ì¹ÙUã1ã1á·å�ÚËÜ�æ
þ U Ù¹è·á�ÚËÜ�ã ��ä U U - > é¦ì¹ÙUã1ã1á·å�ÚËÜ�æ
þ�� Ù¹è·á�ÚËÜ�ã ��ä+� U � > é¦ì¹ÙUã1ã1á·å�ÚËÜ�æ
U � Ù'9 ó 8 ���� � U , > é¦ì¹ÙUã1ã1á·å�ÚËÜ�æ

ñjí¦äËè�Ü U�U)@ ã#ì,í¦ì1î£ãÃäËá+ì¹í�ã1ã1á�å'ÚË÷%Ü Ú�ì©á·Úÿï>û>Ú£Þ � é'ë�æ¤ù



� ���A� � 	��� �6�� ����� �?�����3� � U 0

#',�� (*����, #',�� ( �'�%, #�,�� (*���%, #�,�� (*����,
� � � � � � � ��� � ���

U � U � U � � � U�U ��� � U � U ��� U � U �O� U �
þ � U � UOU - � U�U � U U � U � U � U U , U �O� U�U
� � U�U�UOU ( UOU�U � U U�U U � UOU�U U � U�U � U�U
, � U�U�U � 0 UOU�U ��� U þ U � UOU � U - U�U � U �

ñjí¦äËè�Ü U þ @ ã#Ü ì�Þ éyæyá·Ú£å£ù

#����N�?L�� � � ( �'�%, #������ L�� ��� (*���%,

U � U � U � U � U �
þ � U�UOU - U � U�U
� � U�U � ( U �O� U
, U�U�U � 0 U�U � U

ñzí'äËè·Ü U � @ ã#ì1ë,á·â9Þ¥éyæyá�ÚËå�ù

ì1é�ì1àËÜSë,á·å�à�ì,÷%é�ã#ìÞ�à£í'ÚËÚËÜ ècá�ÚFì1à£ÜUÞ�àËá�â�í'Ú£æ/äcÜ á�ÚËå�ì,àËÜSè�í�ã�ì©ã�ì,ë1á�â_é'ê¤ì1àËÜSè�í�ã�ì©ã#Ü ì��>Ý�á�è·è
à£íaç�Ü¹ì,àËÜ;Þ¥éyæyÜ UOU � U � UOU � U ù

ñ©àËÜ � é'ë�æFï>Ü ë,áðí¦è�á <�Ü ë ó è·éyÞ�ò�ã#Ü�ë1áðí¦è�á <�Ü�ã�ì,àËÜ¹æËí¦ì,íSê½é�ë�é'îËì1âËîyì.ù �UÚ%ì,àËÜ�ê²í¦è�è�á·ÚËå�Ü�æyå�Ü
é¦ê+!A8 � � ì1àËÜ�Ýé'ë�æWàËÜ èðæ%á·Ú�ì,àËÜ�5£á�â<� 5£é'â£ã�í¶ì"ì1à£ÜÃé'îyì,âËîyì�é'êcì,àËÜ > Ü ö>ì � é�ë,æ ó è�é>Þ�ò�á�ã
èðí¶ì,Þ�à£Ü�æ�á·Ú�ì,é%ì1àËÜ�ã1Ü ë,áðí¦è�á <�Ü ë�5£á�â<� 5£é'â£ã�ù�ñ©à£á�ãÃæ£í¶ì,í%áðãÃé�îyì1â£îyìUã1Ü ë,á�í'è·è�û/ì1éFì1àËÜ�ã#ì1Ü�Ü ë,á·Ú£å
è�é'å'áðÞKá�Ú U �sþ<� ,Fé'ë$-Fâ£í'ë,í'è·è�Ü èwâ£í¶ì,à£ãUæËÜ âcÜ Ú£æyá�ÚËå�é'Ú9ì,àËÜWã#ì,í¦ì1î£ã¹é¦ê"ì1à£ÜWÙ¹Þ¥ì1á�ç'Ü���á�ÚËÜ�ã
ë,Ü å'áðã#ì1Ü ë #\ÙÃè�á·Ú£Ü�ã4& �Ý�àËá�Þ�à�Þ é'Ú�ì1ë,é'èðã�ì1àËÜüæËí¶ì�í é'îyì,âËîyì�Þ é'Úyú�å'îËë�í¶ì,á·é�Ú�ù 7 í¦ì,íAê½é�ë1÷/í¦ì
Ý�àËÜ�Ú�÷%é�ë1ÜUì1à£í'ÚOé'ÚËÜ¡é'îËì1âËîyìÃè�á�ÚËÜKá�ã¹í'Þ�ì,á·ç�Ü¡á�ã�ã1àËé¶Ý�Ú�á·Ú9øjá·å�ù U þËù

ñ©àËÜWï�ì,Ü Ü�ë1á�ÚËå
��é�å'áðÞKæyë,á·ç�Ü�ã©ì,àËÜ;é'îËì1âËîyìSæËí¶ì�í/Þ¥è�é>Þ�ò�í¦Ú£æ�ì,àËÜ�ã1Ü ë,á�í'è¤é'îyì,âËîyì¡æËí¶ì�í
é�	 Þ�àËá�â�ù �Uîyì 8 � � á�ãUé'Ú£Ü�à£í'è+ê�ì,àËÜWê½ë1Ü 9�î£Ü Ú£Þ û�é'ê�ï 8 � � í'Ú£æÿáðãUâËà£í'ã1Ü�æÍã#é_ì1à£í¦ìSá·ì,ã
Ü�æËå'Ü�ãê²í'è·è¤à�í¦è·ê½ÝíaûFäcÜ¥ì�ÝÜ Ü�Ú_ì,àËÜKÜ�æËå'Ü�ã©é'êzì,àËÜ;æËí¦ì,í�è·á�ÚËÜ.ã ù
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øjá�å'îËë,Ü U þ @ æ£í¶ì,íWê½é�ë1÷/í¶ì�Ý�àËÜ�Úÿþ�#\í)&��%, #½ä &©é�ë�- #²Þ:&é�îyì1â£îyìÃè·á�ÚËÜ.ã�í¦ë,Ü¡í�Þ�ì,á·ç�Ü'ù

� 
  
  � 


ñ©àËÜ�ø"ïËï%! Þ�àËá�â��£á�Ú9ì,àËÜ�âËë,Ü�ã1Ü Ú�ì¹ç�Ü ë�ã#á�é'Ú'�Ëà£í'ãÃì�Ý�é_à£í¦ë�æyÝ©í¦ë,ÜSë,Ü�ã1Ü¥ì�ã6# ! � ��, ��2 ����,��
&Q,RCM,�� í¦Ú�æ¡ì1àËÜ KHL ,��N3����?�B� &A,�CM,�� &wí¦Ú£æ;ì�Ý�éSã#é'ê ì�Ýí'ë1Ü�ë,Ü�ã1Ü¥ì�# #'453<�N� (*���N,D&Q,RCM,��
í¦Ú�æ #'453<�N� /1�N�B2��N3+4545�?��2 &A,RC�,�� &¥ù
#�( & " � àËÜ Ú_í;ïy÷%í'ë#ì�8�é�ë1Ü�!�Ü.ã#Ü ì�áðã"ë1Ü.Þ¥Ü�á·ç�Ü�æ��¶ì,àËÜ ó 8 ��Þ¥é'î£Ú�ì,Ü ë"áðã�ë,Ü�ã1Ü¥ì"ì,é
< Ü ë,é+�

í'è·è ��Ú£æR� �¹ê ��ï>Ü¥ì ��é�å'áðÞ¹áðãÃÞ è·Ü.í¦ë,Ü�æ_í'Ú£æOí¦è�è�ã�ì,ë1á�â�àËá+ì�ãÃí¦ë,ÜKÞ¥è�Ü�í'ë1Ü.æ¤ù
#'/ & " � àËÜ�ÚOí/ï>÷/í'ë#ì ��ë,é'å�ë,í'÷%÷�á�ÚËå�!�Ü�ã1Ü¥ì�áðã�ë1Ü.Þ¥Ü�á·ç�Ü�æ��yí¦è�è�é'êwì1à£ÜKë1Ü�å'áðã�ì,Ü ë�ã�ì,à£í¶ì

à£é'èðæOçaí'è·î£Ü�ã�á�ÚËâËîyì¹ì1é 7 Ù'8ãUí¦ë,ÜSë,Ü�ã1Ü¥ì�ì,é%ì1àËÜ�á·ëSæyÜ¥ê²í'îËè·ìÃçaí'è·î£Ü�ã6#²ÚËé¦ì,Ü;í¦Ú>û>Ýíaû
ì,à£í¶ìjá·Ú¡ì,àËáðãwç�Ü ë�ã#á�é'ÚSé¦ê>ì1à£Ü�Þ�àËá�â 7 Ù'8ãwí'ë1Ü"Ú£é¦ìwî£ã1Ü�æ &¤í¦Ú£æSì,àËÜ�Ù 9 ó 8 �Hë,Ü å�á�ã#ì1Ü�ë
áðãÃÞ è·Ü.í¦ë,Ü�æ¤ù

KH& " � àËÜ Ú/í¦Ú �UâcÜ ë�í¶ì,á·é�Ú�!�Ü.ã#Ü ì�á�ã�ë,Ü�Þ Ü á�ç'Ü�æ��aì1àËÜ 7 í¶ì�í��UîËì1âËîyì ��Ú�ì,Ü ë1ê²í'Þ¥Ü©áðã"ë,Ü�ã1Ü¥ì�ù
ñ©à£á�ãÃÞ é'Ú£ã1áðã�ì�ã�é¦ê�< Ü�ë1é�á·ÚËå/í'è·è�é'êzì,àËÜ;Ýé'ë�æ�ã1Ü ë,áðí¦è�á <�Ü ë©ë1Ü�å'áðã�ì,Ü ë�ã��yà�í¦è·ì1á�ÚËå�!A8 � �

í'Ú£æHï 8 � � �wì,àËÜ Úpã�ì�í¦ë1ì1á�ÚËå !A8 � � í'Ú£æHï 8 � � í'å�í'á·Ú�ã1î£Þ�à ì,à£í¶ì�Ý�àËÜ ÚhæËí¶ì�í
áðã¡ã#à£á+ê ì,Ü�æÿé�îyì¡é¦ê�ì,àËÜ�Þ�à£á·â��cì,àËÜWÝé'ë�æ9÷/í¦ë,òOäËá·ìSáðã¡í'Þ Þ é'÷%â£í'ÚËá·Ü.æ9ä>û9íQ�_ì1é U
ì,ë,í'Ú£ã1á+ì,á·é�Ú�é'ê��Uîyì 8 � � ù

! ! & " � à£Ü Ú_íWøzá�ë,Ü¥ú£å�à�ì,Ü ë�!�Ü�ã1Ü¥ìá�ã�ë1Ü.Þ¥Ü�á·ç�Ü�æ��'ì1àËÜ¡ø"ïËï !CÞ�àËá�âFáðã�ë,Ü�ã1Ü¥ì�ì1é�í��1ã,í¶ê½Ü��
÷%éyæyÜ�ù£ñ©àËÜ¡Ü�	sÜ�Þ¥ìÃá�ã©ì,àËÜKã1í'÷%Ü¡í�ã�í%ã#á�÷�îËè·ì,í'ÚËÜ é�î£ã�ï>÷/í¦ë1ì$8�é'ë,Ü$!ÃÜ�ã1Ü¥ì��£ïy÷%í'ë#ì
��ë1é�å'ë�í¦÷%÷%á·Ú£å !ÃÜ�ã1Ü¥ì�í'Ú£æ �Uâ�Ü�ë,í¦ì1á�é'Ú/!�Ü.ã#Ü ì�ù���Ú�í'æËæyá·ì1á�é'Ú'�¦ì1à£Ü¹øjá·ë,Ü¥ú£å�à�ì1Ü ë !�Ü��
ã1Ü¥ìUë1Ü.ã#Ü ì,ã�ÙÃè�á�ÚËÜ�ã�� � á�è·è ����Ú ;�Ü.Þ�ìM�cï>Ü�Ú£æ 7 í¶ì,í_í¦Ú£æ�!�Ü ;�Ü�Þ�ì �Ãá·ì,ã�ù�ñ©àËáðãÃ÷%Ü.í¦Ú£ã©ì,à£í¶ì
ì,àËÜ_Ú>îË÷Wä�Ü�ë�é'ê�í�Þ�ì,á·ç�Ü/é'îyì,âËîyìWâ�í¦á�ë,ãKáðã;ë,Ü�ã1Ü¥ìKì,éÿé'Ú£Ü��wÚ£éÍã�ì,ë1á�â áðã;ò>á·è�è�Ü�æ í¦Ú�æ
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Ú£é'ÚËÜKÞ¥é�ÚËÚËÜ.Þ�ì1Ü.æFì,é�ì1àËÜ¡ì,Ü�ã#ì¹Þ�à£í¦ë,å'ÜUá·Ú ;�Ü.Þ�ì,á·é�ÚOã1á�å'Ú£í'è�#?��Ú ;�Ü�Þ¥ì ��Ú &���æËí¦ì,í�é'îËì1âËîyì
ê½ë,é'÷ ì,àËÜ 8�é'ë,Ü�áðã�á·Ú£àËá·ä£á+ì,Ü�æhí¦Ú£æhã�ì,ë1á�âHî£ÚËá+ìFÞ Ü è�è�ã%í¦ë,ÜOã#Ü ìWì,é ��2����+��,�� , �
� �?��C ù

ñ©àËÜKç¶í¦ë,á·é�î£ãë1Ü.ã#Ü ìÃí'Þ�ì,á·é�Ú£ã�í¦ë,ÜKã#î£÷�÷/í'ë1á=< Ü.æ_á�Ú�ñjí¦ä£è·Ü�(yù

�  ×���� A�ÿÓO×� 

ñ©àËÜSê½é'è�è�é¶Ý�á·ÚËå%âËë,éyÞ¥Ü.æyîËë,Ü¡ã1àËé�îËè�æ�äcÜ¡ê½é'è�è·é¶ÝÜ�æ

� Ý�à£Ü Ú9ã#Ý�á·ì,Þ�à£á·ÚËå%é�Ú�ì,àËÜ;ø"ïËï !6Þ�àËá�â @
U ù�øjá·ë,Ü¥ú�å'à�ì1Ü�ë�!ÃÜ�ã1Ü¥ì @ âËè�í�Þ¥ÜSì1à£Ü;ø�ï£ï !XÞ�àËá�â�á�Ú9í �,ã1í¦ê½Ü �W÷%é>æËÜ
þyù�� � ë1á·ì1ÜO� Ù¹è·á�ÚËÜ�ã�� ä+�¦ä U � @ Þ é'Úyú£å�îËë,Ü"ì1àËÜ 7 í¶ì,í �Uîyì1â£îyì���Ú�ì,Ü ë1ê²í'Þ¥Ü�ì1éSî£ã#Ü�ì1àËÜ

âËë,é'âcÜ ë�Ú>îË÷Wä�Ü�ë�é¦ê�é'îyì,âËîyìÃè�á·ÚËÜ.ã
#½á·ê"÷�é�ë1ÜUì1à�í¦ÚOé'ÚËÜ¡â£í'á·ë�áðã©ì,é�äcÜKî£ã1Ü�æ &
�Ëù��A!�Ü.ã#Ü ì�� !�Ü�;�Ü.Þ�ì �¹á+ì�ã � @ Ü Ú£í'äËè·ÜSì,àËÜ�8�é'ë,Ü
,£ù��¹ï>Ü ì���ï 8�! � @ ï>÷/í¦ë1ì$8�é'ë,Ü !�Ü�ã1Ü¥ì
�yù��¹ï>Ü ì���ï>Ü Ú£æ 7 í¦ì,í � @ Ü�Ú£í¦ä£è·ÜKæËí¦ì,í%ë,Ü�í'æËé'îyì

� äcÜ¥ê½é�ë1ÜKâcÜ ë1ê½é'ë,÷%á·Ú£å�í'Ú�û � á·è�è�é'ë ��Ú ;�Ü.Þ�ì¹é�â�Ü�ë,í¦ì1á�é'Ú @
U ù��¹ï>Ü ì�� !�Ü�;�Ü.Þ�ì �¹á+ì�ã � @ æyá�ã,í¦ä£è·ÜSì1à£Ü�8�é'ë,Ü
þyùÃïyÞ�í¦Ú�á·Ú � á�è·è �N��Ú ;�Ü.Þ�ìÃâ£í¦ì#ì,Ü ë,Ú£ã
�Ëù��A!�Ü.ã#Ü ì�� !�Ü�;�Ü.Þ�ì �¹á+ì�ã � @ Ü Ú£í'äËè·ÜSì,àËÜ�8�é'ë,Ü

� Ý�à£Ü Ú�ì1îËë,ÚËá�ÚËå%é'Ú�ì1à£Ü;Þ�àËá·âOí¦Ú�æ�ã#ì,í'ë#ì,á·Ú£å�Ý�á·ì1à9í � á�è·è �N��Ú ;�Ü.Þ�ì�é'âcÜ ë�í¶ì,á·é�Ú @
U ù�øjá·ë,Ü¥ú�å'à�ì1Ü�ë�!ÃÜ�ã1Ü¥ì
þyù�� � ë1á·ì1ÜO� Ù¹è·á�ÚËÜ�ã�� ä+�¦ä U �
�Ëù��¹ï>Ü ì�� !�Ü�;�Ü.Þ�ì �¹á+ì�ã �
,£ùÃïyÞ�í¦Ú�á·Ú � á�è·è �N��Ú ;�Ü.Þ�ìÃâ£í¦ì#ì,Ü ë,Ú£ã
�yù��A!�Ü.ã#Ü ì�� !�Ü�;�Ü.Þ�ì �¹á+ì�ã �
-Ëù��¹ï>Ü ì���ï 8�! �
(>ù��¹ï>Ü ì���ï>Ü Ú£æ 7 í¦ì,í �

��ê¹í¦Ú�ø"ïËï ! Þ�àËá·â è�é�ã1Ü�ã�æËí¶ì�í9é'îyì,âËîyì%ã#û>Ú£Þ ë1é�ÚËá <.í¶ì,á·é�Ú��sì1àËÜ�ÚHí¦Ú �UâcÜ ë�í¶ì,á·é�Ú !�Ü��
ã1Ü¥ì_Ý�á�è·èUë1Ü.Þ¥é¶ç�Ü ëFã1û�Ú�Þ¥ë,é'ÚËá=<�í¦ì1á�é'ÚhÝ�á+ì,àËé'îyì�ë1Ü 9�îËá·ë,á�ÚËåAì1àËÜ 8�é'ë,Ü9é'ë ��ë1é�å'ë�í¦÷%÷/í¦äËè�Ü
!�Ü�å'áðã�ì,Ü ë�ã�ì,é/ä�ÜKë,Ü�ã1Ü¥ì.ù

��ê¹í¦ÚHø"ïËï%! Þ�àËá�â�è·é�ã#Ü.ã ó 8 �ßã#û>Ú£Þ ë1é�ÚËá=<�í¶ì,á·é�Ú��¤ì,àËÜ ÚHíüï>÷/í¦ë1ì 8�é'ë,Ü !�Ü.ã#Ü ìWÝ�á�è·è
ë,Ü�Þ¥é¶ç�Ü ë_ã1û>Ú£Þ¥ë,é'Ú£á <.í¶ì1á�é'Ú�Ý�á·ì1à£é'îyìOë1Ü 9�îËá·ë,á�ÚËå ì1à£Ü 7 í¶ì�í �Uîyì,âËîyì@��Ú�ì1Ü ë1ê²í'Þ ÜÍé�ë ��ë1é��
å'ë�í¦÷%÷/í¦ä£è·Ü�!�Ü�å'áðã�ì,Ü ë�ãKì,éÍäcÜ_ë,Ü�ã1Ü¥ì�ùjÙ¹ã�ã#à£é¶Ý�Ú�á·Úpøzá�å£ù U � 8�é'ë,Ü_æËí¶ì�í9Ý�á�è·èä�Ü�è·é�ã�ì
îËÚ�ì1á�è �¹ï>àËá·ê ì�8�é'Ú�ì1ë,é'è � áðãKæyë1é�âËâcÜ�æÍí¦ì¡ì1àËÜ/í¦â£âËë1é�âËë,á�í¦ì1Ü;ì,á·÷%Ü�ì1éOë,Ü�ã#ì,í'ë#ìSì1àËÜ ó 8 �
Þ¥é�îËÚ�ì1Ü�ë©í¦ìA< Ü�ë1é�á·Ú9ã1û>Ú£Þ¡Ý�á+ì,à�ì1àËÜKë,Ü�ã#ì�é¦êwì,àËÜ;ã1û>ã#ì1Ü�÷Où
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C2 C3 C4 C5C1

Chip ID

1 1 1 10 0 0 0

SCR=11100 Set=010

0 1 2

BCO Clk

Shift Control

Shift In

Core Reset

øjá·å�îËë,Ü U � @ ì,àËÜ�8�é�ë1Ü
!�Ü.ã#Ü ì¹è·á�ÚËÜKáðãÃí'ã,ã1Ü ë1ì1Ü�æ�é�Ú�ì,àËÜKë,á�ã1á·Ú£å/Ü�æyå�ÜKé¦êjì1àËÜ ó 8 � 8�è·éyÞ�ò
ê½é'è�è�é¶Ý�á·ÚËå¹ì1àËÜèðí'ã#ìjäËá·ì"é¦êËì,àËÜ �¹ï 8�! ��ï>Ü¥ì � Þ¥é�÷�÷/í'Ú£æ¤ùN��ì�ã�ì�íaû>ãjí'Þ¥ì1á�ç'Ü�îËÚ�ì1á�è ;�î£ã�ì"í¶ê ì,Ü ë
ì1à£ÜUú�ë,ã#ì ó 8 � 8�è·éyÞ�ò/ë,á�ã1á�ÚËåWÜ.æyå'ÜKí¦ê ì1Ü ë¹ïyàËá+ê ì$8�é�Ú�ì1ë,é'èsà£í'ãäcÜ Ü�Ú�è�é¶ÝÜ ë,Ü�æ¤ùyñ©àËÜ¡ÚËÜ ö�ì
ë,á�ã1á·Ú£å�Ü�æËå'Ü¹é'ê�ì1à£Ü ó 8 �RÞ¥è�éyÞ�ò%Ý�á·è�èsá·Ú£Þ ë1Ü�÷%Ü Ú�ì�ì,àËÜ ó 8 �RÞ é'îËÚ�ì,Ü ë�ê½ë1é�÷ < Ü ë,é;ì,é�é�ÚËÜ��
ã1éWì,àËÜ ó 8 �6Ú>îË÷Wä�Ü�ë,ã©Ý�á�è·èwä�Ü;í�ã1ã1á·å�ÚËÜ�æ�í'ã©á�Ú£æyáðÞ í¦ì1Ü�æ�ä>û/ì,àËÜKÚ>îË÷�äcÜ ë�ã©á·Ú9Þ á·ë�Þ¥è�Ü�ã�ù


