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1 BESS ® ¯ °

1.1 BESS± ²
BESS³$´ (Balloon-BorneExperimentwith aSupercondactingMagnetSpectrometer)µ�¶"·«¸"¹"ºl»§¼�½�¾�¿�À RFÁ*Â Ã«Ä,Å W�Æ"Ç*È�É:Ê:Ë�©$oÍÌ$� ª,Î*�ÏuÐÃ��«ÑÇÒ$Ó"Ô�Õ"Ö	�,×Ðml�Øx«Ùvp:} ¸«Ú*» Ò$Ó*³�´.Û Ü »8Ý�Þhß �*R LynnLake ( à.á

36â ) Ûã�ä�å ¸&æ�ç 35km Ã 1–2 è�éhêë Æ�ì.È&í ¾ïîñð í ¾ïîóò �§ô$õ î÷ö(½.¾ø.ù RFú�û ¶�·.ü RFý�þ«Ãhÿ�� ¸���� Æì Ñ »ÏÝ ø�� Û	� ð í ¾ ý*þ�R��,×|mb�u|R ��� ( 
 1.1 ��� )
¸� Ñ$ì µ È����«R�� � W�Ñ����.³ ø���� Ã��ÐÑ�ìDR��«Xì�R ��� Û�Ü�� È BESS³�´�R�� �"!$# ø&%�' Å&z�( R*)  Û Ü »�Ý

1.1.1 +-,/. 021 3	4/576-829;:2<>=@?A6@BAC
BESSD�E ¸���� Æ�ìDÑ » R µ�F�G ��D7HñUJI �LK 70 GeV R ð í ¾ Û Ü »ÏÝð í¾:µ¶.·�M é ¸ON WQP ù*R�S Æ ø Ñ Ý Æ.Ç*DUTÏì ¶.· �	KWV ÓYX�Z;�\[U]^)�_ ¶·�ü R�E$z$` µ í ¾ Û:Ü ��Èba$c�d�u�eÐp�Û µ�f R�g µ�h�i�¸�j/k È æ c�dÏu�eÐp¸ ø »�¸�ml ì�n�o ¸�p�q Æ�ìDÑ k Ý )�_ ¶�·*ü R.í ¾ D V Ó�R*r:ÒÐW ð�s�tl»W^u�_DÅ ø ½.¾ D:yz�v l »Ow WxD«Ü���È wWl«µ u�_ ¶�·.ü W�y*z l »ÏÝ V�{ Û| � v l »§¶.·�ü È�} ¸�¶"·*ü í ¾:µ~w RO)�_ ¶"·*ü W^u�_ ¶�·.ü D�����T�Ç~�R$Û Ü »8Ý V�Ç V�{ Û | � v l »§¶.·�ü.ð í ¾ R�r���` µ u�_ ¶"·*ü W$Æ$ì.yz
v l Ç��FRFÛDÜ »ÏÝ
u�_ ¶�·�ü W�Æì.yz�v l Ç ð í ¾�µ Èm�2� æ cYd,u�eÍp$�O)$_ ¶�·�ü í ¾ DV Ó�r:ÒÐW ð�s Æì.yz�v l Ç��*� ø �FÛ È�Ü »��*ç ��c�dhu�e|p"Ã��  ����Dj Ñ Ý 
 1.1 ����×Ðml���õ$Ã�� » Wx` � » D�È"u�_ ¶�·"ü"ð í ¾ �mg µ�F�G ��D

2 GeV �.��D���r�ÛDÜ;� È Ú ��aYc�d,u�elp$������Û µ g�D p�q Æì�Ñ »�Ý Æ.Ç
DUTÏì��FÆ�a�c�d�u�e|pm���:ÛY� ð í ¾ �F×	mb����õ ¸*��i ¸ g�D j Ñx����D$� � l z�È f�l µO��¶�· �LK �*)�_ ¶"·�ü"ð í ¾ �m���*Û Ü » W��~� K l »�Ý
)$_ ¶�·�ü*ð í ¾ �$y�z�� �FÆ�ì µ È ¶.·�M éFÛ���í ¾ î í ¾ ����� ¸«Ú*»�ðí ¾ yz�È� �¡�¢���£O¤�¥�¦�u��&§$¨ ¸«Ú.» y�z�È��Y¦Y¤$©:}*¦$��ª�«�¬�È ø.ù
D$�L� K l ì Ñ »vÝ¶.·�M é�Û���í ¾ î í ¾ ��� ¸«Ú*»§ð í ¾ �&�® µ¶.·�ü Ê¯�°�±$² ¸ Ú �´³$µ�¶�·~¸^��¶�¹ BESS �Qº$»�¼�½�¾�¿ °�±$²LÀQÁ�ÂÄÃÆÅ�Ç�È�É$Ê
��Ë	¸xÌ~Í*Î*Ï$¡�¢�Ð�£O¤�¥�¦ ²	À §�¨�Ñ�Ò�¦�¤�©�Ó�¦ À ªY«$¬YË$Ô À�Õ~Ö�× �Ø ¹$ÙmÚ;Û À�Ü�À�Ý�Þ�ß�à�á�â ¸Oã�ä È ¶Y·�¸xÌå�æ À

BESS
À » á ¶ Ø ¹YÍ�ç&è�é�ê ²�ë ìQí�î ¶ À*ï�ð�ñ�Õ�Ö*×�Àm±	ì Ó ÜÈ�ò�ó�ô ¶�õ�¿ö¹�÷�³�ø$ù È�ú ·�û$Î�ü ó�ô Ë Á�Â�È ¶�·�ËYû*Ì�Ù�ã�¶�ý�þ�³�ÿ
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ä "!�¹ BESS
À$#�%�&('$ß å�æ À

1–2 ) '* Û�¹ 5 ) '"+ ¾-, 20 ) ' ½$.�/ â
¸�ã�ä È�0�1 Û Ú2!Yû�¸"Ì BESS¶ Ø » á�3�À�4�5 ä$ 6! å�æ Ø87:9<;"= 4�>�ß@?A  "!�û�¸�Î�ü�¹�» á�3LÀCB"D�&E' Ø Þ ÛbÚ�! + ¿ö¹ å�æ À 2 ) '�À6#�%F&G' ØÞ$H ½$I�û�Ì�Ù~ãm¶ å�æ BESS ¶ ØCJ » á(3 ÃK4�×(L�3LÀ èGM(N 4(O(P�È(Q ü�Û
Ú2! + ¿ö¹ BESSR�S�¶ 1200W

À M�N 4�O�ß Ù À6T�ô�U�V ½�WX â ¸*ã�ä^¶ 5 )'$À�#�% ½@Y�Z â ¸\[ á ¶Yõ�¸�Ì�]$Û�½ 20 ) 'OÀ$#�% ¶ Ø ¹ 4�5Yß 7^9<;C= 4�>* Û`_ Ö64�> ½6a�b� C!CY�Z â ¸\[ á ¶�õ�¸"Ì

1.1.2 cedgf�hei jlkgmonqpertsvuxw8nxy8z{ ì6|�ìG}�~��F}�$�	À*úE�(���Oì�� 7� À�� »�½~¾�¿ ����ì�� 7��� BYÀ$�æ È(�2� ]�ÚF!�û��"Ì� *  úG���F��ì�� 7� ß"����â ����ä�Ë�� Ö*× Ã�� 7�;= Ë$Ô ÀC����ï�ð�ñ~ÀC�"� Ø û�Í�ç Ç(� ½ Ø » á ]WÚ2!�û�Ë�û�Ì"� 1@�<����ï$ðñ�À C��ô�¡ õ2� Ö�×YÀ�6� Ø(¢ ãbÚ�Í ¡�À » á�£�¤ ½�¾(�*ä\¥ ú�¡o¦¨§ª©�«�À@¬ ûÈ õ��"Î�ü$½ ¢ ã À��~ì Ó ß ��½@�®¯]�Ú~Î ú(���<��ì°� 7$� À��6��±¯¦¨§ª©²«~À�ò�$á"³�ßµ´¯¶ !G �Í�·"ã$ä�½*Ël�bÌ�ÙYã ¡ BESS
¡ Ø$¸ ûmé�ê�¹ ë	ì�ºF» ½µ¼ ¶ !����ï$ð�ñ�ÀC�C�~ß@½(��¾x¿ » á�â �&ã�ä È $ÿ�]�Ú�!�û���ÌÀ SFÁ�½ Ø 2001 Â�½Ã(Ä Á¯ÅÆ3LÀ outerdrift chamber(ODC)

ß
BESSÇ á�3�ÈÉEÊ  ¢ ]�Û È å�æ�Ë Ã(ÄEÌ Åµ3�¡ õ�� inner drift chamber(IDC) ä jet-typedrift

chamber(JET) Í6Î ¾  6! ¢�ÏEÐ Ë Ã�Ä2Í ½�Ñ�È Ç á  6!�Ò�Ó ú�ÔCÕCÖ(B"× Ë Ï�ÐÍÇEØ�Ù(Ú È"Û �"ÜEÝ�Þ(�ßà]\á2!�âF�`ã�Ü Ë Î ¾EÈ Ò�Ó BESS
¡ ÇEØ(Ù�Ú Õ ÏÐ Ëä<å ¹�æ¯ç�èEé<ê ¢�ë�ì Ëtí §ªî – ï í GeV ð�ñ í §ªî – ò í¨í GeV ó�ô È<õ@ö Î�÷¯øáúù�û�Ø ö<ü ù`ã

2001 ý�þ�ÿ��������Fþ��
	 �²Î�
��Ò�Ó��6ÿ��������Fþ��� Û ù�������ê ë�ìþ�� 500 ðlñ��Fþ 1000 � õ�ö � �Fù�û�Ø ö2ü ù�ã�!�"#� BESS
ö êCÿ����$����þ

�%� Û ù��
�<Í%&�ç�'��)(+* Û ùµþ�� FADC (FlashAnalog-to-DigitalConverter) ,-/.0�1)2 â/32â2ù`Þ4� ë(ì þ�� 500 þ5�����<ê�Ü"þ FADC , -�.60 Þ�7
8 ö#9ù�:5;<�5=lâã õ/> FADC , -/.0 ê+?�@�þ5��� 1 7�8 Û ù >
A ?�@�þ�B
��C�DE6F 3HGJI���KML4N��Cê BESSOML�þ)D E B��QP î í¨í W ��R F 3�S(þTPVUXW þZY í¨í W1
FADC , -/.0\[
] ö D E4F 32â�ù\ãFÜCþ >
A�^
_ � ë�ì þ FADC , -/.0+1

2 `M���6a Û [] ö êH� BESSO�L�þ\D E B
� 1�b�c F 3 F2õ�d ã BESS
ö êfehgi 0 B�j#� k IlB
� 1�m�n F 3�â�ù@þ ö D E B
��þ���o�ê\p<��q�rts
u�þ�v/w Ûx�y z &�ç#'{@Fþ�w
|#�)}�Þ°ù`ãHS4~ ö ë�ì���� FADC , -/.0 þ
�/����� ] ñ� 3HG�I�� ��� FADC , -/.0 öH� 7�8���� x �H��� 1 ��	�¯ùM�
�
C5�)�HD E

B�����ø � � 2001 ý�þ$ÿ����$���Fþ�����5R���¯ù�û�� ö2ü ù��

1.2 BESS� � �
BESS�\�)��þ��)� 1\� 1.2 �%�+�������H���/�Fø � 3� Eù\þ%� jet-typedrift cham-

ber(JET)
ö2ü I��MSEþ�¡<¢�� innerdrift chamber(IDC) �
���lø � 36 �ù�� IDC þ£�¤ � �/¥H¦�§4¨�©�ª (COIL) �
�M�¯ø � 3�G«I��6~Cþ ¥�¦H§4¨
©{ª#� � 1 T þ5¬
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1.2: BESS®
¯�° (1999 ± )
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�
1.3: JETchamber

! x+²
³ 1´ ¤ �)�µlø%¶tù�� JET chamber
� ~"þ/¬6! ö�· � x+²�³ þH� ö �)¸¹ � ù�º»�þ6ÿH� 1 ���� ù%� IDC

�H¼/ª
(cell) �H½ 1/¾J¿ >4À�Á�Â þÄÃ e�Å«Æ

gHÇ�ÈMÉ�Ê ö �Ëº�»+�+¸ ¹ F+>�Ì ��þ�� � 1 r d � ¥�¦�§6¨�©Íª þµô ¤ � � aerogel
Čerenkov counter(AEROGEL) �M�\�Fø � � ¨M©�ª þ�Î ¤ � � doubledeckerdetecter
(DDD) �
���lø � 3# �ù�� AEROGEL

�/Ï
Ð�Ñ �M�ÒPÔÓÖÕØ× þ/ÙHÚ#Û�Ü4Ç ª 1�Ý�Þ L
� F 3 2   > gÇ%ß+È ¨ Å�à i È '5Ê ö ��á�â)@ 5 GeV

õÆö þ�B�»�a\ãËº
»2þ)É<äå%æHç i È$Ã�è é�ê5»
a)ë6ê�»<þ�ì+í 1�îMï �/��ù{� DDD
�)ð+ñ �+½2þ��M�+� ö �ô+ò#� �Mó ç - g<ä å ,\ÈMg�ß
Ê),$ô�È#à i È4'�Ê����+�lø � ��Î)ò#� � Ú å e ª

gtÇ�ß�È ¨ Å�à i È�'/Ê/���
��ø � 3# \3H�H �õ � C�º�»���¸ ¹ F�> � 9 þ5ö�@1 �+����ù�� õ�>�ðMñ þ�uCþ)!/÷6� ��ø�ù �+ú õ � 3 53��%,Hû/ü5ÊHà i È '5Ê��F 3<þ/ý��ÄC�þ y ¶ ¾J¿ 3# �ù���ø
é��4~ � é6þ5�
��� 1 ôÎ
è�é�ú4ÿ�� ö time
of flight counter(TOF) ���\��ø � 3 �ù�� TOF

� ô�Î6�5�+�lø � > ,+ÈMg�ß�Ê�,$ô
È<à i Èt'�Ê ö �/¸ ¹ F�> º
»�þ�q�r<s
uH�%Ù�� ª�� Ê�þ���� 1 ���H�¯ù��ó�ô�þ/�
����þ
	��Hè�é� Þ º
»�þ/B�� ���
@ � áHâM@ 1�� ù\~��%� ö49 ù$þö � BESS

ö
��� 8#NM� �Gü é��lù���BMº�»<þ��+íM�M��� ö<ü ù���� Þ FM> º�»2þ
&�Ê' � �%&4Üt' ª 	��4�/(M*�ø � 3M? î @�þ ²�� . Ê ó �����àø � ù{� �)�\� 1�!�" ��ù B\» !�"$# � (ELC)

� �\�)��þ�%�&H���)��ø � 3H �ù�� BESS
O�L � b � î � (pressurevessel)

ö(' y � 3HGJI�� b � î � ´ �()+* 35km
ö C-,ô$�$.$/ 1

� b �
� > � ù��

1.2.1 JET chamber

JETchamber
�$0�1 �fÕ Ó325464 m 7(8 ø{�QP m 9$: À; � 9 Ã#e{ÅÄÆ g<Ç%È�ÉÊ 7<>= � JET chamber9 ´ ÷ 7 � %�? 9 Ú ªA@�B i 0 9 ÙÈ Ã ó ßÊ�Æ 9 u�C#ü ©D Ê%��E é � 3  = �Hü © D Ê(C �GF ÊIH 1�JIKML � senseü © D Ê�� : B ³ 1�N
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�
1.4: InnerDrift Chamber

=
drift ü © D ÊH� potential ü © D Ê 9�: 3 O�P�� <Q= �<ü © D Ê 9 �M� � : sense
ü © D Ê� drift ü © D Ê���R�STC�U�V�W 4 X 9 anodeY�Z 9I[ C : potential ü ©D Ê���UIV�W cathodeY�Z
� 3 XH�M�¯ø �Q\   = �  Y�Z 9 � 7 ü © D Ê � 6 mm
è�é 7 mm 9�[(]+7 U�V 7Q^ = ( _+` :�a 1.3 b�c ) d

JETchamberC�e�fQg+h�i�j�k�l�m(nQo 9�pQq+rIsGt�u�vxw-yMz({}|�~+��� = d
i�j�k�l 9�~+� CT��������g�h(j�l�m$j+�>����� sense� s(�����$�I� (drift) g��
sense� s������� �+j�l���� r
��� g
��� w���� d�� -  ¢¡T£��
¤�¥�m drift ¦ [�§
|�¨�©T|�� ��ª¬«�¡Q£��G¤�¥�mQ� s
��� ���®��M��j�iQ��¯ §°|�¨�©M|�� \ ^T� d
JETchamber��±�²�³�´�µMm��G� -  ¶Y�Z���m+Y�·�¸º¹5»6»�¼ m �M��ª½«I¡¾£+¿�À ^ \
m(¸Á¹ÃÂ3Ä cm �MÅ � d

1.2.2 Inner Drift chamber

Innerdrift chamber(IDC) m�Æ�ÇIÈ�É r�ÊÌË hMÍ
Î$Ï¾��ÐQÑ�ÒÔÓÖÕ¾× u�Ø�� �QÅ
� d IDC m JETchamber� �°ÙÛÚ+Ü ¿�±�²Mg���ÝIÞ�ß$à�á��Iâ�ãT¿�ä}å ËÛæT^�� d
IDC m�ç�è { »éÂëêíì6î m �+ï wÛ{ñð Âò»6ì m Åó���
ôIõ�`¾£�ö r 90÷ùø�g æ�ú�û ¿ 8÷ §
| 127÷ ��ü$ý¾¿�þTÿ�g æ�^M� d$` Ü ¿ 2 �Q��� Ü ¿ 2 �T��� 4 �Q�
È�ÉQ¿ z}Ë�æ
^�æ �����M��� w m 36mm Å � ( _+`Q� a 1.4 b�c ) d

IDC ��³�´�µ�m��G� -  
	����+¸ 200 ¼ m �QÅÌ� ��ª «�¡>£�¿�À ^$æ m$¸ 350 ¼ m
�TÅ � d
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a 1.5: AerogelČerenkov counter

1.2.3 AerogelČerenkov counter

AerogelČerenkov counter(AEROGEL) m����� { ¸ ð Âò»ù¹ ��� Ñ����������¾× Ç
r���� ¿�� ^ h�Õ¾×� u"! Ò#��$ u&%$� �°Å � d�'¾ö w m�ï wG{ ð Â)(ù¹ m ��� {
ð Âò»ù¹6¹ m Åx� ��âãT¿(m�ï w�{ 30cm, � { 20cm, � wÛ{ 2 cm ��� Ñ��*���+�,�T×
Ç { 4 -�.0/>r 1 1 ø�g æ32 ö�4 ©T| �QæT^T� d�Õ¾×� u�! Ò�5 r ��6 �}� 5Ij
l+�07�8 (PMT) mI�:9�� 46 ;�{ ÝIj�ß$à�á {�<ó� à��T��£+ö r>=�? g æ ¹A@ ÂëÄí÷ �
ü$ýI���®M¿�BÁ�DC�E |���æT^M� ( a 1.5)d

AEROGEL m thresholdF �(ÕT×� u+! Ò��0$ uG%�� ��� ~+�I�}� k�lM��H+ý¾�
`JI r,K�L��x�(� ø�¿T�°� ��k�l r�M�NI�}� h © ��O�P r,Q ��� ø { �Mö � d
1.2.4 DoubleDecker Detector

Doubledecker detector(DDD) m3R���È�ÉQ��6 L�S ����`0TQ¿�m�U�V q ÕXW�Y>�
u Õ� � �[Z u �0$ u\%(��{�] ² w � ���3TQ¿+m����� { ¸ ð Â)@_^����\Y}Ñ Ç�`�a
r �"b+h�ÕQ×� u+! Ò���$ uc%$�G{#] ² w �¾æ b � d$`�TÔø:�3T>���¡}ø�dÛkIl
{�~$� g+h�ø�ö$�>5�e r �-+®M¿:B �fCgE | � h:5�j+l$��7�8 (PMT) �36 L���� d
å�h�`�Txø��3T>��h��,��i { ¸ ðkj Ä��>l�mQ¿$m3� wÛ{ ð6ð Â3¹ mm �
ô�n {�] ² w �
æ b æ ����TQ��Õ�×: u+! Ò0��$ u"%�� ø�9�o yÔ��� ø�� DDD m��gp(� � �0$ u%�� ø(g æ drq�µ �}� �Gs ¿ z}Ë�æ b � ( _+`M� a 1.6 b�c ) d

DDD m 1999t ý §>| BESS¿>u�v w�� h,wMg�b�6 L�S �I�yx�z BESS{�{�Q0|
�TÅ Ë h high-charge k�lT�,}c~Iø j�l�� ¼¢k�l � M�N ��£�` r"�>� ø�g æ b � d
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a 1.6: DoubleDecker Detector

1.2.5 Time of Flight counter

Time of flight counter(TOF) mQâGãQ��6 L�S>r `�� §�|��J��� �M� BESS ������ S (pressurevessel)�Iâ��T¿�� ËÛæ U+V q ÕcW�Y>� u Õ� � �XZ u ��$ u\%��+r] ²Qg�h"d��$�QÅ � d����Û�+��$ uG%�� mM��UJV q Õ�W�Y�� u Õ� �+% ��'Mö w
{ ï w 950cm, � 10 cm, � w 2 cm Å � ���®Q¿�m��GY}Ñ Ç>�gV s Ó p°s Ð(ø�5
j�l���7#8 (PMT) { Bº��C�E | �Qæ b � ( _�`Q� a 1.7 b�c ) d � �+��$ uG%���{
BESS �G` Ü ¿(m(ç(è »éÂòî6»�@ m ��Í�¿�� Ë æ 10 � ] ² w � � BESS ��� Ü ¿(m(ç(è
»éÂ3ê6Ä5ì m ��Í�¿�� Ë�æ 12 � ] ² w��Tæ b � d

TOF m�kIl { `#�Q�0� u Õ# � ��Z u ��$ uG%+��r(~��M�Ô� ¦�h r 6 L��Ô� d
å�h BESS�ImM¦�hMø��+¦�¿���k�l {�~�� g�hTø�ö�¿�� u Õ� �g%{ � ËÛ�Ô� 5eT¿�À�b æ d�6 L g æ�� �Ö� � �,5�eT¿Q�Q� ~+� g�h�k�l������ j �_� { �0� w��Qæb �y�

�
1.7: Timeof Flight counter
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����� �¢¡¢£¥¤¦�¨§

T0
�����©� ª¢« ¬ ������ �¡¢£¥¤¦�¨§

Accept
or

Reject

�¯® °²±������ �¡³£´¤¢�µ§

TOF

TOF

IDC

AEROGEL

�
1.8: Ó�Ñ p�� � q�¶#·

1.3 ¸ ¹ º » ¼ ½
1.3.1 ¾À¿�ÁÃÂ�ÄÆÅÈÇÊÉ

BESS6 L�SgËgÌÀÍ�ÎÐÏ�Ñ �JÒ ¶g·�Ó�Ô�Õ�Ó�Ö�×[ØÚÙcÛJÜ ø�Ý�}�~0Þ æ ��6 LS"ß:à\Ñ#%âá#ã0Ó�ä"å#ær�ÈÍ0ÎÐÏ#Ñ�ç Ò ¶g·3ß,è�é Ý � 1.8 ê�ë�ì�í BESS ßîÍ�ÎÏ�Ñ�ç Ò�ï�ð Ì�ñ�ò�óJô ê3õGör÷+ø æ í å�ù�ú�û ê�ü�ý ß TOF þ0ÿ���� Ñ0ß����ê���	�
 Í0Î�Ï#Ñ������Ñ��gÓ first level Í0ÎÏgÑ�Ë��"æ T0 Í�ÎÐÏgÑ Ý�����ì æ í
T0 Í0ÎÐÏ#Ñ�ß�������gÌ � 2 kHz Ë!�Jæ í T0 Í0ÎÏ+Ñ Ý#"%$ æ�& 
 BESS ß>àGÑ
� á�ã+ç Ò,ïgð Ì ')(�*�+�ß>àGÑ � á#ã Ý�, ä ì æ í

T0 Í�ÎÐÏ+Ñ�Ó��%� ì æ�& 
 Í.-!/�0XÍ�Î�Ï�Ñ �����3Ñ1�JÌ TOF & IDC ß#2�3465 Ö�×0Ô�Õ Ý7"�$ Ö�Ù æ 4)8:9;4 Ý7<%=�Þ�÷>
 ? ß7@�A#Ì#� 10 B secondC�ê>DÒE� Ñ Í�ÎÏ�Ñ#���%��ÑF� ê7G ØâÙ�æ í�D0ÒE� Ñ Í�ÎÏ�Ñ#���E��Ñ��+Ì 
 ÍH->/70Í0ÎÐÏgÑ���I��Ñ��cß�2)3J& AEROGEL ß72�3 Ý�K[ö*÷>
 ú)L!M ê Ö�×�Ô�Õ Ý#"
$ Ö0Ù ÷ à&Ñ ��Ý�N�O+ì æ (Accept) ß 4 ? ÙP&�QÚà�Ñ ��Ý R)Sgì æ (Reject) ß 4Ý#T * ì æ í
D�ÒE� Ñ Í�ÎÏ+Ñ�Ó�Ö0×�Ô�Õ�ß�à\Ñ ��Ý N O#ì æ & <�=�Þ Û7U�V�Ì AcceptW>XÓ���� Þ�
 T0 Í�Î�Ï�Ñ ê!�!	Y, ä\Ø Ù"Û�à"Ñ � á�ã�ß7Z[#Ì ? ß�å3åF\)]GØ Ù æ í^ ê Ö�×�Ô�Õ�ß>àcÑ ��Ý�R�S�ì æ�& <�=�Þ Û�U�V+Ì RejectW�X Ó��>� Þ�
 àcÑ �á�ãJß#Z�[+Ì�_�` ê>a�= ØyÙ ÷ ç Ò�ïgð Ì60&Îcb"Ø Ù 
 � 40 B secondCJê BESS

()*�++Ì�Í�Î�Ï+Ñ>Ó��E� ì æ.dJß,û�e�f%g ê7h æ í
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1.3.2 ikjmlonqpqrtsmuwv
BESSê7x)y�z�{�|!}�~ &#� ê '�(�*�+ zI�1��ì æ�b����7�>� W�X>�>
 FADC 0����� & CAMAC 0 ����� ���)��� � � êI�o	��E��õ à!� � ��2>3 ê �����.��

� 5 ê�?�� 5 �:à�� � �%2�3!�%��� � ��� �!� � (eventbuilder) z ���!}�÷ 1 � �
{)|)x�y �1� � � & }�÷ å)&�"æ í

JETchamber& IDC � ����ì æFb��!����� W)X���
 FADC 0 ������� � FADC ç  ï#ð�ê��6	 �I� � �6�>¡�¢�&�£>¤!�#2)3 ê�����¥� æ í��)���H�J~ � � ���>?
��å3å�¦I&¨§ z�©#ª)«�÷ NO!}¬�#�+õ�ø �7 
 FADC ç   ï�ð���� ��}�~ � � � �
� 5 ê7®�¯�}�÷ � � � §���°#± ì æ í JETchamber& IDC ²�³ ��(�*�+I� �1�E�>

CAMAC 0 �E��� ������� � � êI�6	 �I� � ��2)3 ê �����¥� æ í´�µ M ê�� '¶ � + z�W>X � �¬�#ì æ7¡¢E· �¬���H�J~#W>X �#¸)¹)§I� 
 CAMAC 0 �E�P�¥�
� TDC ����� � �P& ADC ����� � ����!� � �o��º�» ê����ì æ í CAMAC 0�%�P� & FADC 0 �E�P� ���)�I� � � êI��ö�÷ �!� � ��2�3 ê�����¨��~ � � �
�%
 �7� � �H� ��� � ê#� � 5 ��÷�¼�� � {>|)x>y ���¬� � � � � � & }�÷ å>&
� 5 � æ í
�7� � ��� �I� � êI��ö�÷�¼�� �%�7� � � ê å>&� 5 �6~ � � �7�%
 �7� � �½!¾ � � � (eventfilter) ê7Go��� æ í �1� � � ½�¾ � � � � ��¿ÁÀ�� ç   ï�ð���	

Q � 5 ê ¤)�E�Â)Ã õ �7� � � �#Ä�Å�Æ�ÇI� <!= �È � -)� � �] 9 í �7� � �½�¾ � � � êI�J	 ú>L�M ê Æ�Ç �H�J~ �7� � � � � �1z!
�É�Ê�ï �Ë êN�O��.�Ì)Í �.� æ í
1.3.3 ÎÐÏJÑ FADC rÒswuwvqÓÕÔ×Ö
Ê�ØEÙ)Ú !��Û BESS  � Üg÷ �#()*)+�·)¸ y�Ý +��#¸ � � ¿cÞ ÿ�ð ¸�ßE�àá }3÷+ø Û í ¿YÞ ÿ�ð ¸>ß��#â>§ � BESS(�*�+ Ü)µ ��â�§ ê�ã�}�÷�ä�å �� õø¬æ V��!ç�� ÷>èP	Á
#ÊØ �7é�]�¡)ê��¬ë�ì ì Û.í�î�� ¼E� & õ ÛFï!-   � §E· 
ð�ñ ¤)��· ¿   0 ê>ò7ó�ì Û K>ô>Ê�Ø ��õ>ö ê÷ � õ#ø%ù �#ú"ô�Û í�})~z[ö�÷û)ü ¸ � ��°#± ��ýEþ�ê â�í%!�IÛ íIÿ#~ BESSz � � � �(>* ì Û ÷%Ê3ü�� 

�%
�³%Ê � ®%�)z��Gø�~ � ®E� õ�+�� ³���� �	��
 � 
�� | �� ê ëIì �¥��
�ÿ
~��¬a������ � |"ê��I�H� Û í%}�~#z�ör÷ (�*)+%·)¸ y����%z��Eþ+ê Z�[ ì Û �9 ê BESS � ®%� õ�+�� � � �����I� ���"ê Ì ��~ � ê��%
 ¸ � � û�ü ���\ô ÷
®>� õ�+I� � � ��>����Û�
%����ÛF¦ $ �#õ"!c}3õ�$7�$##õ 5 õ+ø&%')(

BESS � ()*)+��¤+*$,)-�& ��	/. ¡�ê)�é)]��1032 }�÷+4�5�, � z)6
� 5 �87�9 Û %>?%}�7E? � 4$5�, ��� ¼+: & }�7 û)ü ¸ � �)°#±�&<;�=%��6Û W
X º��?>%·�� ~ ��@�A8B�C �$DE9 û�ü ¸)F� ©G! � WEX �	;�=>��6Û FADC H  I�J ��K�L z�6 �EM ��7�9	7 A�N�O+P�Q�@ ��}&R�R1ST7�9 Û % JETchamberU IDCV

BESS @&W�X�Y)Z&[$\�]	^�_�` a�b���Ûdc�e�f�g$h�i HEj IEJ `&k�l�Y)A	m$n
@	o�prqs]?t�u�`�v�F�w�x<y�z ]�Z){ JETchamberU IDC ]$v?F�w�x3|�}8]�t�u
`�;�=�wdx FADC H�j I�J ]&~+�+��F V R�D C�|���q�A BESS�+�)� ~+��wdx���F
] R�D C�]����8`��&{����8x�y8��Z 2001 �8���)� w�x3�)��] ODC ����� FADC
HEj I�J ]&���$w�xTt�u8]	o ��� M �	��� x ������� ] FADC HEj I�J � ����Y
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�8�Ex3t�u8]	o V�  �+H�j IEJ ]	�)�$¡E�¢x?£	¤�¥¦qT�§¡�¨¢��©�Y��8�Ex<y�Y)Z
�ªS � FADC HEj I�J ]	«�¬�+®�~�����¯�]�°&± V ���$²+³ ¡E´�x3y

FADC H�j I�J V�µ �?¶ oE] FADC · ¸�¹�º3»��E��� k�l �½¼ ����x3y FADC ·
¸E¹+º�» V FADC ¾	¿�º c �	�)À w�x 1 Á ]�Â�Ã ��Ä¢S ���&� � z ]?Â)Ã�Å � 16Æ ] FADC Ç1È h$É »���Ê�Ëª�½¼ �E��x�y FADC H8j I�J � W�¯ �3¼ Z	t$u V z
] FADC Ç�È h)É »8�E�+S ��Ì�Í �½¼ xTy FADC Ç�È h�É » V W�¯ �½¼ Z�Î�Ï�Ð§i
t)u�`§Ñ ¸�Òs» ]+Ó�Ô U�Õ�Ö ]�×�Ø � Ì�Í�Y ��� M �?Õ�Ö+�)Ù �E]�Ú?Û (threshold)Ü)Ý ]�Ñ º�Ò `�°�Þ�wßx§y FADC Ç1È h$É »����)à ��Ì�Í �½¼ Z�Ñ º�Ò V Ù$á ]
Ñ º�Ò3â�ã�·�¸�¹ º�»1�E�8�åä {Eæ ¼ � Õ�Ö ×�ØE`�ç)è)wdx z U	���8�éâ)ãd��¼1�ê?ë h"c�ì »8í�º��&î æ ¼ x�y

FADC ï8j	ðEñ V o�pGqò]�t$u�`&����w�x?Z${ FADC Ç1È h�É » ]	oôó§pGq Ä
�é��õ ] ö�÷ � �E] FADC Ç¢È h$É »�� ~)��wßx��)¯ V BESS��� ] ~�����¯ �ø Y ��ù�ú)¡�� Ä �	y?û ��ü�� V BESS��� ]	~+����¯ �+ýGþ ÿ ��� W ¡E´�x§] � ø
Y+� �&� FADC Ç1È h�É » ] ~�����¯ V ý�� ��� W ¡�´�x�y BESS¡�¨��8Y��8��x
FADC ·�¸E¹�º<» V	��
 �T¼ ��¢æ   � 10 � ¥ q����8Y���� � �?�)� ¡��	��Ó �
� ó��$~)����¯�¡ Ö�����Ä����&� W��� ����Ä�à Z)] ¡ ��! Y q FADC ·�¸8¹�º
» `#" �%$ w8z	&§¡�|(' Ä �$~��)�)¯�) ��*	+ {�Z�y ! Y�� FADC ·�¸8¹�º�» ]
~�����¯(� 1 Ç1È h$É » � � ¡ ��� ] þ-, ÿ �¢æ þ.,��0/�18��Ä xT���$¡E´�x3y
! Y�� FADC ·+¸)¹�ºT» � �+� ]�ó�]	&32�Í � `5476 �98½� "�æ ¼ ���Ex ����õ

¼ ¡dó5:76;��] Ì�<�= � ´8x�y ��� ] FADC ·�¸�¹+º�» � Æ?> ] FADC Ç1È h$É
»�� threshold

Ü�Ý ]�Ñ º�Ò ]A@�B�`�C���Ñ º�ÒTâ$ã�·�¸�¹+º�»�� Ñ º�Ò ` ä {��
â�ã `DC à ����x ���E! Y�� FADC ·+¸�¹?º3» ¡� ÆF> ] FADC Ç�È h�É »�� Ñ º
ÒTâ$ã IC ��G�Àd�½¼ ���&� � FADC Ç�È h$É »�� W�¯ ��¼ Z?t�u � Ì+Í ��¼ x?]
&�HICEY��8z ]§Ñ º�ÒTâ�ã IC � Ñ º�Ò ] â)ã `�C 8 y�Y�Z �ßà � ! Y)� FADC ·
¸8¹�º§» ¡	�IJ�K8Y�Z	Ñ º�Ò�â�ã�·)¸�¹+º<» �ILM)ù q � � Z&t$u8`�Ì+Í�wôx�]
&IN+Ó ��â$ã Y���YE� 8 ] ¡IO�è Ä Ñ º�Ò�â�ã ]�Ó	P�ó�L�M)ù q Ä x�y1z�])Z){
Ñ º�Ò ] â�ã `#C(Q�R � FADC Ç1È h)É » ] Ì+Í�Y)Z?Ñ º�Ò ` ä {1x ·+¸1¹+º�»
� LM)¡�´�x�y��&Z?Ñ º�Ò�â�ã IC � ��� BESS¡+¨�EY ����xsÑ º$Ò�â�ãSIT ]U � ó �#! Y$�&Î »(VXWZY�ñ `�:76�� Ê)Ë\[ �8�&� � z�] !\[ ��Î »]V�W^Y$ñ `_ ��wôxa`�{ � ó !�[ � FADC ·+¸�¹+º<» & �)� ] BESS b Ñ º�Òdc$ä�e�f�g�h
w�x � FADC Interface(I/F) � LM$¡E´�x3y
z b#i�j ¡�� BESS b�!�[ � FADC ïEj&ð�ñ�b `){ � �;
 [ �E�8x � FADC I/F

� 6��&��k�ldx3y$z b FADC I/F b#m | b#n�o � � FPGA(FieldProgrammableGate
Array) fqp � [ `�z�&�¡E´ExTy FPGA &5�(r �7bs5t7fau�1 ¡¢ówv���Í � x&z& �
¡���x ä ç sqt\b z&§¡�´�x�y FADC I/F b�sDt9b µ M � è f FPGA b r ���Dc {
x�z�& ���¢�å�9x�y{zd|�} Î ü+Ä�¶�~�Ä ��� f&Ê�Ë9[ ����x � óa����Qdæ3R �\�
o f |]' � ° ±�¡�� � �A`�� º��;|�} Î�¡8´ ��Ä�� æ sat\b Ì�< �������Ä xI&
� 8dx�y�zZ|I} Î � ¥1�a��� �7fa�8� x&z& ��Ä�à ` y Ä � � FADC ÇEÈ�� É » �
t�u b o � ø� [ �+|�} � ��� �½¼ ���Exa`){ õ	b ��� b ~�����¯(� ý�� ��� W �
ó Ä x �E� FADC I/F � ¾�¿�º�z��E� 1 á	[ ��� ��[�Ä � b ¡ õ�b ~�����¯	����&�� ù�ú [ ��k�Q Ä �	y$z b `�{ FADC I/F ¡�� nE� ��~+����¯I) b `�{ b#��� �
C à ��� Ä � ��� FPGA b ¨�� �E�����\� o � °?± �s¼ `�z&I& � FPGA � CMOS
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b IC Ä�b ¡��;"�Ó Ü�� � ��¯ f �9& �� ~+� [�Ä ��z�& fD��� x;& � FADC I/F b
~�����¯(� õ�¼ � � |�� q�� Ä æ Ä �(&���Q ¼ x�y
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2 FADC
� � �

2.1 FADC   ¡ ¢ £ ¤ ¥ ¦ § ¨ ©«ª ¬
FADC ï(?ð)ñq®�¯°8²±�³ ��´¶µI·�¸�¹3º»(¼]½ JETchamber¾ innerdrift cham-

ber(IDC) b ¹5¿IÀ�½ ±I³ »	¼]½^Á JET ¾ IDC Â drift chamber»]¼]½^Á Drift chamber
» Â�Ã� »�Ä7Å\ÆZÇÈÅ(raÉ�Ê7Ë�ÌAÍ(Î ®(ÏÈÐ Ç�Ñ7ÒAÑ(´�ÓÔË�Ì�Í(Î�Ê Â�Õ7ÖA×�Ø
®�Ù�Ú�Ð Ç7Ñ7Ò7½dÁ#Û ×IÜÝ�® chamberÞ É7ß�à�á	ÀÈ½ ¾�â9ã�Ö�Ã� ß ×ä Ædå7´
×�ä9æ Å ×Ý]Â ÓÔËÌ�Í7Î�Ê;ç\è Ð Çé½3Á\Ë�ÌAÍ]ÎDê�ë(» Â�ì.íïî ( î²Â Ë�Ì;Í7Î Ù
Ð#Ö#ðä ) Ê#ñ�ò æ Ñ ×�ó�®�ô�õ¶ö ½ Ö »(´�ç7è Ð Ç�Å ×�Ý�Â�ö�÷ Ç\ßaøÈù æ ÑAúû ÆZÇ\Ñ(´]Ë�Ì�Í7Î Ö ¹D¿	À�½ ×�üI±�³ý¾Aæ Ñ�þ�ÿFÆZÇ°½�Á�Û ×Ü�Ý�Ö àá æ Å
Ø��	ÙÈÐ ÓÔË�Ì�Í(Î��#» ×Ý�®�� ½ ð�ä	Â��	ö ½ Ö »]´�ÓÔË�Ì�Í(Î Â�� Ç�	�Ç �
ö ½�
�9Ê ±�³ ß]¹D¿	Àý½5Á�ÓÔË�Ì�Í]Î ® ¹a¿(ÀÔ½�
� Ö���� Î��7Ê����¶´�à�á
æ Å�Û ×ÜÝ7Ö µ·�ß������	ÀÔ½�ù ¾5® »���½5Á

Drift chamber» Â ÓÈË�Ì�Í(Î ®�±�³ ß]¹D¿�ÀÔ½�
��9ß�´����9Ê��é½Aù ¾5®� �!
»\¼�½5Á BESS » Â FADC "\$#&% Ê Õ�' ß( Ú�ö Ò�Å(è�Ê	´���) ® CO* 90%,
Ar 10% Ö drift +�,�®�- Ò Ã\ ß/.10 æ Ñ9Ò�½dÁ FADC "7�#�%AÂ JET ¾ IDC Ö
¹D¿�ÀÔ½ ±	³ ß/2 30 nanosecond3 Ê 8 bit Ö�41576 Î � Ê$8�9 æ Ñ�:;�¶´9ù Ö 2
30nanosecondÖ 
�<�)7=�>�» ±�³(Ö�?�@BA�® �Eß/���]Ê/CED Ð Ç�½7�&F^Ê öEG Ñ
Ò\½�Á ±�³�Ö?H@IA	® �^Ê ! À�½/
�< Â ´ FADC Ö�6 Î � Ê1:(Ò�Ñ�å\ÒKJÔÒ/L�M
��N�O (100nanosecondP\Þ ) »]¼\½dÁ ��Ö/Q ´ ±�³�Â RSUTWVXS Ê;ñIò æ Ñ�
�</Y�Z æ
Ñ7[ õ Á ±�³�\�]\Ö û Â ´�^�_a`�Ê Â 10 M1�1N�O�b , »9¼9½ ( c 2.1 d�e ) Á

f gh
i j
k l m
n op
q

rts
10 uwvyx{z

PSfragreplacements

| }~��{�/~

�
2.1: FADC �7��������� chamber�/�1�
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�{�������{� �{�����{�{�
FADC � � ¡

¢£
¤¦¥

c 2.2: §�¨�©�ª«1¬È¾B6a�� O «1¬

2.2
® ¯±°

FADC ² ³ ´ µ ¶ · ¸ ¹
FADC ¾5Â FlashAnalog-to-DigitalConverter Ö7º»½¼I§7¨&©/ª/«1¬ ß 6½�� O Ö


/� ¾¾4�5]Ö/¿�À Ê/879�ÀHÁ (A/D 879�Á c 2.2 d�e ) ¼KÂÃ7Ö IC »aÄ ÁwÁ BESS»
Â ù Ö FADC Ö IC Ê/Å !(ö�ÆÈÇ ß�É Ú Ñ chamberÖ�Ê ¿�ÀHÁ «1¬ ß�Ë�Ì » �EÁ$�F^Ê æ ÅÍ ¾ � ¾ �H� Ö�ÆÈÇ ß FADC Î�Ï ��Ð�O ¾�ÑKÒ�¼ ù Ö FADC Î�Ï ��ÐKO
ß�Ó7L�Ô�Õ æ Å$Ö �× ÎBO\ß FADC Ö 1× ÎBO ¾KÑØ7» Ò½Á3ÁÚÙ7ÛaÜ/YaÝ ÖKÞ7æ Ò
FADC Ö E× ÎÈO Ö ��ß\ß c 2.3 à�á�â�ã FADC Ö E×�ä O à�å1æ�ç�èêé�«�¬½ë½¼
�¾ìîí�ïð�ß�ñ�ò çóè Ñ�ú û ç�è Ñ ÙÈÐ FADC à�å1æ�çÚè Ñ 6a�� O ¿�ÀEà 8�9
ç�è�¼��Ö/Q�6�ä��Bô�õ IC à�å�æêçöè Ñ ô1õ&à �E� 6Hä½�B÷ ß�ø/ù çóè�¼I6�ä��
ô�õ IC ÞKú�Ö RAM à/û�üýçÚè Á ã Ü�Y&Ý Ö FADC Ö E×�ä O ë�¼ Ù�Û BESS»
.10 æ Ñ7Ò�Á FADC Ö �×�ä O;þ5ñ�ÿ æ Ñ ¼��9Ö��(ö���� ß�� G Ñ9Ò&Á ã
	�
� ×�æ� Ù�Û7.�0 æ Ñ(Ò�Á FADC Ö �×Kä O �a�����$) P��1à øKù ç è&éã
	 Ô1Õ�� ,���A�� GKé ù�þ à ��� ¼������\Ö Ö &×�ä O à���� � 2 !"� 32 �

FADC Î�Ï ��Ð�O ��#�$Hçóè Á7��F à�öêGKé7ã
	�% FADC Î�Ï �aÐ�O 3�à& 0 IC à ��Á 6êäa� ôaõ�Æ�Ç('�) D*,+�Á �7»&¼

FADC � A/D 879 ' [ F � þ�-�[/.�* 6�ä�0�'/ô�õ�»�1�¼�6�ä�0��Kô1õ�à Å
!�2�3�45�76�õêçóè�é7ã
	�879�: � Å7; 2�§�¨E©/ª½ÆÈÇ<'�=�> Ö �×ä�? þ�.�*�@7ACB7D à . ¼,EGF7H
¨�F<IKJ�� LNM . é7ã

O7P7Q�R
FADC S�T�UNVCW IC

XZY\[^]`_badc`egfZh^i
CMN jlk

monqpsrutwv
x

 4 y{z}|�~o� x
 32 y{z�|}~}� � ��� �

��

� ��
�� �
��

�`����� hG�

�
2.3: FADC ��� ����?������

16



(a) �b� �¢¡�£¥¤

(b) ¦¨§ª©b«¬¢®¯G°�±¨£³²
�

2.4: FADC ��� ����?�´�µC¶
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1

2

4

7

8

5
6

NC
3 1

2

4

7

85

6

NC
+

-

+

-

OE
CK

ADC
DATA
8bit

A-GND A +5V A -5V D +5VD-GND

    AD8011
AD830

AD775

·¹¸
Ω

Ω
º¹»

¼½ Ω ¼½ Ω

·¹¸
Ω

0.1µ
0.01µ

0.1µ

0.1µ
0.1µ

0.1µ

0.1µ

0.01µ

Ω
¾¹¿ ·¹»

A +6V
A -6V
A -GND

D +5V
D -GND

3

1

2

4

7
8

5
6

9
10

12

16

15

13

21

22

24

23

19

18

17

11

14 20

AD1580

Ω
º¹¸¹»

Ω
ºÀ¸¹»

Ω
º¹»

AD1580

10µ

10µ

Ω
¾¹¿ ·¹»

ÁsÂÄÃÆÅÈÇÄÉ »ÊËÂÄÌÎÍ ÌÎÃÏÇÐÉ º¹¸¹¸
Ω

ÑÓÒ ÔÖÕØ× ÙÖÚ ÕÖÔÖÕØ×

FADC

�
2.5: ÛCÜ(Ý�Þ�ß¥à,´�ß¥à �

á .�â FADC �������?�ã�ä�å�æ<´��������?èçé�êìëbí�î�ï�ð 9U ( ñ�ò}ò{óõô mm)ã�öCæ/÷5ð 280mm ø/ù EurocardúCû<´�E�ü¥Fý��<þ¢M�ÿ�í�Û�Ü<Ý5Þ�=�>C�����5�?������ .�� =�>�ý��/þ�� 8 �
	
��,ù����Gÿ������ â ù�����Û�Ü�Ý¥Þ�=�>C�������?�ã�ä�í 4 ���KF��¥? @ ´�Û�Ü ÝNÞ�ßKà�ð
�
� ï ��� â ù!�"EKü¥F�ý/� þ¢M/ÿä�"# ã 32 ´ FADC �$�¥F%�K?"´&'�)(*�,ÿ'+�, . � 32 - ´/.
0<´�1(��2�354 IC ð6
7 ï8�"í 4 ���!95�!:);/ÿ�Û�Ü,ÝNÞ�<%=��7�����>:�M/´�Û�Ü ÝNÞ�ßKà ç*?���@A2
�/B . �*C
D ïE��� â ù>�!1(�)2F354 IC ä�íKÛ�Ü,ÝNÞ�ßKà�M/´ FADC ð A/D GH
�NæI�´�çé�J . � FADC ð$KML%��ùE1"�)2N�N3%4 . í�1(�)2�3)4 IC ð$O # ÿNPQ

RAM ÿ�R*S)� ù>��T �VU ü'9�ý<� þGM ÿä
W$XZY[1(��2!0 FIFO ð 6
7 ï ���â ��íNW�X\Y[1(�)2�0 FIFO ÿ']�^<´�W�X\Y_0*1(�)2N�/`<÷'acb�í FADC ðdK�L%�ù 1"��2�´�e)fIg ÿch´*W$X\Yi1��c2!0 FIFO ´M1"��2��N1"��2�3)4 IC ÿ/j)�$hç%kªã/÷(ù*�d�lÿ
�l�!� â ù!�
2.3 m n oqp r s�

2.5 ÿ5åt�uNv�w�´NxJ FADC �7�����y:,´ÛÜ ÝKÞ�ßªà<´�ßKà � �'z%����ÛÜ(Ý�Þ�ß5à�ä
{�ÿ�x<´ 3
Q ´ #%|5}l~ ��� ï��$� â ù>�

� ?���9����(þ%��ü/�5�A�/�5� ùF�)��Û�9A�
�5�5� ´'����ð�æ)f�� ù U ü/9�Û�9%�
� 30 MHz ´�<)9����E9CÞ%���\Y ã A/D G
H���æ�� FADC

��� í�h>� ~ ´ #%| ÿ Q â �A�A� ÿ/���� ù!�
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2.3.1 ���������
JETchamberç IDC ´*���¨Û9%��ðdK�L .A� �%� ä)��ü
X\Y ���*=/:d�/B . ��í

T!¡�¢%£(ÿ/����Û595��ÿ�¤)L ï��ìùy��c��Û%95��ä�í 2
Q ´�¤�L ��� ´��¥�/���. ��KNL5� ùKÛ%95�Cã ø ù!�*����Û%9��c��¦%0)� ù%§N¨7ä�í/¤%L �)� }©~ ?�A9���,þA��ü�� (CommonModeNoise) �'ª�gE� â � �%� � |�«�¬ �N©K'� ù�h�çNÿø(ù!��?�A9����(þ%�ü/�,ç5ä �5� ç5Þ$®/9 þð(éA¯�ÿ�G�°)� ù)�ü/��´ch�çKãø ù>�M�5��ÛA9A��ã�ä 2

Q ´N¤�L/´M��ðdK�L�ï�� ùK´�ã�í 2
Q ´'¤�L7ð é¯Cÿ�G°

� ùA�¥� �$?��%9����(þ%��ü*�Cä*����Û�95�)��B5�¥h�ç5ãc��� ï>� ù��*�c��Û�9
��ädh´$�©� ÿ�?��%9��/�,þ5��ü*��´%���$�d§N¨<ç . � â ùN´ã<í�h%hNã�ä �5�´N�c��ä�± çM²%³*´�f���� â �å5´ ´ FADC ��� �C�y:<ã�ä�í chamberµ,´
���GÛA9%��´CÞ�®�9 þ�ç FADC �� ����:"´7Þ�®�9èþç�´)¶7´�^d·A¨�ã5� âM¸5¹ ��º ¬ ù �5» ÿ�í
¼N:ZX½YF®/9dX
��0 â � â ù!��?�
9����"þ%�ü���ÿN+ . ��ä¥h�´A¼N:ZX\Y�®/9dX�ç�í ��� ´'�
��ÿ'¦�0 . � â ù�¾A0/´5î
¿ OP Û
9
��ã*À7� .
� �5��Û
9
�5�'Á)b ¹ f�Â5�5�N�
� ù�Ã�Ä/ÿA�Å��� â ù�� . } . h�Æ�¼/:VX�Y�®�9$Xä BESSð)Ç
È©w�ÿ'É)ÊcËd?ü�:dÆNÌAÍ/ÿ/v%ÎA��ù�Ï óÑÐ T ç â �ÓÒ
ÔdwNÕ¦�0%Öl×MØ »
ÙAÚyÛ Ò
ÔdwNÕÜAÝ�Þ�ß
Þ�TÅàNá©à âB5ã�Æ*ä
Ò%å�æ¥çNè5éVê�Þß
¦%ë)Õ�ìM¡ Ú è%é Ùí
î Ò%ï%ð�ñ¥ò ¬ó ³¥ô Û Ò�Ô�ÕÅô>Ü)Ý�ÞAâcò�õö/÷5ø*ù)údç/û5ë�Þß�ò$×!üdýÆAØ » ¼/ùÿþ���®� þ í������ ð	�$ì�
 ß	������ Ú�� Ø�Ò��5ð�� ó ×MØ »���� ð�� ��� ç! dò#"
Ö�ò�ü�$ � ��%���& ÕAÀ�'dÞAØ!()Ç %���& ô�) � �+*�,�¨ Ù�-�. � . ö0/	� �!�
ç�1!25Õcì�ß�ò�â��43MØü5 ´$Æ FADC .�687 ö!ùlÆ
¼'ù\þ9��® � þcê8$ � �	%��	& çNÁ;: ¹=< Â�Ø �>�
Õ í)Ú@? ® � /yç�A@B Ù!C	D�E	F Õ8)d×
êòVàHG@I í )d×ô*Æ�Æ Ú!JLK Õ	MON)ØP�Q ôSRUTV)�×!ücÞAØ�ðW3!ßOX!Y8Z�Æ�[�Þ)ò FADC .�6�7 ö!ù�Õ í)Ú�\ ë Ù Ã%Ä
 ó Ø�]�^L_5Õ�`La�b	c�Æ'ñ©òV(�Ç %���& ç�d5ë5Öÿ×�ý)ê Ù ÞAØü

2.3.2 eUfhgji�g�k
(�Ç %	�	& Õ -�. � . ö0/	� �!� ç�1#2h ó Ø�l�m í $ � ��%L��& Õ@n=o� ó

×>ü�ýAý�Õ
û�ë� ó ×�Æ í b@p�qsrLt8u OP
%L�L& Õ;)$×>ü�b@p	qsr�t=u OP

%L�
& í bLvOq	r	twu OP

%���& êyx	zdÞß�`�a�b	c5ð	{câ�ò@u
Õ Ús|s}�~�� Õ8)¥×
BESSÕ;u/û�ë Ù�� Þ*ßcò�×!ü$ý%ýMÕsl�m í 20 � Ù n;o0 ó ß Ú�� u FADC Ù��
c� ó ×>üyb@p�qsrLt=u OP

%@�L& í bsv�q�rLtÅê�x�N
ßs�spL�å�ç���� Ù Þ�ßcò
×��5ð8)�� Ú � Ùs�w�#�h� ��bLv Ù�� æ	(�ðw)$×
ê
òZà P�Q ð0)$×>ð Ú ý ó ís�� u�(�� %	�	& Õ@� FADC ��� ��� ù�� Ù��O� bL�$ç EO����� Õ@ �¡ E�F$Ù ÖÅ×
ý%ê�Õs¢�£�Þ*ß�ò�×!ü
b@p	q�rLt=u OP

%L�L& u 2 ¤su � cs¥�¦ ís§s� cðñ � �;¨ ö�© � þ Ú�ªL� c
ð Û8� �;¨ ö�© � þ Ù â=3�ß�«¬� Ú� ã í�Ûw� �O¨ ö!© � þ#u ªL� cs® Ù lLmcç �
c)Öÿ×�¯	°�± %	�	& ê*Þß
û%ë�Öÿ×ý5ê�ð	²�³4 ó ß$òd×�ücÞs�cÞ![$Þ�ò FADC
.	687 öyù�Õ í��O� b	�Åê/âÅ× ?�´ � / Ù bLpdç!p)Ödý)ê�ç�µ93!ß Ú °	± %���&
ê*Þ*ß
û%ë$Þ*ßLbLpwu�p ó â�ò Û�� ��¨ ös© � þLu ª	� c	®�ç ?=´ � / Ù�¶�·w¸
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¹�º »	¼ ½s¾ ½�¿
À�ÁÃÂ

( ÄÆÅ Â )

Ç	È ½�É
À�Á�Â

( ÄÆÅ Â )

AD830 VideoDifferentialAmplifier ÊÌË V – ÍÎË V ÏÑÐÓÒÔË mA ( ÏÑÕ mA) 135mW (160mW)
AD8011 CurrentFeedbackAmplifier ÊÌË V – ÍÎË V ÏÖÒØ× mW ( ÏÖÒÔÙ mW) 10mW (12mW)
AD775 SamplingA/D Converter ÊÌËÓÒØ× V ÚÓÒÔË mA (—) ÛÝÜÝÒÔË mW (—)

MSPS:megasamplespersecond

Þ
2.1:

%sßwà ?=�>� u!á�â#ã8ä�u!`La	b�c ([7], [8] u�å@æ¬çw�éè	ê )

ë8ìwí ü FADC �0� �O��î8ï 1 ¤�u .�687@ð î K8ñ 32 �0� �O��î�ò	ó;ô í u�õ=ö
?8´ � / ñ ��÷wu�b	p	ø�psù í ý�úyõ ?=´ � /Æø�û	üLý ñ â í E	F	þ8ÿ���� í��� ñ ö��#u=ç
	 â���ý�õ��� ô í �	ú ñ�¸ ���

2.3.3 FADC

FADC
ï���ß4à�� l=m ÿ������ î u�������� ñ@� � ô í IC õ"!$#Hö BESS õï

JET chamber% IDC ø'&�c ô í ��ß�à�� l=m ÿ(���)� î ��� ñ@�*� ô í u ñ
FADC ÿ � ì#ë�ìwí+� JETchamberõ ï-,�. x�ø CO/ 90%,Ar 10%õ drift 0*1�ø243

mm576 secondu98 ì9:
; ÿ �� ¸ ë;ìOí u�õOö=< > MHz u(?�@*A$BC@ ��D ðE õ->�FOâ#�*G�F-H�I	ø�J)K ù í ç�	 ñ âML ë;ì8í+�
FADC

ï E B : ð øON P � ��Q ñ ö 512 ?*@�A î"R�S@à � S ø 30MHz õ ��TMU
ù ë �-V ô í=� S�à � S ø � T)U ù í � ñ ö FADC

ï
JETchamber% IDC

R & Tô í �@ßwà(��W X ÿ 8 bit
R �Y��� îOWOX ñ�Z��8¸ ë & T ô í=� FADC ø Z���¸ ��Y��� î�W*X�ï ö�[�\(@�] ð
^`_ R ��ð��baOc IC ñ(dMU ù ë a c)U ù íe�

2.4 f g h i j k
[�\l@�] ð
^`_wñ ï�m ; E ��ð�� � FIFO ú=n�o�p9@Oq îOr ñ���ð��sa c IC øt G U ù ë;ì8íe� ��ðO�+a c IC

ï
4 oup9@*q îOr ñ ��v
w9� ?*x*y ��zsð î _ R��v�wl�Y{�| ú�}�q S ��ÿ�~ P ë���� U ù ë�ì8í+�
��� FADC y �uzsð î ÿ9� �� S(D�� E R��)��S A D�� @M� ����� � � � �=aOc IC ����� � �9� � R*{l|����[9\�@�] � ^b_Y� t-� U`�
�u� � �
� R {9| �u� L � � [9\�@�] � ^�_ R n � ��baOc IC

ruR � � � R9�����Y� %������   � � ��¡���¢ L ��� �+£[9\(@-] � ^ � �-v
w�� ?�x*y �uz �=¤ �*F*¥ U��
�Y� � R�¦O��§Y¨*© % � ���v�wl��{9| � FADC y �Yz �=¤uª K=F�¥�«*I � © � [b@ m-v @ ;s¬ R* _ �*®�9�*� � ��¯*°�± T R�² ¢�³ FY�Y´ ���¶µ v
w�·�{l|
R ³
¸ � �l¹*º U-»��(¼ ¯°�± T R ³Y¸ �-½*¾-«*I ��¢ L � � � ��¿�À   � � �
¡�� © � Á4Â �*�  �Ã �+£
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ÄÆÅ

FADC ÇÈÊÉ
(0-255)

ËÍÌ
(0-511)

ÎÐÏÆÑÓÒÊÔÖÕÐ×ÐØÚÙÜÛÞÝßÒ

(threshold)

® 2.6:
S�à�á�â

2.4.1 ãåäçæ'èêé ICµ vYw�·�{s| �Y�uë µ vYw9·�ª »íì�î âï¤ �(Z�ÀMðñ� ��ò X ¦*� FADC y îOz �¤Yó [s\sô�] � ^ñ_  �n o*p�ô-q ¤�r � t�õ ðñ� � ì ��â a�c IC �¶dMðï� ��£ ì �â a c IC
¦ d)ð`� �lò X�ó ì �Oâ � �=ö�÷ �¶a*c © � IC �
ø ³���ùYú RAM �9ûü � �=£

IC ø ³ ó RAM �lû ü ðb� � ì ��âl¦*� IC
ó�ý ³ ª » ����þ�© ò X �(ÿ� � �+  ì �*â ������� � �O��þ �Y� �b�-  ����� FADC o�peô-q ¤uó ì �*â a*c�
	 ���� © ���   � 3 �� ���� � � FADC I/F �Y�"ë ����þ ð`� �e£ � ó ì ��âa*c IC

¦���á�â�� [¶\ ^  ���V ðí� ����� ó ASIC (ApplicationSpecificIntegrated
Circuit)  YÃ �+£ì �Oâ�ó a*c y � ^ ¦ SUM, CRAW, HIST, RAW

ó
4 �
�-��Ã ë ��� �! ���ì �â�ó a�c
"
#!$ þ&% ð�� � ì ��â�ó�')( �+* ¢ �=£ n
,+-�y �/.�ó�0
1 ��ú����¦O�2� �! �� 2.4.1.1

ª » 2.4.1.4
ó n
3* ���� © �Y� �+£

SUM y ��. � CRAW y ��.   ¦*� ì �*â ,+- ó �2	 ¦54�687  59): � �b£<;�=ó>6�7   ¦ � 8 bit   512 ?-ô)@ ¤�ó FADC ì �Oâ¶ª » thresholdA2B ó ì ��â �2C��»í� �b£ � ó�D VY� zerosuppress�>E�F £ zerosuppress
ó�G&H�¦*��I�à-á*â � 'J � � ì �Oâ9ó�� �&K þ � � � �+ �Ã �b£ I�à-á*â � ¦*� FADC

ó*þ�% � threshold��LNM � ª »<O5P thresholdA
B �>Q ��R   ó���S�T�ó ì ��âló � �¶ �Ã � ( ® 2.6U
V
)
£�R(� ì ��âXW � 1 Y ©�ª ¢�� I-à�á�â=¦�Z
[  �Ã � � �s�)\ � ó   � � ó6�7  �C �M»�� �=£�] ó>6N7   ¦O��I�à-á�â � ' J � � FADC

ó ì ��â ��^ I�àáOâ`_ � R � � � ,)- � �+£8R(� SUM y ��.e¦ BESS  ² ��a � ðí� � ,)-!b �.   � � ó SUM b �/. � þ&% � � ì �Oâ9¦ �dc2e BESS  a � ðí�Y��� � FADCI�f �hgíó ì ��â ,!-8b î�i �+¤ � þ&% � � ì ��â �dj Àu��¢lk+�Y� �+£
HIST b �N. � RAW b �N.e¦�m � ��� © � SUM b �N. � CRAW b �N. � ¦ *¢$ë �>nO¦ ì � â(ó ,)- ¦ 9!: ¢�� £ HIST b �/.e¦�o ô à2p ô�  ó�q2r ¢�ì �Oâs�t ��u2v � �s��� ó b �N.  �Ã ë � RAW b ��.e¦ FADC

ó ì �Oâ ��w)x2y�z ��Oó R2R þ>% � � ì �)�=· � ó b �/.  YÃ �=£ì ��â ,{- IC
¦�ý ³ ª » U
V   � � MODE, CHANNEL, THRESHOLD

ó
3 úó2f î áOâ � ù|ke�u� �+£ � � » ó�f î á�â�ó ø&} �Y�
ke��ì �Oâ ,!- IC

ó�D V�
~ R ë � 3 �� ���� � � FADC I/F
¦ � � » ó2f î á âló ø&}��(��� � � � �s�
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���

FADC ����
(0-255)

���
(0-511)

�����������������������

Q: �<�

T: ���& ¢¡
W: £�¤

D0: 1 ¥
¦¨§d©�ª¢«
D1: 2 ¥
¦¨§&©>ª¢«

Dn: ¬X�§&©>ª¢«

D(n+1): ®d¯±°&«`§<²`�§d©>ª¢«
D(-1): ®d¯±°&«`§<²X³�§&©>ª¢«

(threshold)

´
2.7: SUM b{µ .�¶ CRAW b8µ .�·2¸�¹ ð±º¼» I�à�á�âló ì µ â

·!½ »¢¾ MODE
f î á âX¿ ì µ â ,)- ó b+µ . $!À ý ³)Á
» U�VÃÂÅÄ�Æ ·!½ »ñì µâ

(CHANNEL
f î áOâ , THRESHOLD

f î á â , ø ³ RAM)
ó �)�8Ç�È8É�~ Æ!Ê

» 7 bit
ó�Ë É Ä
Æ+Ê »<¾ CHANNEL

f î á�âd¿ À SUM b{µ .�¶ CRAW b{µ .¶óþd% Ê »ñì µ â�Ì�Í w Ê » 8 bit
ó5Î{Ï ô)Ð&Ñ
Ò
Ó�É Ä2Æ)Ê »<¾ THRESHOLD

f îá�â�¿
zerosuppress

�
	 · a � Ê » 8 bit
ó

threshold
ó>Ë É Ä
Æ!Ê »X¾ì µ â ,8- IC

¿Ôg�Õ¨Ö µ>×+Ø
Ù � Ì 512 ?Oô2@�Ñ ó�I�Ú8Û�I�Ü 30 MHz
· ½ %ðÝºÞ» ¶�½�ß Á D V)y�z À R�à CMOS

ó
IC Ç ó�·�D V�á�A�â ¿�ã2% É�ä ¶�å È�æç ß Ç8è ¾Né
k�ê FADC b î�i µXÑ ��ë�Ì�ì�í »ñì µ!î�,+- IC

ó æ ç ã2%�ó�ï�ð¿�ñ
ò!·{½ »�ó
ô ·�õ »¢¾

2.4.1.1 SUM ö!÷{ø
SUM b8µ .¢¿NI5ù�ú î&û�^�ü/µ!î�û�ý2þ�É&ÿ » ( ��������� Ê » ) 	 ¶�Ì é ��
� É��� ¾ SUM b{µ�� ·
¸�¹�� º » ü µ8î ¿�� û���� ·�õ » (

´
2.7 ��� ) ¾

Q � ù
ú î>û�ý
þ
T � ù�ú î�û�����á 
D0 � ù
ú î>û 1 Ò"!�û&ü µ8î
D1 � ù
ú î>û 2 Ò"!�û&ü µ8î
C FADC û Î Ï$# Ð�Ñ{Ò)Ó
W � ù)ú î&û&% �

O '�µ�({µ�) Ú µ
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T: 9 bit

D0: 8 bit D1: 8 bit

C: 8 bit W: 7 bit

Q: 16 bit

O: 1 bit

( 16 bit )

0 *�+-,�. : 7 bit

/
2.8: SUM 0213�54�6$7 �98;: ü-18î5û=<�>

'?1�(@1A)�BC1 (O) D3� ù)ú î�û% � (W) E 128 F�GNû?H�IKJ2L@��MKD-� ù�ú
î=N�<PO�Q : ü31!î>ûARTS�UWVXH�Y 1 �2û�ü31+î�û=Z�E 255 4 õ2[ M?HIC\ 1 û$Z
N@H]�^L�_`�a4�U�b 8�c 0 û=ZdN2H :fe 	�û'@1(@1P)�BK1�D�ü31�g5
 � IC û OFh # ûA6=7]H=DCi�jA4 õ�: 	�H&\&k�lAQ :Xm�n E õ�:fe

SUM 0A1o�X4�ü31Agf
 � IC û RAM \�poI�q3� 8r: ü-1�g�û&<P>?N / 2.8 \�s
Q e 1 � ù
ú g�û>ü�1@g5ûCtoI � Dvu byte w�x�y{z byte ûA|�}�%24 õ3:~e 	�	=4
1 byte D 8 bit û@	�HT4 õ�:�e ü]12g�
 � IC EoR=�o\�o� RAM û����@D 512byte
U8û4@L 1 ��û��P�a�@1=4 64 �����$Y~�vV û?� ù
ú g�EP����Q : HL 65 ��!fF@�
ûo� ù+ú g�N RAM \����@Q : 	AHTEA4oI�Ud� e 	�ûdHCIPD5ü-1dg�
 � IC û OFh # \ High E�6T7 ��8 LT�A�!ûd� ù
ú g�N��C�d�� 8 UPJ [ M@	�HN���d\$���� :fe

SUM 0A1d�5D BESSE������C\��2\= �¡ 8`: 
 � 0A1d�94@¢ :5e SUM 0�1��94
D 1 �&£K¤�g¦¥~§o1�gXEP¨A\ 8 byte ¥�|¦}C%P4@6~7 �©8�: ¥=4�L^ª@¥3z bit «¬ byte®¯w° ¬±u sample¥��&§]1Ag&\P²���-�K£K¤@g=¥&³PE 64 �"�o�¦YTS�U�b 8Ac LT
 �P´ ¥
§�1@g�µ]¶C·�DC
 ��¸ �3�=Y=S@UvV¹U :~e�ºd» \PD 1 ���¼�?1P\�²�b : FADC 1½o¾ #�¿$ÀoÁ ��¥Â�Ã?ÄKU��C£�¤Ag9³@D�ÅÇÆ ° ��42L 1

½d¾ #�¿¦À \ 1 �o¥@�K£K¤Ag
Eo¢ : J�Èr�©J-HC���ÊÉ�Ë24?¢��ÊL 1 �C£�¤2g�¥Ì�ÍdÄKU�µ #�Î&À ³@DCÏ 10 µ #ÎÀ 4o¢ :�e M�Ð2�d��£�¤dg=¥�§-12g&\�D-��£�¤?g�¥����dÑ& (T), ��£�¤dg=¥&Ò�

(W), FADC ¥ ½3¾ #�¿=ÀAÓ�Ô (C) E m�n U2¥�4@LÕPÖoÄ�UC×�Ø�E 3 byte
mPn 4

¢ :fe ��M&E [ � 1 ÙK£P¤2g=¥=§312g$D�Â�Ão��� 13byte \�U{Ú^L�_ 8 EKÛ�Ü ´ D
8 byte ¥�|=}�%K§-12g�\PU : ¥�4@LÏ 60% ¥$ÛAÜ�Ý?\�U :�e

2.4.1.2 CRAW Þ�ß@à
CRAW 0@1�áX4AD FADC ¥26T7�J3��ÙC£�¤Ag=N<�O�Q : §]12g¥KâKE�ã�Ú�6�ä8{:fe

CRAW 0�1]á54��K��ä 8�: §-12g$DPå?¥&æWÚç4o¢ : (
/

2.7 è�é )
e

T ÙK£�¤@g�¥�ê�ë?Ñì
C
½3¾ #�¿$À2Ó�Ô

W ÛAÜC§-1Ag&¥@íK13á9³
D(-1) ÙK£�¤@g�¥ 1 î ¸ ¥T§]12g
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D(-1): 8 bit D0: 8 bit

D1: 8 bit D2: 8 bit

Dn: 8 bit D(n+1): 8 bit

T: 9 bit

C: 8 bit W: 7 bit

( 16 bit )

16
bi

t

ï 0

ðñ ò ó
ô õ
ö 32

bi
t

÷ ø ù
ú û

(n
+

3)
ü ý D

: 4

ðþ ó
ô 2

ÿ ó

0 ������� : 8 bit 0 ������� : 8 bit

0 ������� : 7 bit

0 ������� : 1 bit/
2.9: CRAW 0@1�á54�6=7]ä 8r: §]12g�¥�<�>

D0 �	�	� Dn ÙK£�¤2g=N�
�O�Q : §]12g
D(n+1) ÙK£�¤?g=¥ 1 î ´ ¥$§]12g

CRAW 021�áf4�§-12gfÛ2Ü IC ¥ RAM \pdI&q� 8{: §-12g&¥<�>dN / 2.9 \
sAQ e CRAW 0@1�á$¥dÙK£P¤?g�¥=§-12g$D�������4d¢"ÚçLoÙ�£�¤dg=¥&³�E������: J��CMPD�� ´ ¥oÙP£�¤?g¥§-1@g¦�AE�t�I����@� RAM \���� Úç���=Ud�����
D2L RAM \��A¨?\ �!o� 8r:#"%$ ¥dÙP£�¤?g&��4 RAM \C���"ä 8 L OF

h&' \
High E36$7-ä 8{:~e Ù�£P¤Ag�¥$§]1Ag D ( «)( y+*a¬-, Å.,/�	�	�0,213,21542¬ ® D 32bit 6�7?\8:9 � 8 L<; [ M =�>@\CD 0 E@?A!?� 8`:�e Ù�£�¤�g�¥$§31Ag�E�BKË 32bit 6@7?\
�+� : HICD�L�ÙC£P¤Ag©§]1Ag¥�� ´ \ 32bit ¥ 0 E�C�Ö ä 8{:feEDX8 D§31Ag5Û
Ü IC ¥AR$�A4 32 bit 6�7A4K§]1@g&N�FHGo�C�o� :&D H�HL 0 N�?:!PM�=H>oN�IHJ
Q :�D HT4 ´ 4�Ù�£�¤2gX§-1@g&¥LKHMoN�I 6��HNo\KQ : M�!�\�L D ¥o��O¼U�P�Q
\CU [ �2� :5e �&M CRAW 0A13áX4&§]1�g¥?íC1oá�³?N��C�AQ : =�> (W) ¥�t?I
äTD 7 bit �CJ�U2�K¥C4@L?ÙK£�¤�g�¥=§-1Ag�³�E 128 N R 9 MdH&ICD����d�� 8 U
�E?LoÙ�£P¤dg=¥§]1@g&¥LKHMoN�I 6�Q :�D H¦E��HN@U2¥C4�§�12gCN�S?âd6Q D
H=D&��NA4@¢ :�e

2.4.1.3 HIST Þ�ß@à
HIST 0?1�á�4AD@L FADC §�1@g=J ��T�¤��VUo£�W�N�AOo�K��§�1@g~Û2Ü IC ¥

RAM \�����Q :�e §�1�gXÛ�Ü IC DCæ�¨AL#XA�C¥��C��4 512 µ ' Î$À ¥ FADC §�1
g=Nã�ÚçqZY&E2L HIST 0A1�áX4�DTC¤��[Ud£�W�¥�\�]d\ 4 clock

mPnE^H_ !@` 512
µ ' ÎÀ ¥&Ï ¬ba x¹¥ 125 µ ' Î&À ¥=§�c?g&d  [ �+TK¤��VU?£�W@dK��e�f+g e Zh

127 iHj3¥ FADC §kcdg l%m@n&Zpo�â ^ ä<qr`�s�oH�Eo�!�\�����³�td�<qug e
HIST vAc3áxwK§rc?g�Û@Ü IC ¥ RAM \K�@e�äyqzg@T�¤��VUd£@W�¥�§rcdgx{E|d}

2.10 ~��Ef��
HIST vEcoá<l��PËk�<��Ú[��f D o�w�TC¤p��U@£�W�¥µ ' Î�À ³Ad �E�@f D o h

��N�wd¢:g h `µ ' ÎÀ ¥���³�l 16 bit w��&��ä�qug��LwZ`����)��a.�b���V�������V��i�j
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���
0 � FADC �&�� ��x¡L¢

���
1 � FADC �&�� ��x¡L¢

�@�
126 � FADC �&�� ��x¡L¢

�@�
127 £L¤�� FADC �&�� ��x¡L¢

¥ ¦�§�¨�©
 (0 ª<«@¬& )

( 16 bit )

0 ®3¯
1 ®3¯
2 ®3¯
3 ®3¯

511 ®°¯
510 ®°¯
509 ®°¯
508 ®°¯

¥ ¦�§�¨�©
 (0 ª<«@¬& )

¥ ¦�§�¨�©
 (0 ª<«@¬& )

¥�¦�§�¨�©
 (0 ª#«�¬L )

}
2.10:HIST v�c%±<w%²�³+´�qµg�¶�·¸��¹Aº�»@��{�|

�½¼[��fA¾Ho�l�w�¿ ^ZÀ �HÁ _ HIST v�cÂ±�d�ÃuÄ�o�¿&l�`�Å�Æ�Ç�n�È�É%cEÊ#Ë�Ì
IC � RAM d�Í�ÎEÇ�Æ���Ï:¿�ÐZÑE~ÂÒ¼ 0 w�Ó:È&ÔEÕuÖØ×@ÙHÚÂÅÂÛÜ�

HIST ÝAÞ%±Üß BESSÚHà�á�â@~�ã�ä:å�~�æHç�´�èzÛ�é FADC � pedestal·�êëìZí�î�ïEð Û ñEÈ���ÝEÞr±<ò:Å%Û��Â¾&�HñHÈ ÉrÞZÊ������ í%ó å:ôLõ&Ô ÀLö:À �
òZé HIST Ý�Þ±��E²�³ ð Û�ÉrÞ�Ê�~@ß�÷ë ìEø ùEúHû ß&ü@ý�´#è öAÀ �

2.4.1.4 RAW þ�ÿ��
RAW ÝEÞÂ±xß 1 �&��à�á�ò��+Æ�è Û 512 � ì���ù � FADC É%Þ�Ê í é��H�EÁ@Á

É�Þ�ÊyËEÌ IC � RAM ~��&� ð ÛxÝEÞ%±�òZÅAÛx� RAW ÝEÞÂ±Ü�E²�³ ð Û�ÉÞ�Ê�ß	�
 ~���%Û&ô����������Hò:ÅÂÛ�Ò%Ä������%ÛyÚAé�æ�����ß�� 2.11
í�� Û&ô ��Ç

Û�ÒÂÄ!��é�"$#&%'%:¾�õ À É�Þ�Ê�(�)�� ö�* Ô À Û�+E¾yèAß ASIC �,AÞ$-/. í10

3 2436587�9�:2 2436587�9�:

(8 bit) (8 bit)

0 ;1<>=@?
0 ;1<>=@?
0 ;1<>=@?
0 ;1<>=@?

0 ;1<>=@?
0 ;1<>=@?
0 ;1<>=@?
0 ;1<>=@?

0 ;1<>=@?
0 ;1<>=@?

0 ;1<>=@?
0 ;1<>=@?

498 2A3B5�7@9�: 499 2A3B5�7�9�:
500 2A3B5�7@9�: 501 2A3B5�7�9�:

� 2.11:RAW Ý�Þ%±#ò%²�³+´�èµÛ�É+Þ�Ê��6(�)
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C ð Û�ñ�È�����D í ����EÂõ@ñ:¾�ô�òZé RAW ÝZÞ±F� É�ÞZÊxË�Ì IC G ÎÂ�&à�á
ÚH����Á@ÁJI�KÂ´�èÂÔ À Û�ñ�È�ò:Å%ÛL+�M'NZéA¾L��OQP íR ����S�T ð Û�+
É�ÞEÊ<Ë�Ì IC ß SUM Ý�Þ±�ô CRAW ÝZÞÂ±J�@Õ À ÔEé�U ú ��V�³+´5èµÛ 512

� ì'� ù�W ÉÞ�Ê�Ç�Æ1X&º�·�Ê í���Y6Z Ô�ËHÌ�õ ö�Z è�[ ö Æ ö�À + 512 � ì'� ùW É�Þ�Ê�â�ò>X�º@·�Ê<Ú�\�è��pÛJ]ÂÊ�Þ ì ßEé6^ W 3 _½¼�òÂÅÂÛ�+
1. 512 � ì���ù`W ÉrÞ:Ê íBa ¼cb:È�ñedgfHòAéBh���X@º@·ÂÊxÚebrÁ * Ô À Ûjik +%¾ W i k é 0

úpóFW ÉrÞ�Ê�ß1h8� threshold
í�l �LÔ À Û�+

2. XLº�·�ÊyÚ 512 � ì'��ù�W ÉÞ�Ê W âg�Jm+Á * Ô À Ûni k +�¾ W i k é5É%Þ�Ê
ß thresholdM'N WJo ÇÆ thresholdM�p WFo � ö ¼[é&õF[kÆkÖØÔAÁ�ñ threshold
M�N W�o � ö Û�+

3. X@º�·�Ê�Ú 512 � ì��&ùQW ÉkÞAÊ Wgq�r ÇkÆ�ß�ÑÂ²&Ô À ÛLi k +%¾ W i k é
512 � ì���ù@W�q'r�W É�Þ�Ê ß threshold

íl �LÔ À Ûs+
¾ W 3

Y'W ]ÊLÞ ì�W X�º�·AÊ W âLòAét�u��gv�wõHñ À'W ß 2
úpó�W ]:Ê&Þ ìW XLº@·HÊÜò�ÅAÛ�+ ö6xEö Æ FADC ÝgyHz�Þ ù �V@³r´�è Û chamber
WF{�û ß 512

� ì'� ù�W â1��ÄxÁ�Ö|mrÁEÛ�ÒAÄj�ZÊB}>~ ì ¹ í�'� ´�è�Ô À Û W ò�é 512 � ì��ù>W6� �6��� ð Û 1
ú ó ô 3

úpóW ]Ê�Þ ì�W X@º�·�Ê�ßeT%Æ�ÇH�>�g}B�1��ÇrÆ
ò:ÅÂÛs+
¾ W ñ�È 3

Y�W ]AÊ�Þ ìeW X�º�·�Ê í� Ôg�1� ð Û��JD íF��� õ�Ô ASIC
W ,:Þ

-/. WF� ý íJ� Ö<Ò%¼ ßEé 2
ú�óJW ]:Ê�Þ ìeW X�º�·HÊ � ZHí ËHÌ ð Ûj��� ö �JD

ò ��� õ�ñ6�@Ú�æ'��p WJ��� ÇÆ�ßg�Á�õLÇ * ñg+ ASIC
W ,:Þ�-�. WF� ý�ß�� W

Á�Á o�� �6I�KÂ´#èµÛ W ò:é�,%ÞA-�. W�0 C ß���æ öe�� òÂÅÂÛ�+ q��LR � ög�� �1��ß�é 512 � ì���ù�W É�ÞEÊ W G&é q' 8W É�ÞEÊ@ô q'r�W ÉÞEÊ í�¡g¢ å�� 0
ô�õLÔ�£½Ä�¾�ô�òZÅ%ÛL+:¾rÄ ð ÛL¾�ôÜò 1

ú ó ô 3
ú ó�W ]AÊLÞ ìHW X�º�·ZÊ í é

G Î W X�º@·:Ê íB¤ O ð Û6��D@��ßAÅ�ñ�Ç � 2
úpó�W ]ÊLÞ ì8W X@ºH·�Ê�ò:ÅÛ

Ç W ÒAÄj� �1¥ Ç Z Û�¾�ôÜÚ@òE¿@égX�º@·HÊ íF¤ O ð ÛJ�JDEß���� 2
úkóFW ]AÊ�ÞìeW X�ºH·EÊ � ZEí¤ O ð è�[8¦ À1W ò8�JD í ���'E�òA¿%Ûs+

æ8����ß 512 � ì���ù>W ÉrÞZÊ W G�é q� �W 2
Y'W ÉrÞZÊ�ô q�r�W 8

Y�W É+Þ
Ê#Ú ¡�¢ å'� 0 ô�õLÔg£�§�èZÔ À Ûs+ q' �W 2

Y1W ÉÞ�ÊxÚ 0
ö�W ß�é 1

ú�ó�W X¨e© XÜòª-1«¬ZÞ W VH³ í®�¯ õLÔ�é 2
ú�óFW X ¨e© XÜò RAM

W  ä'E í çzÄ Ç
ÆÜòZÅÂÛL+ RAM

W�  ä�E�òHßHéxÉ�Þ�Ê í ÏA¿�ÐH°g±k±L²Z· W ²�yA·EÊ í�  ä'E ð
Ûs+ q'r�W 8

Y�W É�Þ�ÊxÚ 0
öeW ßEé�É�Þ�Ê<ËEÌ IC

W ËHÌ��FD�ß�]�} � º�} ì �ö`* Ô À Û W òAé']8} � º�} ìHW�� Ô W ��D í6³�´ ´ ¥ Û��@ß���è�� ZeW X ¨e©
X�Ú�×�ÙH��Ç�Æ�ò:ÅÂÛs+

RAW ÝZÞÂ±#ò�ß�é�M1pEò1SHTHõ�ñ�É�ÞEÊ í ý�µ ¥1¶ �1� W Á@Á RAM ��Ï:¿�Ð
° W ò�é RAM

WFq'  ô q'r �&ß 0 Ú�Ï:¿�ÐÁyèZÔe� 2.11
W�·Eö ÉÞEÊL(�)�� ö�*

Ô À Û�+ 512 � ì���ù�W ÉÞ�Ê í � W Á�Á RAM �6vgwAõ ö�ÀBW ß�éyÉÞHÊ<Ë�Ì IC
��ß 512 � ì���ùQW É+Þ�Ê Wg¸'¹ ô q�rÂí�¡1¢ å�� 0 ôLõ�Ô1£ ÄL�D�Ú�×�Ù�òÂÅ
¼º��èÂßBhH��»EÑLÐ%ÁyèZÔ À Û W òEé&¾ W � D í�¼ �&õLÔ RAM ��É%ÞEÊ í ÏA¿�Ð
° W ß�,:Þ½-/. W�� ý í�� Ö W ò1�ÁLõµÖ ö Ö éHÁLñ É�Þ�ÊxË�Ì IC

W à�á W®'¯
ô À Ä¾�¿�òEß�À W à�á:ÝAÞ�±J�6VE³k´#èµÛ�ÉrÞZÊ í ²�³�ò:¿�Û��HÚ��rÁ&õ�Ç *
ñ�Ç�Æ�òAÅÂÛs+
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� 2.11
W ÉrÞ:Ê�(�) íBÁ ¾õ�Ô � Û�ôLé RAM

W�q�r ß ® Ç�� 8 � ì���ù � W
ÉrÞ�Ê� 0 Ú@Ï:¿�ÐÁ#è:Ô À Û<ÚZé RAM

Wq�  ß 2 � ì���ù òHß ö Ö 4 � ì'��ù
� W É%Þ�Ê� 0 Ú&ÏZ¿ Ð%Á�è�Ô À Û�+L¾yèZß É%ÞHÊ�ËHÌ IC

W G�Î W RAM Â W É%Þ
Ê W ÏA¿�Ð�Ñ�Ú 32bit �'��� ö@* Ô À ÛL¾�ô�Ú1Ã�Ä�òAÅ:ÛL+ 512 � ì'��ù@W ÉÞEÊí�� Ô�v�w%õAÒÄ�ô ð Û�ô�é RAM

W ÏÂ¿�Ð�Ñ&Ú 32bit ����òAÅ%Û�ñ�È 4 X ¨e© XÅ � RAM ÂLÉ+ÞAÊ í Ï%¿LÐrÁJÆ�[ ö Æ ö:À +Zõ�ÇAõ�X ¨�© X�Ú�V�³k´#è8b:È�Ô
-1«Ç¬EÞ W�®�¯ ô RAM

W�  ä1E í³ ��Ô�ÉÞ�ÊxÚ a è ÛnÈ�É�� ö@* ñ 3
úkó�W X¨�© X W d � òHßHé@ÁF� RAM Â�ÉÞEÊ í vgw ð Û�ÊgËHÚ�òZ¿LÔ�ÕAÆ ¶ é@¾ W d �

ò'Ì�O í õ�Ô&ÉrÞAÊ í RAM �LÏ%¿�Ð�°e��D í6��� õ�Ô',%ÞA-Í. W�� ý í�� Ö�Ò
¼ ßAé����� ÉrÞZÊ í6Î ÔHÔ q� �W 4 � ì���ù � W É+Þ�Ê í 0 ò@ÓÂÈ�ÔAõ�ÁkÄnÏ
ÄVÚAé���D�Ú����'Ek´#èAÔ���Á&õ&Ç * ñ�ÇÆ�ò:Å%Ûs+q�r � Á ¾Âõ ö�Z è�[ ö Æ ö:À1W Ú:é RAW ÝEÞ�±yÚ²�³ ð Û�ÉrÞ�Ê W6Ð �+ô�é
SUM Ý�Þ%±�ô CRAW Ý�Þ:±�ò@XLº@·HÊ Å �6vBwr´�è ÛJdÑ T

W'ÒJÓ òeÔAÛ�+�Õ%ÞÖ�×�Ø
IC ��V�Ù`Ú5èuÛ q� �W 2

Y1W ÕÞ Ö ß ¡�¢ å'� 0 ô �Zö Ú5è Î�ÛQÜ è Û õÝ>Þ W òAé�dBÑ T
W�ß Ê+ô ö Ûj����ß&æAß q� eà>Ü 3

Y:ó6W ÕrÞ Ö Ú�V�ÙáÚyèrñ
dÑ Weâ ô�òHÔ�ã é â6W d � òHdÑ T ß 0 �   ä'E`Ú5è ÛL+HÚ Ü � RAW ÝEÞ�äyò
ß q' �à@Ü 3

YAó ô 4
YAóW ÕÞ Ö ß Î�Û@Ü è¸Û W ò�édÑ T Ú 2

W Õ%Þ Ö à@Ü v
w:õ6beå%Û â ô�� ö Û�+ Y Ý ã RAW ÝEÞ�äyòHß�éBdÑ T Ú 2

à@Ü
501

Ý ò W ÕÞÖ í
RAM

W � 2.11
W �����Bv1w ð`æ�W ò8Ô æ +

2.4.2 çéè êeëíìïîáð FIFO
ñ }�ògó�ô�äcp�õgö�÷ 512 ø W 8 bit Õ@ô Öù�ú�û�üHý æLþ�ÿ�� Õ�ô Ö�� FIFO �Ð �@Ú�� Û���æ
	 þ�ÿ�� Õ�ô Ö�� FIFO

W��� ö�÷&Õ�ô Öj×�Ø IC õ þHÿ�� � W Õ@ôÖù V�Ù�� Û ÷�ÕQô ÖL×eØ IC
W���� ù ®�¯��`æ�â�� ü Ô æ�	

Õ>ô Ö�×HØ IC õ'ö 8 bit ��Õ`ô Ö�� Ù �! ò�� 2 " © � Ô½ãÍ÷�#��eö�±%$ ¨'&(�)�*�+-, ô�.�/�õ�Ô æ�0 $!1 &�243 � FADC ��5FÙ�õ'6�7�Ú8� Û��6Û ÷�9 Þ #: ö þQÿ;� Õ`ô Ö<� FIFO �=5Ù�õ�6�7�Ú�� Û>�@æ�	 Õáô Ös×�Ø IC ö MODE ?+ ÿ Ö �'@�A8õ�B�ãÍ÷ FADC �C5JÙ �Fþ�ÿ�� Õ@ô Ö�� FIFO ��5FÙ=��D�E Ü à # :ù ÷FÕ>ô ÖL×HØ IC � � Ù�Õ>ô Ö � � Û�F � �`æ�âC� � ü8ý æ B Þ õ�GIH Û���æ�	
Õ>ô Ö�×�Ø IC ö�J%K�÷ FADC ��5FÙ ù�×�Ø �áæ B Þ õ'@%A`Ú
� Û=��æ�	 Õ>ô ÖL×Ø

IC � �L� ù'M%N �`æL� ý ö�÷ þ�ÿO� ÕQô Ö�� FIFO õ'P�Q�G�Õ>ô Ö�ù @�A�� Ûà@Ü ÕQô ÖL×�Ø IC � � Ù ù þ8ÿ�� Õ@ô Ö�� FIFO õSRªãUT>V Û ÷sÕ@ô Ö�×�Ø IC õþ�ÿO� ÕQô Ö�� FIFO �JÕ`ô Ö6ù�×�Ø Ú�W Û Õ`ô ÖL×eØ IC ��5�Ù%��P%R à D Þ àù'M�N �`æ�	 ÕQô ÖL×�Ø IC ��Õ@ô Ö�ù�×�Ø �`æ 4 X�� 0 .�Y[Z]\�^Bö�÷`_S�Ca��
2.4.1.1b!c 2.4.1.4�Sd�e ü�f�g ��h'JjikG�� ü ÷]l@ô�mon�p IC õ �%q!r ��stl@ôm��!u=c4b�vCwyx�bzH�{ � ��|�}%~ � s�� � � ü8ý s 	 �%h`��H�{ þ�ÿO� l>ô�m�

FIFO õ'@%A��%h�lQô=m�õ'�-�`{e÷SnCp%����l>ô�m ù }�~>�`{yl>ô�m�n�p IC �5 q ���L��� s`� � õ�B!i�÷<l>ô�m�nCp IC �L�CKeõSn�p ùS� H�{ � s�b�D;�tb ùM%N � s`� � � ü�ý s 	
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3 FADC I/F
� � �

3.1 FADC I/F � � �
FADC I/F ö'�C� 32 ø>� FADC

*L+=, ô�. ùS�L� � s<hCw�� *�+=, ô�. ü u>s 	d FADC
*�+�, ô
.�õgö 32 ø�� FADC �=�Lò%��.������ r ��{���iº÷ FADC I/F ö

FADC
*�+�, ô�.��>�yd FADC �-�òC�S.Qõ'�>�L{gøC�8õ ��� � s�� � �%��� üu>s 	 �Lh'�zH
{�� : ùy� V<��|8÷ FADC I/F öy�%� ü;� �¢¡�� �¢£z¤¦¥ �¨§ ø©� FADC�ª�Fò���. ù'��� �%� ü u>s � 9�«>V-s 	

FADC I/F �4¬LG�`®'ö'÷ BESS� �S��¯ õ � Z±°�ô���²�³%�yh�c ÷ FADC
*�+�, ô. ù �L� r W�{ JET chamber��´�µ ù l + m
.�¶C·�õ �%¸ ��÷ FADC

*%+>, ô�.�Ll>ô=my� ��¸�ùy¹ VLh-c6÷ FADC
*�+�, ô�.>bIc �L¸�r �ºhSl`ô�m ù�» {L¼=½5`��{>¾�¿�ò �]À .>Áeô�ÂLÃ�s�� � ü u-s 	Ä� ZÅ°�ô���²�³��%h>c FADC I/F ö�÷

30 MHz
ü

512
( ò�Æ'.º�>Ç%1�È�Ç ù FADC

*%+>, ô�.��-�yd FADC �!�Fò��S.
õ�ÉCÊ r �zh FADC

� l�ô=m�n�p IC õ�Ã�H�{ �%� r W�{8÷ JET chamberbzc�d
FADC �!�Fò���.`õ �Cqzr �js
´�µ ù l + m
.�¶C·�õ �%¸ �L{�n�p � s 	�0 $ª1& ´�µCb!col + m].�¶�·8õ ��¸ºr ��{�n�p r �!h�l@ô�mFö�÷�l@ô�m
nCp IC �>Ë<Ì
õyÍ-X RAM Î'ÏCÐ roÑ s�Ò » {=� FADC �ª�4Ó��4.=Ô%´�µ�� ��¸ � nCp>Õ ¹ Vh�cSÖ FADC I/F × » FADC ����ÓC��.!�<lªØCmon�p IC Ë<Ì=� RAM Î4ÏLÐ r]Ñ hlºØ�myÕ�ÖyÙ�Ú�Î�¼�½�5�Û`{ylºØ�m�5 q%Ü FIFO Î�5 q � s�Ò�lªØ�m�5 q%Ü FIFO× FADC I/F ��Î�ÉLÊ r8Ñ h FIFO Ý�Ö�l!Ø�my�yÞ[i
5LÛ�ß4×>àLá�È!âkã�Ø ) .�Ý¾<¿�Ójâ À .=ÁCØ�Î'6L7 r]Ñ {���iäÖ�lªØCm�5 q�Ü FIFO Î�å=æ�çªè Ñ h4l!Ø�m<×¾�¿�Óéâ À .>Á�Ø�Ô�ê ��ë Î'¼�½=5�Û`{�ì�í � s�Ò

FADC I/F × FADC
*C+�, Ø<.zÕ �%� r W�{!5 q�r�Ñ hylIØ�m�Õ>¾'¿�Óîâ À .Á�Ø�ÂLÃOs ��ï �t¬�G��®>�'ð>Î�9�Ö FADC

*�+>, Ø�.��>�yd FADC �!��ÓC�S.�'d�ñ%@%A�G�D�Õ'ò�ó�Î�ô�v�{ � V-s8ò%ó%Ô>u�s�Ò`õL�Cbºc�Ö FADC I/F Î'ò�ózör8Ñ { ï s8÷%��Õ'ø%ù>Î�è%ö�w-s�Ò
ú�û�üyý>þSÿ�������� T0 �
	��� þ�������� FADC �������������� þ! �"�$#%�'&
(�)
*�+ �-,�Ý=u>s BESSÝ%×/.-0=Õ F Ü Û�{ ï s4h�w�.-132!4-5=Î�6�iUÔ>u�s
2'ÝCÖ FADC 7�8
9'Ø;:-ÕSK�Î�<�= r W�{/. q Õ!>/?�@ªs�2�×$A!èSÛCB±G ï Ò_=�<ÝéâLZ¢°�Ø�Ô�²�³�Û�{ JETchamber2�´�µ�ÕSì�íD@ºs8ò%ó%Ô�³Cv%h�öyæÎ/EGF`Ö FADC 7-8H9�ØI:ªÕ�</= r W�s8ò%ó�Ô>u-s�Ò
èSh T0 â`Zk°�Ø4²C³`��Î Master âLZ¢°�Ø�Ý!¾4¿%Ó â±Ô�J�K r]Ñ { Reject́µ�Ô%²�³�Û�h!L
M�×�Ö FADC I/F × FADC 7G839LØN:%2�OD<
P�lºØ�m$2�¼�½5�Û�Õ ¯�Q Û�{�R%÷�SDT�Î�Uzc<G�F Ñ |�G-c<G ï ÒL_�Û�{WVYX�ÛLh/7�8�9�Ø
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:!Î FastClear ´Cµ�Õy² � Û`{�¾�¿CÓéâ±Ô�J�K r8Ñ h=��öyÕ�Z-V`GGF Ñ |=Gc4G ï Ò
úD[
\�] FADC ^H_!`Da$� ]/b �c$�-d�e �Y��fGg3h!i-&
(�)
â-jk°�Ø�Ô�²C³�Û`{ FADC 7�8H9�ØI:�Ô JETchamber2�´�µ=Õ'ì%í>Û%hy��Ö
FADC I/F × » {�2 FADC �-�SÓ��!:k2�lºØ�m�Õy¼�½Hl`ÛL{�Ö�¾�¿CÓéâ À :ÁCØ'Â�¼�½3l�ÛLh4l!Ø�m'Õ�mG@�ò�ó�Ô>u>s
Ò�¾4¿%Ó â À :�Á�ØSÂ�2<l!Ø�m�2n æ!m=Û`×�l!Ø�m�l q�Ü FIFO Õ�o�v`{ �
pSÑ s�2yÝ�Ö FADC I/F ×�¼�½�l`Ûh�lªØ�m'Õ�lªØ�m�l q�Ü FIFO Âql q @ Ñ |sr ï Òqt'h=��2=ö'æ FADC 2Dlq @ºs]l!Ø�m'Î'-u��32$v�w�MDx�Ì%x%Ô=u>sN2�Ý�Ö���2�v�w�MDx�Ì%x�Õ�y%�
@zsoò�ó%Ô>u-s�Ò

úDz FADC ^�_�`
a$� ]-{-| �/}�~ &D(�)
FADC I/F ×����'2 FADC �!�4Ó=��:%2��CñD�
��Ô�Ý>æ/xWF Ñ�� x���x ï Ò
FADC ���4ÓD�!:%2$��ñ��
�zö'×�Ö!��� ��� Ø��I��� IC 2$�q�-8H����2��
4
P��H�Oâ � ØW� Ü FIFO 2 � ØW��2��G�Dx��LÝ3�H��Òq�$� FADC �q��ÓD�
:ªÕ$�G�W@����D�G2��G�WP-���3xG��×�Ö FADC I/F 2��� �¡%�'¢s� Ñq£/¤ �
����Ö FADC I/F ×��� D¡k�;¢�� Ñ3£�¤ ���
�GP/���=Õ�¥WFyÞ§¦ £ Õ�¨�©>ÛLÖª�« @���¬�öI
®3¯/xGFY° � xk��x�±$²

3.2 FADC I/F ³ ´ µ ¶ · ¸ ¹
FADC º�»�¼�½'¾À¿ FADC I/F ÁDÂ$Ã�Ä' 9U ( ÅÇÆÈÆÊÉÌË mm) ®�Í « ¯! 280mm �
� EurocardÎGÏkÐ�Ñk½�ÒÔÓ�Õ ªGÖ ÄÔ° £ ±q��² FADC º-»k¼/½N¾×¿ FADC I/F ØÙ ����Ú!�
½ÀÛÜÁ 21 ÐW�
ÝGÞ%ÛßØ�à%á$Â 1 â�Ð FADC I/F ¿'ã
ä 20 â�Ð FADC º
»�¼�½I¾kØ Ù
å ®W¯k�/æqçèÕ/ék¦ £ ±��'² FADC I/F Á�Û-êìëW½/íGÕ FADC

� ½D�
Ø Ù
îDï �Ôð
ñqÐ�òHÕ�Â�� FADC º�»H¼/½I¾qóDôDÐ�º�»q¼�½I¾WõHÐ�� FADC ���ö ��¾�Ø$÷-ø ï ��Ú$�W½ÀÛ;ù ö ÛèÝ-½
ú�Ð$ðGñ�ûIüý¦ £ ±��'²�Ú��D½þÛÿÐ����HÕ
Á
Â�Ú��G½sÛßÐG�GÝ�ÞqÛ Õ Ù �3�ÿ°q�!�Dº�»
¼$½'¾kØ���� ï � 2 âqÐ	��Þ�Ú�
-�
½ö �������H�Ô° £ ±3�I² 2 âqÐ���Þ/Ú�
G�
½ ö Á��G¡����3Õ/ô!°��/° DIN41612� Ð 64 � ö ¿ 96 � ö Ðqû$Ð�����%Äÿ° £ ±H�;²�

3.1 Õ FADC ºG»H¼/½N¾À¿ FADC I/F ÐW�! � �!�Ð�"�Ý�Þ�Ú � Ø$# ï ² FADC
º-»
¼�½I¾�ÐG�N % �!3Õ%&�± £ ÁGÂ 2 '�®�(�)G��Ð!®k¬/¬�®�Á�*�°�éW±Y² FADC I/F
Ð
�� % �!3Õ$+-, ï ��¿!Â	.�/qÐ FPGA ¿�±�ç  �0/Õ FADC I/F Ð�13254- ï ) £î �D¦ £ ±3�$¬G¿'%6
¡%�'²$7�Ð 3.3.1 8D®	9�:<;=(�)��� FPGA ¿YÁ��� qÐ$>�?
Ø�@�A�B�CDé IC ÐD¬-¿N®��DìÂ FADC I/F Ð�E%FWéHG	IqØ!÷�øKJ ª-«Gï �ML�NWÁ ï
) £ ¬�Ð FPGA ÐG�Y G® ª-Ö Ä�° £ ±H�;² � 3.2 Õ�O�P�.-Ð FADC I/F ÐMQ�RHÐ$ST Ø$# ï ² � 3.2(a) Ð	S T Ð�Q�R�U�VHÐ�.M/qÕ	>�W�Äÿ° £ ±�XZY\[%]�Ð�äq¯�é IC
 FPGA ®�^_XI² FPGA Ð	`%aHÕ�>%W�Ä;°cbH±_Xda_0�Á ï )�b
ô�°fe�g�®�E�F3é
Ý�»�Þ�Ú�Ø�h «Dï X�æ�ç ékû$Ð$®
Á�éi; Â FADC I/F `%a�¿$ÐM1j2�4qØMk�l ï XZa
0�óWÂ�Ú/ÝqÞ�Ú�m�n_L�NkÐqæ�ç;Õ FPGA ®GÁ�h%oW®q¯/é�±�G�I�Ø « é×çpa30�é�q
ÐGÂMr\sWékû�ÐMtvu< ®_^wXI²HQ�R�xHÕ/Á�h�y_z�Õ FPGA  1 {v|-}�bH±cX�~��
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PC/AT �	��� ��������p�d� �=�

ISA ���  I/F INMOS�����
 I/F

�d�����
 I/F

Event Builer
(
���p�p��� � ���

)

� �p������ 
FIFO (1024 ¡ 16)

FPGA (Xilinx XC4028)

¢\£H¤�¢M¥�¦�§�¨
 (30 MHz)

� ¤�¢�©vª �$«  I/F

PROM

¬ ¯®±°³²µ´·¶

� ¤�¢�©cª �M«  I/F, 
¢�£�¤�¢f¸º¹M» � , ¼¾½ «$¿	À�Á\Â	�5Ã

Á��$Ä�ÅHÆ
IC

FADC

Ç�È £5É§�¨

¡ 4

¡ 4

¡ 32

Ê � �ËÁ���Ä�Ì
FIFO

© � Ç « ©
JET Chamber

Í Î
ÏÐ

ÑÒ Ó
Ô Õ
Ö×
¡ 8

F
A

D
CÓ

Ô Õ
Ö×

F
A

D
C

 I/F

Ø	Ù�Ú$Û%Ü
Á��$Ä Ú�Û�Ü

Ý
3.1: FADC Þ�ß�à�á�âäã FADC I/F å�æ�ç�è�éwå�ê�ë¾ì%í Ý
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(a) î�ï5ðºñ

(b) ò�ó5ôºõ ( öø÷$ùûúZü )

ý
3.2: þ	ÿ���� FADC I/F �����
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	��
(cell)

�
	���
������������������! 
"

3.3: FPGA #%$�&

'�(*),+.-�/10�-3254.6%718�9 #�:<;=#�>@? 6%7=A FPGA #1B�C�DFE<GH;JI.KMLN�O�P1Q K�R

3.3
S T U V W X Y Z

3.3.1 FPGA

FADC I/F #�[�\ '�A]+ FPGA ^3_a`bL N C�c�deR FPGA
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Å>× ª�Ø � ¦!Ù�Ú�¦ ¬Û�Ü�Ý ¦�Þ�¦-ßáà-§��%â Î b
ãäå>æ�½Nç ® � ¦ w gK¸�À°<¯5è%é�¸ v `��<¯$°ëêíìî r FADC ¦-ï>ð ��Ñ<Òñ �

RAM ¦�ª�òº§ FADC
� É � ¦�Â%Ó�Ô$Õ�Ö<� � Ûôó ª�ò æ>½�õ °%¸�ö÷K¸�Áø �<¯$° � ì

3.4.1 ùRú�ûýü
BESS

æ�þ�ä ¸�ÿ��º�® â TOF ����� � É ��� Ì ¸�o	� ñ � (coincidence)
ç §

¸�
�� T0
�%Æ Ç$É � Ê>Ë � ½�	� Ö��K¦ � É �����K�	��� ñ � ì T0

�Æ Ç$É æ
FADC I/F

þ ¦ FPGA ¸ Ã���� �® � ì T0
�Æ ÇNÉ � ���  ® � § FPGA

æ Í �� ¸ ½ FADC ��� � É�! � �5� #"N¯ Ý ¦ � É � ¦ ����� Û ó ì�$�â Master
�<Æ

Ç�É å �&% � � ��')(¨�® â+*�, æ>½ FADC �)� � É-! ¦ �5�NÜ<� É ���.�K��/0 � ½ Á-Â$�%â���� � É-! ¦ FastClear
� Û ó ì

3.4.1.1 FADC 1�2)3�154�6�7
FADC �8�9� É�! þ ¦ FADC § � É ��:�; IC

æ × ªº¶5´�µ<¶�¦�<)= ��>)? § ñ� �A@ »6¼Nå9B3� � ½+C)D	E	� �GF � � â�H�¸ �Æ Ç�É ¦ Ê�Ë ��¯�°�î�°&I w ï
ð å�æ ¶%´Nµ<¶n��<�=º�®�¯�°�î$°�ì ç ¦â	H �5Æ Ç$É � Ê>Ë �5¯ � É �#�.�K��+� ñ � § � ¸ ½ FADC I/F � ¶�´�µ-¶ � <�=$��¯ Ü �KJ8L î � î�°�ì�M8N � ¸ æ�½
FADC I/F

æ �Æ Ç�É-Ê>Ë)O)P ¸ 30 MHz ¦�¶´Nµ<¶�Q�R � 512 S.�)T ! ½ FADC
§ � É ��:	; IC ¸GU � >)? � BK� ì

FADC I/F ¦ ¾ ? ªò � ±�V ñ � FPGA
æ+W)X � ¸��A@ »d¼ î>¦ å>½AY �A@�î ÎZ �G>�? § ñ � ¶´>µ%¶�¦ Ë V »6¼ � FPGA
þ ¸ �+� ¦ æ[Y�\ ¸+]$��°�ì Ý�ç6å

¶´Nµ<¶ Ë V »6¼$æ FPGA ¦ × ª�¸G^`_baT® â%ìK¶´$µ�¶ Ë V »6¼�æ 30 MHz ¦
High § Low �)c)d$¸�ò�ÿ T®Kâ 50% duty ¦�¶<´�µ5¶#Q	R � Ë V ñ � ì FADC I/Få�æ

FPGA � ç ¦ × ª »!¼ ¸Ge�¹ � Ö ñ ç §�¸�
��-¶%´Nµ<¶�¦ Ë V � Ûôó ì �ÆÇ�É � Ê�Ë �%â a ½ FADC I/F
æ�ç ¦$¶%´>µ�¶ Ë V »!¼ � �gf ¯ ½ Í � � ¸ 512 S

��T ! ¦$¶5´>µ�¶ � FADC § � É �K:�; IC ¸�<)= ñ � ì5î)h$¶%´>µ�¶ Ë V »d¼ ¦»6¼ · æ[i�j ¦Gk�l A ¸ B�� ìm�n � �	� � ¸�o � ��¯$° � FADC I/F
æ�½

FADC ���.� É�! þ ¦ FADC § � É�p:);
IC ¸��Aq�¦�¶�´�µd¶ � U f ¯�° � ì ��Ø� ¬�r ¸ BESŞAs�t ñ � FADC I/Få�æ

2 À%¦$¶%´>µ<¶ Ë V »6¼ � ¬ ����¯ ½ FADC § � É �K:�; IC ¦�¶<´>µ<¶ �&uv ¸ Ë V å��K� 
 ó ¸ ñ �Kw	x�å`B y ì ç ® æ FADC ¦>Ö �`z â&{ É.|�} { É.|:�;
IC ¸+~�� y ¦�¸�� z Ì��G}	� Ø�� ½$ç ¦+�	� Ì��)� FADC §�{ É�| :�; IC

¸GU y ¶%´>µ%¶ �A� a ñ ç §�¸ 
 f ¯5�)� ñ y â	H å`B y ì
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3.4.1.2 FADC �����G4	���	�)�9���
512 S���T !�� ¶%´$µ<¶ � U f ¯ FADC �	� � É�!9} JET chamber

� Q�R �+�Z z â �+� FPGA
æ5�)� î FADC �b�&��� !�� { � |���¡.¢ ÔNÕ�Ö z ¢ �.£ % �¤¦¥�!�§ �8¨�÷�©«ª¬ ¢9® y FADC I/F

þ � {�� | Ö �)¯ FIFO ¨�ÔNÕ�Ö z â�{��|�� U y°�± � ÛRó ì FADC �)�9�8� ! å�æ[ � �&��� !b� {�� | :�; IC
}�²A³

�
RAM ¨ :�; ª#¬ â FADC { � |��+´	µ z ¢`® y � å � FADC I/F

æKç �
RAM

Ø��K{�� |+� ÔNÕ$Ö ñ ì[{b� | :.; IC
²A³ �

RAM
æ � × ³ Ø��K{�� | Ô$Õ�Ö z� â	H � Y ��@�Q�R � U y�ç�¶ ¨ 
��¸· ° ñ y � å �9¹)º�»5¹ � <�= z îôê ¢�¼

RAM
� {�� |G�+½�¾9¿ ñ�À ¶ })Á9Â y�ÃÄ © ½�¾9¿ z ¨5h ®+¢ FPGA Å	� FPGA

}�²�³ ¨&Æ9Ç RAM
��È8É9�AÊ�Ë z�Ì }

�+� FADC
� �)�9Ì	Í �AÎ.��Ï � { � |�� e x ª¬�Ð[Ñ	Ò ¨ ½9¾9¿ z � ½9¾ ¿ z

ÐA{�� |G�GÓ�Ô ¨&Õ	Ö z ¢�× �{�� |5¿AØ ¯ FIFO ¨&Ù y � ¶ ® Ú °)± ��Û�Ú Ã À� Ü Ú ¨ FADC {�� |+� Ä © ½�¾9¿ z Å Y�\ ¨GÝ)Þ Ì�°	±.Ì ��Á � À ¬ß� � °	±�Gà)á Å[â � 3.4.2
× � 3.4.4

� � Á8ã`ä5å y�Ã

3.4.1.3 FastClear

T0
¤+æèç ��¨ Ü`é {�� |ëê�ì5}�í�î ª¦¬9Ð�£-ï8Î ¤ Å)�ñð8Î.ò[£AÎ Á�ó5ô	| � ¤æõç �Aö8÷����ëÏ } {`� |���ø�ù z ¢ �ûú � £�ï8Î ¤û��ü	ýAþ ¬ ¢+ÿ���å�� (Accept)��× úA¬ ¶ ¼����	å�� (Reject)	 ×�
���	å�� Ã ó)ô�� � ¤�æ¸ç �+ö5÷��+��Ï��b£

ï�Î ¤�
�ü9ý[þ ¬ � ¶������ Ð�����Å BESS� ����¡! ¨ Accept "�#!�	Ùg�K¬��$ ¨9£&ï�Î ¤%
&�!��å'� ¶������ Ð����.Å Reject"�#!�	Ù«�K¬ � Ã Reject"(#!�
Ù �ë¬ ¢*) Ð��G��+�� �,� Å�- � �Kê.ì 	[· ° 
!. �!� ¢ � ¤�æ ç ���!/(0 å1�2 	3�4�5�6.¨7 � Ì ý ¬!8 Ì � Ì ® Ã

Reject"(#.Å FADC I/F 9�	 FPGA :<; þ�Ø'=?>@� Ã Rejct "�#!� þ	Ø'=�>A��B
FPGA ÅDCFE�G�H<:�I FPGA JK�	 FADC -ML �FN!O�½9¾ ¿ � 
+Û ÚQPSRD
<T æU �WV 3�4�5�6�:�7 å&X,Y : FPGA Z(I FADC ö)÷<��L-Ï�[�\�] ��V<^ �,T�_(`T*
�a�b V ×�c

FADC ö	÷d��L�Ï1: T æ U "�# 
 Ùfe V I FADC ö	÷d�WL�ÏM	�5
6 
@g�æ ç L��/�0 å1� 2 	�3!4�5�6(:�7 å�X,Y : FPGA Z(I CAMAC ö	÷<�WL
Ï�: T�æ U "!# 
 Ù �QX CAMAC ö8÷��&L-ÏdZ JETchamberh�i�	 TOF j IDC

Ì
k 	S� ��� 	l"�# 
�m,n�å�� Ð b 	�;�	 Ì 	�o�I FADC I/F

B Z�pWqdr,:WZ(sSt��u ^ X � × �v�w 	 FADC I/F 9<:WZ<x >yc 	 m!nd
GÛ�Ú FastClear ö�÷<��L�Ï��z�{ =|> V�^ � Ð b I~}��W� 
l�<� Ð b : FPGA ;�x�	 FastClear ö[÷��&L#Ï B&�� 	��W� 
�Û�Ú&Ü`Ú :��De V�^ �~X CAMAC ö8÷��WL�ÏD: T�æ U "�# 
 Ùfe-Ð c I
G)âd: FPGA Z T0

g�æñç L�ö	÷d�*L-ÏM: FastClear ���d� � Ð�x B�
��W�.å1� "
# 
 Ù é I FastClear 	��*� 
 �<� �QX FastClear 	��&� 
 �d�5Ð c I FPGA Z g5æç LS� þ�ØM=�>@� 2 	�3�4�5(6(:7 ��X
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3.4.2 RAM

3.4.2.1 RAM �W���������!�
FPGA �<J�K�:� � RAM o!Z&+ FADC

Í�� Î���ÏM	S����� ÿ*�'=|> V�^SV I NO!����� � . :��!� =?>A�~XW  FADC
ÍD� Î��&ÏM	l-ML ��
�N,O �*V ���d��å Ðb :�¡�¢��&���(Z�I Y 	 ��é o<£ �~X

¤�¥&¦�§�¦ � FADC ¨�©!ª!«,¬,��!®W���!�,¯'x*	°�±�o�Z channelkill ���B²*³,X
FADC I/F :*Z 32 	 FADC ´ �Fµ �l¶ 
 � � FADC ö�÷��&L�¶ 
 G·

32 ¸!q O.å1� x B �,¹!º(�(	�odI�x > Z � C é G · o¼»¾½À¿�»Á½ÃÂÅÄÇÆÁ½ÉÈÃ	
FADC ´ �Sµ �S¶(�,q OÅ=�>@� x B�
�Ê�Ë5å1�~Ì�c I�Ä bit ¿�ÄÇÆÁ½ÍÈ address	
RAM �,¡�¢�o�£ �QX

¤ FADC ÎSÏMÐÑFÒ(¨&©�ª�Ól�,Ô,ÕW¯�x�	°,±�o�Z boardorder�,� Bl²W³,XFÖ× Z&+ FADC ´ �~µ �l¶�	 �����Aå*Ø�Ù<
�ÿ*� ��Ú�^ 	*Û���I?-DL ��Ü ��ÝÞ V
FPGA :lß b�� x B �,o�à*� ^ 	�o�I�á,â �&V FADC ã�ä���LQ¶M	 �(���å�Ø�Ù�
*æ,��å'ç x B : �!Ú X FADC ã�ä<��LF¶DZ*G · o 32 ¸�q O�å'ç

x B �,¹,º���	&o�I�è bit ¿»Á½ address	 RAM �,¡�¢�o�£ ç�X
¤�é FADC ÎÏÅÐ*Ñ�Ò(ê�� FADC ë�Ñ�ì&í�î<Î(Ñdïð¯ FPGA Z,+ FADC ´ �µ ��¶1	l-1L �~ñ�ò IC 	-�L �Fñ�ò ã�L�óS:ô<õ V -�L ��
&ö�÷ :ø�ù åç ¡�¢!�d£ ç 	&o�I�+ FADC ´ �lµ ��¶(ú (

å ��û�üF+�-�L �Qñ�ò IC ú ) 	
-DL �Qñ,ò ã�L<ó 
�æ&��å�ç ¡,¢���£ ç�X � Ì �   FADC ´ �~µ ��¶D	�-DL��ñ�ò ã!L�ó 
�æ*� ��ý�þ BFå�ç&B I?-DL �QÜ ��Ý Þ V FPGA :lß b<ç x B
��o�àW� ^ 	&o�I�á!â �*V + FADC ã�ä<�WLQ¶�úd:S-ML �Fñ�ò IC 	l-�L �ñ!ò ã�L�ó 
�æ*�(å�ç x B : ��Ú X ½ bit ¿~»Áÿ address� RAM ��¡,¢!o�£ çQX

� >��&> � RAM :&Z!I����	��
dL��� �����!�dB�� à �!����� þ P���B I RAM
�   
1L�� ��N�O�� V �d����å Ú b ������� P�� �!q Oy=�> V�^ ç~X� Ú chan-
nel kill �!� �*æW�(åÅç RAM

B
FADC ´ �Sµ �l¶��!
�L"� ñ(ò ã(LDó �&æW��å1ç

RAM :�Z�I RAM �   
ML#� ��$�� ��%�o�H�&�' å'çP�� �,q OÅ=�> Vd^ ç~X

3.4.2.2 RAM ë<Ñ,ì���(*)!©!ª�Ó"+
 

FADC ´ �Sµ �S¶��,
�L-� ��N,O.� V �(���å :�Z�I�/ 3.4.2.10�o21"3 � Ú
RAM �4
�L-� � I�56�7�!J,8�:�9Åe V�:*; � V �(�(��å ¡�¢��d£ çQX Boardorder
���.� Ø�Ù�< 9 ^�= channelkill �,�.��>�?A@CB Ú FADC ´ �µ �S¶ �!D�E.� ���F =�G�H óJI ´ �lµ �S¶-K�LNM FADC ã�ä.O H ¶(ú.� FADC 
 H � ñ�ò ã H ó �PRQ7S @!T�U�B E T F T"V�WXX!Y G.H óZK�LAM�[\5 FADC ã!ä]O H ¶ �_^ ? åÅç K-L.� X M Y.` Q =*a�bµ-c ¶-KL�M![ FADC ã�ä.O H ¶"d���5 FADC

a�bµc ¶ ��^ ? å1ç KL]� X MY#` ç W FADC ãWä-O H ¶][�e · Y 32 ¸-T� Y G]H ó	K�L�[ 5 bit ( ÿgf Â<»Áÿ ) ��
 H
� Y.` Q = FADC

a�blµ-c ¶][ FADC ã�ä"O H ¶#d < 32
a�blµ-c ¶ ` ç � Y a�b
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h�i	jlk

board order monqp

FADC rts�uwv�xyp

board order z|{
board z|{

board } channel z~{
channel kill �~�

FADC �����|���board z|{

5 bit (board order) +
5 bit (channel) = 10 bit

board order �l�,���
board �7�!���7���

channel kill m�nC�
FADC rtsquwv�xyp��o���

board order��� channel���

channel���board���

board��� channel��� FADC�����¡ �¢channel kill£�¤
channel kill m�nw¥¦¨§	©�ª¬«�t®w¯°ª�±

board��� channel���
²t³µ´ �

¶¨·!¸º¹
 RAM

channel kill m�nqp¶¨·�¸º¹
 RAM

¶¨·�¸º¹
 RAM

FADC�����¡ �¢
»

3.5: RAM 
 H �_� :*;�¼#½ S �

¾ c�¿ K�LÁÀ 5 bit �,
 H � Y]`.Â W G]HÄÃ K�LNM a�b ¾ c,¿ K�L �!Å ?-Æ Â\X MY = e*Ç 1024 � FADC
a"b ¾ c,¿#È F ^ ?"� a#b ¾ c,¿ ��Å ?�Æ Â�X M7� Y-É�Â W

RAM
< [ = ���#� ¼�½ S �*Ê4�]�!ËÌ�Í X �!Î�Ï ���ÑÐZÊ�� �\Ò ; @�B Í V Â W

RAM 
 H �_� :*;�¼"½ S � �_Î\Ï][ =_Ó ��Ô"T�Õ�Ö Y �RÐ (
»

3.5,
»

3.6 ×�Ø ) W
1.
G"H�Ã K2L2� < 5 bit,

a#b ¾ c,¿ K2L2� < 5 bit, Ù�Ú�Û Í 10bit Ü�Ý\Þ ¾ � H��ß Ö <�à�á d*â Í = 0
�\ã�ä�å�æÄç M �\Í e�Ç 1023

 Y�è
FADC

a�b ¾ c
¿ è_é Ã�ê-ë�ì�í_î Æ Â W é ÃZê-ë è,ï�ð 5 bit

ì
boardorderK*LÄM�ñ Í�ò V =ó ð

5 bit
ì\aÄb ¾ c!¿ K�LNM_ñ Í\òRÐ W

2. 1
Y í�î ñ�ô boardorder K-L ì é Ã�ê.ë M\ñ Í boardorder õ-ö ì�÷�ø ñô

RAM
ì ×*Ø�ñ =�ù�ú < ¼"½ S Æ G�H�Ã K�L ì�û Â W

3. 2
Y û F B.ô G"H.Ã K�LNM 1

Y û F B�ô a�b ¾ c�¿ K�L ì é Ã7ê"ë M�ñ Í\ü VÍ"ý
channelkill õ�ö ì�÷2ø ñ�ô RAM M FADC þ H"ÿ������"H�Ã,ì\÷2ø ñ�ô

RAM
è þ H#ÿ�ì_¼"½ S Æ�W

4. 3
Y û F�� ô channelkill õ�ö ì	��
 Í#ý a�b ¾ c!¿�� kill  � Í T�U � E]ý 2Y û F�� ô G.H�Ã K-LAM 1

Y û F�� ô aÄb ¾ c�¿ K-LÁM 3
Y û F�� ô FADC

þ H#ÿ������#H�Ã�ì S�� Æ Â W

40



cloc k 20MHz
è���� æ � W

busy
X�è	� L � High

è M É ý þ H#ÿ�ì_¼#½���� Y V Â e�� Y"`�Â_X M ì	� ñ Í
V Â W

kill out channelkill õ�ö � S��  � Í V Â W X�è�� L � High
è M É ý G#H�Ã I a#b¾ c!¿ K�L ���� Y�`.Â�X M ì!� ñ Í V Â W

seq pop
X\è"� L ì High # Æ Â M ý Ó è þ%$ ÿ è ¼#½ S ñ ì�ù'& Æ Â W

seq pat þ($ ÿ)��� IC
è ����� $ Ã*� S��  � Í V Â W

seq brd + $ Ã K�L � S,�  � Í V Â W
seq ch

aÄb ¾ c�¿ KL � S,�  � Í V Â W
- .

FPGA /,0 è Ê	1 � RAM
È(243'5 þ%$ ÿ�ì�687 ñ Í ¼#½ S ñ Í V Â Ô�9 ì ý:<; O ê $ :>= ¾ Y@?8A ñ Í V Â W » ì	B'C #,D�EGF Í V Â�H�è!I@J È�2LK JM Y"è�N � ý þ($ ÿ è ¼-½ S ñ #	O8P T 1 QSR � ¿ Y"`.Â W�T ë ç¨ü #"U á ô

þ($ ÿ [@V à K�L è a�b ¾ c,¿���W Í kill  � Í �8 # T F Í'X Q ý kill out
�Y �

High
è�Z�É

busy
� Y �

High #L[]\ ý kill  � ôL^�_ ¾�` ¿�a Y �2¼½Lbc  � Íed Â�f'Z ��gÈ Â)hi j
»

3.6: FADC I/F /,0 è RAM
ì!6�7 ñ Í ¼"½�k ñ Íed Â :];4l ê $ :m= ¾ è Ô'9
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RW

CS

STRB

ED

EF

OF

»
3.7: FADC

è þ($ ÿ_ì_¼"½�k Æ ÿ R ; ¾'n

3.4.3 FADC oqpsrmtsuwvyxsz|{~}
FADC þ�$ ÿ��!6�7'����k ñ��'� ý FPGA /40 � RAM #	�8�  � ô�õ�ö #	��F�L�8�

1024
�

FADC ^�_)� `4� � þ�$ ÿ"�!6@7 ñ � ����k	� h�� 3.4.2.2���L���������� # RAM þ($ ÿ!��6�7'���ek ��� 1�� 2 � ý kill  � � d [ d FADC ^S_� `	� � + $��y��^(_,� `	� a Y � boardorder �'� #�� F ��¡�¢ � k"£m¤*¥y¦ h
FADC §%¨�© ��ª8«��e��k � ��¬���>¦ �"® ��¯ f �L° ¨(�w��^(_,� `	� a Y�±� ² � ¡ a ±!³ FADC ^�_"� `"� � §(¨�© �!����k � �! � h

3.4.3.1 FADC ´Sµ8¶!·'¸�¹8º'¹
FADC ^S_,� `���»8¼8½ ��� §�¨�©"��¯ ³ ^S_�� `�� � §�¨�©�¾�¿ IC

»SÀ�Á ±Â�Ã
RAM

±	Ä'Å ¤�¥ � d ¦ hSf � §(¨�©4¾�¿ IC
À,Á �

RAM
� §(¨e© ���e�@ÆÇ ± ��¯�È ��É ¡ �  [ �ËÊ�Ì »�Í ¦ ( Î 3.7, Î 3.8 Ï'Ð )

h
1. §e¨�©Ñ¾8¿ IC

�
RW Ò�¨GÓ ��Ô�Õ'� High

± ��� � � �eÖ ¯×§�¨�©�¾�¿ IC
�

CS
Ò�¨<Ó �	Ô�Õ�� Low

± ��� � � §(¨�©)¾�¿ IC Ø �	Ù�Ú��	Û�Ü ± �G¦4Ý
2.
«�Þ � §�¨S©�¾�¿ IC

�
STRB Ò�¨wÓ �@Ô�Õ�� High

��Ö
Low

±�ß�à ¦'á ¯
STRB

Ô�Õ��
negative edge

± �Sâ §>¨�©)¾�¿ IC
��ã%ä"å

RAM
» Ú�æ � � ¯

RAM
� §�¨�© » §(¨�©*¾�¿ IC

�
ED Ò�¨mÓ ±�ç £%¤è¥ ¯4é�¨�ê�¨'ë�ì�¨�ë8ín �	î » §%¨�©�¾�¿ IC

�
OF Ò�¨<Ó ±�ç £G¤�¥w¦)Ý

3.
«�Þ �

STRB Ò'¨mÓ ��Ô8Õ�� Low
�eÖ

High
±4ï�à ¦!á ¯ STRB

Ô�Õ��
positive

edge
± �Sâ §>¨�©�¾�¿ IC

�	ã%ä,å
RAM

» Ú�æ � � ¯ ED Ò�¨<Ó � §%¨�© »ð Ü ±@ñ ¦�Ý�ò���á!ó
RAM

�"ô §�¨�© �	��� ç � � Þ � Ö ¯ empty ë@í"õ �î » §�¨�©)¾�¿ IC
�

EF Ò�¨<Ó ±�ç £G¤*¥]¦4Ý
4. EF Ò�¨ Ó �"î » Low

±@ñ ¦�ö � 2
á

3
��É ¡ �"÷ âùø �!Ý

5. RAM
� §S¨�© �	ô � ��� ç �@� Ö ¯ú§S¨�©�¾�¿ IC

�
CS Ò�¨mÓ ��Ô�Õ�� High± �'� � � §(¨�©�¾�¿ IC Ø �	Ù8Ú�� ð Ü ± �G¦4Ý

³
FADC ûeü���ý � � §�¨�©�¾�¿ IC

�	þ ç £ Ò�¨ Ó á FPGA �8ê�ÿ�������¨!���� «m¤�¥ � Þe¦,� ��¯�§�¨�©�¾�¿ IC
á�Ô'Õe�	� â�
 â ���G¦@á!ó � Ô'Õ�����
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CLK 20MHz
� �@ì�ÿ�� Ý

BUSY
òL�,Ô�Õ ±���±

High
» ç £%¤è¥ � Þ�¦	� ��¯ FADC I/F

» æ@Ú�� � Í ¦�òá��	� � � Þe¦�Ý
CO RW §(¨�©�¾�¿ IC

�
RW Ò�¨ Ó Ø�� ¦*Ô�Õ » ç £G¤è¥ � Þ�¦)Ý

BD
° ¨���� Õ » ç £G¤�¥ � Þ�¦4Ý

CH û�ü"�'ý � � Õ » ç £G¤è¥ � Þ�¦�Ý
CO STRB §%¨�©�¾�¿ IC

�
STRB Ò�¨<Ó Ø�� ¦èÔ�Õ » ç £G¤è¥ � Þ�¦�Ý

EDO §%¨�©�¾�¿ IC
�

RAM
� §(¨�© » ç £%¤è¥ � Þ�¦�Ý

CF EF §%¨�©�¾�¿ IC
�

empty ë�í!õ » ç £G¤�¥ � Þe¦�Ý
CF OF §(¨�©4¾'¿ IC

� ée¨!êe¨�ë'ì�¨�ë�í	õ » ç £G¤*¥ � Þ�¦4Ý
� �

FPGA
» §S¨�©�¾�¿ IC

� §S¨�© �"ª@« � � ��� ç � � Þ�¦������ ¯��! �"#�'¨
�!$è����%'& �)( Þ�¦�Ý Î ��*,+ ±	-/. ² ( ÞS¦1032�4�5 �%Ö�6 5>ö8792;:» ¯è§�¨�© 28<;= ç � ± Ê�Ì ñ 1 >@?��BA 7 Í ¦�Ý §�¨�©�¾'¿ IC

2
CS Ò�¨�Ó2!Ô�Õ,C ¯ BD

Ô�Õ>á
CH
Ô�Õ9D êGÿ��8�E��¨�F'Ø)� ¦�ò�á ± �(â ¯ FADC GH "@¨IA »�J .eñ FADC û�üF�ýA 2 §(¨�©�¾�¿ IC

D�K�L@M (
CS
Ô�Õ9D�N

O M ( Þe¦�ÝP Q

Î 3.8: §(¨�©)¾�¿ IC
À�Á 2

RAM
2 §(¨�© D8<,= ç M ( Þ�¦ �R �"	��¨��!$�F 2�E�
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DTS)UEVS¦ Ê�Ì »�Í ¦*ÝTW#XEC
FADC I/F

D
20MHz

7Læ�Ú(¤BY ( ¯ STRB
Ô�Õ/2	Z

D
1 �@ìLÿ8� (50nanosecond)

± V(¦�[ O 7 Í ²B\ Ý#M�]�M ê�ÿ#�T�)�'¨8F�^ FADC
G H "!¨IA ï 2 û�üIF�ý#A K)L`_ ® Da�b;V(¦B�)� ^�¯ FPGA

»�À�Á ± Ô8ÕcD 
yâÆ Ç á!ó)2�)� » [�dEe ïe±f óhg ¯ Ô'Õ,2�a�b@i�: » 50nanosecond
7EC': ±�j

k ñ Þ�l'm�n » ç ( ó \E\Eo ¯ STRB
Ô�Õ92�Z;D

2 �8ì�ÿ)� (100nanosecond)
±

p�q M \ Ý�¤ Ö ± Verilog-HDL
2;r ¨Es/t8¨�u ��7 STRB

Ô�Õ`2)Z,D�v íxw,¨�©7�y O M ¯ STRB
Ô�Õ92)Z,D

2 ��ìeÿ�� e ï 28z/{92 f óe¤ ± p�q 7eó(¦)|3} ±M \ Ý

3.4.3.2 ~�������·'���/�����,�
FADC ûSü�F�ý�A ] Ö <;=LÆ%ö�¥ \ §%¨�© C ¯�§(¨�©�¾�¿ IC

2 §�¨�©�¾�¿/G�¨
u ±�c� ( J .e±�E� ¤�¥ \	� ¯�?���FsÓ��TA`��¨ ± � «>¤�¥ ( Þe¦ FADC I/F

ï
2 §(¨�© ç £�� FIFO Ø ç £G¤è¥ ¦4ÝSò�2 §(¨�© ç £�� FIFO

»
full
±�ñ ²#\ á�ó±	��� ( ¯ FADC �x�;� 2����'<c= ç M'D8��}�_8�,C��E�'<c= ç M'2Læ@Ú3D��ci�'� Vx B¡E¢E£9¤9 4Ý

FPGA ¥�¦ 2)_��E7�C�§ FPGA
2"æ�Ú)¨�©`2#�3ª8DE« ê'� V�  \)o�¬  RAM �9�

� 2��)�E<,= ç M�®°¯  FADC ���;� 2	���E<;= ç M�®°¯  FADC ���;� 2 �'� ®/2 3± 2	²'³`D�´Eµ`M ()¶E· M \ _��,7)�(Þ�§�¸E¹ ¬ æ)º,Vx �»	¼;½�¼¾2'_� ¬ ���M ( �x�,� D�¿/V�ò'À�7�ÁE¨�Â@D�Ã3Ä (9Å  TÆSò�29|@} ¬ ¿�¼'º'Ç/7 ���,� D�²³;VÈ �_���ô�É32�ò'À�D���Ê ¬ v ?	�9Ë�?�F À�Ì8Í�§ �x�,� ²'³9D�´�ÎÏª�¼ ( ¸¹ ¬�Ð º;V¾ �»8¼/½�¼�2 ¦ ´9_��@2,ÑEÀ�D s�Ò;� H À	Ì)Ó�Æv ?	�9Ë�?�F C`Ô�Õ�_��32 �x�;� ²'³E¨�©3D�Á�¨EÂ;Vx 82 ¬�Ö'×`¬	ØEÙ,Ú)Û)Ü7/C,¤3 1£`§�»E2)�)Ý/7,§	Þ s�Ò,� H 2'_�'£ ¶E· M (9Å   \'o v ?�ß`Ë'?�F�àÉ3D���á ¬ �/� ª�YR �Ñ/ÀI£ Ö'×`¬�â M Å À Å }Bã	ä'£@¤@ �Æ;M)],M�å)æ'ç`è'M
\�éëê �3�/��ì�í � FIFO

£
full î;ï;ð À	ñ�ò;§ FADC �3�;� �E��ó/ô ì M ð ²�³õ �ö}�vc÷ ßcË ÷8ø õ �,i �'� ª�Yù �¡E¢�£9¤9 IÆú�û`ü X;ò/v,÷ ßcË ÷8ø ð Ð ºÏÀ�,i �'� õ�ý�þ/ÿ  ���� õ vc÷ ß`Ë ÷	ø ð��� à É ¬�� Ä	�,§ � � à É õ �)á ¬ ��
 �/� ª	�� Å�� Æ������ ú�û £��,ô � �

ð���� £��9ñ�� Ú   ¬ ± ¼��,§��`÷ ßcË ÷8ø à É ¬ �/� ��� õ �  �Ñ'À ¬��  �� £�!"���)�@ñE§ ± Å ¬ ò��  £ 50 nanosecond
õ�# � ê%$ þ ª1¼ � Ð º'¨E©�&¤@ 

20MHz
& � � õ Ð ºÏª'�! �Ñ'ÀT£�&cñ Ú � Ú Ä	�(��)cÄ � Æ»9Ñ*&�Ñ ð ãä õ,+/ý'ÿ   �(- ¬ �,÷ ß`Ë ÷	ø ð Þ/. Ò;��0,ð(1 ¬ §���
 �'�2 ¬43 �65 õ�7�8Eÿ  49 0 . 5 õ;:�< � Æ 3 �65�ì�í�= FIFO

£
full ¬�Úhê%> 
 �� ����£�?A@�¼�CB � @§ 3 �(5�ìTí�= FIFO ¬*D Å . Ò/�;0 �E@GF�HI > 
*J�K����L@ñ�M > 
NJ(K ð(1 ò�O�P 2 ð �6� õ ÞA. Ò,��0�1�ð 9 0 . 5 I 7�8'ÿRQ ð&�S Q Æ)Ñ ð Ý�TI �cê Þ". Ò'�,0�U I �WV`ðNX�Y�Z õ4[�\ Ñ�ÀG]�&/ñ Q ð &�MW�÷ ß`Ë ÷�ø à É õ > 
NJ�K_^'� Qa`�b ]�cd� Ú ê M �,V�����ð !�eEI � Ä4���  ]�!�� ÿfQ À Å_g ã#ä(�E@Gh�¼ Q Ñ�À	]�&;ñ � Æ�Ã

3.9
&�ij�I��,÷ ß;Ë ÷øC]�klE2 I 3 �(5)ìí�= FIFO

]
full
I Ú Ä � À�ñ ð Ð�m õ çcè6��� Å Q Æ

n
3.9(a) o�p�q �3÷ ßEr ÷�ø ð ÞA. Ò9��0 ]�s6t/I�u m ��� 3 ��5 õ O�PE���v QGw
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FADC xzy|{~}��

FADC x�y|{��%���G�

�����������xzy|{������ FIFO

�������

������� �������

�������

F
A

D
C

��¡ 
¢£

FPGA ¤¦¥ RAM �%���G�

(a) §W¨G©�ª¬«W

FULL ®�¯�°
�������

������� �±�����

�������

xzy|{������ FIFO

FADC xzy|{�}��

FADC xzy|{��z���G�

FPGA ¤¦¥ RAM �z���G� F
A

D
C

��¡ 
¢£

(b) §;¨4©³²�´aµ FIFO ¶ full ·¬¸¹»º

¼�½�¾�¿�������

������� �������

�������

xzy|{������ FIFO

FADC x�y|{��%���G�

FPGA ¤¦¥ RAM �%���G� F
A

D
C

��  
¢£FADC xzy|{~}��

(c) FADC §4¨G©�ÀaÁ	Â%Ã'Ä�Å�Æ

FADC xzy|{�}��

FADC xzy|{��z���G�

xzy|{������ FIFO

�������

������� �±�����

�������

F
A

D
C

��  
¢£

FPGA ¤¦¥ RAM �z���G�

(d) FADC §	¨³©~Ç³Èa²�É�Â�Ã�ÄÊÅËÆ

FADC x�y|{~}��

FADC xzy�{��%���G�

xzy|{������ FIFO

�������

������� �������

�������

F
A

D
C

��  
¢£

FPGA ¤�¥ RAM �%���G�

(e)FPGA ÌÊÍ RAM ÇaÈG²zÉÎÂ�ÃGÄÅ�Æ
Ï

3.9:
�c÷;Ð r ÷�ø ð > 
,J6K
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n
3.9(b) o�p�q 3 �5�Ñ;Ò�= FIFO

]
full îcï I�Ó Q�Ô M�)4Õ6Ö�×"I 3 ��5�Ñ*Ò

= FIFO
I;Ö_Ø D v FADC 3 ��5,Ù e(Ú ÿAQ .�Û �C0 I full Ü�r�Ý ]�Þ�ßà@á�Q'w

full Ü�r�Ý(Ù�â <�ãäQ�Ô M FADC 3 ��5 e�Ú/.�Û �C06å�æ(ç 
 3 ��5
Ñ*Ò�= FIFO

I ÑNÒ � � g Ô ��� v � 3 ��5�Ù 9 0 . 5 I 7�8 �����/@ > 
J6KàI;è Q	w
n

3.9(c) o�p(q > 
*J�K�� � FADC 3 ��5 e6Ú".NÛ �;0�å M	é ç FADC 3 �(5;çê�ë Ñ � Ù L g .,Û ��0 I full Ü�rCÝ(Ù Þ"ß QGw FADC 3 ��5 e(ÚE.�Û ��0] 3 ��5�Ñ;Ò�= FIFO
INìE����Läí � ç Ô�îNï I�M FADC 3 ��5 êë Ñ ��.Û �;0�å M 3 �65,Ù FADC 3 �65 e6Ú".,Û �;0 INð ÿCñ�òôó I�9 0 . 5 I 78 �����A@ > 
NJ�KàI;è Q	w"õ ç ÔCö 3 ��5�Ñ,Ò�= FIFO

]
full ÷(ø �/@	ùú6û öNü ëCý�þ(Ó ÷(ø I�Ó Q�Ô M FADC 3 ��5 e6Ú/.,Û �;0 ] > 
*J6K 2 Ó

ç &�M 3 �65�Ñ*Ò�= FIFO å 9 0 . 5 �E@ 7�8 ^ á � v � 3 �(5;Ù,â <�ãÿó M
FADC 3 ��5 e(ÚE.,Û ��0ç > 
NJ�K�] +�� ^ á QGw

n
3.9(d) o�p�q > 
*J�Kà� � FADC 3 ��5 ê�ë Ñ �6.,Û �,0�å MGé ç FPGA ���

RAM ç ê(ë Ñ � Ù L g .;Û �;0 I full Ü�r*Ý(Ù Þ�ß Qaw FPGA ��� RAM
ê

ë Ñ �à.�Û ��06å M 3 ��5CÙ FADC 3 �à5 ê�ë Ñ ��.�Û ��0 ICð�� ñàò óI�MN9 0 . 5 I 7�8 �C���E@ > 
*J�K�I,è Q'w ) � FADC 3 �(5 êë Ñ �6.Û �;0 ] > 
*J�KàINè Q��
	 I�M'ê�ë Ñ�æ g Ô �C� v � FADC ��������Eç
3 �(5 Ø,9 0 . 5 I 7�8 ^ á�Qaw ù ú u m Ù�� -�� FADC 3 �(5 e6Ú�.;Û �
0�å M FADC 3 �65 êàë Ñ ��.;Û ��0 ] > 
*J�K 2 Ó ç &�M�9 0 . 5 �E@ 78 ^ á � v � 3 ��5;Ù;â <�ã ó M FADC 3 �(5 êàë Ñ �(.,Û �;0ç > 
NJ�K] +�� ^ á Q	w

n
3.9(e)o�p(q ù ú u m Ù���� � � FADC 3 ��5 êàë Ñ �6.�Û ��0�å M FPGA �
� RAM

ê(ë Ñ ��.;Û ��0 Ô FADC ��0������ ] > 
*J6K 2 Ó ç &�M�9 0 .
5 �/@ 7�8 ��� v � 3 �(5;ÙCâ <Cã QGw æ ��� FPGA ��� RAM

êë Ñ �6.Û �;0 Ô FADC ç > 
NJ�K�] +� ^ á M4é ç�
����� �E@ å ù ú Ï 3.9(a) ç
÷�ø I � Q	w

3.4.3.3 !#"%$'&�(%)+*�,.-�/ 0#1�2#3�465�798;:'<
FADC ����#���"ç 3 �(5*å M FADC ��0����=� # ç�����#����>.?�@4V�A#BC�
� Ð�9 ���àÙ�D�E ?R@ á E B Q ç6F M FPGA

I
G.HJI#K�L6M F�N Ó ó ç�O#P ]+QR E v Q	w"õ ç K#S BT�6� Ð%U ���Ù�D+E6VXW á E6Y K FADC Z���[CÙ FPGA
I

\ öCü+] F ��^�_#` IJa g Ô � Q�Ô M FPGA ����Fàç�O�P�b ^ W�b�BT�6� Ð�U �
�(Ù�Ddc I E
Y K O#P ]�e òÿó M�e b�f%g u m+h�i�jdk áml FADC Z¾��[�çon�pêë Ñ I ç u
q b�r�bos ò ÓutzÓ/í E I'vxw wõ ç�y{zEÙ�|�} � l K�S b#~ FADC Zx�'[Cç�n%p êàë Ñ I F%��� k á�l Zx�'[���

IC ç CF EF ��� (empty Ü��;Ý ), CF OF ��� ( �`��Bc�6Ü+���6Ü%�;Ý ), EDO
��� (RAM Z3�+[ ) ç��#��b#� I E�å�~�BC�o� Ð�U �o�(Ù D�E FPGA b è Ò k á K
����Ù
�
� U.�J� [{b6��� I E�NxW FPGA ���+F _%` I E� l�� �
� U.�J� [{b
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�6� I E�NCW _�` � lCõ%� F�~ FPGA ���#F6�#�Ù _�` � l [
���;��Ý h��%� F 1
�6�%�{��O á E I�vCw õ�� b�� l h ~Wæ�ç ñ�òôó FPGA �{�ç%@��#F%B�� ��� U �
�(Ù�Ddc I E6Y K%K�S b Q6� l O�P�Ù ��� � l�  i#h%¡ t � l=� v�K FPGA ���¢ B��
�{� U �6� ¢ ��� ����^#^ p k¤£ E�� l @ �'¥�~�¦�b.B��.�{� U ���#NdW
VXW £ E
Y K ����§ U%��� [{b�¨%©ª l�«�¬ ¢o�® �C¯ ¢ b�� l ¢ F~
B�°
�o�U ��±.Dxc ¢ O%P�b ²'³ l ´�µ ¢ O#P�¥   i%��¶C· b
� l=�I N I � h W�~6BT°
�{� U ��± ¢ ����§6��� U%��� [{b
��� I E%NdW ´ µ F _` ª l
� � w;¸o¹�º¼»¾½�¿ b
¥+~�À+¥ 1 Á�y z M h�Â l¤�
Ã 3.4.3.2Ä+F.ÅÆ I%K
h ~ FADC Z��+[ ¢ n.p�Ç+È�É I ¢#Ê ��¥�É�Ë%Ì ¢ Z3��[6É Ë�� FIFO h full Í�Î
b��dÏ�Ð �6Ñ � L Ò�Ó�Ô � ¬ £+Õ �CW{�� ��Ö ¢ �× Ò+Ó ¢ r.b�ØT°6� �#Ù;��±ÚdÛ ¢�Ü Ë��+� h#Ý%Þ ª l.� ~��× Ò�Ó ÚdÛ¤ß�à Ô Ð ��Ñ ¢ �+� ¢ Í�Î h �× ÒÓ ÃT��á ��Ï=â Ô�vdw ¢�ã Â l��JÖ ¢ ä�å ¥ FPGA

´�µ ¢
FADC æ���ç=n#p#Ç'È

É Ô Ê �Jè{é%ê�§6ë�ì k�í l=�î#ï ~oð#ñ h 1 bit
ã � ¯ �® ��~{æx�'ç �'� IC

¢
empty ò%��ó'§oôJè�Å�Æ.ªl=��õ

3.10(a)¥Cö Ñ.÷�ø Å'Æ Ô Ð�ù�ú+� ¸ ¹�ºû»ü½%¿ ã ~o�'× Ò#Ó�ý è empty ò
�6ó6þ Ý�Þ Ô Ð �6Ñ ¢6ÿ��C¢�����ã Â�� �'õ ý ¢	� ��
��¥C���°.��è���� Ê �
þ ÿ�� ª � ×���§�� Ô���� ������¥
���#þ�×��	���Jè���� Ý.Þ Ô â��! ��� §��Ô â�� � � ×��6¥�" ÚxÛ$# è%�&� Ô'� ×�� ¢ ���Jè�(9Ï=â
��� ¢ � ��þ�) ï è Ý
Þ Ô â� � �JÖ%Ö ã Å�Æ�ª � ����¥+*�â 1 bit

ã�, § 2 Á Ô ÚC�#Û ��� ¢6ã ��� �
þ�)�-�è Â�� Í�Î�þ High (1) §�� Ô'�6ï -Jè Â�� Í�Î�þ Low (0) §���ª Ö�� è
ª
� � FPGA ¥�.$/ Ê �+� ¢�ã � ��%°o�oè0���21 ÿ ö £ Ð&3'�
è Ô Ú Ê �+¥ ÿ%� Ô
�� Ö#� è�4�5+ª �  '6 þ Â�� �õ ý ¢

DRIVE ¥+7�8�ÇÈ�É Ô ¢	9': Í'Î§%;'< Ô'� Ö ¢�=0> þ High
¢ ��Ñ 7

8#Ç'È'É Ô ÿ&� §�?�@ � Low
¢ ��Ñ�A × Ò�Ó ª ��B Ã 3.4.3.2Ä ã Å'Æ Ô Ð A × ÒÓ ¢ ¸ ¹�ºû»¾½%¿ ã � æ3�+ç6É Ë�C FIFO þ full Í+Î+è6�xÏ�Ð �oÑ è	D Û £ âE �

full ò&Foó.¥ � FPGA
¢ ´�µ ã ¥ DRIVE

='> è Ý�G ö £H�IB õ ý ¢ EMPTY ¥�Øx°J ��Ù;�o±+§��+â%D Û £ âK � æ��+çML�N IC
¢

empty ò&F{ó ã ÂO�MB æ@��çIL�N
IC
¢

empty ò+F{ó.¥�P+Q&R�S ¢ ã � EMPTY
='> ¥ High

¢�T ÑVU ¢ Í�Î ( æ@��çWL
N IC

¢
RAM þ�X ã ¥�S0@ ) §�� Ô�� Low

¢0T ÑVY ¢ Í+Î ( æ3��çIL�N IC
¢

RAM
þ'X ã Â�� ) §V� Ô âZ@ �[B EMPTY’ ¥ FPGA

´�µ ã ØC° J$\ ÙE�o± ÚCÛ D Û £ â] Ð EMPTY
=�> §�^+_�ª � Ù&`�a�ç ¢ ´�b §	� Ô âO@ �cBõ

3.10(a)
ã ¥OdMe DRIVE

='> þ High
ÚCÛ

Low è�fE�hg#³!� � 7&8%Ç�È�É Ô ÿ� þ A × Ò'Ó è Ü �$B&i è EMPTY
=0> þ High

ÚTÛ
Low è Ý ³K� � 8j@6â 1

J
° J�k £ â EMPTY’ Ù�`Za�ç ¢ ´�b þ EMPTY

=�>�¢ Ý.Þ è�l�m6ª �MB�n ¢�o �
DRIVE

=�> þ Low
Ú�Û

High è$pK�rq+s�7�8�Ç�È�É Ô&t ÿ%� þ�u�d � T � EMPTY’
Ù�`�a%ç t ´cb þ High

ÚJÛ
Low è Ý ³'Ï â Ô d.Ï;â0@ � t ã é.ê�þ%ë�ì�â Ô d�v BÖ t�wVx�y	z ;#ª � Ð'{%è+| � õ 3.10(b)

t �Ov�è DRIVE
='> þ High è	p9Ï�âÚdÛ

EMPTY’ Ù�`�a�ç y Ý%Þ ö í}�I~ 6 þ Â��cB Ö t ÿ�� y ?�vüÐ�{ t�� ¯ #®
S+����| � DRIVE

=�> þ High
t T Ño«#¬

EMPTY
='> y

EMPTY’ Ù&`Za#ç�����©
ª � Ö T�ã ÂO� þ � Ö t ���è�| wVx þ ÂO��B DRIVE

=�> |��Z� \ F'� ± t	� a� �%` t ÿ�� y ;'<�ª � =�>#ã Â � ������t a � ��` t Ê�� *'� ÚdÛ��'� öI�Jâ
@ � Ð�{ � fK��g��
è%×�� þ Ú�Ú �MB Ô Ð�þTÏ�â DRIVE

=�> y ��� ª � T DRIVE
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DRIVE

EMPTY

EMPTY’

���2���

���I�h���M�2�¡ £¢

(a) ¤�¥I¦�§�¨M©«ªW¬�c®«¯I°�§�±£²�³µ´�¶M·

DRIVE

EMPTY

EMPTY’

¸�¹2º�»

¼�½M¾�¿�À�ÁÃÂ£Ä

(b) Å¡ÆIÇ�È¡ÉMÊÌËWÍ�Î�Ï�ÐIÑ�È�Ò£Ó	ÔµÕ�Ö

DRIVE

DRIVE’

EMPTY

EMPTY’

EMPTY’’

EMPTY’ EMPTY’’ EMPTY’
(DRIVE’ × High) (DRIVE’ × Low) (DRIVE’ × High)

Ø	Ù&Ú�ÛVÜ�ÝMÞ�ß

EMPTY’

EMPTY’’
+

àVá�â	ã

(c) ä�ÆWå¡æWç2É�Ê«ËWÍ�ÎcÏ«ÐWÑ�È�Ò£Ó�ÔµÕ�Ö
è

3.10:empty é�ê%ë�ì	í�î�ï�î
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='> t k�ð�ñ�òZóIô�õ �0ö'÷+ø t&ù { EMPTY
='> y

EMPTY’ ú�`�a�ûM�&^�_�üþýÿ���� k�� S ó ö�����v t
	�� ý��øI� 	 | EMPTY ��� y EMPTY’ ú&`�a'û ñ ^
_�����ö������ y�� ó ù���� �"!$# 
øc� õ t�w�xþy�%'&)( ñ z�* ü ý��'� y'� 3.10(c)

ñ�+ ü�-,'.0/ � 3.10(a) 1�
3.10(b) 12/43�5762÷ DRIVE’ 1 EMPTY”

� 8�ù ñ29�:'ó ö # ý; DRIVE’ / DRIVE
�'�0<
=->0ü ý�ú"?A@0ûCB�DCE 	 ÷ DRIVE ���AB F-� ñ 1 G�HJI-G2K�LZö�MJN�ü
ý2 EMPTY’ / � 3.10(a) 1-O�P 	 EMPTY �'�0< Q ñ =->)�4RAS ýcú"?T@0û 	T�
ýU EMPTY” / EMPTY’ ú�?�@�ûVB'DWE0<4=�>�ü ý�ú�?�@�û 	 ÷ DRIVE’ ú-?0@'û�

High B�1
X EMPTY’ ú�?T@�ûCB'DVE0< =�>�ü ý��YZI�GV[�ú�\
]"^ õ B_����<`�a�b�c �+ö # ý_B�/ EMPTY’ ú"?0@0ûVd�S 	A� 6h÷�e'B ÿ�� / � 3.10(a) 1"� óù � O-P 	 ÷
fTB4����/�ü�g'ö FPGA D_hTB � B'< b�c �+ö # ý�ø'1 �"i'j 5�kl ]nm 	J� ýU&ø�L�/ � 3.10(a)B�oWp0BCq�h-��� ñ_r ü�ýsK ð � ÷ � 3.10(b) B�o
pt1"� ó ù � O P ñ 5jý�ø�1�< �A� �+ö # ýW�

3.10(c)B ÿ
� BVu�v�<_w�<_M ó ö x'y�ü�ý�_��z DRIVE ��� � High ^ õ Lowñ F��A��÷{R # ö 1 G�H�I4G2K L0ö DRIVE’ ú�?A@�û � High ^ õ Low
ñ F��A��ö�÷| R�}�~A� � ÿ������J�_���-��� ñ4� ý�
� ñ EMPTY ��� � High ^ õ Low

ñ F
�0��÷CR # ö 1 G-H�I�G�K�LOö EMPTY’ ú"?A@0û � High ^ õ Low

ñ F-��üjý � ÷
EMPTY” ú�?A@�û�/ DRIVE’ ú�?0@�û � Low 5'B 	 ÷ High B ��� <4�T�
 DRIVE
��� � Low ^ õ High

ñC�}ó ö �J�C���-�J� ^ õ ÿ������A� ü ý�1�÷ 1 G�HJI�G2K
LZö DRIVE’ ú"?0@0û � Low ^ õ High

ñ4� 6h÷0� õ%ñ 1 G"H�I-G2K�LZö EMPTY”
ú"?0@0û � EMPTY’ ú"?A@0û4BJD_E0<J���"\���ö High ^ õ Low

ñ F"�'ü ý���� B ÿ�� ñT� 62÷ �"�t1 ��ö EMPTY” ú�?T@0ûV/ ���
�'�T� ñ ÷ ���
�'� ñ� ý `�� B EMPTY’ ú-?0@�ûCB'DWE0<_�"��ü ý�ø�1 ñ 5 ý�-� ù�� ó ö DRIVE’ ú
?A@�û � High B�1�X�/ EMPTY’ ú-?A@�û_B�DVEA< b"c ��÷ Low B�1
X�/ EMPTY”
ú-?�@'ûVB'DWE�< b�c ü_L'��÷ � 3.10(b)B EMPTY’ ú�?�@�û_B ÿ � < � 3.10(a)B
oWp�1�O�P4K ð 	 �-� ü�ý�ø�1 �-�-��	�� ý�s�)\�ûs��� IC B RAM �)\'� (EDO
��] ) 1V T\�Y�\�¡'H�\�¡�¢ £ (CF OF ��] ) B
¤�¥§¦ ¨ empty ¡�¢ £$1-O4u0B"©ªJ«¬s®'¯-° ��±W²

FPGA
°�³�´0° }�~�µ$¶2L¸·2¹

K�º0»½¼W¾�¿�\�»ÁÀ{]�B ����Â'/$Ã-B�© ªJ«Ä¬s®�¯ <�Å'Æ�Ç�·-Ã'1 ° � 6È¨�q
h ��É �Z\J��<�}�~ µ)Ê ´ .'ËÍÌÏÎ nanosecond̂ZÐ7ÑÓÒ nanosecond

° Ô"Õ§Ö LZ×-¹
��\J�
B
}�~0� Ø-/ 2 G�H�I-G_Ç�5 :)Ù 100nanosecondÂ�Ú : L¸·CB ÂJ¨JÃUL0/
FPGA ËJY§I�GC[�¿�\�]J<�ÛAØ ² �Z\J���J� IC

°
STRB ¤'¥0<4Ü ±�² ^ZÐs��\J�

Ë"Ý ±�²�Þ · ¶_Â ° ¨�ß�à'ÂáÑÓÎÏÎÈâAÑÓÒsã�Òåä nanosecond¶VÂ"æ ² ·�Ã'1 <�çAè�Ø²Té ·2¹�×�dJØ0Ã2LT/ �§\���< | R$Ø ² }A~A��Ç-ê�ë)B"~"ÂA¨ FADC ì$í_]Jî ª
<4ïÍ6ñðTò�× `�ó /�¨-Ã�B © ª�«¬ô®�¯ Â�/ ß�õABW�$\'�
<
=�>�ÇZ·VB ° 1 G�H�I
G2ö�÷ ° ø�ù Ç§·4B Â�¨
ë�÷�Â 3 G�HAI-G2æA×�5�S4L'��5)ÐC5 é ¹

3.4.4 FADC úüûþý�ÿ����
2 �AB 2.4.1 ��Â-x�y�Ø�× ��� ° ¨ FADC ìTíW]�î ª BV�$\������ IC ËT� É Ç§·

��\J� °	� SUM, CRAW, HIST, RAW B 4 
���Ë�)·U¹ZÃ�LÁÐ
BC�$\J��B � °�� ¨
�)\'�4B��	� °	��� B	0·
¦
B���ö����4�)\'�C<��AÊ0¦_BCË�A·WB
ÂJ¨���� B! '\
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" ° ��±W² �Z\���B!����#%$'&TØ�×)( ö*�*����\��+#-,�.-Çt·0/ j Ë1T·�¹)Ã�2
×-3 FPGA

�
FADC ì$íC]�î ª 2C�'�* �\ " ° ��±W²�4 ï ° ��\J��#�5'6AØ���S

L'���$Ð7� é ¹
��8 FADC �Z\'�%#%5�6�ÇZ·4oVp ��9�:A°�; l [J¢ l ]!< Ö L ²Jé4² ¨ 1 G�H�I
G>= ° | RTØ ² �Z\���#+?AØ ² ¦ �7�@�!A é ¹"Ø�×�Ë ±U² �Z\������ IC 2V�Z\��
2�}A~0��Ø ° 2 G�HJI�G!#�Å � 2 � ��\J�!2 }�~T�-Ø�2�K�º'Ë ��� Â�$·�^�ÐVÂ
B(È¨�C Þ Y§I-GC[�¿�\�]*8 �ED BESSF*G�Æ FADC  �HT¾JI ª 2-ìZí7K�î ª@LM o_pN2 Ô*O ¨�8 �PDÁ� ( ³"´ Â �-Q�R	S � FPGA 24Å�Æ ° � (UT�º�Ë ��� Â AV �+W'�)¨C�XIJ�!2 }�~0��Ø�# 1 Y	Z*[JY_Â�Ú � Ã'\�¦ ��� Â�)·�¹�×	] ��^ 2
�_IJ�U��� IC `7a12 RAM #%b�c�d4Ç�e%f � ¨_�_IJ�!#+b@c@d�Ç�T�º�Ë 2 Y	Z*[
Y�g!h�Â*0·�Ã�\ °�9�:�°%ikj Ø ² 8�( ¨�Ã+2�aJ��#7lnm%o Ö ��p�W�q 1 YkZ	[+Y
2+T'º�Â��_IA�2��� IC 24�_IJ�!#kb�cnd4Ç$Ã*\ � Ânmk� é ¹ ODC 2krJs °1t (
FADC ìTí�K�î ª-u ËJv	5'Ç�·�Ã�\�#�wTòT·!\
¨ 1 YkZ*[+Y�27T"º�ÂZ¦Pb@c*d�Ø�xy ° Ø ² 8 V Ã�\WË�z�¶�Ø é Ë0¨AÃ0W � C Þ 2�{ � ÂnT·2¹

3.4.4.1 SUM |'}@~��@���J���X���1}������-�� I��E��� IC 2 SUM  'I " Ând É Ö W½· � I��%2%�J� � 2 � 2.4.1.1�@2J� 2.8
2��n�J�X��� én� Ë����!2 � I*���-�n� �k� 2 2 �	2 ���-�	�  ���

1. �N��K��7 *¡�¢n2�£ � 8 bit ¤k¥-�@¦ �
2. RAM 2!§*Ik¨�I-©�ZJI�#kªk«*¬@m���¦ �
0®

1 ¡°¯�2J±7²n���J¦+�k³@´+µ �>� 2 ¶ 2.4.1.1·n¸	� 2.8 ¹7º � \�»�¥ � t1¼
�	� SUM ½'I�¾0¬�d�¿XÀ�W � YJÁ�Â@��¸ � I'�%�!Ã*p�ÄEW � �1��K-�7 -¡�¢�¸!£Å

8 bit ��ÆÇ�0��¦ ��� �0W Å!È ^�É�Ê ¤!��¦ � FADC ¸ � I'��Ë�Ìn¹�Í'¸ 	 ÉÊ ¤��@¦ � ¸k¬@Î � � �k�1�7K'�� '¡�¢n¹+ªk«*µ �ÐÏ�Ñ � 8 bit ¤k¥�Æ@¦'��\ ��ÒÓ�Ô ¸ FADC I/F ¬ Å ±�²��kÆ �>�È ^
BESS¬ É�Ê ¤��'¦ � FADC I/F ��ÕkÖ	¬-m � FADC ¸7×JØ u Å 256 Ù (8 bit)

Æ@¸k¬@���N�7Ú*�� *¡'¢n¸�£ Å 8 bit ¬n±�²nÆ�¦ � ¤�¥@¤ Ò Ó1Ô ¸ FADC I/F �+Õ
Ö-¬*m � FADC ¸�×�Ø u Å ��Û�Ü�¾�¸ u�� 32 Ù (5 bit) ¬ 1 Û�Ü�¾�hn¸ FADC �n�
Ú'�7  u'� 32 Ù (5 bit) Æ'¸k¬@��ÝßÞ�àâá bit ãåä+ÝßÞÐàâá bit ãçæéèëêßÞíìîÙ àïèëê bit ãðµ�Æ�ñ1ò
10 bit ¸��N�7Ú-�� '¡�¢ �	ó	ô ¬�Î �� Ü'�P�-� IC ¹�õ�ö�¤J÷�ø�ùk¬ Å FADC ����Ú��� Ç¸ u ¹ È	ú t�û v*ü	µ��-ý
¹�w'þn¤J��¦kÆ�¥X��÷�¸k¬Ç�k¸ t1¼ Ækÿ��1��ÆX�>�@¤  ��÷-¸!¬�Î � � � � Ü@�
�'� IC

Å�� �������	�n�+s��>��
 û õ'ö�¹���'µ � �-ý Å���� h��Jx y ¬nÎ �>�� ¦������kÁ�Â*�%¸ � Ü*�>Ë�Ì Å ×���¸ 7 bit
�	� ¦+�n¦ � ¸k¬@���!¸����1���N�

Ú'�7 '¡-¢@�����1¤k��¦ � 2 bit ¹ FPGA
���� �!#" ��ý�¬�$&% ��'�( ¬nÎ �0�� � 2 ¡X¯�¸J±�²��J�J¦%�!³-´!µ �P� �+ÁkÂ	)�¸+* � 64 Ù�,�- Ó�. ¤+� RAM ¸/ ��¹�021J÷���3n�54NÜ�)76	8 IC

Å
OF 9�Ú*� High ¹�:7¿n¤k� FADC I/F �k§�Ü

¨�Ü'©�;�Ü�¹�<�Ä>= � � �#��Á�Â	)+¸54XÜ?)+� Å ª	«°ÀA@�Æn¦J¸k¬@��B-¬�C�D1¤
÷E41Ü	)�¹�F�G�¤IH#� FADC ¸ RAM ¸�§*Ü%¨'Ü�©�;+Ü�¹+<KJ�L�ý Å ¬  Æ'¦ � Í
L7¬ FPGA

� �kÁ�Â�)%¸54ÇÜ�)IM�4ÇÜ�)N6�8 IC ¸ OF 9+Ú*¸�:7¿�¹!ª�«*µOJ�L'ý
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: 4 bit T: 9 bit

D0: 8 bit D1: 8 bit

C: 8 bit W: 7 bit

Q: 16 bit

O: 1 bit

( 16 bit )

PRQ�S�T	U&V?W2X�Y�Z
 2 bit

OF [ S�X�\�] : 1 bit

0 ^_a`cb

d
3.11: e�fXÀg@Ç÷ SUM ½@Ü�¾7¸���Á�Â�)g4ÇÜ�)+¸+Ë�Ì

¬hLk¸�±%²�M�$�%'µiJL-ý�M�¤�÷ �d
3.11 M FPGA

� e�f'¤k÷+B*¸N41Ü�)EËJÌ*¹Ej	µ � �+Á!Â&)k4NÜ�)�¸�lIm@¸ 7 bit
¸ � Ï�Ñ ¸&no>Bn¸ 3 bit ¹+pn÷�M É�Ê ¤�H@¦�J � 3 bit ¸�noE-�q 1 bit

Å 4NÜ	)A6
8 IC ¸ OF 9+Ú-¸	:�¿ � ªk«XÀr@ho+s�q 2 bit M Å�t�u Ú&v>w	x�y�¸5-�q 2 bit z�{| À}@~J7�

3.4.4.2 CRAW �&�@~>���������i�E�2���5���&�
4°Ü�)E6�8 IC ¸ CRAW ½�ÜX¾>�i:�¿éÀN@�J}4°Ü#)�¸JË'Ì Å 2 ¶ 2.4.1.2·_¸d
2.9 ¸���M�ÆR�7H���JAz�o�Lk¸E4ÇÜ�)0Ë-Ì�M Å SUM ½*Ü1¾!ý��E��MI��¸ 2 �	¸� ²	��z�Î#J7�
� thu Ú	v>w�x&y�¸���z 8 bit ���Æ?�I�
� RAM ¸���Ü��*Ü&�&;�ÜJ¹{ | �  Æ?�I�

CRAW ½�ÜN¾7¸54XÜ?)>Ë-Ì Å SUM ½�ÜÇ¾!ýE�@Æ û ' ��¡���4XÜ?)!¸�¡ ÀNz	¢£ �AH�
�Ä¥¤�o £ ÷+4NÜ&)�¸�¦�§n¸E¨R:E©�ª«�7¬����®�¯���°I��o FPGA �I41Ü	)
°I¦�§2±�¨i:�²³JA´&µ�¯&¶�w?·¹¸}º&»�± �&¼ ²OJ�°�®�½#�&���&¾#L5�4_Ü�)>6&8
IC zR:+¿�²iJÀ4ÇÜ	)I°IÁ�M 10bit ° t#u Ú�v5w	x�yiÂ 1 bit °I��Ü��*Ü&��;JÜ���ÃÄ ±�{ | �J÷ÅÇÆ>È&±IÉ�e	²iJ�L�ÂIM���÷��

( 16 bit )

0 Ê�ËiÌ2Í : 8 bit

0 Ê�ËiÌ2Í : 8 bit

0 Ê�ËiÌ2Í : 8 bit

0 Ê�ËiÌ2Í : 8 bit

0 Ê�ËiÌ2Í : 8 bit 0 Ê�ËiÌ2Í : 8 bitPRQ�S�T&U	V?W
: 10 bit

OF [ S�X#\	] : 1 bit

0 Ê�ËiÌ2Í : 5 bit

d
3.12:CRAW Î&ÏRÐ+°+4RÏ�)IMIÑ�e³Òg@ÓJAÅKÆ>È�°+4RÏ�)NÔ�Õ
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CRAW Î#Ï«Ð>�«:�¿KÒN@ÓJ¥4³Ï�)�M FPGA z	Ñ	e�²KJEÅÇÆNÈ�°I4OÏ#)5Ô&Õ«±d
3.12 M�j�²I��Å³Æ>È��&® £ ¤	Ö�×�M~Ø bit ÙIÚgÛRÜÝØ bit °�Þ�ßh��à 0 zh:�¿iÒg@

J}� CRAW Î&Ï�Ð7° '�á ¡hâ�Ãã�)k4#Ï�)�ä�M>å�æ ! £ @ÇJ 0 °EÖ�çI¡�®RØ bit ÙèÜéÛêÝë
bit ¯	°��?o 48 bit °�Þ�ßh��à 0 ±�Å³ÆEÈ	ä�M�å#æ !�" L�ÂIM�ì2í '	á ¡³â�Ã�ã

)�°�4RÏ�)�Â+ÅÇÆ>È&±�îNï��  JN�
ß#��HI�?° 16bit � t	uAð v>w�x�yhÂN��Ï��&Ï���;�Ï���Ã Ä z�{ | Òk@ñJ}� 16bit
°&nE-�q 5 bit ®�ò�ó«ÒÀ@&¤�M 0 ��å�æ�ôg@2o>�?° 1 bit ��4hÏ	)A6&8 IC ° OF ��ÃÄ °	:+¿�z�{ | Òg@RoIõ¹ír° 10 bit � thu5ð v+w�x�y�z&{ | Òg@öJN�

3.4.4.3 HIST �&�?÷N���������i�N�2�������	�
4�Ï�)À6�8 IC ° HIST Î�Ï�Ðr��:7¿2Òø@ùJú4#Ï�)E°+ÔÕ�® 2 û 2.4.1.3ü	° d 2.10
°5�?M�¯��ÀH���J¥� d 2.10 ±Eý�@�þ�ÿ��RJÀ�?M�ok42Ï&)�°���ÿ�® 0 �å?æ?ôr@�H��
J��������³íøo�LI°���ÿ�±&:E¿�²«J5°�®
	��&��#J¥��LI°�à�æ FPGA ® HIST Î	Ï
ÐN°��E¿
�hÏ���°	nIo 0 ��å�æ?ô����?��������x�y?°��hÏ��E®���
��� ��!�" ��x
y�°�#�ã%$ Ä Ã�»��RÏ��°��	±�+¿&²&�7�

HIST Î	Ï2Ð¥®�! SUM Î	Ï#Ð(' CRAW Î&Ï2ÐE°�ì*)�+�{ | ²,�+à�æ�°��RÏ��±-/. ²,�>Î�Ï#Ð¥��®�¯102! BESS3�4 5Rä/+76 8�9 +7: ¼ Ò��;� FADC ° pedestal
ã�<>= ð °7: ¼ ±7?�@	²,�5à&æ�°�Î	Ï«Ð(A��B�DC*E�°�à�æ7F FADC G*= ð�HJI�K
+��«ÏL��±��L���I²?°�AL! SUM Î�ÏhÐ�' CRAW Î�ÏRÐ5°�ì*)M+�G*= ð�H�IN�O
' RAM °QP�Ï
R?Ï�SUT�Ï�±�V�W�²,�MX�Y�®�	*Z�C

3.4.4.4 RAW [�\�÷D]�^�_/`�a&b�cd\ e7f g�h
��Ï ��i�j IC k RAW Î�Ï�ÐlA��m2Òn�o�p��ÏU��kEÔ�Õ q 2 r 2.4.1.4ü�k�s 2.11
k7t�+�u,vD�LZL�wC RAW Î?Ï2Ð�q
�iÏ�Mi�j IC 3 FADC kx�RÏ�
yQz�{L+7|�}
A�~/�BZB�D���;)l�Ly
�������à&æ�kJ�BR&�D��óBk�Î�ÏhÐwu�k�A�! FPGA q
�iÏ
�(i�j IC �«ô�����/��àJ�RÏ�
y���k��U� �xm��,�DC

3.4.5 �;���;���
FADC I/F q/�U{�!7�����,�����U� ���+7����!;$ ����J3U�Um, ¡�¢��£ FADC¤U¥�¦ � I y
� §� w¨��U�>©M�ª���
yQ«������B�/�/�d¬�U®�$�¯ IB° ��+Q±�²� 

�B³x�>�����wm ´ FIFO µQ¶1��!��*����k��������3�·L¸Q�ª��£�¹�ºU� ������+J»
��!�£
Z�)p��§ByJ¼1)½C �
�� 3.4.2.1¾�A�¿�ÀU��³ channelkill Á Â�' boardorder
Á�Â�yxÃ 6��/³o��!�ÄoÅ�k FADC GL=M® HwI kJÃ 6�y�Æ�Ç�/³È�n�>É�³ Ê�+QqU!(ËÌ �>© FADC I/F +JÍ�©���k7Î�Ï�A�Á�ÂBy7¶%É¡X�YU3BÐdÉ�Cd�Q³ FADC I/F kQ�/§
y7� ���,Éx³UÊ +LÑ7! FADC I/F k�Ò�ÓxÄ;Å�k���ÔLy
Ë Ì �*©
kJÕ�§�A/����AL~BÉ
EU£w3�Öª�
��Z7C
EQk�³�Ê FADC I/F q�!wË Ì �*©¡×�Ø�y�ÙÚ7ÛÈvMÜ
: ¼��ªÉQE�£D3�A�~�É�Ý�)¡+

uªvMÜ�ZBÉMC
���dÞ�k FADC I/F ßJ×UØLy7¶ÈÉ
E�£�ßBÝ vDÜ�à FPGA y
�/§& D¨�Ü
channelkill Á Â�á boardorder Á Â�y7Ã�6B� ³â��à FADC G*=J® HJI k�ÃU6�yQÆ Ç
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ã�ä
8 bit

16 bit

16 bit

åDæpç7èêé
1åDæpç7èêé
2

s 3.13:FADC I/F µ�¶ÈÉ�×�Ø�kJë>�ìMí�î

��³È�pà FADC I/F kxF ï�� Ô�y�ð�º,ñ
�/³%���,É
E�£Mò�A~LÉ/Ý�ó¡ßQuBv�Ü�ZÉ�C
FADC I/F ß�¶%É�EU£
kQAL~�É(F�ï�×UØq�à7ô�W C A/¿LÀ���ÜLZBÉMC

FADC I/F ß�×�Ø�y7¶%É¡ÎUÏq/õ�Ó�Ð*É�C�ö�ÓQq ISA R�÷�yJøov�Ü PC �*©M×UØ
y�¶ÈÉ�Î�ÏUA�Ð��nà Ñ*ó�ö�ÓQq INMOS ��®�ù
yxø&v¡Üûú�ü�®L÷�ý ¦ ��ìD�>©(×�Ø
y�¶ÈÉ¡Î�ÏUA�ÐBÉMCQ��þU©7k�Î�Ï,Ñ FADC I/F µQ¶ÈÉl×UØ�k�ë*��ì�í î�qQÿ���ALÐ
É�C�×UØBk�ëª�ì�íUî�q�{ß��J6���A

1. 8 bit kJ×�Ø Ì�� C
2. 16bit k 1

N�� k	�Lü�
w�ì ( P������® 1) C
3. 16bit k 2

N�� k	�Lü�
w�ì ( P������® 2) C
£�Z&ó�í��dß/u,v�ÜBZBÉ ( s 3.13 ��� ) C�P������® 1 £JP������® 2 q {Lß
X�Y
A�à�×UØUòUP������®y7ø�´L��u�Z�����A>Ñ 0 A	�BÊ ³���y�����X�YUòBÐ�ÉDC

FADC I/F ßJ¶&©���Ü��L³�×�ØqZ��/�dk����,ÑJà FPGA ò I/O yJ? @��,É IC y
ø%vDÜ! D�#"�ß�$&%Lñ/��Ü('�¼��,É*)

3.4.5.1 ISA +&,
ISA - ÷Qq PC .	/�0 �21dk7±�²�u��ß7ø�3
�¢É 16 bit k - ÷ . ÐdÉ4) ISA - ÷
q25Lß FADC I/F y7628 .�9 ÷âú ��É�£
~Uß7ø�´���É*) ISA - ÷Q�*©Qk��>ñ�m�qà: k 5 Ó�k�;�<Ly7ø�=DÜQ¼#3
�¢É ( s 3.14 ��� ) )

ISA SEL 1 bit kQ��m&) ISA - ÷�y7ø�=DÜ�ë,�Lì/k��ªñ7mdyQ¼ ó?>Uà&@�k�;&<dy

ISA_SEL

ISA_IOR

ISA_IOW

ISA_SA

ISA_SD

FADC I/F ACB�DFE#G�HJI&K�LFM2N FADC I/F OQP#R2SUT�LFM�N
V

3.14: ISA - ÷	Wx�ªñ�X
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Low ß7Ã�Y�Z,É?)
ISA IOR 1 bit WQ�#X#) ISA - ÷2[
ø�=DÜ�ë,��ì�[ FADC I/F \&©*$]%dñ�Z_^	`�à

ISA SA W��_[�a�bdß7Ã�Y�c�Ü�\,©	@JW�;�<UW��U[ Low ß
Ã�YFcUà ISA SD
\>©(ë>��ì7[7$#%�ñ�Z7)

ISA IOW 1 bit Wx�2X2) ISA - ÷�[Jø_= Ü�ëd��ì�[ FADC I/F µ7d#`Qe#f�^�`/à ISA
SA ^ ISA SD W��U[�a2b�ß�Ã	Y]cQÜ	\*©(@7W�;�<#WQ�F[ Low ß�Ã	Y�ZªÉ(^�à
ëª�ìwò FADC I/F µ(dU`QehgM�¢É?)

ISA SA 4 bit W7��X�) ISA ikjmlL÷�[7��X�Z&Ém)
ISA SD 16 bit W�n,ñ�X&) ISA IOR ò Low W�^J`(o!@�@�\qp�ë!r�ìwò&ñ�XqsM�,à

ISA IOW ò Low W&^7`JoU@�@Qt
ë_rì7[7n�X�Z&Ém)
ISA - ÷�\�p FADC I/F tQ×�Ø][�u&É¡Î�ÏF[J¿�À(ZªÉ (

V
3.15 �2� ) )w×�ØFWQu	;

o ISA ihjml�÷([Qv2Y]cQÜ�×�Ø2w�<yx{z��2k�}| 1 x{z���q�}| 2 [xë_r�ì	^7cQÜ
dU`�eFf]@2^ .	~ ó�)

1. ISA i�j?l�÷ (ISA SA) ß 0 [7��Y�c(� 16 bit W�ëCr�ì (ISA SD) W��2� 8 bit
ßQ���2w�< ( ô2� C �2� ) [�dU`�eFf()xë_rì�W���� 8 bit oQø�3��#�(W . 0 [
dU`7e�� .#��� )

2. ISA i�j*l�÷ (ISA SA) ß 2 [7��Y�cJ� 16 bit WJëhr�ì (ISA SD) ßJz�����
| 1 [�dU`7e]f	)

3. ISA i�j*l�÷ (ISA SA) ß 4 [7��Y�cJ� 16 bit WJëhr�ì (ISA SD) �Jz�����
| 2 [�dU`7e]f	)

4. ����w�< x�z������| 1 x�z������| 2 [ FADC I/F ��dU`7e����(�U� ISA i
j?l&� (ISA SA) � 6 [��2YUc�� 16bit WQ�Cr�� (ISA SD) � 0 [�dF`�e&f]^��
FADC I/F �UW FPGA �	dU`�e_g��C�����FW�' ~ [�����Zh�m) FPGA �	���U[
' ~ c��]�F��>(o�� FPGA W BUSY ��|#W� QX�� High �J�!�?)

: � ISA - �7\_p4�!r&�7[�¡&¢F �Z2£�¤�[7¥]¦	Zq�?) ISA - ��\_p?¡&¢U �§¨�
�hr&�Qo 3 ©�ª�«�¬�	®���¯	� ISA i�j*l]�2W�°_�F±!¬²�hr#�(W�©�ª][�³�´#Zh�
@�^*� . `F�*) ISA - �7\_pm¡&¢] �Z�@�^7W . `��}�hr��7[(µ��]��¥]¦(Zh�*)

INMOS ¶¸·�¹#º2»7¼2½�¾�¿ FPGA W�À4Á#�7o2�ÃÂ�W 3.4.5.2Ä	Å7¥�¦�Z_� INMOSÆ |CÇ��# �X�Zk���qr&��[	È	É]Zk� 8 bit W(È	É�Ê�Ë��_«��*) ISA i�j*lF�
� 0 [��2YUc(� ISA ÌF�	WQ¡&¢F (c�Í(Î�[ ~ÐÏ ^7� ISA ÌF��\_p INMOS

Æ
|�ÇJ �X2Ñ��!r���[7¡#¢& �ZUÒ�^?��Å#`_�4) ISA Ì]�(�� QXCsÓ���Ô�!r���o
16 bit WJÕJ�U«F���F�	®�W�À	W��	� 8 bit � INMOS

Æ |UÇ�W��Cr#�?�! �Xhs
�Ö�4)

½�¾2¿2º�»�¼ FIFO ×	½�¾�¿ �hr&�	 �X�Ñ FIFO �# QXhs4�����Cr&�Qo_ØQÙ�|ÛÚÜ*ÝFÞ r���ß4Í#à���¡�¢] QZFÒ�^��(�!á��#�&���F��Ø*Ù�|âÚ Ü*ÝFÞ r([�ã	ä
§�åU� FADC I/F [�æ�ç�Å�ÍJÎ�sm§¨��è�é�ê&Ò�^7[�ë�ìUcJ�#� ISA ÌU�7í_p
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CLK 20MHz îJï�ð�ñ?ïóò
BUSY ô4îÔõQö7÷ High øJù}ú�ûýü�þ�ÿ�������� FPGA ø	��
��������ô��������4þ(ÿ�� ò
ISA SEL ISA ���*î�����ï�� õ�ö�ø	ù¸ú�ûÃüJþ	ÿ��}ò ISA ���	� ��!�"#������$	ô?î�õ

ö�� Low ÷�%�&�"'�Ôò
ISA IOR ISA ���*î�(�)(ù��¸õ�ö�ø�ù�ú�û�ü	þ	ÿ*�}ò ISA ����+-, FPGA î�.-/*0��1(

)�ù�"2����$ Low ÷ %�&3"'� ò�ô�î	4#576 ��/14#8:9��$�;�<���=���>�?�@�A	B�î
�����!�û�ü*C High î*D�D ��2�Ôò

ISA IOW ISA ���*î =���>�)4õ�ö�ø2ù�ú�ûÃüJþ	ÿ*�}ò ISA ����+2, FPGA E�.-/*0��1=
��>�?�����$ Low ÷�%�&3"'� ò7ô�î�4�576 ��/14�8F9�3$	G1H(î ;�<'�JI3K�4L8F9
��=�� >2?�î1���H	M��mþ 4 N Low ÷�%3&�û ü�þ	ÿ��Ôò

ISA SA .-/*04î�O�P���Q3&�"'� ISA R#ST���¸ø(ù�ú�û�ü(þ	ÿ*�Ôò
ISA SD ISA ����� FPGA î�U1	VXWZY[W}ûÃü\�].^/�0}ø2ù�ú�ûÃü�þ	ÿ*�Ôò
_ `

ISA �2�1���#aþ FPGA ÷�;�<�� bc�]d�e�����4c576���/�4�8]9�1f�g��?þ(ÿ*�Ôò�h
�1i�j(÷�k*lmaþ�ÿ��7n�î1o�p*+�,�q�pLD�Jî*Umø���;�<^�1br�¸î�÷�s�t�B 1 u'v
ï7w�*�^�Ôò2DJC 1 x�y4î ISA IOW î¸õ�ö����;�<3zQö 2b � FPGA ÷�bca þ	ÿ��}ò
ômî 2b $ 16 {3|*B�î� 10 {3|J÷�j�"^� 43 î7ô3��*��;�<�zQö 43 $1}�~ C ÷2�ýü�

CMD BOARD ORDER ;�<**�#W:��ô4î�;�<� FADC �3�*6�/�w2��(�)�ù "���z
� %�&��2�2�J���mþJÿ*�4ô3�Ôø	��+��ò 2 x*y¸î ISA IOW �=��J>'D ü�þJÿ*�}î�$�I
K�4�8]9 1 �� CMD BOARD ORDER ;3<��$ FADC �3�*61/�w^��(*)�ù "���z��
ô�ô�1Q�&�"L� ò7ôQô� FPGA ÷�=�� >-D ü�þJÿ���.2/�0�$ 0 ���ôü�$ 0 z#y��	x
D'W:G�z3���J÷�(*)(ù " FADC �3��6�/�w2��Q�&��^�������*þ	ÿ��?ô��}ø3��+#�Ôò 3
x*y¸î ISA IOW 1=�� >^D ü�þJÿ*�}î1$�I�K�4�8�9 2 �� CMD BOARD ORDER ;
<33$ FADC ����61/�w	î���/^S]z*ö���ô�ôJ1Q�&3"'� ò�ô*ô� FPGA ÷ =���>2D ü
þ(ÿ*��.^/�0�$ e 3��ô ü*$ 16 {	|�BQî� 10 {�|�÷�j	"2� 14 î�ô������W���x�D'W
ômî�;�<*�$	G�z��3�J÷�(*)(ù�" FADC �3��6	/�w2î���/-STz�ö�� 14 ÷�%3&��?þJÿ
�J���?ÿ'�Ôô��Ôø���+L� ò����(÷ ISA R#ST����� 6 ÷�%�&*�?þ�.^/*0¸÷ 0 ��=�� >�?
��� FPGA $�;�<Jî����2�����*�*þ���;�<3���2�1$ BUSY õ�ö�ø High ÷	B'� ò� �

�
3.15: ISA Ìm��Å FPGA ���-�r������� �	¡*¢L£���¤ ¥#ê�¦-§
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¨ £#©�ª�«�Ñ FIFO ê ¨ £#©*��¬�cª�®��2¯ Ï �2°²±�³c´r�m) ISA µ·¶1¢c�
� 4 �3¸-¹mº�³ ISA »c�(ê�¬�cª�º�¼�½m��¾À¿	Á�Â ISA »c��íÄÃ ¨ £#©�ª�«Å

FIFO ê ¨ £#©*�*¬�cª�ÆrÇLÁ	È'ÉcÊ\�m)
Ë\Ì^Í�ÎLÏ2ÐLÑ-Ò�Ó\Ô2Õ�Ö × ��Ø�Ù'º2Ú 2 Û^Ü�Ý�Þ^ß-àm��á�Â*â�ãLä�ã ¨ £�©�Üå^æ ��çLÆ 1 bit Ü�è2é�ê�Èmëc�4) ISA µì¶1¢#��� 2 �3¸^¹�º�³ ISA »#��Ü�¬

mª�º�¼�½\��¾À¿�Á�ÂcÇ�ãíÃ*Ü 2 Û^Ücè^é�ê#��¬��ª*Æ\ÇLÁ	ÈLÉ�ÊÄ�m) ISA
»r�^�#ª3«[î�ãï� 16 bit Ü ¨ £�©�Ü�ð�ñ^ò\Ü 2 bit Ü3ß#àr�mÇ1ãóÃ*Ücè-é*ê
Ü�ô�Èìª3«[î�ãìÂ 2 bit Ü#ð^Ü*õ'ò 1 bit È INMOS ö�¥Ä÷^ª3« ¨ £�©�Ü å'æ
��ø'Æmè-é�ê�Émë·ùTÂ�ñ�ò 1 bit È ¨ £�©�ª3« Å FIFO Ü ¨ £#©�Ü å^æ ��øLÆ
è2é�ê�É�ëm�m) 2 Û�Ü#è2é�ê^á�´	ú2ã·û�Â ¨ £�©1È å ��Á�Ê�á 1 È\ª�«ìî ãrÂ¨ £#©	È æ ´�Á�Ê�á 0 ÈÄª�«²î�ãü�4)

ISA »c�3ý\Ã3Ü ¨ £�©*Ü�¬��ª�º�á'Â FPGA È��-�c�3þ2¾cº�³#´m��ÿ��3ÉÄû�þ-¾
Æ²��Ç'Á�È����LÉmë\�4)����	� FPGA È FADC

¨ £#©*Ü�
�L¬#mª�º-��þ-¾��2�¨ £L©2ª	« Å FIFO �Lª�«ìî�ã � ¨ £L©��-Â�
��^¬�cª�º^��þ^¾��2��è�é�ê��3¬#
ª�º�³ ¨ £�©�Ü å^æ �����º�³^ý\Ã ¨ £L©�ª3« Å FIFO ��ª�«Äî�ãÄÚ ¨ £�©*��¬#
ª�Æ�ÂrÁ�´r±�Ú*¼�½·û����LÉmëm�?)

3.4.5.2 INMOS �����
INMOS ö ¥Ä÷�á���é�¥r���^¡�£#©^Á�´·¿ INMOS �\Ü� �mº2Ú"!#�$*¥%�'¡�£
©���&��#Æ²��Ú('^Ü I/F Émër�m) BESS Ü ¨ £#©�)(*�+�á,��é3¥\��^¡�£#©*�r¯Äù-. î�ãr³c´r��Ü�É�Â BESS � /#1032�ãÄÚ 4�52É FADC I/F ���-�r���í�	Ú6'^�
áLÂ INMOS ö�¥r÷��	7 ¿98:-Èrëm�<;���é*¥c��^¡�£#©�á"=�>?� � @BAC#á���D
î ãr³c´r� ÈmÂ BESSÉLá�E�F\ÜG� é H�I��(J�K#© L��M\º�³c´�N<;

INMOS öOHc÷�á 1 bit P�Q(RTS�º�³�U(V�LXWYN�Zóö µ\[6](^LÜ�_�U'Écë`N�;�a�bc1d _�U(efLá IMS C012[10] Á"g[¿ IC È�¾ ¿ Ü*É#Â FPGA ámÇ*Ü IMS C012 Q�h
º1i�j3Klk*Ü	m%n o�p�L*¾?�	�%q�g	; IMS C012 á1r3s\t`L 8 bit u-ò'É2¾ ¿�Ü�É�Â
FADC I/F QXv�w`L	WYN"x�p�û 8 bit u2ò`Q d N�; INMOS öyHr÷	L�7{z�i FADC I/F
Q	v(w�L WYN�e�f?L�ØmÙ�|}N ( ~ 3.16 �� ) ;

1. 8 bit ��v�w(�(V`L FADC I/F Q W�N�;
2. 16bit ���(��Z{��H 1 L��õ^ò 8 bit x�ñ�ò 8 bit � 2 �1Q��l��i FADC I/F Q�W
N�;`21ú6�%Q�õ^ò 8 bit �\j3Klk L	WÀùy�\�%Q*ñ�ò 8 bit �\j3K6k L W�N��?��Q
|}N�;

3. 16bit ���(��Z{��H 2 L��õ^ò 8 bit x�ñ�ò 8 bit � 2 �1Q��l��i FADC I/F Q�W
N�;`21ú6�%Q�õ^ò 8 bit �\j3Klk L	WÀùy�\�%Q*ñ�ò 8 bit �\j3K6k L W�N��?��Q
|}N�;

4. 8 bit � v(w(�(V @ 16 bit ���l�(Z���H 1 @ 16 bit � option2 L"�%�1� ù�����N
x � FADC I/F õ�� FPGA ����� c Q	v�w���þ��L��1�(|�N�; FPGA ��v�w�L
þ����"i`g?N �1�l� FPGA � BUSY �"HlQ High ��s�t} �¡¢N�;
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CLK 20MHz �?£�¤�¥£¦;
BUSY § �XUV`Q High ��s\t3 �¡�i�g?N�x p1� FPGA ���1¨��	©�ª�N § x	L�«`�

i`g�N<;
IMS CS IMS C012 ��¬��£3�®U�V�; INMOS ¯ H�£��Tj�K(k	L m6n o`p�|{N�x p��

§ �	U6V`L Low Q °�±l|}N�;
IMS RW IMS C012 � Read/WriteL�²´³�µ�¶�N�U�V6; Read�?x�p1� High Q�°�±

�6� Write ��x�p�� Low Q"°�±%|YNX; § �(Z�·TJ�`K�Z¸��H(©%� FPGA �
INMOS ¯ H�£X¹�º�j�K�k L�m%n�s��1i?g?NX�1©�� High Q	°�±{ �¡�i?g?N�;

IMS RS IMS C012 » m�n1o?p"|}N�j�K�k	��¼(½?L °�±`��i`g�N<; 0 � INMOS ¯
H�£��\j3Klk�L	m%n1o`p1|}N § x L «?�"i?g%NT; § �	¾?Q IMS C012 �l¿XÀ
4�5�Q6Á |}N�j�K�k L�Â±l|{N § x��6©�p�N�;

IMS IINT IMS C012 Q INMOS ¯ H�£�¹3º�W{º�¡�i1Ã�Ä�j3K%kT��Å�N�x1p� High
Q d N<;

IMS OINT IMS C012� INMOS ¯ H?£ » j�K6k�L	W{N § x���Æ�Ç d x	p�� High Qd N<;
È É

INMOS ¯ H`£	L\7�zÊi FPGA Q�vw�LXW{NÊËÌ�L1��Z�·�J��K Z���H1©1Í1Î%�
i%g�N�;�~�L	Ï(Ð�QTÑ(²{z�i%g?N�Ò��	Ó�Ôl¹�º1Õ�Ô3Ö\©%���X�%�\×�����j�K(k
L WYNX�Q 8: d 1 Ø�Ù £�[l©`ª�N�; INMOS ¯ H�£X� ISA Ú I�x�ÛYz�i 8 bit
uÜ�©�j�Klk L�WYNTÄ�'	Ý���Þ�X�6¹�¹�N\� ©�� § ��~	©(�1×���\v�w�ß�b?L
W�N�Ë(Ì?L «�à?� ²�¡`i`g d g�;á â

~ 3.16: INMOS ¯ H�£\© FPGA Q	v(w`L W�N\Z¢·�J"6K"Z¸��Hl� Ë(Ì
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ISA Ú I��lx p%x1R\Ë`Q� FADC ãä%J"K�[`¹�º<m�n%s1��ÄXj3Klk L INMOS ¯
H�£X©1�å³Ts	| § x�æT©�p�N�; § ��ç6è%� FADC �	é(ê(m%n`s���L��å�ëv6w?L W
N1x�pQ�	�6��Zì��H©"j3Klk	L	j�K�k1s�t�í FIFO ©6� dåî INMOS ¯ H�£ Qls
tl|{N��3��Q�°�±�|}NT;��l�6ZY��H%� °(±`�1ïð C ©�ñ?ò6��i�g?N�ó FADC j}K
kT� 16bit uÜ(©�mlnlsl ô¡õN��`� INMOS ¯ H�£\� 8 bit uÜ6©�j�Klk �	r�s\t`L
�ö��� ©�� FPGA � 16bit � FADC j�Klk�L 8 bit ÷�� 2 ��Q	�l��i INMOS ¯ H�£
QlsTt�|�N�ó FPGA �`Ö<÷6�lQ FADC j3K(k ��øÜ 16bit L	W,³ë���%Q FADC j�K
k��"ù1Ü 16bit LXWYNX��©6��j�K6k	L �,³�s	|�ú�û H`I�ü�J"K(k � ý6�(��j�Klk �
f�?Q�þ�ÿ`�1i��å³<s�  d �	¡�� d º d g�ó
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4
� �

4.1 � � � � �
FADC I/F �
	��?� FPGA �6¿\À���?��°��3x����ìú í������?�����������
�6�

��¨ �!�¸ú#" ��z$��%!&('*)�©?ª!&�ó FADC I/F +-,ê ./& FADC ã(ä�0�1�2����354  �¡3Ä7698�";:?ä=<>2�?A@B+-CAD�.E&�F�G�¤
H Ø I ã(ä�0�1�2%�}Ö;J���¨ �
��úK" �MLN� %�&('!)	©AO�ß(©�P�Q9%SR�T=U ÙSV�W 1*Xôø�Y-�B��úZ:[1�<�í FIFO
"7\(í�.E& §5] +B^�³_:=19<$`9a IC ] FADC I/F Y-b�¨ �!�¸úc"
dfe §5] P1Æ�Ç
©?ªB&�ó

FADC I/F ©g'}æihAj Q5YgP"ß FADC k�l Vnm 2!Y�:*19<7"7o�p q7.5YA+;r�j�Q
ÞAsSt9Tgu7YÞ�s
P1Ð�,9T�ú�v_w 1-Y�:yxgX
< Ùgz5]7{ �
	-|�� î &�ó}	���Y�:!1
<N` alã(äB0�1�2�R�:[1 <-Y;~�� ��`5a�+-rAj ] .M&	Þ�s-P�� 200 � secondtB�� T$:�x�X
< Ùgz Pg� 10%t ��&�óS���[��t9+ 1997��+ BESS Y�:*19<>~5�A��+� � RA�=���i|���	n�*Y��B�
� z +�Q/&$�A�BYAT�:/1 <i~ �BYn�5s ] :�x5X-<��
z "
���A��� î ] TS:[19<i~��!�ns-P������ m secondt�� � : xnX-<�� z P 40%t
�!L�¡�ó

3 ¢�Y 3.4.3.1£�t�ñ`ò { ¡B^=e(+ FADC k*l V�m 2=Y�:[1 <
Y
o9pBq { +7rAj
Q-¤�¥AR�¦�§n��ø�+S¨�©-ª*L$¡�¡A«�T$¬ { % FADC � �;� z Y�¡�«�Y FADC I/F t
P
�®�Q
R=�ST#¯ FADC k l Vnm 2!Y�:!1n<io9p9q { +Sr�jnQ5��s7P;	�d Y�:!15<
`na5°�±�0-1}2²^ �$³N´ � { � { �*e¶µA·9p�t �!&i¸ FADC I/F P��SJ FADC :*1
<i¹�º�o�p�q { Y;bg»9� �½¼K+-P�¾=L(�9%
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k �6l �+g/ú"m����?�!*n,o�"p$q!�$�/ú$¸

cl. rtsNu�v:w
ch. r FADC x
y{z6|G}
ns r nanosecond~

ÆÇ�ÉÈ cl./ch. � � byte/cl.�
byte/read

� � Æ�Æ ns/read�?� È Æ ns/ch.���
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B FPGA
ê ë

%

&('

) in/out *,+.-0/21436587:94;=<?>:@0ACB
) IMS * IMS C012 DFE2GIHJA?K.LM9FN0<,>:@=AOB
) ISA * ISA P=QRDSE(GTHJA?K.LM94N=<U>=@=AVB
) EB *Yá8W.XZY\[^]`_IaRDFE2GTHJA?K.LM9FN=<U>:@0ACB
) CLK *?bRced2fhg?d^i?j0kSl0DFE(GTHJA,KmLM9FN=<U>=@=AVB
) DF *MnoaTpR587(q FIFO D4E2GTHJA?K.LM9FN:<?>:@0ACB
) BP *.PJg?dSr.sIaMXhDFERGTHJA?K.LM9FN0<,>:@0AVB
tmu v:w(x

ACTIVE yTz
CLK input { 20 MHz 1:dRfTgRdM943.7mH|A}B
RST input Low ~o�8�����|goY�B

BUSY output High FPGA �2�(�(�(�`�M�:�`AMKmLM9FNIHFB
RD BUSY output High FPGA � FADC noamp49F�T�h5,<(�4�h�0AMK(L

94NIHMB
IMS RST output High IMS: IMS C012 1����6g6Y�B
IMS CS output Low IMS: IMS C012 1 Chip Select B
IMS RW output High/Low IMS: IMS C012 1 Read/Write B
IMS RS0 output IMS: �U�.1 0 – 1 *.� IMS C012 1 Register Se-

lect B
IMS RS1 output
IMS IINT input High IMS: IMS C012 1 Input Interrupt B
IMS OINT input High IMS: IMS C012 1 Output Interrupt B
IMS D0 in/out IMS: �(�:1 0 – 7 *I� IMS C012 1 Data B
IMS D1 in/out
IMS D2 in/out
IMS D3 in/out
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tmu v:w(x
ACTIVE yTz

IMS D4 in/out
IMS D5 in/out
IMS D6 in/out
IMS D7 in/out

EB DF R input EB: Data Fifo Read
EB TRIG input EB: Trigger
EB RST input EB: Reset
ISA SA0 input ISA: �.�h1 0 – 4 *I� ISA P=QU1U���Os:QFB
ISA SA1 input
ISA SA2 input
ISA SD0 in/out ISA: �.�h1 0 – 15 *I� ISA P=QR1^n6aIp�B
ISA SD1 in/out
ISA SD2 in/out
ISA SD3 in/out
ISA SD4 in/out
ISA SD5 in/out
ISA SD6 in/out
ISA SD7 in/out
ISA SD8 in/out
ISA SD9 in/out

ISA SD10 in/out
ISA SD11 in/out
ISA SD12 in/out
ISA SD13 in/out
ISA SD14 in/out
ISA SD15 in/out
ISA SEL input Low ISA: ISA P=QR1 select �m�IB
ISA IOR input Low ISA: ISA P=QR1 read �m� (FPGA outut) B
ISA IOW input Low ISA: ISA P=QR1 write �I� (FPGA input) B
DF DO0 input DF: �.�=1 0 – 15 *I�8nJaTpR5F7(q FIFO 1h5

7 (FPGA input) B
DF DO1 input
DF DO2 input
DF DO3 input
DF DO4 input
DF DO5 input
DF DO6 input
DF DO7 input
DF DO8 input
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tmu v:w(x
ACTIVE yTz

DF DO9 input
DF DO10 input
DF DO11 input
DF DO12 input
DF DO13 input
DF DO14 input
DF DO15 input
DF DI0 output DF: �.�=1 0 – 15 *I�8nJaTpR5F7(q FIFO 1M3

7 (FPGA output) B
DF DI1 output
DF DI2 output
DF DI3 output
DF DI4 output
DF DI5 output
DF DI6 output
DF DI7 output
DF DI8 output
DF DI9 output
DF DI10 output
DF DI11 output
DF DI12 output
DF DI13 output
DF DI14 output
DF DI15 output
DF FF input Low DF: n6aIp?547(q FIFO 1 full �2�M�RB
DF EF input Low DF: n6aIp?547(q FIFO 1 empty �(�M�RB
DF WE output Low DF: n6aIp?547(q FIFO 1 Write Enable B
DF OE output Low DF: n6aIp?547(q FIFO 1 Read Enable B
DF RS output Low DF: n6aIp?547(q FIFO 1����JgoY�B
EXT TZ input � External T0 Trigger
EXT Q input � External Q Trigger

EXT ACPT input � External Accept
EXT RJCT input � External Reject
TZ TRIG output � T0 Trigger
ACCEPT output High Accept Trigger
REJECT output High Reject Trigger
TZ CLR output Low T0 Trigger Clear

CAM CLR output Low CAMAC Clear
CLKSEED output Low CLK: bRc�dRf:gUd^i?jok^l01 Enable B
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tmu v:w(x
ACTIVE yTz

FA CLK input { BP: FADC d?f=gUdSB
CH0 output BP: �(�h1 0 – 5 *I�, o¡8XI¢8]I£.�.B
CH1 output
CH2 output
CH3 output
CH4 output
BD0 output BP: �(�h1 0 – 5 *I�F¤0a`�¥£.�IB
BD1 output
BD2 output
BD3 output
BD4 output

EDO0 input BP: �R�T1 0 – 16 *.�¦n`amp¨§.© IC 1}n`aIpU5
7 (FPGA input) B

EDO1 input
EDO2 input
EDO3 input
EDO4 input
EDO5 input
EDO6 input
EDO7 input
EDO8 input
EDO9 input
EDO10 input
EDO11 input
EDO12 input
EDO13 input
EDO14 input
EDO15 input
EDI0 output BP: �R�T1 0 – 16 *.�¦n`amp¨§.© IC 1}n`aIpC3

7 (FPGA output) B
EDI1 output
EDI2 output
EDI3 output
EDI4 output
EDI5 output
EDI6 output
EDI7 output
EDI8 output
EDI9 output
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tmu v:w(x
ACTIVE yTz

EDI10 output
EDI11 output
EDI12 output
EDI13 output
EDI14 output
EDI15 output
AL CS output High BP: ª FADC  6¡SXm¢8]o1 Select B

CO RST output Low BP: n6aTp«§T© IC 1��¦�|goY�B
CO CLR output Low BP: n6aTp«§T© IC 1=d|�¦�VB

CO STRB output Low BP: n�a0p8§0© IC 1R~��,� Read/Write �=�
(Strobe) B

CO CONT output Low BP: n6aTp«§T© IC 1 Control Mode B
CO RW output High/Low BP: n6aTp«§T© IC 1 Read/Write Select B

FI W output Low BP: ¬=QY®n6aTp}q FIFO 1 Write B
FI SEL output High BP: ¬=QY®n6aTp}q FIFO 1 Select B

CO TRIG output Low BP: n6aTp«§T© IC 1 Trigger B
FI OE output Low BP: ¬=QY®n6aTp}q FIFO 1 Output Enable B
FA OE output Low BP: FADC 1 Output Enable B
FI RS output Low BP: ¬=QY®n6aTp}q FIFO 1��¦�|goY�B
FI RT output Low BP: ¬=QY®n6aTp}q FIFO 1 Retransmit B

CO BUSY input High BP: n6aTp«§T© IC �R¯2°o�M�:�`AMKILF94NIHMB
CF EF input Low BP: n±a|p4§|© IC ²³.´:*=¬QµY¶n�a6pMq

FIFO 1 empty �2�F�(B
CF OF input Low BP: n`amp¨§.© IC 1F·Ta4PIa(�2f,a2�R�4�U²=³

´R*2¬0Q±Y¸n6aTpVq FIFO 1 full �(�M�2B
RSV I0 input BP: �R�T1 0 – 1 *.�¥¹Uº01S»m¼.DS½=¾F>,¿?À6ÁÂ >:@0AVB
RSV I1 input BP:
RSV O0 output BP: �R�T1 0 – 1 *.�¥¹Uº01S»m¼.DS½=¾F>,¿?À6ÁÂ >:@0AVB
RSV O1 output BP:
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C FADC I/F %

&('
) ·mr.ÃÅÄ¥X(*RÆhD 16bit 1(Ç8È(ÉI�:�`ACB
) ·mr(ÃÄ\XT1RÊI�|ËVaTpCª.Ì`14Í=ÎhÁO� 16bit DMÏ:´?Ðh@mL,Î?*m�UÊ:�`Ë}a
pF9U�RÑ bit D4Ò=ÓU>T�4Ô±ÕS´FÖ(Ñ bit * 0 �R×0ÓoACB

) ·mr.Ã±Ä¨X?�2Ø(Ù012Ê:�oË^aTpM9,Ú.ÈTHJARL,Î?*I�(Êh�|ËOahpM1 bit 1m�F�Û DFÜo@8>=�`A«Ý:DFÖ(Ñ bit ²oÞOÒ=ÓU>U�àßáB
â¥ã ä¥å æ�ç\è2é�ê

1
æ�ç\è2é�ê

2 ëMìîí ï«ð
CMD NULL 0 ñ¥ò�óCô
CMD AL CS 1 High/Low AL CS õ}ö?÷MøùOú

High/Low ûü¦ý«þ8ÿ ô
CMD CF RST 2 High/Low CF RST õ ö¨÷\øùOú

High/Low ûü¦ý«þ8ÿ ô
CMD CF CLR 3 High/Low CF CLR õ ö¨÷\øùOú

High/Low ûü¦ý«þ8ÿ ô
CMD CO
STRB

4 High/Low CO STRB õ�öV÷ø ù,ú High/Lowû ü�ý«þ8ÿ ô
CMD CO
CONT

5 High/Low CO CONT ÷¦ø ùú
High/Low û üý¨þ4ÿ ô

CMD CO RW 6 High/Low CO RW ÷Cø ùOú
High/Low û üSýþ8ÿ ô

CMD FI W 7 High/Low FI W õ«ö8÷^ø ùú
High/Low û üý¨þ4ÿ ô

CMD FI SEL 8 High/Low FI SEL õ«öF÷4øùOú
High/Low ûü¦ý«þ8ÿ ô

CMD BD CH 9
�������	�

(5 bit),
�� ö��� ���
(5 bit): 10 bit

BD õ«ö�� CH õö«÷¥ø ù ÷�� ú üý¨þ4ÿ ô
CMD EDI 10 data: 16 bit EDI[0 – 15] õRö÷Oø ù ÷ data ÷�}û ü�ý«þ8ÿ ô
CMD
DUMMY11

11
�����	� ÷���� ���� ô
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â¥ã ä¥å æ�ç\è2é�ê
1

æ�ç\è2é�ê
2 ëMìîí ï«ð

CMD
DUMMY12

12
�����	� ÷���� ���� ô

CMD
DUMMY13

13
�����	� ÷���� ���� ô

CMD
DUMMY14

14
�����	� ÷���� ���� ô

CMD DEFAULT 15 �! #"%$�& � öVûø ù('#)(* ÿ õ¶ö÷+� ú-,�.0/ �21�}û�3 þ ô
CMD CF RST
P

16 width: 4 bit CF RST õ ö¨÷\øùVú
width 4^÷	"5  �"�÷76 Low û8�9 ÿ ô

CMD CF CLR
P

17 width: 4 bit CF CLR õ ö¨÷\øùVú
width 4^÷	"5  �"�÷76 Low û8�9 ÿ ô

CMD CO
STRB P

18 width: 4 bit CO STRB õ�öV÷ø ùOú width 4S÷" 5  7" ÷#6 Lowû 8�9 ÿ ô
CMD FI W P 19 width: 4 bit FI W õ«ö8÷^ø ùú

width 4^÷:" 5 �"�÷;6 Low û 89 ÿ ô
CMD RESET 20 CF RST õUö=<

FADC >�?	@ � �ú�ACB  D1 þ8ÿ ô
CMD CLEAR 21 CF CLR õUö=<

FADC >�?	@ � �ú " ACE þ8ÿ ô
CMD SET
THRESHOLD

22 threshold: 8 bit all (1 bit),
�(�F��HG

(5 bit),

��

ö�I� �#G (5 bit):
11 bit

J
FADC(all) K-LM ���:�+N 
�� ö�� ��G ÷ FADC ÷

THRESHOLD &?�OQP¨û thresh-
old ÷#� ú üCý^þÿ ô

CMD SET
CHANNEL

23 channel: 8 bit all (1 bit),
�(�F��HG

(5 bit),

��

ö�I� �#G (5 bit):
11 bit

J
FADC(all) K-LM �:���=N 
�� öR� �SG ÷ FADC÷ CHANNEL &?DO(P¶û channel÷+� ú ü�ý«þ8ÿ ô

CMD SET
MODE

24 mode: 8 bit all (1 bit),
�(�F��HG

(5 bit),

��

ö�I� �#G (5 bit):
11 bit

J
FADC(all) K-LM �:���=N 
�� öR� �SG ÷ FADC÷ MODE &T?�OP û mode ÷�� úü¦ý«þ8ÿ ô

CMD WRITE
COMPRES-
SOR

25 data: 16 bit all (1 bit),
�(�F��HG

(5 bit),

��

ö�I� �#G (5 bit):
11 bit

J
FADC(all) K-LM �:���=N 
�� öR� �SG ÷ FADC÷ RAM û data ÷� ú;U	V�W(X ô
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â¥ã ä¥å æ�ç\è2é�ê
1

æ�ç\è2é�ê
2 ëMìîí ï«ð

CMD READ
COMPRES-
SOR

26
�S�:�Y�#G

(5 bit),
�� öZ[� �2G
(5 bit): 10 bit

data:
16 bit

�H�!�\N 
�� öH� ��G ÷ FADC ÷
RAM ]�^ , � Pú

1 _�`baáø þ ô
CMD READ
FLAG

27
�S�:�Y�#G

(5 bit),
�� öZ[� �2G
(5 bit): 10 bit

flag:
8 bit

���:�RN 
�� ö�c��;G ÷ FADC ]:^
flag
ú `daáø þ ô

CMD READ
DATA

28 Q threshold (1 bit),�:�D�ce ÷%fSg0> �� ú7hSi
(1 bit)1,

J�:�D� ÷%f0gS> �!�
(2 bit)2, INMOS

A
ö�"¶û , � P ú ø ù
(1 bit) 3, j ý ' L 
� ö:��	kTl ú7m:nø þ (1 bit)4: 6 bit

�S�:�Y�#G
(5 bit),
�� öZ[� �2G

(5 bit)5: 10 bit

J
FADC ÷ , � Pú%o�pD'#);mHn øþ ô

CMD WRITE
TFIFO

29 data: 8 bit q:Or1 i FIFO û
data ÷R� ú�UTV+WX ô

CMD ENABLE
TFIFO

30 High/Low q:Or1 i FIFO
úsQt

(High)/ ñ t
(Low) û ü ý¦þVÿ ô
6

CMD ENABLE
TRIGGER

31 High/Low u�vw1 Ayx � ÷7zù,ú	sFt
(High)/ñ t (Low) û ü¦ýþ8ÿ ô

CMD TRIG-
GER

32 Q: 1 bit {+v (Q) 1 Ayx �ú-|0}�~�� ÿ ô
CMD CLOCK 33 High/Low FA CLK õ�öT]!^÷ FADC �¦ò	" 5 �"¶÷����D��� |}Fú	sFt

(High)/ñ t (Low) û ü¦ýþ8ÿ ô
CMD CLOCK
COUNT

34 count: 9 bit 1 ARx �D� û FA
CLK õOö�]�^��òT�¥û¨ø ù�~�� ÿ
FADC �VòQ" 5  "¶÷%� ú count 4û ü�ý«þ8ÿ ô

1 � ÷ .��-�¥ú High û ü�ý«þ8ÿ �7� FPGA {�v^û%�#� ~C� L �:����e ÷ FADC
, � P�f0gT> �� ú7�S�:'#)

FADC ÷ , � P ú7�0� þ8ÿ ô
2
�T���ce ÷�f0gT> �!� ú%hSi þ8ÿ .S����� High ÷H� V M ñ�� ~�� � Low ÷H� V M J �T��� ÷

FADC
, � PIfTg0> �D� � '#)#h0�7� ÿ ô

3 � ÷ .��-��� Low ÷H� V+m:n ø ' L , � P �D��� ö�1y���(� � û�� pQ~�� L FIFO �7�Q^ � �
High ÷T� V M INMOS

A öD" ú7 (¡;) 1 � ö	O\õS@ � PR���F^ � ÿ ô
4 � ÷ .����7� Low ÷0� VRJ FADC


:� ö0I� ú%o#p('7)-mTn ø ' � Low ÷S� V M�¢ $S£!¤ ö 2<�j ý ' L 1 _¦÷ FADC

�� öH��Hk0l mTn ø þ ô

5 ¢ $T£�¤îö 1 ÷-j ý ' L 
�� öH+�(kTl ú7mHn ø þ .S�7� û Low
ú ü�ý ' LH� V M ñ�� ~��ÿ ô

6 q:O[1 i FIFO
��sSt

(High) �(� V M FADC ÷ RAM
� ñ t û#��a¥�-¦}û7q:O�1 i FIFO

� ñt
(Low) �(� V M FADC ÷ RAM

��sSt û#� ÿ ô
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â¥ã ä¥å æ�ç\è2é�ê
1

æ�ç\è2é�ê
2 ëMìîí ï«ð

CMD ENABLE
FAST CLEAR

35 High/Low u=v fast clear÷§z ù ú¨s�t
(High)/ ñ t (Low)û ü�ý«þ8ÿ ô

CMD FAST
CLEAR

36 {�v fast clear
ú|S}�~�� ÿ ô

CMD ENABLE
AUTO

37 High/Low 1 Arx �ª© ÷
CMD READ
DATA

�w� ÷«�ò¬¯® ú¨s�t
(High)/ ñ t (Low)û ü�ý«þ8ÿ ô

CMD AUTO
OPTION

38 CMD READ DATA�0� ÷ ¢ $T£�¤îö 1��° ¡ ô
CMD READ
DATA

�:�Sú � ò¬�® þ=ÿ � V ûhT�#� ÿ ¢ $0£[¤ö 1 ÷S� ú üOýþ8ÿ ô
CMD SET
BOARD NUM-
BER

39 number: 5 bit CMD READ
DATA

�w� < opb'�)Fmrn ø þ
FADC

�H��� ÷+±� ú number ±^ûü¦ý«þ8ÿ ô
CMD SET
QTHRESHOLD

40 threshold: 4 bit CMD READ
DATA

�\� < Q
threshold

�Ds�t
�H� V û h0�7� ÿ� ú threshold ûü¦ý«þ8ÿ ô

CMD KILL
CHANNEL

41 High/Low all (1 bit),
�(�F��HG

(5 bit),

��

ö�I� �#G (5 bit):
11 bit

CMD READ
DATA

�:� <S² ý÷ �(���=N 
�� öR� �SG ÷ FADCú%mHn-³0´ þ .0��\ú ü�ý«þ8ÿ ô st
(High) �\^ ´mTn-³0´F~�� � ñt
(Low) �	^ , �P ú�m�n ø ~��ÿ ô

CMD READ
KILL

42
�S�:�Y�#G

(5 bit),
�� öZ[� �2G
(5 bit): 10 bit

High/Low
�H�!�\N 
�� öH� �rG ÷ CMD
READ DATA

�S�
¬�® � ÷ mHn7³S´'0.��%� ÷�� ú `a ø þ ô

CMD BOARD
ORDER

43 order: 5 bit board: 5 bit CMD READ
DATA

�µ� <
order

�=¶ û m�nø þ �:�����SG ú
board ÷%�8û ü\ýþ8ÿ ô
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â¥ã ä¥å æ�ç\è2é�ê
1

æ�ç\è2é�ê
2 ëMìîí ï«ð

CMD READ
ORDER

44 order: 5 bit board:
5 bit

CMD READ
DATA

�µ� <
order

�=¶ û m�nø þ �:�����SG ú`�aáø þ ô
CMD BOARD
PATCH

45 mode: 2 bit all (1 bit),
�(�F��SG

(5 bit): 6 bit
CMD READ
DATA

�:� < ����Ze ÷ FADC, � PcfTgT> ���ú��\� þ:ÿ � Vû#� �:�����SG ÷fSgT> �!� � '#)
mode ÷7� ú ü¥ýþ8ÿ ô

CMD READ
BPATCH

46 board: 5 bit mode:
2 bit

CMD READ
DATA

�:� < ����Ze ÷ FADC, � PcfTgT> ���ú��\� þ:ÿ � V÷#� �:�����SG ÷fSgT> �!� ú `daø þ ô
CMD FPGA
CLEAR

47 FPGA {ªv ú
clear

þ4ÿ ô
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D CVS
· ¸ ¹ º

»=»D¼r½
FADC I/F ¾ Verilog-HDL ¿[À�Á=Â�ÀÄÃ	¾FÅ[Æ\Ç\È2É!Ê\ËZÌ\Í CVSrepos-

itory ÎFÏwÐÒÑ0ÓÒÍ tag ÎrÔrÕQÖ\×ÙØ[ÚªÛ(Ü CVS Î�Ô�Õ�Öb¾FÝrÞ ½bß 3 àZ¾ 3.3.3 á¼ ×2ØdÌ�ÖÙÕZÛ(Ü
bess CVS â2Á�ãÙä=ÎQå=æ¨ç0ÓZÖÙÕ2Û vendortagÜ
start è�é=êwëw¾b¿\ÀdÁ\Î�ÏÙÐ«Ñ�Ó«Í tagÜ
toki111 FADC ìÄÀrí�ÉDìÄÀ�í�îrï IC ¾	î\ï�ðrÀ2Ã(ÎDñbòQÖFó[ôwÎDõ=ö\Ú«Û�÷:øÙÉù�ú ÌFÖ ß ùdû Îªü0ýÿþ����rÚÄÛ����dÌ�Ö	�ÒÛHÍ�
�Î�����ZÑ����[Ì�Í branch

ÎFÏÙÐÄÑ0Ó«Í tagÜ���� ¼b½Ä» ¾ branch¾���� ½ ���2¾w¿\À�Á\Î merge ç0Ó
Ö2ÕÄÛHÜ

toki111-nodelayed empty “toki111” ¾ branchÎ 3 àÙ¾ 3.4.3.3á ¼ ×wØ=Ì\Í������������� �	 !�w÷DøZÉ ù=ú ÚÿÛ�"$#\Î ß$% Ó'&�(Z¾d¿[ÀrÁ\É*)�+ ¼ #ZÛ�,Zü
Î.-$/0"FÌ�Ö[ÏÙÐdÍ tagÜ

snapshot-199907261d¾ “snapshot-19990726-pipeline”¾ branchÉ�!�!ÚÒÛ�"2#�Î ß-$/'"�Ì�Ö	���Z¾w¿\À�Á[ÎFÏÙÐdÍ tagÜ
snapshot-19990726-pipelineFADC ìÒÀ�í!¾23�4 � �'5QÌ[¾�6��2É �	��7 ÚÒÛDÍ�


Î ß�8'9$:0;�9$< ¾bÁQãbÀ$=bÉ�Þ!� þ���>ÙÌ=Í�÷DøZÉ ù=ú Ì�Ö�ü(ý þ?6��bÚ
Û@��A2Ì[ÖB�¨Û�Í!
�¾ ß ù!CED�F branch¾ tagÜ FPGA G��Ò¾ RAM ¾ � �5�Ì=É 809�:0;�9�< 7 Ì�Ö��rÍIH ßJ�K ÚÿÛMLZÀON?P�H�Q	R�SbÖ�T�U�T�V ¼# F þ FXW ÖbÌÙý W Í	Y	Z��wÜ
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E Verilog-HDL
[ \ ] \ ^

E.1 _ ` a b c d e
AutoEx ecute .v N�f?g!hIi2j�k�iml'n�o FADC ð	=�ph�q0r 512 s <�: qtiBuIv�wu�x�yOz*{�| (FPGA }~!i0u�v'wIu�P ) x2P����Bom3�4 �'� 5	�	��=tp�h�qx��B6���z�
B ANY.v �Xw�u :�� h < � � xI� 7���� z���=tp�h�qE����PE��z�H0o % i!�$�X����BF ��=0p	h�qXi!5m�tx	� � u�N����Bom�0��i	�XwIu :�� h < � �X� ���5*�!��z@� BD, CH, EDI ���Ei�� w	u :�� h < � � K �
B BD CH.v B ANY.v i�� w	u :�� h < � � BD[4:0], CH[4:0]

K �
B EDI.v B ANY.v i�� w�u :�� h < � � EDI[15:0]

K �
C *.v ¡�¢ <¤£ ‘*’ i$��¥0��=.p�h@qE�
ChannelContr ol.v Boardorder¦I§�¨ channelkill ¦I§!n�©�ª��.z�«	¬�x¥® fadc

ch.v i ;�¯8 hI��°0��=�p�h@qt± J�K ���t²�z´³!µ�¶ �·�¸ x � z@�
Cloc kContr ol.v ¹�º u�v ¯ u*=E»�¼ � hB½$x��B6���z��=�p	hqE����P���z�Hto%I¾ �	iI�t6�³0µ¿i'��� � �B�EF ��=¿p�hq¤iI³0µ.x�� � uÀN´���tot52�� z��
Cloc kGenerate .v ¹�º�u	v ¯ um='»*¼ � hB½�i2��6�¨�Á�Â0x2Ã�ÄB�¿z@�Å�Æ � ¾Ç Pti'u�v ¯ u2x�k	È��Xz � Á�Â0� ÇÀÉ o�u�v ¯ u�5�	Ê�ËBx*Ì W Ç É ��z��
Connect.v ��='pIh�q.i�Í�¬0Î$Ï'Ð�n	��o�N ¯MÑ ��Ò'pIh�q0±t�tz FADCIF.v iÓ n!� É oEÔ�Ô*±�Õ�º�ÖEi���Ò.p�h@q |�i$×�Ø.x�Æ'Ù'�	�E²0z�
Execute .v ¡�¢�Ú £ imÛX¡�h £ � ��¥0x�oM¹�º��¿�2i!¡�¢$Ú £ ��¥�Ü�Ý � busy ÞßIà n$áOâ�	«�¬B��z@�
FADCIF.v ��Ò'pIh�q¿i2Í�¬0Î2ÏtÐ�ãåä ¯MÑ ��Ò0p$h@q0±'� É o@¹	º I/O ³�µtx2ÆÙ'�	�E²0z�
FastClear .v FastClear im�	¥�Ü�Ý�nmáEâæ��o CAMAC �	Ò�phMq � FADC �	Ò�phq¿xEu�f�ç!� Ç lEn�o FPGA }�è.xEu�féç	��z�
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ImsLink.v INMOS fêÚ0u2n�©2�¿z´«�¬txm¥å ims link c012.v i ß ¯´ë h$�ì°��Ò�p�h�qE±�í�ît���t²0zM³!µ�¶ �·�¸ x � z@�
ImsReadFif o.v INMOS f?Ú0uxï!�2��y.� ¾ ��ð Ç ÛEh�½mi Ç	ñ i FIFO�óò word ôõ

bit �
ImsWriteFif o.v INMOS föÚtu2x*ï'�$�$y¤zæÛ�h!½*i Ç�ñ i FIFO��÷ word ô õ bit �
Isa.v ISA fæÚ'u2iø���ç £��!ù nátâ���oûú0ð*ü � iý ¸ ��o�¡	¢2Ú £ ��¥�î � Òù ½i�Å	Æ � o�¡�¢�Ú £ ��¥'xm¥åû�´þ �0ÿ ��iý ¸ ��o ImsWriteFifo.vi����Eo$¹�º�Û�h'½ FIFO i����Eo FADC ��Ò�p�h@q�iBÞ ß$à x ÿ �!��z��
Parameter .v �0��Ò�p�hq0±�í�î!��zMÆ��Ei�ÆBÙ��
SerialLink.v INMOS f´Ú¿u	xIï����	Û�ht½�x�¨ É	� É �Oz*��ÒEp�h@q¿���
�¿�z��0o�!i��I�X� ��� ã���Òtp	hq¿i�³�µEx	� � u�ä����'o ImsLink.v �×�Ø'��z@�
Trig gerGenerate .v ¹�º ä�f g�h (TZ TRIG, Q TRIG, EB TRIG) ��kB�0zm²2�t¡¢$Ú £ n���z��*º ä��������Bk��¿�$o FADC ��Ò0p���q�r�� ä������m³!µ0xk�ÈB��z@�
fadc params.v �0��ÒEp���qt±�í�� ¾ zìÆ���� ë ß! �'½$xIÆBÙ'���t²�z��
fadc ch.v FPGA �mº"� RAM

� ��2þ � ü �$# úEð�ü � � Ç�ñ ����Ò'p%��qXx2ÆÙ'�	�E²0z�
fadc read.v FPGA �Iº&� RAM �	¦'§Xx�'�(X��ã�� ��)0Õ 1024 *,+2Út¼Iq-�

FADC x/.�Ø��	��þ �tÿ ����Ò�p��q¿x$ÆBÙ0�	�t²�z��
fadc patc h.v .�Ø�þ �0ÿ �I±�þ �BÿB� ¾ Ç FADC Û0��½$x�1�2���z���Ò'p/�Mq.xÆBÙ'���0²tz�
ims link c012.v ä ß Ú ù43 p5��½ � INMOS �?Ú0u�±�×IØ���z IC ±!�'z IMS C012n$þ � ü � # úEðIü � x2¥ é��Ò�p��q¿x$ÆBÙ0�	�t²�z��
logib lox ram.v Xilinx � FPGA n�6 � ü&7 ¾ Ç RAM ��Òtp��q,� ß ¯më � � ãzM�	Ò�p���q.xmÆ�Ù��I�B²'z��*¡*Ú ë
8 q�9	ø�:�±�;-<>= � �/;&? Ú$î���@4�ù � Í�¬ ¸ È!î"��@�� ù x.}5A0Ð�B � ÉDC �0E��.�B�ã�â@�0²FE@�

E.2 G H I J H KML N O
Ô���PB±'� FPGA ��@�� ù ¡�� £ ����Q FADC Û!�0½%�4.�Ø!þ �Eÿ ��B'©�..�Ç º�ÖFB�R�²I��S�TB�UE@��.�Ø�þ �Eÿ ��B�©�.�� Ç º�Ö � ��Q%V�è�Ð�B��
W FPGA �mºF� RAM

W FADC Û&�'½%�%.�Ø�þ �Eÿ �
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W FADC Û&�'½%��1
2
�0Ô � ±t��E5X.Ô ¾ ����Y�Z'��Q�� Ó �0Þ�[ 8]\!^ B4_�`Ua ¾�b ²�E]X
W fadc params.v

W fadc ch.v

W fadc read.v

W fadc patch.v

W ims link.v

W ims link c012.v

W logiblox ram.v

E.2.1 fadc params.v c�d/egf
E.2.1.1 h�ikjml�n�o�p
fadc params.v q	r]s�tvuxwzy]{x|�}�~���x�����m�]� wk���D���k�����������D�k���D��yqDr�sxt>u�w�y���{���� � � ���x x¡ ‘include�x|4¢���£�¤¦¥�§�~g���]�D������¨©~����]� ���� w���q>ª]��«
¤¬{5g���

E.2.1.2 fadc ch.v ®k¯�°�±>²�³D´%µv¶5·]¸
MAX CH ADRS ¹�ºz�5»�yv¼4½�¾]¿��	£�¤ÁÀ��ÂkÃ>Ä]��Å�Æv���kq �gÇD� �D�
MAX BRD ADRS È�w�½D¼4½D¾�¿m�	£"¤ÁÀ��ÂkÃ>Ä]��Å�Æv���kq �gÇD� �z�
MAX ODR ADRS Boardorder ¼�½�¾5¿>�z£�¤À4�ÉÂ�Ã>Ä��>Å�Æv���kq �gÇz� �D�
MAX ADRS FADC ¼/½�¾�¿ ( È�w�½ 5 bit, ¹gº�5»Dy 5 bit, ÊmË 10 bit) �	£�¤ÌÀ���ÂmÃÄ]��Å�Æ5�x�kq �gÇD� �	�
MAX KILL ADRS channelkill RAM {���Í/ÎÏ |�}�~�� RAM s�t�u�wDy��>¼�½�¾v¿�D£�¤ÐÀ��©Â�ÃxÄ���Å>Æ��x��q ��Ç�� ���
E.2.1.3 fadc read.v ®m¯v°g±>²�³D´�µ�¶]·¸
COMPR EMPTY Ñ�w5��Ò]Ó IC � empty � �Ô ��Õ5��Ö]×]�x���]����Ø��D��Ñ�w5��ÒÓ IC � empty � ��Ô q>Ù>Ú�Û � �	{]Ü 0ÏDÝ �/¨¬~��5Ø����zÅ>Æ��x��q ��Ç�� Ø��
DEFAULT COMPR STRB ÑÞwß��ÒàÓ IC� STRB ámâ]��Ñ���ã�y�ä ( åkæ�ç ) Ö�×���k�]���5Øk����Ñ�wm��ÒmÓ IC � STRBá]âvq�Ù�ÚmÛ � �>{]Ü 1

ÏxÝ ��¨�~���Ø����Å�Æ5�x�kq �gÇD� Ø	�
READ COUNT WIDTH è>é�êmë5ì���í Ï ¹gº�m»zy��x¼/½�¾�¿���î5ï5��ð�ñ��g�D� bitò �D�k�m�x�5Ø����zÅ>Æ��x��q ��Ç�� Ø��
STRB INTVL COUNT WIDTH è�é�ê4ë4ì��ó Ï Ñ/w���Ò�Ó IC ôkõ�� STRB á5âg�ò ��î5ï]��Ü�ð�ñ��v��� bit

ò �������	�

Ø��z� STRB INTVL COUNT MAX �xö�÷Ç ~4��ø�ù��Dú>û � Ã]ük¨�ý>þ � {�5���
STRB INTVL COUNT MAX è	é�ê�ë�ì	� ó ÏÑ�wv�zÒ5Ó IC ôkõ�� STRB ávâ�� ò �ÿ�����ÿ îv���]������Ø���� 0

� Ç î�ï� ÷��	��{vÜ��	�]� ÿ��
��ÿ î5q STRB
INTVL COUNT MAX

Ï
1 ����ï��î Ï ���� � t �>ÿ ���kÊ�� 0
Ï�Ý ���/�>���q>{]ü � ØD�

ADRS INTVL COUNT WIDTH èvé�ê�ë4ìv�ó Ï
FADC ¹>ºÁ�k»Éy�ý���¤���}����	������ Ï ÿ����Dÿ �	î]ï]��ð>ñD�v�z� bit

ò
���v�g�m��Ø���� ADRS INTVL COUNT
MAX �Dö�÷ Ç ~���ø�ùk�	ú�û � Ã�ü�¨�ýþ � {5����

ADRS INTVL COUNT MAX è�é�ê�ë4ìv� óÏ
FADC ¹�ºz��»�y]ý���¤���}��z������ ÿ����	ÿ îm�D���m�	��Øk��� 0

� Ç î]ï� ÷��	��{vÜ��	�]� ÿ��
��ÿ î5q ADRS
INTVL COUNT MAX

Ï
1 ����ï��î Ï ���� � t �>ÿ ���kÊ�� 0
Ï�Ý ���/�>���q>{]ü � ØD�

E.2.1.4 fadc patc h.v ®�¯
°�±/²U³�´�µ¶�·g¸
SUM Ñgw]��Ò�Ó IC ��Ò�Ó�smw�½©ý SUM s�w½����xü Ï Ü fadc patch mode ram st�u�w�y�� RAM ý��� !����Ä5��ÅkÆ���kq ��Ç�� ØD�
CRAW Ñ/wg��Ò�Ó IC �xÒ]Ó�svw%½�ý CRAWs�w
½]�"�/ü Ï Ü fadc patch mode

ram s�t�u�w	y%� RAM ý
�# $����Ä��Å�Æ5����q ��Ç�� Ø��
HIST Ñgwm��ÒmÓ IC ��ÒmÓkskw�½Éý HIST smw½����xü Ï Ü fadc patch mode ram st�u�w�y�� RAM ý��� !����Ä5��ÅkÆ���kq ��Ç�� ØD�
RAW Ñvw���ÒmÓ IC �zÒkÓkskw�½ ý RAW s�w½����xü Ï Ü fadc patch mode ram st�u�w�y�� RAM ý��� !����Ä5��ÅkÆ���kq ��Ç�� ØD�
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E.2.1.5 ims link.v ®�¯4°�±�²"³>´�µ%¶/·¸
ä � ��¿�%�uzwk�z� INMOS &Ð� ÿ � I/O �(') ��� IC {�v� IMS C011 ��' ) �g��s�tgu�wy�� �m�g� wm�Ð� IMS C011 q�*#+#,�-�.m{�v��#�zý#/�0k��k�x{mÜ ims link.v q�1�25qx|}�~v��Ø � Øz�

IMS LINK RESET WIDTH

IMS LINK RESET COUNT

IMS LINK TIMEOUT WIDTH

IMS LINK TIMEOUT COUNT

E.2.1.6 ims link c012.v ®�¯�°�±�²0³m´µ�¶�·g¸
DEFAULT IMS notCS IMS C012 � notCS áâ5�	å]¼ ÿ(3"465 í���Ä]� notCS ámâ�qÙ�Ú>Û � ��{kÜ 1

ÏDÝ ��¨¬~v��Øk����Å�Æ���kq �gÇz� Ø��
DEFAULT IMS RS IMS C012 � 2 bit � RS áâv��å5¼ ÿ�37465 í���Äv��8 Ï '	9�q�:Øx��{ 0

Ï	Ý ��¨©~v�5Ø��z�
DEFAULT IMS RnotW IMS C012 � RnotW áâ]�Då]¼ ÿ�3;4<5 í��zÄ�� RnotW ákâmq= Ú>Û�{kÜ��	��á�â>ý�>]����ü IMS C012q INMOS &¬� ÿ?� Ç Ñ�wm����ê�ë�¥mëkÜ@ �A��üDÑ�w5����ê5ë�ì��	��8 Ï 'B9>q

:�Ø���Ø��	{ 0
Ï	Ý ��¨É~g�vØ��z�

E.2.2 fadc ch.v CEDGF$H
E.2.2.1 h�ikjml�n�o�p
���g�m����y/{gq�è5é�ê�ë/ìv�ví Ï FADCÑ/wg�x��ê�ë�ì���� Ï þ �g� Ñ�w��>�#�# ��kÜI ~ Ç �zÑ�w5� Ï ê5ë�ì��EJLKgü	¥]ë���MON stvu>w�yg���k�]���vØ��z�

E.2.2.2 fadc kill channel ram PRQTSv·U

P
QTSv· UWVBXZY
FADC ¹�ºz�]»\[��	ê5ë�]�^�_ ��` N ��a�b÷Zc Channelkill ÑZd!e�f��� 7�>Ü I fxêvë�ìg JLK	h�imë a MTNkj

l7m$n�o ·qp V	XWY
cloc k 1 bit f�*�r
s�d�ätj ÿ#���>ÿ ákâ a *�r

_Zc(j Positiveedgeu#v�w
_Zc(j

reset 1 bit f�*�r
s�d�ätj�å$x\yz&<{ � ä ámâa *�r#_!c|j Positiveedgeuq&�{ � ä~}�v
w
_Zc�j

clear 1 bit f�*�r
s
d�ätjAx�yz&<{ � ä á�â a
*�r�_$c�j 1

a *�r�_$c�� ÿ����	ÿ f pos-
itiveedgef
e��;��� Ô u�&�{ � ä~}�v�w
_Zc�j

busy 1 bit fmì�r�s#d4ätj(��� ó�� 0
a ì?r g Ü

v�w ó�� 1
a ì?r�_Zc?j

drive read 1 bit f�*;rWsGd�ä�j$�Afmá�âB}
1 f���h fadc kill channel ram ���� d�[ � è>é�êmëmì g ��d$��u�v�w�_Bc�jè�é>êmë�ì g ��dB��u � Ü board s#d%ä ,
address s�d%ä Ï *�rB���$��Z�<����f
kill �#} 2

ÿ����zÿ|� Ï
kill out s#d�äôvì?rZ�<�gÜ board, address s�d�ä<f

�Z�<��� a���� �6�Gc�����u�è�é g�� kill
� a ê]ë]ì�_!���?}�u!h
c(j

read enable 1 bit f�*�r
s�d�ätj busy s�d�ä
fmì\r#} 0 f���h
��f�s�d�ä Ï 1 }�*�r
���Gc���Ü fadc kill channel ram �
� � d([ � board, address s�d�ä<f��
���!� a ê
��u]Ü I f��7�(�!�#f kill �a
kill out s�d�ä Ï ì�r�_Gc(j#v�w ó�
busy s�d�ä Ï 1 }gì\rZ�<��c�j

write enable 1 bit f(*�r�s�d%ätj busy s�d4ä
fmì\r#} 0 f���h
��f�s�d�ä Ï 1 }�*�r
���Gc���Ü fadc kill channel ram �
� � d�[ � board s#d�ä , address s#dä<f��;������� kill in s�d%ä<f kill �a ê
�#u5Ü I f��W���A� Ï Ü�*�r;�6�;
KILL � a Ý�� _$c(j�v�w ó�� busy s#dä Ï 1 }gì\r;����c(j

fill 1 bit f�*
r	s
d�ä�j busy s!d�ä�f�ì�r�}
0 f	�!hB��f�s;d
ä Ï 1 }A*$rq�(��c
�zÜ fadc kill channel ram ��� � d
[ � kill in s
d�ä�f kill � a ê
��uvÜ� � f�� ���!��f kill � a I f�� Ï�Ý#�
_$c|j�v�w ó�� busy s#d�ä Ï 1 }5ì�r$�
�qc�j

boar d 5 bit f\*#r�s�d4ätj FADC ��� � d?[	f
�G�|�
� a *�r�_Zc�j

channel 5 bit f?*�r�s#d%ätj\¡!¢���£?[	f��;�
�
� a *�r�_Zc(j

pipeline boar d out 5 bit f�ì�r�s�d/ätj¦è�é�êëvì g �
dZ�?f�¤	dB�(�G���A�?��} 1
ÿ

�
��ÿ�¥ � � ì\r;�<��c�j
pipeline channel out 5 bit f5ì�rAs!d�ätjxèémê]ë5ì g ��d;�\f�¡$¢?�A£�[$�G���!�

��} 1
ÿ��
�>ÿ|¥ � � ì\r;�<��c�j

kill in 1 bit f?*�r�s�d4ä¦j kill � a *�r�_Zc?j
kill out 1 bit f>ì|r�s�d/ä¦j kill ��}�ì|r!��� c<j
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E.2.2.3 fadc boar d order ram P QOS!§U

P
QTS!§ UWVBXZY

FADC ��� � d�[ a êkëmì�_�¨�© (boardorderª�«
) f(�� B��Ü I fzêkë�ì g J¬K
h(ikë a MNkj

l7m$n�o §qp V	XWY

cloc k 1 bit f�*�r
s�d�ätj ÿ#���>ÿ ákâ a *�r
_Zc(j Positiveedgeu#v�w
_Zc(j

reset 1 bit f�*�r�s
d�ätjxå$x\y�&�{ � äÐámâa *�r�_$c|j Positiveedgeu�&�{ � ä~}�v
w�_Zc(j

clear 1 bit f�*�rAs�d�ä�jAx�y�&�{ � äÌámâ a
*�r#_	c|j 1

a *�r�_	c�� ÿ����	ÿ f pos-
itiveedgef
e��;��� Ô u&�{ � äk}#v�w
_Zc(j

busy 1 bit fkì(r�s�d4ä�j���� ó�� 0
a ì?r g Ü

v�w ó�� 1
a ì\r�_Zc�j

drive read 1 bit f?*�r�s#d%ätj���f�á�â�} 1 f
��h fadc board order ram ��� � d
[ � è�émê5ë]ì g ��dG��u�v�wA_Gc(j�èé�ê�ë]ì g ��dB�6u � Ü order s�d4ä Ï
*�rZ���$ boardorder �;���
��f\¤!d	�
�;�|���(��} 1

ÿ����	ÿ�� Ï
board out

s�d4ä�®vì?rB����Ü order s�d4ä<f��;�
�!� a���� ���"c�����u>è�é g�� ¤!d$�
�G���A�(� a ê]ë]ì�_	���(}�uAhAc?j

read enable 1 bit f�*�r�s�d4ä¦j busy s�d4ä
f�ì�rA} 0 f!�
h!��f�sBd�ä Ï 1 }
*
r�\�Ec��]Ü fadc board order ram�
order sAd�ä�f boardorder �7�(�	�a ê
��u5Ü I f��W�(�
�#f�¤AdZ�(�G�(�
��� a board out s#d�ä Ï ì�r#_	c|j|v
w ó�� busy s�d�ä Ï 1 }gì\rZ����c(j

write enable 1 bit f\*�r�s�d%ä�j busy s#d%ä
f�ì�rA} 0 f!�
h!��f�sBd�ä Ï 1 }
*
r�\�Ec��]Ü fadc board order ram�
order sAd�ä�f boardorder �7�(�	�
� board in f�¤!dZ�(�G�(�A�\� a ê
�
u�Ü I f��B�<��� Ï Ü�*�r	���$\¤�d!�6�
������� a Ý�� _$c|j6v�w ó�� busy s#dä Ï 1 }gì\r;�<��c�j

order 5 bit f(*�r�s�d%ätj boardorder �;�|���a Ý�� _Zc(j
boar d in 5 bit f?*�r�s�d%ä�j6¤�d!�6�Z�6���|�a *�r�_Zc(j
boar d out 5 bit fkì?r�s�d4ä�j\¤
d$���;�����

��}gì\rZ����c(j

E.2.2.4 fadc patc h mode ram P QzSA§U

P�QOSA§ UGVBX;Y

FADC ��� � d�[#¯�f�Ò�Ó��#dA�|f\�� $�zÜ I
f�ê]ë�ì g J°K	h�i�ë a MRN±j
l7m$n#o §"p V$X;Y

cloc k 1 bit f�*�r�s�d�ätj ÿ��
�xÿ ámâ a *�r
_Zc�j Positiveedgeu�v�w
_Zc(j

reset 1 bit f�*�r
s�d�ätj�å$x\yz&<{ � ä ámâa *�r#_!c|j Positiveedgeuq&�{ � ä~}�v
w
_Zc�j

clear 1 bit f�*�r
s
d�ätjAx�yz&<{ � ä á�â a
*�r�_$c�j 1

a *�r�_$c�� ÿ����	ÿ f pos-
itiveedgef
e��;��� Ô u�&�{ � ä~}�v�w
_Zc�j

busy 1 bit fmì�r�s#d4ätj(��� ó�� 0
a ì?r g Ü

v�w ó�� 1
a ì?r�_Zc?j

drive read 1 bit f?*�r�s#d�ätj���f�á�â�} 1 f
��h fadc patch mode ram ��� � d�[� è�é�ê]ë5ì g ��d;��u#v�wA_;c?jxè�éê�ë]ì g ��d$�6u � Ü board s�d4ä Ï *
r7���W��"�(�$��f�ÑZd	e�Ò�Ó IC fxÒÓA�!dG���
} 1

ÿ�����ÿ?� Ï
mode out

s�d%äÁô5ì?rZ���gÜ board f��W���
� a��� ���7c����(u>è>é g�� Ñ	d
e�ÒmÓ IC
f�Ò�Ó���dB�²� a êmëkì�_A����}�u
h�c�j

read enable 1 bit f�*�r
s�d�ätj busy s�d�ä
fmì\r#} 0 f���h
��f�s�d�ä Ï 1 }�*�r
�<�7c��	Ü fadc patch mode ram ���� d([ � board s�d�ä<f�¤
dB�|�;���
�a ê���u]Ü I f�� �|�
��f�ÑBd�e�ÒmÓ IC
f�ÒmÓ
��dG�<� a mode out s
d�ä Ï ì
r#_!c�j�v�w ó�� busy s#d�ä Ï 1 }vì�r
�6�"c�j

write enable 1 bit f(*�r�s�d%ätj busy s�d4ä
fmì\r#} 0 f���h
��f�s�d�ä Ï 1 }�*�r
�<�7c��	Ü fadc patch mode ram ���� d([ � board s�d�ä<f�¤
dB�|�;���
�
� mode in s�d�ä�f�ÑBdAe�Ò]Ó IC fzÒÓ��#dA��� a ê���u�Ü I f��B�<��� Ï Ü�*
rB�²�$�Ñ$d�eÉÒmÓ IC f�ÒmÓ#�#dB�²� aÝ�� _$c|j�v�w ó�� busy s�d�ä Ï 1 }5ì
r;����c�j

fill 1 bit f�*
r	s
d�ä�j busy s!d�ä�f�ì�r�}
0 f	�!hB��f�s;d
ä Ï 1 }A*$rq�(��c
�	Ü fadc patch mode ram ��� � d([�
mode in s�d�ä�f�ÑBdAe�Ò]Ó IC fzÒÓ
��d;�6� a ê
�#u]Ü � � f�� ���A�#fÑ!d�e©ÒkÓ IC f�ÒmÓ���dB�²� a I f(� ÏÝ�� _$c|j�v�w ó�� busy s�d�ä Ï 1 }5ì
r;����c�j
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boar d 5 bit f\*#r�s#d4ätj�¤�d$�|�;����� a *
r�_Zc(j

mode in 2 bit f\*�r
s�d�ä�jxÑ!d
e�Ò�Ó IC fÒmÓ���dB��� a *�r�_Zc(j
mode out 2 bit f�ì�r�s�d%ätjÁÑ
d#eÉÒ�Ó IC fÒmÓ���dB����}gì\r;�<��c�j
E.2.2.5 fadc channel counter P�QTS!§U

P
QTS!§ UWVBXZY

fadc channel seq read umè]évê�ë�ì gí Ï �W���
� a îvï	c\f Ï�³�´ �qc(j
l7m$n�o §qp V	XWY

cloc k 1 bit f�*�r
s�d�ätj ÿ#µ��>ÿ ákâ a *�r
_Zc(j Positiveedgeu#v�w
_Zc(j

reset 1 bit f�*�r�s
d�ätjxå$x\y�&�{ � äÐámâa *�r�_$c|j Positiveedgeu�&�{ � ä~}�v
w�_Zc(j

clear 1 bit f�*�rAs�d�ä�jAx�y�&�{ � äÌámâ a
*�r#_	c|j 1

a *�r�_	c�� ÿ�µ��	ÿ f pos-
itiveedgef
e��;��� Ô u&�{ � äk}#v�w
_Zc(j

drive 1 bit f�*�r�s�d�ä�j$��f�sAd�ä Ï 1 }�*
r$���Wc���v�w g Ü 0 }�*�r	�²�"c���¶#·
_Zc(j

boar d num 5 bit f�*�rAs
d4ä¦j�¤!dB��î a *
r�_Zc(j

increase 1 bit f?*�r�s�d4ä¦j drive s�d4ä�}
1 fA��h�ÜA��f	á]â$¸ 1

a *�r�_Gc��kðñ��$e�fxî�}�¹ �?º ï!c�j
overflo w 1 bit f5ì�r!s�d�ä�j�ðkñ��Ze�f�î�}

¤!dZ�©î a�» ï ��¼ d�½Ad�¾ µ d g A�
h#¸ 1 }gì\r;�<��c�j

count 10 bit fmì�r�j�¿�À	¸mð�ñ��;e�}�îvï�î#}gì\rZ����c(j
E.2.2.6 fadc channel data pipeline P

QTS!§ U

P
QTS!§ UWVBXZY

fadc channel seq read u ³�´ �]Ü è�é>êë�ì g í�¸�Á
��� � d?[ �ZÂ ê]ë�ì g �ÃBdAea x\yG��� c�j

l7m$n#o §"p V$X;Y

cloc k 1 bit f�*�r�s�d�ätj ÿ�µ
�xÿ ámâ a *�r
_Zc�j Positiveedgeu�v�w
_Zc(j

reset 1 bit f�*�r
s�d�ätj�å$x\yz&<{ � ä ámâa *�r#_!c|j Positiveedgeuq&�{ � ä~}�v
w
_Zc�j

clear 1 bit f�*�r
s
d�ätjAx�yz&<{ � ä á�â a
*�r�_$c�j 1

a *�r�_$c�� ÿ�µ��	ÿ f pos-
itiveedgef
e��;��� Ô u�&�{ � ä~}�v�w
_Zc�j

drive 1 bit f?*�r
s�d�ätj	��f�s�d�ä�¸ 1 }�*
rB���"c���v�w g Ü 0 }�*�r$���"c���¶�·
_Zc�j

kill in 1 bit f�*�r�s�d�ätj fadc kill chan-
nel ram ��� � d([	f kill out s�d4ä
fmì?r a�Ä é
_Zc(j

patc h mode in 2 bit f	*Wr"s7d0ä�j fadc
patch mode ram � � � d
[�f mode
out s�d�ä6fmì\r a�Ä é
_Zc(j

boar d in 5 bit f!*"r�sqd,ä�j fadc kill
channel ram ��� � d�[$f pipeline
board out s�d4ä6f�ì?r a�Ä é�_Zc?j

channel in 5 bit f�*!r$s$d�ätj fadc kill
channel ram ��� � d�[$f pipeline
channel out s�d%ä�f�ì\r a�Ä é�_Bc�j

kill out 1 bit fkì(r�s�d4ätj kill in s�d%ä6¸
*�r!���!�á�â�}kÜkÅ�f�á�â!��x|y�_	c�Æ
N<¸�e��Z�²� Ô a�Ç�È ��� � ì�rB���"c|j

patc h mode out 2 bit f�ì�rAs
d�ätj patch
mode in s�d4ä<¸\*#rB�<�$Dákâ�}]Ü�Å
f�ámâ;��x\y
_;c#ÆBN|¸Ae��G�<� Ô a�ÇÈ ��� � ì\r;�<��c�j

boar d out 5 bit fmì(r�s�d�ätj board in s�dä�¸\*�rG�<�;	ámâ�}vÜ�Å$f	á�âB��x�y
_;c#ÆBN�¸
e��G�<� Ô a�Ç�È �6� � ì�r
�6�"c�j

channel out 5 bit f�ì�r�s#d%ä�j channel in
s�d�ä|¸�*�rG�6�Z	á]â#}vÜ�Å$fzá]â;�
x�y�_;c#ÆBN�¸Ae��G�6� Ô a�Ç�È �<� �ì\rZ�<��c�j

E.2.2.7 fadc channel seq read P�QqS
§U

P�QOSA§ UGVBX;Y

è�ékê5ë5ì g í�¸�Á RAM f ª�« a è�é g��ê]ë5ì�_�j
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l7m$n�o §qp V	XWY

cloc k 1 bit f�*�r
s�d�ätj ÿ#µ��>ÿ ákâ a *�r
_Zc(j Positiveedgeu#v�w
_Zc(j

reset 1 bit f�*�r�s
d�ätjxå$x\y�&�{ � äÐámâa *�r�_$c|j Positiveedgeu�&�{ � ä~}�v
w�_Zc(j

clear 1 bit f�*�rAs�d�ä�jAx�y�&�{ � äÌámâ a
*�r#_	c|j 1

a *�r�_	c�� ÿ�µ��	ÿ f pos-
itiveedgef
e��;��� Ô u&�{ � äk}#v�w
_Zc(j

busy 1 bit fkì(r�s�d4ä�j���� ó�� 0
a ì?r g Ü

v�w ó�� 1
a ì(r�_$c|j fadc channel

seq read ��� � d?[G¸�É�Ø � � Ü�è�éê]ë�ì g ��d;�\f�Ê�y � íA�(Ë!Ì�í#f�ÍÛ ó ¸ 1
a ì\r�_Zc�j

mode 1 bit fkì?r�s�d4ätj�è>é�êmë�ì g ��d	�
u#v�w ó ¸ 1

a ì\r�_Zc�j
setup 1 bit f\*#r�s�d4ätj���� ó ¸ 1

a *�r�_
c���Ü�Î���Ï	Ð���� a Ê#y � g�� è�émêëvì g ��dB� a#Ñ � _Zc(j

pop 1 bit f\*#r�s#d4ätj�è>é�êmëmì g ó ¸ 1
a

*�r�_Zc���Ü�Ò!f\Ã$d
e a ê�ë]ì�_�j
boar d num 5 bit f�*�rAs
d4ä¦j�¤!dB��î a *

r�_Zc(j
drive kill ram read 1 bit f�ìqrEsÓd ä�j

fadc kill channel ram �;� � d�[
f drive read s�d�ä�f�*�r�¸ Ä é�_!c6j

drive order ram read 1 bit f�ì	r�s"d&ätj
fadc board order ram �Ô� � dq[
f drive read s�d�ä�f�*�r�¸ Ä é�_!c6j

drive patc h mode ram read 1 bit f>ì\r�s#dä�j fadc patch mode ram ��� � d�[
f drive read s�d�ä�f�*�r�¸ Ä é�_!c6j

order address 5 bit f]ì�r	s!d�ätj�èmé5êgëì g í
f boardorder �7���$� a ì�r!_
c�j fadc board order ram ��� � d
[$f order s�d�ä<f\*�r	¸ Ä é
_Zc�j

boar d address 5 bit f5ì�r!s
d�ä�j�èké�êvëì g íBfA¤ d���z��� � a ì�r;_Rc#j
fadc kill channel ram �;� � d�[
f board s�d�ä6f?*�r	¸ Ä é
_Zc�j

channel address 5 bit f]ì�rAsAd�ä¦j�èké]êë�ì g í�f�¡B¢?�
£\[$� ���A� a ì\r�_
c6j fadc kill channel ram ��� � d
[$f channel s�d�ä6f�*�r	¸ Ä é
_Zc(j

pipeline boar d in 5 bit f�*�r�s
d�ä�j�è�ékêë%ì g í	f�¤;d"������;��}A*Br"�\�
c6j fadc kill channel ram ��� � d
[;f pipeline board out s
d�ä|f5ì
r a�Ä é�_Zc(j

pipeline channel in 5 bit f�*�r
s�d4ä¦jxè�éê5ë]ì g í�f�¡;¢?�A£�[!�W�(�A��}�*�r
���Gc�j fadc kill channel ram ���� d\[Bf pipeline channel out s�dä<f�ì�r a�Ä é
_Zc�j

kill in 1 bit f�*	r	s	d�ä�jxè]é5êgëgì g í
f
channelkill ÃBdAe�}�*�r;�6�c(j fadc
kill channel ram ��� � d6[Af kill
out s�d�ä6fmì\r a�Ä é
_Zc(j

boar d in 5 bit f�*
r!s�d�ä¦jxèmé�ê5ëvì g í
f�¤!d;�(�7���	��}#*�rG�|�c\j fadc
board order ram �\� � d�[�f board
out s�d�ä6fmì\r a�Ä é
_Zc(j

patc h mode in 2 bit f�*
rAsAd�ä¦jxèmé�êvëì g í#¸ FADC ��� � d([�¯Af�Ã!d
e|ÕÖ
IC f?Õ Ö ��dZ��}�*#rZ���qc�j fadc

patch mode ram � � � d
[�f mode
out s�d�ä6fmì\r a�Ä é
_Zc(j

kill out 1 bit f]ì\rAs�d�ä�j�è�ékê5ë]ì g í#f
channelkill Ã$d
e�}�ì\r;�6�"c�j

patc h mode out 2 bit f�ì�r�s#d�ätj�è�é�êkëì g í#f FADC ��� � d([�¯Af�Ã!d
e|ÕÖ
IC f(Õ Ö ��dZ��}gì\rZ����c(j

boar d out 5 bit fkì�r�s�d%ä�j�è>é�ê�ëmì g í
f�¤
dZ���G���
��}�ì\rZ�<��c�j

channel out 5 bit fkì(r�s�d%ätj�è>é>êmë]ì gí#f�¡;¢?�
£([$�G���
�\}�ì\r;�<��c�j
E.2.2.8 fadc channel P�QTS!§ U

P�QOSA§ UGVBX;Y

fadc ch.v ¾�×���[�u ��Ø �²�!\Á���� � d
[ a�Ù�Ú _Zc�Ü�Û���Ü
��� � d([!j
l7m$n#o §"p V$X;Y

cloc k 1 bit f�*�r�s�d�ätj ÿ�µ
�xÿ ámâ a *�r
_Zc�j Positiveedgeu�v�w
_Zc(j

reset 1 bit f�*�r
s�d�ätj�å$x\yz&<{ � ä ámâa *�r#_!c|j Positiveedgeuq&�{ � ä~}�v
w
_Zc�j

clear 1 bit f�*�r
s
d�ätjAx�yz&<{ � ä á�â a
*�r�_$c�j 1

a *�r�_$c�� ÿ�µ��	ÿ f pos-
itiveedgef
e��;����Ý�u�&�{ � ä~}�v�w
_Zc�j

busy 1 bit fmì�r�s#d4ätj(��� ó�� 0
a ì?r g Ü

v�w ó�� 1
a ì?r�_Zc?j

read kill 1 bit f�*#r�s#d%ätj|����Þ�ß�u!��f�áâ�} 1 ¸�à	c�� channelkill Ã	d�e�f	êmëì g a MTN±j
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write kill 1 bit f�*ArAs
d"á�j�����Þ
ß�uB��fâ#ã } 1 ¸�à$c�� channelkill ÃAd�e�f�K
h�imë a MRNkj

fill kill 1 bit f(*#r�s#dWátj|����Þ�ß�uA��f â#ã
} 1 ¸�àBc�� channelkill Ã	d�e�f\Ê�y �a MTN±j

read order 1 bit f�*
r
sAdqá�j�����ÞAß�uZ�
f â�ã } 1 ¸�àBc�� boardorder Ã!d
e�fê�ëvì g a MzNkj

write order 1 bit f�*�r�s
d"á�j�����ÞAß�u$�
f â�ã } 1 ¸�àBc�� boardorder Ã!d
e�f
K!h�imë a MzNkj

read patc h mode 1 bit f�*�rAs�d"á�j�����Þ
ß�u	��f â�ã } 1 ¸�à$c���Ã	d�e�Õ Ö IC
f�Õ Ö ��dB��Ã$d
e�f	ê]ë5ì g a MzNkj

write patc h mode 1 bit f\*#r�s�d átj�����Þ
ß�u	��f â�ã } 1 ¸�à$c���Ã	d�e�Õ Ö IC
f�Õ Ö ��dB��Ã$d
e�f�K	h�imë a MzNkj

fill patc h mode 1 bit f�*�r�s�d"átj��#��Þ�ß
u!��f â�ã } 1 ¸�à	c���Ã!d�e<Õ Ö IC f
Õ Ö ��dB��Ã$d
e�f�Ê�y �!a MzNkj

order 5 bit f(*�r�s�dWátj boardorder �;�|���a *�r#_!c|j read kill s�dWá , write
kill s�d7á6f\ä�å�u ³�´ �qc(j

boar d 5 bit f�*
r	s!dátj�¤$dG���"�?�$� a
*
r!_Wc�j read kill s!d�á , write
kill sBdTá , read patch mode sBd
á , write patch mode s�d á<f(ä�å�u³�´ �qc�j

channel 5 bit f�*!r	s!dá¦j�¡B¢?�!£�[Z�7�
�"� a *;rG_Tc�j read kill s dÔá ,
write kill s�d7á6f\ä�å�u ³�´ �qc�j

kill in 1 bit f\*�r�s�d á�j channelkill Ã!d�e a
*
r!_Wc�j write kill s!d�á , fill
kill s�d7á6f\ä�å�u ³�´ �qc(j

kill out 1 bit fmì(r�s�dWá¦j Channelkill Ã	d�e
}5ì(r$�²�7c|j read kill s#dWá²f(ä�å
u ³�´ �qc�j

boar d in 5 bit f�*
r!sAdqá�j�¤	d;��ÃBd!e a
*�r
_Wc�j write order sAdqá�f�ä
å
u ³�´ �qc�j

boar d out 5 bit fkì?r�s�d á�j\¤
d$���;�����
}gì(r;����c�j read order s�d á6f(ä
å�u ³�´ �7c(j

patc h mode in 2 bit f�*Ar!sAdqátj�ÃZd!e(ÕÖ
IC f�Õ Ö �Gdq�\Ã"dWe�}$*;r���

c�j write patch mode s�d7á , fill
patch mode s�d7á6f\ä�å�u ³�´ �qc�j

patc h mode out 2 bit f�ì\r�s#d átj�ÃAd�e�ÕÖ
IC f�Õ Ö �Ad$�<Ã$dAe�}�ì\rG�<��c(j

read patch mode s�d"á6f\ä�å�u ³�´
�qc�j

seq read mode 1 bit f�ì�r�s�d"á¦j�æ�ç�è
éì g ��dZ��u#v�w ó ¸ 1 }gì\r;�6�"c�j
seq read setup 1 bit f?*
r�s�d"á¦j	��f â�ã

¸ 1
a *�r�_Zc��?æ�ç�è�é�ì g ��d;� aÑ � _;c�j

seq read pop 1 bit f�*#r�s�dWátj�æ�ç�è�é5ìg �#dA��u
�\f â�ã ¸ 1
a *�r�_!c��\ê�Ò

f kill �|� �	ë à ë ¡B¢?�
£�[Bf�ÃBd!ea è!é5ì�_�j Kill �|�G�¡B¢\�!£�[ a è
é#]�^ g��Bë c � � ê busy ¸ 1 }�ì�r
�6�"c�j

seq read boar d num 5 bit f(*�r�s�dZá¦jkæ�ç
è�é>ì g ��d
�²u\è�ékì�_ FADC ��� � d
[$fDî a *�r�_Zc(j

seq read patc h mode out 2 bit f/ì�rGsBd
á�j�æ�ç�èAé5ì g �
d;��u�èAé5ì	�6�;
Ã!d�e6Õ Ö IC f�Õ Ö ��dB��f(ÃAd�e�}�ì
r;����c�j

seq read boar d out 5 bit fkì�r
s�d7á�j�æ�ç
èAé]ì g ��dG��u�èAé]ìA���B�¤!dB�(�
������}�ì\r;�<��c�j

seq read channel out 5 bit f�ì\r�s�d átj�æ
ç�è
é5ì g ��d;��u�è�évìA���B�¡B¢?�
£\[A�G���
��}�ì\r;�6�"c�j

E.2.3 fadc read.v CÔDWF$H
��fB¾#×���[;u � æ!ç	è;é;ì g$í ¸ FADC

Ã$d
e a è
é
ì�_#�#� � d([ a ��ØAg��!ë c�j

E.2.3.1 fadc read empty P�QOS!§ U

P�QOSA§ UGVBX;Y

ÃBdAe�Õ Ö IC f empty ¾�Ð�Ý a�î�ï ¸�ðAé
i!ñ�j

l7m$n#o §"p V$X;Y

cloc k 1 bit f�ò�r�s�d7átj$ó µ
ô ó â�ã a ò�r
_Zc�j Positiveedgeu�v�w
_Zc(j

reset 1 bit f�ò�r
s�d"átj�õ$x\yzö<{ ô á â�ãa ò�r#_!c|j Positiveedgeuqö�{ ô á~}�v
w
_Zc�j

drive 1 bit f?ò�r
s�d7átj	��f�s�d"á�¸ 1 }�ò
rZ�²�B÷�ø�h�ê|Ã	d�e�Õ Ö IC ù Â ð�é�i
��ú empty ¾�Ð?Ý a empty s#d á�¸#ì�r
_Zc�j
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empty 1 bit f�ì\r�s�d7átj�Ã$d
e|Õ Ö IC ù Â
ð�é�i��#ú FADC f empty ¾�Ð�Ý�f(��}
ì\rZ���qc�j

compr empty 1 bit f\ò�r�s�d á¦j�Ã$d
e�Õ Ö
IC f empty ¾#Ð�Ý
f�ì\r a�Ä ç
_Zc?j

E.2.3.2 fadc read data û�QTS!§ U

û
QTS!§ UWVBXZY

FADC Ã$d
e a�î�ï ¸\ð�é�i!ñ�j

l7m$n�o §qp V	XWY

cloc k 1 bit f�ò�r
s�d7átj	ó µ�ô ó â�ã a ò�r
_Zc(j Positiveedgeu#v�w
_Zc(j

reset 1 bit f�ò�r�s
d7átj�õ$x\y�ö�{ ô á â�ãa ò�r�_$c|j Positiveedgeu�ö�{ ô á~}�v
w�_Zc(j

drive 1 bit f�ò�r�s�d"á�j$��f�sAd7á�¸ 1 }�ò
rB���$÷
ø�h�ê6Ã!d�e6Õ Ö IC ù Â ð�é�i
�#ú�Ã	d
e a data s�d"á6¸�ì\r�_Zc�j

data 16 bit f
ì�rAsAd"átj�ÃBd	e�Õ Ö IC ù Â
ð�é�iBü6�B÷�Ã$d
e�}Bì\r;����c(j

compr data 16 bit f�ò�r!s
d�átj�Ã;d!e�Õ Ö
IC f\Ã$d
e�ì\r a�Ä ç
_Zc�j

E.2.3.3 fadc read overflo w û�QTS!§ U

û
QTS!§ UWVBXZY

ÃAd�e6Õ Ö IC f ¼ d�½�d#¾ µ d�¾�Ð?Ý a�î�ï
¸�ð�é�iAñ�j

l7m$n�o §qp V	XWY

cloc k 1 bit f�ò�r
s�d7átj	ó µ�ô ó â�ã a ò�r
_Zc(j Positiveedgeu#v�w
_Zc(j

reset 1 bit f�ò�r�s
d7átj�õ$x\y�ö�{ ô á â�ãa ò�r�_$c|j Positiveedgeu�ö�{ ô á~}�v
w�_Zc(j

drive 1 bit f(ò�r#s�dGátj(��f â#ã f�ò�r�} 1 f
ø�h�ê|Ã!d�e�Õ Ö IC ù Â ð�é�i���ú ¼ d
½�d�¾ µ d�¾#Ð?Ý a overflow s�d á<¸
ì\r�_Zc(j

overflo w 1 bit f�ì(r�s�dWá¦j\Ã!d�e�Õ Ö IC ùÂ ðAé�i
�#ú ¼ d�½Ad�¾ µ d
¾�Ð�Ý�}$ì
rZ�<�c�j

compr overflo w 1 bit f?ò�r�s�d á�j�Ã	d�e�ÕÖ
IC f ¼ d�½�d�¾ µ d�¾�Ð(Ý�f�ì�r a�Ä

ç�_Zc(j

E.2.3.4 fadc read û�ýTþ!§ U

û�ýOþA§ UGVBX;Y

FADC Ã	d
e�f\æ#ç�ð
éAì g a�ÿ�� j

l7m$n#o §"p V$X;Y

cloc k 1 bit f�ò�r�s�d7átj$ó µ
ô ó â�ã a ò�r
_Zc�j Positiveedgeu�v�w
_Zc(j

reset 1 bit f�ò�r
s�d"átj�õ$x\yzö<{ ô á â�ãa ò�r#_!c|j Positiveedgeuqö�{ ô á~}�v
w
_Zc�j

clear 1 bit f�ò�r
s
d7átjAx�yzö<{ ô á â�ã a
ò�r�_$c�j 1

a ò�r�_$c�ø�ó µ�ô ó\f pos-
itiveedgef
e��;����Ý�u�ö�{ ô á~}�v�w
_Zc�j

busy 1 bit f�ì�r�s#d átj������ � 0
a ì?r g ê

v�w�� � 1
a ì?r�_Zc?j

drive 1 bit f?ò�r
s�d7átj	��f�s�d"á�¸ 1 }�ò
rZ�²� �
ë c�ø�h?æ�ç�ð�é
ì g a\ÿ ë ê 0
}#ò�rG�|�qc�ø(æ#ç�ð
é	ì g a ¹ í ¶�·
_Zc�j

read 1 bit f�ò�rAs�d�átj	��f�s
d"á|¸ 1
a ò

r�_Zc�ø(æ�ç�ð
éAì g a��
	 _Zc(j
all mode 1 bit f\ò#r�s�d átj read s�dWá6¸ 1a ò�r g�� æ�ç�ð�é�ì g a���	 _Bc�ø�h�ê

��f�s�d"á�¸ 1 }�ò�rG�<� �!ë c�ø�Ã$d
e6Õ Ö IC f empty ¾�Ð?Ý a��� g�� 256� f � ÃAd�e a ð�é�ì g ê 0 }�ò�r	��� �ë c�ø�ÃAd�e<Õ Ö IC f empty ¾�Ð\Ý�}��� ü\u�Ã$d
e a ð
éAì�_�j

seq mode 1 bit f\ò�r�s�d á�j read s�d7á6¸
1
a ò�r g�� æ#ç
ð
é$ì g a���	 _Gc�ø
h�ê
��f�s
d"á�¸ 1 }#ò�rG�<� �!ë c�ø� ¡$¢?�
£�[Bf FADC Ã	d
e�f�ð�é
ì ga�ÿ ë ê 0 }�ò�rZ��� �
ë c�ø�� �
g ÷ 1� f�¡;¢?��£([Bf FADC Ã	d
e\ú�� a ð
éAì�_�j

boar d 5 bit f?ò�r�s#dWá¦j seq mode s�dGá6¸
0
a ò�r g ÷	ø�h�¸ ³A´ �Rc�¤	d;�?� �
�
� a ò�r�_Zc(j

channel 5 bit f(ò�r�s#d átj seq mode s#dWá
¸ 0

a ò�r g ÷Aø�h�¸ ³�´ �qc�¡B¢?�A£� �;���
� a ò�r�_Zc�j
seq read busy 1 bit fAò7rqs"d á�j fadc

channel ��� � d � f busy s�dWá<f�ì
r a�Ä ç
_Zc(j
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seq read mode 1 bit f
ò;rWsWdÔá�j fadc
channel ��� � d � f seq read mode
s�d7á6f�ì(r a�Ä ç
_Zc(j

seq read pop 1 bit fRìBrTsd á�j fadc
channel �B� � d � f seq read pop
s�d7á6f�ò�r	¸ Ä ç
_Zc(j

seq read patc h mode in 2 bit f\ò
r
s
d7átj
fadc channel ��� � d � f seq read
patch mode out s$dzá(f	ì�r a�Ä ç
_Zc(j

seq read boar d in 5 bit f\ò�r�s�dWá�j fadc
channel � � � d � f seq read
board out s�d7á6f�ì\r a�Ä ç
_Zc(j

seq read channel in 5 bit f;òrRsTd á�j
fadc channel ��� � d � f seq read
channel out s�d á�f�ì�r a�Ä ç�_Bc�j

E.2.3.5 fadc read mode û�ýOþ	§��
û
ýTþ!§������ �

FADC I/F ¸"! Â � �$# c$%�&\�W��f ¼ Ï�'�(
��ù Â ê fadc read ��� � d � f?Õ Ö �#dB� ab � _Zc�j

l7m$n�o §qp$�����
one not all channel 1 bit f�ò�r
s�d7á�jA��f

s
d"á�f â
ã } 1 fAø�h�ê FADC ¡B¢\�
£ � a 1

� ú ��ð;éZì g ê 0 fZø!h �
FADC ¡B¢?�A£ � a æ#ç g�� ðAé	ì�_ZÆ� ¸ fadc read ��� � d � a�) � _Zc(j

patc h each boar d 1 bit f�ò	rBsZdTá¦j	��f
s�d7á<f â�ã } 1 f
ø�h FADC ��� � d� ¯
¸�Ã	d�e6Õ Ö IC f�Õ Ö �#d$��} ��*
�²� � É,+�ê 0 f#ø�h � FADC ��� � d �
f(Ã!d�e6Õ Ö IC f(Õ Ö ��d!��}!x
-�u�.
c�ø0/ �!g�� Ã	d�e6Õ Ö IC

a ð�é�ì\_	Æ� ¸ fadc read ��� � d � a�) � _Zc(j
patc h mode 2 bit f�ò
r	s
d�átj � FADC �

� � d � u21�3Bf�ÃZdBe�Õ Ö IC f�Õ Ö
��dB� a ò�r�_Zc?j

data boar d patc h mode 2 bit f�ò�r	s!d�átj
Á FADC ��� � d � ¯�f(ÃAd�e�Õ Ö IC f
Õ Ö ��dB� a ò�r�_Zc�j fadc channel
�T� � d � f seq read patch mode
out s�d7á6f�ì\r a�Ä ç
_Zc?j

all mode 1 bit f#ì�r�s#d átj fadc read ���� d � f all mode sAdqá�f�òArB¸ Ä ç
_Zc(j

seq mode 1 bit f�ì\r�s�d7átj fadc read �
� � d � f seq mode s�dqá6f�ò
r$¸ Ä
ç�_Zc(j

E.2.3.6 fadc read latc h drive û�ý þ�§
�
û�ýOþA§��4���,�
ÁAÎ
��Ï!Ð����65�u�Ã$d
e a�7�8 _Zc�Ð ô ¡

f�v�w â�ã a %��Rá µ d � _;c�j

l7m$n#o §"p
�9�,�
cloc k 1 bit f�ò�r�s�d7átj$ó µ
ô ó â�ã a ò�r

_Zc�j Positiveedgeu�v�w
_Zc(j
reset 1 bit f�ò�r
s�d"átj�õ$x\yzö<{ ô á â�ãa ò�r#_!c|j Positiveedgeuqö�{ ô á~}�v

w
_Zc�j
clear 1 bit f�ò�r
s
d7átjAx�yzö<{ ô á â�ã a

ò�r�_$c�j 1
a ò�r�_$c�ø�ó µ�ô ó\f pos-

itiveedgef
e��;����Ý�u�ö�{ ô á~}�v�w
_Zc�j

drive in 1 bit f\ò#r�s�d átj":�;	f�Î���ÏAÐ��
�
f�v�w â�ã a ò�r�_Zc�j

drive out 1 bit f�ì\r
s�d7á¦j � ;Bf�Î���Ï!Ð
���
f�v#w â�ã ø g�� ê drive in f�ì
r#} 1 ó µ
ô ó ¥ � � ì\r;�<��c�j

E.2.3.7 fadc read data latc h û
ýRþ	§��
û�ýOþA§��4���,�
Á	Î���Ï$Ð����
f25�u�Ã	dAe a�7�8 _;c�Ð ô

¡?j	��f��#� � d � }�ÃBd!e a�7�8 g��$ë c�f
u�ê FIFO ù Â full ¾�Ð\Ý�}	ì(r;��� � Î���ÏAÐ
�\� a ¹ í ¶�·Z���Wc�ø�h�ê FIFO ¸�< ë Î���Ï
Ð#���#ù Â ¨�©$¸?¶�·;���;c���ø?}�u!h!c�j
��f���� � d � }�Î��?Ï
Ð�����f�5�¸  ë ø�ê� Î���Ï$Ð���� a ¹�=!¸�¶�·G���!à�����^!à Â

à ë f�u
ê ¥�> f�÷�?�¸ FADC I/F }�@
A�à ï
BC�D ù#àFE�à9G (3 HJI 3.4.3.2
È�K2L

) M

NPO9Q�R §TS
�9�,�
cloc k 1 bit I�ò2U�V�W7áXM$ó µ
ô ó â�ã�Y ò2UZ G[M Positiveedge

C�D�\ Z G�M
reset 1 bit I�ò2U6V�W"áXM�õ9]"^zö`_ ô á â�ãY ò�U Z GaM Positiveedge

C öb_ ô á~} D\ Z G[M
clear 1 bit I�ò2U6V6W7áXM�]c^zö`_ ô á â�ãJY

ò�U Z G�M 1
Y ò�U Z G�ø�ó µ�ô ó"I pos-

itiveedgeI6d$e,fhg�Ý C öi_ ô ákj D
\Z G[M
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drive in 1 bit I;òlUmVnW áoM fadc read
latch drive p9q�r�W � I drive in
V WzáasWì�U Z G�IZøJ]J- âBã4Y Ä çZ G�M

drive out 1 bit IAò4UPVtW áuM fadc read
latch drive p�q�r
W � I drive out
V�W7á�ù Â ì"U,v`wlG â�ã�Y Ä ç Z GxM

data in 1 bit I�ò2U�V�W"áoM�:�;�I�ÎJe�Ï$Ð�e
g�j$ì"U Z G â�ã�Y Ä ç Z G�M

data out 1 bit I�ìxU2V�WGáuMhy�;�I�Î�e\Ï�Ð
e
g�s�ò2U Z G â�ã j$ì"U,vzwTG�M

E.2.3.8 fadc read data2 latc h ûqýzþJ{
�

û
ýTþJ{������ �
fadc read data latch p�q�r�W � ø�]�-

ú�jAê 2 bit I�ÃJW�d Y 7�8�Z G�M

NPO9Q2R {|S$�����
cloc k 1 bit I�ò2U6V2W7áXM	ó�} ô ó â�ã6Y ò2UZ G�M Positiveedge

C�D�\ Z G�M
reset 1 bit I�ò2U�V6W7áXM�õ9]"^�öi_ ô á â�ãY ò�U Z GaM Positiveedge

C öb_ ô ákj D\ Z G�M
clear 1 bit I�ò2U�V�W"áoM�]c^�öi_ ô á â�ã�Y

ò�U Z GaM 1
Y ò�U Z G�ø�ó
} ô ócI pos-

itiveedgeI6d
e,fig�Ý C öi_ ô á~j D
\Z G�M
drive in 1 bit I;òlUmVnW áoM fadc read

latch drive p9q�r�W � I drive in
V WzáasWì�U Z G�IZøJ]J- âBã4Y Ä çZ G�M

drive out 1 bit IAò4UPVtW áuM fadc read
latch drive p�q�r
W � I drive out
V�W7á�ù Â ì"U,v`wlG â�ã�Y Ä ç Z GxM

data in 2 bit I�ò2U�V�W"áoM�:�;�I�ÎJe�Ï$Ð�e
g�j$ì"U Z G â�ã�Y Ä ç Z G�M

data out 2 bit I�ìxU2V�WGáuMhy�;�I�Î�e\Ï�Ð
e
g�s�ò2U Z G â�ã j$ì"U,vzwTG�M

E.2.3.9 fadc read data4 latc h ûqýzþJ{
�

û
ýTþJ{������ �
fadc read data latch p�q�r�W � ø�]�-

ú�jAê 4 bit I�ÃJW�d Y 7�8�Z G�M

NPO9Q�R {TS
�9�,�
cloc k 1 bit I�ò2U�V�W7áXM$ó�} ô ó â�ã�Y ò2UZ G[M Positiveedge

C�D�\ Z G�M
reset 1 bit I�ò2U6V�W"áXM�õ9]"^zö`_ ô á â�ãY ò�U Z GaM Positiveedge

C öb_ ô ákj D\ Z G[M
clear 1 bit I�ò2U6V6W7áXM�]c^zö`_ ô á â�ãJY

ò�U Z G�M 1
Y ò�U Z G�ø�ó
} ô ó"I pos-

itiveedgeI6d$e,fhg�Ý C öi_ ô ákj D
\Z G[M
drive in 1 bit I;òFUnVnW áoM fadc read

latch drive p qJr�W � I drive in
V�WTá�s ì�U Z G�I;ø�]6- âBã Y Ä çZ G[M

drive out 1 bit I�òPUPV�WEáoM fadc read
latch drive p�q�r
W � I drive out
V�W7á�ù Â ì"U,v`wlG â�ã6Y Ä ç Z G[M

data in 4 bit I�ò2U�V�W"áoM�:�;�I�Î�e�Ï	Ð�e
g�j	ì"U Z G â�ã6Y Ä ç Z G[M

data out 4 bit I#ì�U�V�WGáoMzy
;�I�Î2e\Ï�Ð�e
g�s�ò�U Z G â�ã j$ì"U v`wlG[M

E.2.3.10 fadc read data5 latc h û
ýþ�{
�

fadc read data latch p�q9r�W � ø�]�-
ú�jAê 5 bit I?Ã�W6d Y 7�86Z G[M
cloc k 1 bit I�ò2U�V�W7áXM$ó�} ô ó â�ã�Y ò2UZ G[M Positiveedge

C�D�\ Z G�M
reset 1 bit I�ò2U6V�W"áXM�õ9]"^zö`_ ô á â�ãY ò�U Z GaM Positiveedge

C öb_ ô ákj D\ Z G[M
clear 1 bit I�ò2U6V6W7áXM�]c^zö`_ ô á â�ãJY

ò�U Z G�M 1
Y ò�U Z G�ø�ó
} ô ó"I pos-

itiveedgeI6d$e,fhg�Ý C öi_ ô ákj D
\Z G[M
drive in 1 bit I;òFUnVnW áoM fadc read

latch drive p qJr�W � I drive in
V�WTá�s ì�U Z G�I;ø�]6- âBã Y Ä çZ G[M

drive out 1 bit I�òPUPV�WEáoM fadc read
latch drive p�q�r
W � I drive out
V�W7á�ù Â ì"U,v`wlG â�ã6Y Ä ç Z G[M

data in 5 bit I�ò2U�V�W"áoM�:�;�I�Î�e�Ï	Ð�e
g�j	ì"U Z G â�ã6Y Ä ç Z G[M

data out 5 bit I#ì�U�V�WGáoMzy
;�I�Î2e\Ï�Ð�e
g�s�ò�U Z G â�ã j$ì"U v`wlG[M
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E.2.3.11 fadc read data8 latc h û�ýTþ�{
�

û
ýTþJ{������ �
fadc read data latch p�q�r�W � ø�]�-

ú�jAê 8 bit I�ÃJW�d Y 7�8�Z G�M

NPO9Q2R {|S$�����
cloc k 1 bit I�ò2U6V2W7áXM	ó�} ô ó â�ã6Y ò2UZ G�M Positiveedge

C�D�\ Z G�M
reset 1 bit I�ò2U�V6W7áXM�õ9]"^�öi_ ô á â�ãY ò�U Z GaM Positiveedge

C öb_ ô ákj D\ Z G�M
clear 1 bit I�ò2U�V�W"áoM�]c^�öi_ ô á â�ã�Y

ò�U Z GaM 1
Y ò�U Z G�ø�ó
} ô ócI pos-

itiveedgeI6d
e,fig�Ý C öi_ ô á~j D
\Z G�M
drive in 1 bit I;òlUmVnW áoM fadc read

latch drive p9q�r�W � I drive in
V WzáasWì�U Z G�IZøJ]J- âBã4Y Ä çZ G�M

drive out 1 bit IAò4UPVtW áuM fadc read
latch drive p�q�r
W � I drive out
V�W7á�ù Â ì"U,v`wlG â�ã�Y Ä ç Z GxM

data in 8 bit I�ò2U�V�W"áoM�:�;�I�ÎJe�Ï$Ð�e
g�j$ì"U Z G â�ã�Y Ä ç Z G�M

data out 8 bit I�ìxU2V�WGáuMhy�;�I�Î�e\Ï�Ð
e
g�s�ò2U Z G â�ã j$ì"U,vzwTG�M

E.2.3.12 fadc read data16 latc h û ý
þJ{��

û
ýTþJ{������ �
fadc read data latch p�q�r�W � ø�]�-

ú�jAê 16 bit I"�9W6d Y 7
86Z G�M

NPO9Q2R {|S$�����
cloc k 1 bit I�ò2U6V2W7áXM	ó�} ô ó â�ã6Y ò2UZ G�M Positiveedge

C�D�\ Z G�M
reset 1 bit I�ò2U�V6W7áXM�õ9]"^�öi_ ô á â�ãY ò�U Z GaM Positiveedge

C öb_ ô ákj D\ Z G�M
clear 1 bit I�ò2U�V�W"áoM�]c^�öi_ ô á â�ã�Y

ò�U Z GaM 1
Y ò�U Z G�ø�ó
} ô ócI pos-

itiveedgeI6d
e,fig�Ý C öi_ ô á~j D
\Z G�M

drive in 1 bit I;òFUnVnW áoM fadc read
latch drive p qJr�W � I drive in
V�WTá�s ì�U Z G�I;ø�]6- âBã Y�� çZ G[M

drive out 1 bit I�òPUPV�WEáoM fadc read
latch drive p�q�r
W � I drive out
V�W7á�ù���ì"U,v`wlG â�ã6Y$� ç Z G[M

data in 16bit I�ò2U2V�WWáXM[:
;�I��2e"����e
g�j	ì"U Z G â�ã6Y$� ç Z G[M

data out 16 bit I�ìxU�V�W áuM�y�;�I��6ec�J�
ecg�s�ò2U Z G â�ã j$ìxU,v`wlG[M

E.2.3.13 fadc read contr ol û�ýOþJ{��
û�ýOþ�{��4���,�
fadc read.v �"�ce � ø fadc patch.v �

��e � C���� viw	÷"��p
q�rcW � Y��
� Z G(ê`���� p�q9r�W � M

NPO9Q�R {TS
�9�,�
cloc k 1 bit I�ò2U�V�W7áXM$ó�} ô ó â�ã�Y ò2UZ G[M Positiveedge

C�D�\ Z G�M
clear 1 bit I�ò2U6V6W7áXM�]c^zö`_ ô á â�ãJY

ò�U Z G�M 1
Y ò�U Z G�ø�ó
} ô ó"I pos-

itiveedgeI6d$e,fhg�� C öi_ ô ákj D
\Z G[M
busy 1 bit I�ì[U�V�W áXM������
� 0

Y ìxU���êD�\ ��� 1
Y ìxU Z GxM

read 1 bit I�ò�U�V�W�áXM���I�V6W"áa� 1 j#ò
U4vawlG�ø�ê FADC ��W�d
I�æ#ç�ðAé!ì
� Y �
	2Z G�M

threshold 4 bit I�ò�U�V�W��oM Threshold
Y

2 I��� C ò2U Z G�M
option1 16 bit I\ò�U�V2WP�XM FADC I/F �x!4�

w9� # G$%�&$gP��I 1 �t�$I
���2't(`gY ò�U Z G�M
option2 16 bit I\ò�U�V2WP�XM FADC I/F �x!4�

w9� # G$%�&$gP��I 2 �t�$I
���2't(`gY ò�U Z G�M
seq read busy 1 bit IAòPU|VTW��oM fadc

channel p�q�r$W � I busy V2W��`I�ì
U Yc��� Z G�M

seq read mode 1 bit I�ò�U�V�W��oM fadc
channel p�q9r$W � I seq read mode
V�WP�`I�ìcU Y$��� Z G[M

seq read setup 1 bit IGì6U�V�W��oM fadc
channel p qJr�W � I seq read
setup V�WP�hI�ò�UJ� ��� Z G[M
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seq read pop 1 bit IRì�UmVFW¡�oM fadc
channel p�q�r�W � I seq read pop
V�WP�zI�ò�U�� ��� Z G�M

seq read patc h mode in 2 bit I\ò6U6V6WP�XM
fadc channel pcq�raW � I seq read
patch mode out V9W���I	ì2U Y2���Z G�M

seq read boar d in 5 bit I\ò�U�V2W��oM fadc
channel p¢q�r�W � I seq read
board out V�WP�zI�ì"U Y���� Z G�M

seq read channel in 5 bit I;òFUnVmW¡�oM
fadc channel pcq�raW � I seq read
channel out V2Wt�iI�ì[U Yc��� Z G�M

E.2.4 fadc patc h.v £¥¤,¦,§
E.2.4.1 ¨|©2ª��4��� �
��W�dz«�¬ IC I���«�¬�p2WJ�[I�ì�U
��W�d Y�® Z G[p2q�r�W � Y ��� ����¯�GxM

E.2.4.2 fadc last address latc h û�ý$þ${
�

û
ýTþJ{������ �
��y��c°2±�ú,²\÷�³JW �l´¶µ�·"g6¸ �J¹ ��º» Y 7�86Z G[M

NPO9Q2R {|S$�����
cloc k 1 bit I�ò2U6V2WP�XM	ó�} ô óa¼2½ Y ò2UZ G�M Positiveedge

C�D�\ Z G�M
reset 1 bit I�ò2U�V6WP�XM�õ9]"^�öi_ ô �~¼�½Y ò�U Z GaM Positiveedge

C öb_ ô �kj D\ Z G�M
clear 1 bit I�ò2U�V�WT�oM�]c^�öi_ ô �¾¼�½ Y

ò�U Z GaM 1
Y ò�U Z G�ø�ó
} ô ócI pos-

itiveedgeI6d
e,fig2� C öi_ ô �~j D
\Z G�M
drive 1 bit I�ò2U�V�WT�oM9�
I
V�WP�0� 1 j�ò

U9vhw�G�ø D$\ ��¿ 0 j�ò�U�vÀwTG�ø0Á�ÂZ G�M
data boar d in 5 bit I?ò�U�V�Wt�XM$³�W�� ¹ �

º » Y ò2U Z G�M
data channel in 5 bit I\ò�U�V�Wt�uM$µ9·[g�¸�J¹ ��º » Y ò2U Z GxM
data channel begin 1 bit I�ò�U6V�WP�XM��
I

V6WT�z� 1 j#ò2U4v`w;÷
µ ·xg�¸ � �
°
± C .�G�ø[Ã2Ä6viw9¿z³�W���´Åµ�·0g2¸ �¹ ��º » Y 7�8�Z GxM���I�V�WT�z� 0 j

ò�U,vzw;÷�µ�·"g�¸ � �  ± C .�G�ø�Ã
Ä9vaw ¿$³JW,�l´Æµ�·xg�¸ ��¹ �[º » �7�8 v`w�Ä�¯"M

data channel end 1 bit I�ò2U6V�WP�XM data
channel begin V�Wt�0� 1 j�ò2U,v`w
÷"Ç�È6¿���I�V�Wt�`� 1 j�ò�U viw|G�ø�¿É I	ó�} ô ó C ³JW �l´Êµ�·�g�¸ ��¹ �
º » j 7�8 v`wlG[M

last boar d out 5 bit I#ì�U2V�W4�oM0��y���°�±
ú,²\÷$³�W�� ¹ ��º » j	ì"U,v`wlG[M

last channel out 5 bit IAì�U�VJWl�uM
�6y,�
°�±�ú ²\÷�µ�·"g�¸ �9¹ �[º » j$ìcU4v
w|G�M

E.2.4.3 fadc conver t 16to8 û
ýTþJ{��
û�ýOþ�{��4���,�

16 bit Ë6I 1
� I$��W�d Y ¿ 8 bit Ë6I 2

� I
�9W6d
�cÌ��9G�M

NPO9Q�R {TS
�9�,�
cloc k 1 bit I�ò2U�V�WP�XM$ó�} ô óa¼�½ Y ò2UZ G[M Positiveedge

C�D�\ Z G�M
reset 1 bit I�ò2U6V�WT�XM�õ9]"^zö`_ ô �Í¼�½Y ò�U Z GaM Positiveedge

C öb_ ô �kj D\ Z G[M
clear 1 bit I�ò2U6V6WP�XM�]c^zö`_ ô �Í¼�½ Y

ò�U Z G�M 1
Y ò�U Z G�ø�ó
} ô ó"I pos-

itiveedgeI6d$e,fhg�� C öi_ ô �kj D
\Z G[M
busy 1 bit I�ì[U�V�Wt�XM������
� 0

Y ìxU���¿D�\ ��� 1
Y ìxU Z GxM

drive 1 bit I?ò�U6V�WP�XM��
I�V�WT�0� 1 j�ò
U�vÎwTG�ø Dc\ �
¿ 0 j�ò�U9viwTG�ø0Á�ÂZ G[M

data16 in busy 1 bit I�ò�U2V�W4�XM 16bit Ë�I
�6W2d Y ì�U Z Gap$q�r�W � I busy V�W
�`I#ìcU Y$��� Z G[M

data16 in drive 1 bit IAì$U�V�WF�XM 16 bit Ë
I"�9W6d Y ì"U Z Gxp�q9r�W � I drive
V�WP�`I\ò�U Y$��� Z G[M

data16 in valid 1 bit I�ò�U�V6WF�XM 16 bit Ë
I"�9W6d Y ì"U Z Gxp�q9r�W � I valid
V�WP�`I�ìcU Y$��� Z G[M

data16 in 16bit I\ò�U�V�Wt�XM 16bit Ë2I��9W
d Y ò2U Z G�M

data8 out valid 1 bit IBì
U V9Wn�XM data8
out V�WP�zI�ì"U�j�°2±6ÄAø�Ï 1 j$ì"U
vzw9¿  ±6ÄAø�Ï 0 j$ì"U,v`wlG�M
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data8 out 8 bit I
ìcU�V�WT�XM 16 bit Ë6Ix�,W
d Y 2

� ��Ì6��÷ 8 bit Ë2Ix��W�d�j�¿ �� I bit ù��[Ð�����ì"U,vhwlG[M

E.2.4.4 fadc sum patc h without
threshold û
ýTþJ{��

û
ýTþJ{������ �
��W�d0«2¬ IC I SUM «2¬2p�W9�[I[�9W�d Y�® Z G[M Threshold��µ9Ñ ô ó���Ä�¯xM

NPO9Q2R {|S$�����
cloc k 1 bit I�ò2U6V2WP�XM	ó�} ô óa¼2½ Y ò2UZ G�M Positiveedge

C�D�\ Z G�M
reset 1 bit I�ò2U�V6WP�XM�õ9]"^�öi_ ô �~¼�½Y ò�U Z GaM Positiveedge

C öb_ ô �kj D\ Z G�M
clear 1 bit I�ò2U�V�WT�oM�]c^�öi_ ô �¾¼�½ Y

ò�U Z GaM 1
Y ò�U Z G�ø�ó
} ô ócI pos-

itiveedgeI6d
e,fig2� C öi_ ô �~j D
\Z G�M
busy 1 bit I�ì�U�V2Wt�oM[���J�$� 0

Y ìxU6��¿D�\ ��� 1
Y ì"U Z G[M

drive 1 bit I�ò2U�V�WT�oM9�
I
V�WP�0� 1 j�ò
U9vhw�G�ø D$\ ��¿ 0 j�ò�U�vÀwTG�ø0Á�ÂZ G�M

patc h 1 bit I\ò�U�V2WP�XM���I
V�Wt�z� 1 j�ò
U v`wFG�ø$¿ D�\ Y �
	2Z G�M

fadc read busy 1 bit I
ò UPV�WÒ�XM fadc
read p�q�r�W � I busy V�W��iI�ì�U Y��� Z G�M

fadc read drive 1 bit IGì�U�V4WÒ�XM fadc
read p�qJr�W � I drive V�WP�zI\ò6UY$��� Z G�M

data in valid 1 bit I�ò2U�V�WP�ÓM fadc read
p�q2rxW � I data out valid V�W��iI
ì"U Y$��� Z G�M

data in 16 bit I�ò2U�V�Wt�uM fadc read p�q
r�W � I data out V�W|��I�ì
U Y$���Z G�M

data overflo w in 1 bit I�òJU�V�WF�XM fadc
read pnqJr�W � I data overflow
out V�WP�zI�ì"U Y���� Z GxM

data boar d in 5 bit I(ò�U�V�W,�XM fadc read
p�q2rxW � I data board out V�W��iI
ì"U Y$��� Z G�M

data channel in 5 bit I#ò U4V,WÔ�XM fadc
read p�q�r
W � I data channel out
V�WP�zI�ì�U Y���� Z G�M

data channel begin 1 bit I7òmU�VÔWÕ�oM
fadc read p9q9r�W � I data chan-
nel begin V�Wt�zI�ìxU Y$��� Z GxM

data channel end 1 bit I�ò2U6V�WP�XM fadc
read p�q�r
W � I data channel end
V�WP�`I�ìcU Y$��� Z G[M

last address drive 1 bit I�ìxU�V�W4�uM fadc
last address latch pÖqJr�W �
I drive V�WP�hI�ò2UJ� ��� Z G[M

last boar d in 1 bit I(ò�U�V�W,�oM fadc last
address latch pmq�r�W � I last
board out V�Wt�zI�ìxU Y$��� Z GxM

last channel in 1 bit IAò,UTV�W×�XM fadc
last address latch pÖqJr�W �
I last channel out V�Wn��I	ì�U Y��� Z G[M

data out valid 1 bit I�ìcU6V�WP�oM data out
V�W4�hI�ì[U�j�°�±�Ä
ø$Ï 1 jAì�U9vhw9¿ ±�ÄAø�Ï 0 j	ì"U,v`wlG�M

data out count 2 bit I�ì[U�V�W,�XMk��W�dh«�¬
IC I SUM «�¬�p�W��[I���W�d��nØÚÙ bit ÛÜ � C
Ý � I�ó
� » d Y"Þ
ß �
¿��"I�V�W
�zI�ì$U6��¿ data out V�WT�ÀjBìcU��
��¯�G���W�dxj É I6à�I�á����$Ic�9W�dC .�G(ù Y
â ���J¯6G�M

data out 16 bit I�ìxU�V�Wt�uM �® viwZ÷"�9W
d�j$ì"U,v`wlG[M

E.2.4.5 fadc sum patc h threshold û	ý
þ�{��

û�ýOþ�{��4���,�
�JW�dz«�¬ IC I SUM «2¬�p�W��[Ix��W�d�I

threshold
Y µ9Ñ ô ó Z G�M

NPO9Q�R {TS
�9�,�
sum 16bit I�ò
U�V�W �XMÓ��W�di«�¬ IC I SUM

«�¬�p�W �xI"�9W6d Y ò�U Z G�M
threshold 4 bit I�ò�UJV�W|�XM Threshold I�ãY

2 I ��� C ò�U Z GxM
over threshold 1 bit I�ì$UJV6W|�oM�ò6U4v0w

÷c�9W6d[j threshold
Y$ä�å �J¯6G�ø�Ï 1

jBì"U4v`w4¿ É � C Ä��cw�æ 0 jBìcU,v
w|G�M

98



E.2.4.6 fadc sum patc h data pipeline
û�ýTþJ{��

û
ýTþJ{������ �
�6W�d`«�¬ IC I SUM «�¬�p�WJ�aI[�6W�d Y ¿

threshold
Y µ9Ñ ô ó Z G�ü C�ç�è Z G[M

NPO9Q2R {|S$�����
cloc k 1 bit I�ò2U6V2WP�XM	ó�} ô óa¼2½ Y ò2UZ G�M Positiveedge

C�D�\ Z G�M
reset 1 bit I�ò2U�V6WP�XM�õ9]"^�öi_ ô �~¼�½Y ò�U Z GaM Positiveedge

C öb_ ô �kj D\ Z G�M
clear 1 bit I�ò2U�V�WT�oM�]c^�öi_ ô �¾¼�½ Y

ò�U Z GaM 1
Y ò�U Z G�ø�ó
} ô ócI pos-

itiveedgeI6d
e,fig2� C öi_ ô �~j D
\Z G�M
drive 1 bit I�ò2U�V�WT�oM9�
I
V�WP�0� 1 j�ò

U9vhw�G�ø D$\ ��¿ 0 j�ò�U�vÀwTG�ø0Á�ÂZ G�M
shift 1 bit I�ò2U�V�WP�oM

E.2.4.7 fadc sum patc h with thresh-
old û�ýTþJ{��

û
ýTþJ{������ �
�6W�d`«�¬ IC I SUM «�¬�p�WJ�aI[�6W�d Y ¿

threshold
Y µ9Ñ ô ó$��Ä$j,� �® Z G[M

NPO9Q2R {|S$�����
cloc k 1 bit I�ò2U6V2WP�XM	ó�} ô óa¼2½ Y ò2UZ G�M Positiveedge

C�D�\ Z G�M
reset 1 bit I�ò2U�V6WP�XM�õ9]"^�öi_ ô �~¼�½Y ò�U Z GaM Positiveedge

C öb_ ô �kj D\ Z G�M
clear 1 bit I�ò2U�V�WT�oM�]c^�öi_ ô �¾¼�½ Y

ò�U Z GaM 1
Y ò�U Z G�ø�ó
} ô ócI pos-

itiveedgeI6d
e,fig2� C öi_ ô �~j D
\Z G�M
busy 1 bit I2é�U�V2Wt�oM[���J�$� 0

Y éxU6��¿D�\ ��� 1
Y é"U Z G[M

drive 1 bit I�ò2U�V�WT�oM9�
I
V�WP�0� 1 j�ò
U9vhw�G�ø D$\ ��¿ 0 j�ò�U�vÀwTG�ø0Á�ÂZ G�M

patc h 1 bit I\ò�U�V2WP�XM���I
V�Wt�z� 1 j�ò
U v`wFG�ø D�\ Y �
	2Z G�M

threshold bit in 4 bit I�ò�U�V�Wm�oM Thresh-
old I2ã Y 2 I �9� C ò9U Z G�MJà�êC
fadc sum patch threshold pFq
r�W � I threshold VJWl�[I�ò�U � �� vhw9�J¯�G�M

sum patc h drive 1 bit I�òJU9V�Wn�oM fadc
sum patch without threshold p
q�r�W � I drive V9Wm�xI9é�U Y����Z G[M

sum patc h busy 1 bit I#ò�U V�Wm�oM fadc
sum patch without threshold p
q�r�W � I busy VtW��
I�é�U YJ���Z G[M

sum patc h data in valid 1 bit I�ò�U�V6W|�XM
fadc sum patch without thresh-
old p$q2r�W � I data out valid V�W
�`I�écU Y$��� Z G[M

sum patc h data in count 2 bit I?ò�U2V�W4�XM
fadc sum patch without thresh-
old p$q2r�W � I data out count V�W
�`I�écU Y$��� Z G[M

sum patc h data in 16 bit I7òmUÒVÔWÕ�oM
fadc sum patch without thresh-
old p�q�r�W � I data out V�WP�zI2é
U Yc��� Z G�M

data out valid 1 bit I2écU6V�WP�oM data out
V�W4�hI2é[U�j�°�±�Ä
ø$Ï 1 j�é�U9vhw9¿ ±�ÄAø�Ï 0 j�é"U,v`wlG�M

data out 16 bit I�éxU�V�Wt�uM �® viwZ÷"�9W
d�j9é"U,v`wlG[M

E.2.4.8 fadc sum patc h û�ýOþ�{��
û�ýOþ�{��4���,�
�JW�dz«�¬ IC I SUM «2¬�p�W��[Ix��W�d Y2® Z G�M2à[ê C fadc sum patch without

threshold p4q�r�W � ø fadc sum patch
with threshold p�q6r�W � Y�ë�ì ���J¯�G�M

NPO9Q�R {TS
�9�,�
cloc k 1 bit I�ò2U�V�WP�XM$ó�} ô óa¼�½ Y ò2UZ G[M Positiveedge

C�D�\ Z G�M
reset 1 bit I�ò2U6V�WT�XM�õ9]"^zö`_ ô �Í¼�½Y ò�U Z GaM Positiveedge

C öb_ ô �kj D\ Z G[M
clear 1 bit I�ò2U6V6WP�XM�]c^zö`_ ô �Í¼�½ Y

ò�U Z G�M 1
Y ò�U Z G�ø�ó
} ô ó"I pos-

itiveedgeI6d$e,fhg�� C öi_ ô �kj D
\Z G[M
busy 1 bit I�é[U�V�Wt�XM������
� 0

Y éxU���¿D�\ ��� 1
Y éxU Z GxM
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drive 1 bit I�ò2U�V�WT�oM9�
I
V�WP�0� 1 j�ò
U9vhw�G�ø D$\ ��¿ 0 j�ò�U�vÀwTG�ø0Á�ÂZ G�M

patc h 1 bit I\ò�U�V2WP�XM���I
V�Wt�z� 1 j�ò
U v`wFG�ø D�\ Y �
	2Z G�M

threshold mode 1 bit I(ò�U�V�W,�oM ThresholdY µ�Ñ ô ó Z G�ø
Ï 1
Y ò�U���¿[µ�Ñ ô ó

��Ä�¯�ø�Ï$� 0
Y ò2U Z G[M

threshold bit in 4 bit I?ò�U�V�Wt�oM Threshold
Icã Y 2 I ��� C ò2U Z G[M

fadc read busy 1 bit I
ò UPV�WÒ�XM fadc
read p�q�r�W � I busy V�W��iI2é�U Y��� Z G�M

fadc read drive 1 bit I4é�U�V4WÒ�XM fadc
read p�qJr�W � I drive V�WP�zI\ò6U
� ��� Z G�M

data in valid 1 bit I�ò2U�V�WP�ÓM fadc read
p�q2rxW � I data out valid V�W��iI
é"U Y$��� Z G�M

data in 16 bit I�ò2U�V�Wt�uM fadc read p�q
r�W � I data out V�W|��I�é
U Y$���Z G�M

data overflo w in 1 bit I�òJU�V�WF�XM fadc
read pnqJr�W � I data overflow
out V�WP�zI�é"U Y���� Z GxM

data boar d in 5 bit I(ò�U�V�W,�XM fadc read
p�q2rxW � I data board out V�W��iI
é"U Y$��� Z G�M

data channel in 5 bit I#ò U4V,WÔ�XM fadc
read p�q�r
W � I data channel out
V�WP�zI�é�U Y���� Z G�M

data channel begin 1 bit I òÔUÔVÒWÕ�oM
fadc read p�q�r�W � I data chan-
nel begin V�WP�zI�é"U Y���� Z G�M

data channel end 1 bit I\ò�U6V�WT�XM fadc
read p�q�r
W � I data channel end
V�WP�zI�é�U Y���� Z G�M

last address drive 1 bit I�é[U2V�W��XM fadc
last address latch píq�r�W �
I drive V�WP�zI?ò�U�� ��� Z G[M

last boar d in 1 bit I�ò�U�V�W,�XM fadc last
address latch pnq�r�W � I last
board out V�WP�zI�é"U Y���� Z G�M

last channel in 1 bit I
ò4UPV�W¥�XM fadc
last address latch píq�r�W �
I last channel out V9WF��I�é�U Y��� Z G�M

data out valid 1 bit I�éxU�V�Wt�uM data out
V�W4�`I�é�U�j
°�±�Ä
ø$Ï 1 jJé[U vÀw9¿ ±�Ä!ø�Ï 0 j9é"U,viwFG[M

data out 16bit I�é�U6V�Wt�XM �® vhwZ÷c��W
d�j é"U vhwlG�M

E.2.4.9 fadc craw patc h û�ýTþJ{��
û�ýOþ�{��4���,�
��W�da«�¬ IC I CRAW «�¬�p2W �xI���W6dY �® Z G�M

NPO9Q�R {TS
�9�,�
cloc k 1 bit I�ò2U�V�WP�XM$ó�} ô óa¼�½ Y ò2UZ G[M Positiveedge

C�D�\ Z G�M
reset 1 bit I�ò2U6V�WT�XM�õ9]"^zö`_ ô �Í¼�½Y ò�U Z GaM Positiveedge

C öb_ ô �kj D\ Z G[M
clear 1 bit I�ò2U6V6WP�XM�]c^zö`_ ô �Í¼�½ Y

ò�U Z G�M 1
Y ò�U Z G�ø�ó
} ô ó"I pos-

itiveedgeI6d$e,fhg�� C öi_ ô �kj D
\Z G[M
busy 1 bit I�é[U�V�Wt�XM������
� 0

Y éxU���¿D�\ ��� 1
Y éxU Z GxM

drive 1 bit I?ò�U6V�WP�XM��
I�V�WT�0� 1 j�ò
U�vÎwTG�ø Dc\ �
¿ 0 j�ò�U9viwTG�ø0Á�ÂZ G[M

patc h 1 bit I�ò�U�V2WP�XM��$I�V2WP�`� 1 j�ò
U,vhwlG�ø D�\ Y �
	2Z G[M

fadc read busy 1 bit I
ò,UtV4W×�oM fadc
read p�q�r�W � I busy V�W��hI�é"U Y��� Z G[M

fadc read drive 1 bit I�é�U�V4W×�oM fadc
read p�q�r�W � I drive V�WP�zI�ò2U
� ��� Z G�M

data in valid 1 bit I�ò2U�V6WP�XM fadc read
p�q�rcW � I data out valid V�W4�hI
é"U Y$��� Z G�M

data in 16 bit I�ò2U�V�WT�oM fadc read p�q
r�W � I data out V�W|�0I�é�U Y��2�Z G[M

data overflo w in 1 bit I#ò�U V�Wm�oM fadc
read pnq�r�W � I data overflow
out V�WP�zI�é"U Y$��� Z G�M

data boar d in 5 bit I|ò�U�V�W��oM fadc read
p�q�rcW � I data board out V�W4�hI
é"U Y$��� Z G�M

data channel in 5 bit I�ò�U4V,WÔ�oM fadc
read p�q�r
W � I data channel out
V�WP�`I2écU Y$��� Z G[M
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data channel begin 1 bit I òÔUÔVÒWÕ�oM
fadc read p�q�r�W � I data chan-
nel begin V�WP�zI�é"U Y���� Z G�M

data channel end 1 bit I\ò�U6V�WT�XM fadc
read p�q�r
W � I data channel end
V�WP�zI�é�U Y���� Z G�M

last address drive 1 bit I�é[U2V�W��XM fadc
last address latch píq�r�W �
I drive V�WP�zI?ò�U�� ��� Z G[M

last boar d in 1 bit I�ò�U�V�W,�XM fadc last
address latch pnq�r�W � I last
board out V�WP�zI�é"U Y���� Z G�M

last channel in 1 bit I
ò4UPV�W¥�XM fadc
last address latch píq�r�W �
I last channel out V9WF��I�é�U Y��� Z G�M

data out valid 1 bit I�éxU�V�Wt�uM data out
V�W4�`I�é�U�j
°�±�Ä
ø$Ï 1 jJé[U vÀw9¿ ±�Ä!ø�Ï 0 j9é"U,viwFG[M

data out 16bit I�é�U6V�Wt�XM �® vhwZ÷c��W
d�j é"U vhwlG�M

E.2.4.10 fadc hist patc h û�ýTþJ{��
û
ýTþJ{������ �
��W�dz«�¬ IC I HIST «2¬2p�W���I��9W�d Y�® Z G[M

NPO9Q2R {|S$�����
cloc k 1 bit I�ò2U6V2WP�XM	ó�} ô óa¼2½ Y ò2UZ G�M Positiveedge

C�D�\ Z G�M
reset 1 bit I�ò2U�V6WP�XM�õ9]"^�öi_ ô �~¼�½Y ò�U Z GaM Positiveedge

C öb_ ô �kj D\ Z G�M
clear 1 bit I�ò2U�V�WT�oM�]c^�öi_ ô �¾¼�½ Y

ò�U Z GaM 1
Y ò�U Z G�ø�ó
} ô ócI pos-

itiveedgeI6d
e,fig2� C öi_ ô �~j D
\Z G�M
busy 1 bit I2é�U�V2Wt�oM[���J�$� 0

Y éxU6��¿D�\ ��� 1
Y é"U Z G[M

drive 1 bit I�ò2U�V�WT�oM9�
I
V�WP�0� 1 j�ò
U9vhw�G�ø D$\ ��¿ 0 j�ò�U�vÀwTG�ø0Á�ÂZ G�M

patc h 1 bit I\ò�U�V2WP�XM���I
V�Wt�z� 1 j�ò
U v`wFG�ø D�\ Y �
	2Z G�M

fadc read busy 1 bit I
ò UPV�WÒ�XM fadc
read p�q�r�W � I busy V�W��iI2é�U Y��� Z G�M

fadc read drive 1 bit I�é�U�V4W×�oM fadc
read p�q�r�W � I drive V�WP�zI�ò2U
� ��� Z G�M

data in valid 1 bit I�ò2U�V6WP�XM fadc read
p�q�rcW � I data out valid V�W4�hI
é"U Y$��� Z G�M

data in 16 bit I�ò2U�V�WT�oM fadc read p�q
r�W � I data out V�W|�0I�é�U Y��2�Z G[M

data overflo w in 1 bit I#ò�U V�Wm�oM fadc
read pnq�r�W � I data overflow
out V�WP�zI�é"U Y$��� Z G�M

data boar d in 5 bit I|ò�U�V�W��oM fadc read
p�q�rcW � I data board out V�W4�hI
é"U Y$��� Z G�M

data channel in 5 bit I�ò�U4V,WÔ�oM fadc
read p�q�r
W � I data channel out
V�WP�`I2écU Y$��� Z G[M

data channel begin 1 bit I7òmU�VÔWÕ�oM
fadc read p9q9r�W � I data chan-
nel begin V�Wt�zI�éxU Y$��� Z GxM

data channel end 1 bit I�ò2U6V�WP�XM fadc
read p�q�r
W � I data channel end
V�WP�`I2écU Y$��� Z G[M

last address drive 1 bit I�éxU�V�W4�uM fadc
last address latch pÖqJr�W �
I drive V�WP�hI�ò2UJ� ��� Z G[M

last boar d in 1 bit I(ò�U�V�W,�oM fadc last
address latch pmq�r�W � I last
board out V�Wt�zI�éxU Y$��� Z GxM

last channel in 1 bit IAò,UTV�W×�XM fadc
last address latch pÖqJr�W �
I last channel out V�Wn��I�é�U Y��� Z G[M

data out valid 1 bit I2écU6V�WP�oM data out
V�W4�hI2é[U�j�°�±�Ä
ø$Ï 1 j�é�U9vhw9¿ ±�ÄAø�Ï 0 j�é"U,v`wlG�M

data out 16 bit I�éxU�V�Wt�uM �® viwZ÷"�9W
d�j9é"U,v`wlG[M

E.2.4.11 fadc raw patc h û�ýRþ�{��
û�ýOþ�{��4���,�
�JW�d0«�¬ IC I RAW «2¬�p�W9��I[�9W�d Y�® Z G�M
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NPO9Q2R {|S$�����
cloc k 1 bit I�ò2U6V2WP�XM	ó�} ô óa¼2½ Y ò2UZ G�M Positiveedge

C�D�\ Z G�M
reset 1 bit I�ò2U�V6WP�XM�õ9]"^�öi_ ô �~¼�½Y ò�U Z GaM Positiveedge

C öb_ ô �kj D\ Z G�M
clear 1 bit I�ò2U�V�WT�oM�]c^�öi_ ô �¾¼�½ Y

ò�U Z GaM 1
Y ò�U Z G�ø�ó
} ô ócI pos-

itiveedgeI6d
e,fig2� C öi_ ô �~j D
\Z G�M
busy 1 bit I2é�U�V2Wt�oM[���J�$� 0

Y éxU6��¿D�\ ��� 1
Y é"U Z G[M

drive 1 bit I�ò2U�V�WT�oM9�
I
V�WP�0� 1 j�ò
U9vhw�G�ø D$\ ��¿ 0 j�ò�U�vÀwTG�ø0Á�ÂZ G�M

patc h 1 bit I\ò�U�V2WP�XM���I
V�Wt�z� 1 j�ò
U v`wFG�ø D�\ Y �
	2Z G�M

fadc read busy 1 bit I
ò UPV�WÒ�XM fadc
read p�q�r�W � I busy V�W��iI2é�U Y��� Z G�M

fadc read drive 1 bit I4é�U�V4WÒ�XM fadc
read p�qJr�W � I drive V�WP�zI\ò6U
� ��� Z G�M

data in valid 1 bit I�ò2U�V�WP�ÓM fadc read
p�q2rxW � I data out valid V�W��iI
é"U Y$��� Z G�M

data in 16 bit I�ò2U�V�Wt�uM fadc read p�q
r�W � I data out V�W|��I�é
U Y$���Z G�M

data overflo w in 1 bit I�òJU�V�WF�XM fadc
read pnqJr�W � I data overflow
out V�WP�zI�é"U Y���� Z GxM

data boar d in 5 bit I(ò�U�V�W,�XM fadc read
p�q2rxW � I data board out V�W��iI
é"U Y$��� Z G�M

data channel in 5 bit I#ò U4V,WÔ�XM fadc
read p�q�r
W � I data channel out
V�WP�zI�é�U Y���� Z G�M

data channel begin 1 bit I òÔUÔVÒWÕ�oM
fadc read p�q�r�W � I data chan-
nel begin V�WP�zI�é"U Y���� Z G�M

data channel end 1 bit I\ò�U6V�WT�XM fadc
read p�q�r
W � I data channel end
V�WP�zI�é�U Y���� Z G�M

last address drive 1 bit I�é[U2V�W��XM fadc
last address latch píq�r�W �
I drive V�WP�zI?ò�U�� ��� Z G[M

last boar d in 1 bit I�ò�U�V�W,�XM fadc last
address latch pnq�r�W � I last
board out V�WP�zI�é"U Y���� Z G�M

last channel in 1 bit IAò,UTV�W×�XM fadc
last address latch pÖqJr�W �
I last channel out V�Wn��I�é�U Y��� Z G[M

data out valid 1 bit I2écU6V�WP�oM data out
V�W4�hI2é[U�j�°�±�Ä
ø$Ï 1 j�é�U9vhw9¿ ±�ÄAø�Ï 0 j�é"U,v`wlG�M

data out 16 bit I�éxU�V�Wt�uM �® viwZ÷"�9W
d�j9é"U,v`wlG[M

E.2.4.12 fadc patc h mode decoder û
ýzþJ{��

û�ýOþ�{��4���,�
��W6da«6¬ IC Ic«�¬�p�W,� Y
î�ï Z 2 bit I

¼6½ Y ¿�����W�d �® p�q�r
W � I » d�W|�¾¼
½���ð�ñ Z GxM

NPO9Q�R {TS
�9�,�
patc h mode 2 bit I�ò�U�V�W4�XMÀ�6W�d`«2¬ IC

I"«2¬�p�W � Y ò2U Z G[M

E.2.4.13 fadc patc h mode selecter û
ýzþJ{��

û�ýOþ�{��4���,�
��W�dz«2¬ IC I�«�¬�p�W9�[��ó6+ 4

� I 1 bit
Icò2U�¼�½�ô�� 1

�$õ �$ö�÷ Z G�M

NPO9Q�R {TS
�9�,�
patc h mode 2 bit I�ò�U�V�W4�XMÀ�6W�d`«2¬ IC

I"«2¬�p�W � Y ò2U Z G[M
sum patc h in 1 bit Ixò�U�V�WP�XM$�9W6da«�¬

IC I"«�¬6p�W �zj SUM p�W4�xI�ø�Ï ëì Z Gz¼�½ Y ò2U Z G[M
craw patc h in 1 bit Ixò2U�V2W��uM[��W�d0«�¬

IC I�«�¬6p�W��0j CRAW p�W �"I�ø�Ïë2ì Z Gz¼�½ Y ò2U Z G[M
hist patc h in 1 bit I
ò�UJV�Wl�oM$� W�d�«6¬

IC Ic«�¬6p�W��zj HIST p�W��xI6ø�Ï ëì Z Gz¼�½ Y ò2U Z G[M
raw patc h in 1 bit I�ò6UJV�W|�oM
� WJd�«�¬

IC Ic«�¬�p�W �0j RAW p�W �xI�ø�Ï ëì Z Gz¼�½ Y ò2U Z G[M
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signal out 1 bit I é�U,V�W��uM sum patch
in, craw patch in, hist patch in,
raw patch in I 4

� Ixò�U�V�W,�ÎI�à"¿
patch mode V�WP�`�"ò2U6��ù"�9W�d0«
¬ IC I�«�¬Jp�W�����ó�²x�2ö�÷tv�w�ù
V�WP�zIc¼�½�j9é"U,v`wlG[M

E.2.4.14 fadc patc h mode selecter16
û�ýzþ�{��

û
ýTþJ{������ �
��W�di«�¬ IC Ia«�¬�p�W6�a��ó�+ 4

� I 16bit
I�ò2U�¼�½�ô9� 1

�$õ �$ö�÷ Z G�M

NPO9Q2R {|S$�����
patc h mode 2 bit I�ò�U2V�W,�XMÀ��W2d`«�¬ IC

Ic«�¬�p�W�� Y ò2U Z G�M
sum patc h in 16bit Ixò�U�V�W,�oMh��W�dh«�¬

IC I"«�¬6p�W,�0j SUM p�W��xI�ø�Ï ëì Z Gz¼6½ Y ò2U Z GxM
craw patc h in 16 bit I
ò�UJV�W|�oM
� W�d[«

¬ IC Ic«�¬�p�W,�0j CRAW p�W��xI�ø
Ï ë2ì Z Gz¼�½ Y ò2U Z G�M

hist patc h in 16bit I"ò�U�V2Wt�XM��JW�dz«�¬
IC I�«6¬�p�W��zj HIST p�W��xI�ø�Ï ëì Z Gz¼6½ Y ò2U Z GxM

raw patc h in 16bit I"ò�U�V�Wt�uM���W6d0«�¬
IC Ix«�¬�p�W,�zj RAW p2W,�xI6ø�Ï ëì Z Gz¼6½ Y ò2U Z GxM

signal out 16 bit I�é�UJV�Wl�uM sum patch
in, craw patch in, hist patch in,
raw patch in I 4

� Ixò�U�V�W,�ÎI�à"¿
patch mode V�WP�`�"ò2U6��ù"�9W�d0«
¬ IC I�«�¬Jp�W�����ó�²x�2ö�÷tv�w�ù
V�WP�zIc¼�½�j9é"U,v`wlG[M

E.2.4.15 fadc patc h û�ýOþ�{��
û
ýTþJ{������ �
ú

FADC p2qJr�W � Ic� WJda«�¬ IC j�] Ý
I�«�¬�p�W,� C .�G�ø[/ � �����9W�d Y �® Z
G�ó � ��¿"��«�¬�p2W �x��û�¯c����W6d0«�¬ IC
I���W�d Y �® Z Gxp�q�r�W � I$ò é"U Y����Z G�M

NPO9Q2R {|S$�����
cloc k 1 bit Icò2U6V2WP�XM�ü�}�ý�üa¼2½ Y ò2UZ G�M Positiveedge

C�D�\ Z G�M

reset 1 bit Icò2U6V�WT�XM�þ9]"^�ÿ`_ ý9�Í¼�½Y ò�U Z GaM Positiveedge
C ÿb_6ý��kj D\ Z G[M

clear 1 bit I$ò2U6V6WP�XM�]c^�ÿ`_ ý9�Í¼�½ Y
ò�U Z G�M 1

Y ò�U Z G�ø2ü
}$ý�ü"I pos-
itiveedgeI6d$e,fhg�� C ÿi_ ý��kj D
\Z G[M

busy 1 bit I�é[U�V�Wt�XM������
� 0
Y éxU���¿D�\ ��� 1

Y éxU Z GxM
patc h 1 bit Icò�U�V2WP�XM��$I�V2WP�`� 1 j�ò

U4vawlG
ø�¿ FADC ��W�d
I �® Y ��	Z G[M
patc h mode 2 bit I�ò�U�V�W4�XMÀ�6W�d`«2¬ IC

I"«2¬�p�W � Y ò2U Z G[M
fadc read busy 1 bit I6ò,UtV4W×�oM fadc

read p�q�r�W � I busy V�W��hI�é"U Y��� Z G[M
fadc read drive 1 bit I�é�U�V4W×�oM fadc

read p�q�r�W � I drive V�WP�zIcò2U
� ��� Z G�M

last address drive 1 bit I�éxU�V�W4�uM fadc
last address latch pÖqJr�W �
I drive V�WP�hI�ò2UJ� ��� Z G[M

sum patc h 1 bit I�é6U�V4W×�XM fadc sum
patch p�q�r�W � I patch VJWl�aI�ò
U�� ��� Z G�M

sum patc h busy 1 bit I�ò�U V�Wm�oM fadc
sum patch p�q6r�W � I busy V�W��`I
é"U Y$��� Z G�M

sum patc h drive 1 bit I�é�U9V�Wn�oM fadc
sum patch p�q6r�W � I busy V�W��`I
ò2U�� ��� Z G�M

sum patc h read busy 1 bit I�é�UTVPW¥�XM
fadc sum patch ptq�r�W � I fadc
read busy V�Wt�zI�ò�UJ� ��� Z GxM

sum patc h read drive 1 bit I�ò�UtVPW��XM
fadc sum patch ptq�r�W � I fadc
read drive V�Wt�zI�é�U Y$��� Z G�M

sum patc h last address drive 1 bit I�ò U
VtW×�XM fadc sum patch p4q�r�W �
I last address drive V�W|�aI�é�UY���� Z G�M

sum patc h data out valid 1 bit I�ò U
VtW×�XM fadc sum patch p4q�r�W �
I data out valid V�W��xI é�U Y2�� Z G[M

sum patc h data out 16 bit I9òPUFV|W �XM
fadc sum patch ptq�r�W � I data
out V�WP�zI�é"U Y$��� Z G�M
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craw patc h 1 bit I�é�UJVJW|�ÓM fadc craw
patch p6qJr�W � I patch VJWl��I�ò
UJ� ��� Z G�M

craw patc h busy 1 bit I�ò�U�VJWl�XM fadc
craw patch p�q�r�W � I busy V�W|�
I�é"U Y$��� Z GxM

craw patc h drive 1 bit I�é�UJVJWl�oM fadc
craw patch p
q�r�W � I drive V�W4�
I�ò2UJ� ��� Z GxM

craw patc h read busy 1 bit I4é6U�V�W×�oM
fadc craw patch p�q�r�W � I fadc
read busy V�WP�zIcò2U�� ��� Z G�M

craw patc h read drive 1 bit I�ò U�V4W��XM
fadc craw patch p�q�r�W � I fadc
read drive V�WP�zI�é"U Y$��� Z G�M

craw patc h last address drive 1 bit I2ò9U
V�W|�oM fadc craw patch p�q9r�W �
I last address drive V6Wl�aI6é$UY$��� Z G�M

craw patc h data out valid 1 bit I�ò�U,V W
�oM fadc craw patch píq�r�W �
I data out valid V Wm�"I�é2U Y2�� Z G�M

craw patc h data out 16 bit IJòPUPVTW �XM
fadc craw patch p�q�r�W � I data
out V�WP�zI�é"U Y���� Z GxM

hist patc h 1 bit I é�U,V�W��uM fadc hist
patch p6qJr�W � I patch VJWl��I�ò
UJ� ��� Z G�M

hist patc h busy 1 bit I2ò�U,V,W��XM fadc
hist patch p�q�r�W � I busy V�W|�
I�é"U Y$��� Z GxM

hist patc h drive 1 bit I é�U,V�W��XM fadc
hist patch p
q�r�W � I drive V�W4�
I�ò2UJ� ��� Z GxM

hist patc h read busy 1 bit Ité�UlVTW �XM
fadc hist patch p�q�r�W � I fadc
read busy V�WP�zIcò2U�� ��� Z G�M

hist patc h read drive 1 bit I9òPU|V|W��oM
fadc hist patch p�q�r�W � I fadc
read drive V�WP�zI�é"U Y$��� Z G�M

hist patc h last address drive 1 bit I�òTU
V�W|�oM fadc hist patch p�q9r�W �
I last address drive V6Wl�aI6é$UY$��� Z G�M

hist patc h data out valid 1 bit I"ò�U�V�Wt�oM
fadc hist patch p�q�r�W � I data
out valid V�WP�zI�é"U Y���� Z G�M

hist patc h data out 16 bit I òFUmVnW �oM
fadc hist patch p�q�r�W � I data
out V�WP�zI�é"U Y���� Z GxM

raw patc h 1 bit ITé�UPVTW �XM fadc raw
patch p�q�r�W � I patch VJWl�aI�ò
U�� ��� Z G�M

raw patc h busy 1 bit I2ò U4V W��oM fadc
raw patch p�q6r�W � I busy V�W��`I
é"U Y$��� Z G�M

raw patc h drive 1 bit I,é�U4V WÔ�oM fadc
raw patch p2qJr�W � I drive I$ò�U
� ��� Z G�M

raw patc h read busy 1 bit IléJUFV|W �XM
fadc raw patch ptq�r�W � I fadc
read busy V�Wt�zI�ò�UJ� ��� Z GxM

raw patc h read drive 1 bit I�òTUlVlW��XM
fadc raw patch ptq�r�W � I fadc
read drive V�Wt�zI�é�U Y$��� Z G�M

raw patc h last address drive 1 bit I9òtU
VtW×�XM fadc raw patch p4q�r�W �
I last address drive V�W|�aI�é�UY���� Z G�M

raw patc h data out valid 1 bit I"ò�U�V2WP�XM
fadc raw patch ptq�r�W � I data
out valid V�Wt�zI�éxU Y$��� Z GxM

raw patc h data out 16 bit I4òFUmVnW¡�oM
fadc raw patch ptq�r�W � I data
out V�WP�zI�é"U Y$��� Z G�M

data out drive 1 bit Ixò�U2V�W4�XM��cI
V�W4�
� 1 j�ò2U v`wlG$ø FADC ��W6d$I �®Y ÿ ¯c¿ 0 j�ò2U vhwlG$ø Ý � Á�Â Z G[M

data out valid 1 bit I2écU6V�WP�oM data out
� 2® v`w9ù FADC �9W�d�j é"U�v`wlG
ø�����I�V6Wt�0� 1 j�écU,vzw ¿ É w��� I2ø��$� 0 j�é"U,v`wlG�M

data out 16 bit I�éxU�V�Wt�uM6�
I�V2WP�z� ® vhw ù FADC �9W6d[j�é"U,v`wlG�M

E.2.4.16 fadc patc h each boar d �
	� {��
�	 � {��������
� FADC p�q�rxW������[�6W�dh«�¬ IC I�«�¬

p2W�� Y Ã��x�JW2d 2® Z G�ó��h�
¿À��p�q�rxW
�9Icò9é"U Y
��� Z G[M
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NPO9Q2R {|S������
cloc k 1 bit Icò2U6V2WP�XM�ü�}�ý�üa¼2½ Y ò2UZ G�M Positiveedge

C�D�\ Z G�M
reset 1 bit I�ò2U�V6WP�XM
þ9]"^Òÿi_�ý��~¼�½Y ò�U Z GaM Positiveedge

C ÿb_6ý��kj D\ Z G�M
clear 1 bit I�ò2U�V�WT�oM�]c^Òÿi_ ý9�¾¼�½ Y

ò�U Z GaM 1
Y ò�U Z G
ø�ü
}
ý�ücI pos-

itiveedgeI6d
e,fig2� C ÿi_�ý��~j D
\Z G�M
busy 1 bit I2é�U�V2Wt�oM������$� 0

Y éxU6��¿D�\ ��� 1
Y é"U Z G[M

patc h 1 bit I"ò�U�V2WP�XM���I
V�Wt�z� 1 j�ò
U4vzwFG�ø
¿ FADC ��W�d
I �® Y! #"Z G�M

fadc read busy 1 bit I6ò UPV�WÒ�XM fadc
read p�q�r�W���I busy V�W��iI2é�U Y��� Z G�M

fadc read drive 1 bit I4é�U�V4WÒ�XM fadc
read p�qJr�W$��I drive V�WP�zI"ò6U
� ��� Z G�M

data boar d begin 1 bit I$ò�U6V6W|�XM fadc
read p�q�r
W%�9I data board begin
V�WP�zI�é�U Y���� Z G�M

data boar d patc h mode 2 bit I�ò�U�VJWl�XM
data board patch mode V�W��"I,é
U Y$��� Z G�M

last address drive 1 bit I�é[U2V�W��XM fadc
last address latch píq�r�W&�
I drive V�WP�zIxò�U�� ��� Z G[M

sum patc h 1 bit I4é�U�V�WÒ�XM fadc sum
patch p6qJr�W'�4I patch VJWl��I�ò
UJ� ��� Z G�M

sum patc h busy 1 bit I�ò�U9V�WF�XM fadc
sum patch p�q6rcW%�9I busy V�Wt�hI
é"U Y$��� Z G�M

sum patc h drive 1 bit I�é�U9V9WF�XM fadc
sum patch p�q6rcW%�9I busy V�Wt�hI
ò2UJ� ��� Z G�M

sum patc h read busy 1 bit Ité6UPVPW¥�XM
fadc sum patch ptqJr�W��ÔI fadc
read busy V�WP�zIcò2U�� ��� Z G�M

sum patc h read drive 1 bit I�òtUPVtW¥�oM
fadc sum patch ptqJr�W��ÔI fadc
read drive V�WP�zI�é"U Y$��� Z G�M

sum patc h last address drive 1 bit I�ò,U
VtW¥�oM fadc sum patch p q9r�W!�
I last address drive V6Wl�aI6é$UY$��� Z G�M

sum patc h data out valid 1 bit I�ò U
VtW×�XM fadc sum patch p4q�r�W(�
I data out valid V�W��xI é�U Y2�� Z G[M

sum patc h data out 16 bit I9òPUFV|W �XM
fadc sum patch ptq�r�W)�ÒI data
out V�WP�zI�é"U Y$��� Z G�M

craw patc h 1 bit I�é�UJVJW|�XM fadc craw
patch p�q�r�W'��I patch VJWl�aI�ò
U�� ��� Z G�M

craw patc h busy 1 bit I�òJU�VJWn�oM fadc
craw patch p�q9r�W$�,I busy V6WT�
I�éxU Y$��� Z G�M

craw patc h drive 1 bit IJé
UJVJW|�oM fadc
craw patch p�q�r�W*�JI drive V�W4�
Icò�UJ� ��� Z G�M

craw patc h read busy 1 bit I�é�U�V�WÒ�XM
fadc craw patch p�q�r�W'��I fadc
read busy V�Wt�zI�ò�UJ� ��� Z GxM

craw patc h read drive 1 bit I�ò,U�V4WÒ�XM
fadc craw patch p�q�r�W'��I fadc
read drive V�Wt�zI�é�U Y$��� Z G�M

craw patc h last address drive 1 bit I�ò9U
V6Wl�oM fadc craw patch p2q9r�W+�
I last address drive V�W|�aI�é�UY���� Z G�M

craw patc h data out valid 1 bit I2ò9U,V�W
�oM fadc craw patch píqJr�W,�
I data out valid V�W��xI é�U Y2�� Z G[M

craw patc h data out 16 bit I�òPU|VPW �XM
fadc craw patch p�q�r�W'��I data
out V�WP�zI�é"U Y$��� Z G�M

hist patc h 1 bit I é�U V WÔ�oM fadc hist
patch p�q�r�W'��I patch VJWl�aI�ò
U�� ��� Z G�M

hist patc h busy 1 bit I�ò U4V WÔ�oM fadc
hist patch p�q9r�W$�,I busy V6WT�
I�éxU Y$��� Z G�M

hist patc h drive 1 bit I9é�U,V WÔ�oM fadc
hist patch p�q�r�W*�JI drive V�W4�
Icò�UJ� ��� Z G�M

hist patc h read busy 1 bit I|éJUlV|W �XM
fadc hist patch p�q�r�W'��I fadc
read busy V�Wt�zI�ò�UJ� ��� Z GxM

hist patc h read drive 1 bit I�òPU|V|W �XM
fadc hist patch p�q�r�W'��I fadc
read drive V�Wt�zI�é�U Y$��� Z G�M

hist patc h last address drive 1 bit IJòtU
V6Wl�oM fadc hist patch p2q9r�W+�
I last address drive V�W|�aI�é�UY���� Z G�M
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hist patc h data out valid 1 bit I"ò�U�V�Wt�oM
fadc hist patch p�q�r�W'�4I data
out valid V�WP�zI�é"U Y���� Z G�M

hist patc h data out 16 bit I òFUmVnW �oM
fadc hist patch p�q�r�W'�4I data
out V�WP�zI�é"U Y���� Z GxM

raw patc h 1 bit ITé�U|VPW �oM fadc raw
patch p6qJr�W'�4I patch VJWl��I�ò
UJ� ��� Z G�M

raw patc h busy 1 bit I�ò�U4V4WÔ�XM fadc
raw patch p�q6rcW%�9I busy V�Wt�hI
é"U Y$��� Z G�M

raw patc h drive 1 bit I é2U V,W��XM fadc
raw patch p�q�r�W-� I drive I�ò�U
� ��� Z G�M

raw patc h read busy 1 bit IléJUFVlW �oM
fadc raw patch ptqJr�W��ÔI fadc
read busy V�WP�zIcò2U�� ��� Z G�M

raw patc h read drive 1 bit I�òTUlVTW �XM
fadc raw patch ptqJr�W��ÔI fadc
read drive V�WP�zI�é"U Y$��� Z G�M

raw patc h last address drive 1 bit I9òtU
VtW¥�oM fadc raw patch p q9r�W!�
I last address drive V6Wl�aI6é$UY$��� Z G�M

raw patc h data out valid 1 bit I[ò�U�V2Wt�XM
fadc raw patch ptqJr�W��ÔI data
out valid V�WP�zI�é"U Y���� Z G�M

raw patc h data out 16 bit I,òFUmVmW¡�oM
fadc raw patch ptqJr�W��ÔI data
out V�WP�zI�é"U Y���� Z GxM

data out drive 1 bit I�ò�U2V�W4�uM
��I$V�W4�
� 1 j�ò2U vhwlG
ø FADC ��W6d�I �®Y�. ¯
¿ 0 j�ò2U�v`w|G
ø Ý � Á2Â Z G�M

data out valid 1 bit I�éxU�V�Wt�uM data out
� �® v`w ù FADC �9W6d[j9é"U,vhwlG
ø��2��I
V�WP�a� 1 j�é"U4v`w ¿ É w��� I6ø#��� 0 j9é"U,viwFG[M

data out 16bit I�é�U6V�Wt�XM��
I�V2WP�z� ® v`w ù FADC ��W6d�j�é"U,v`wlG[M

E.2.4.17 fadc patc h contr ol �	 � {��
�)	 � {������/�

FADC �9W6d Y �® Z Ga��p�qJr�W$� Y à"êC �!0 ´ �2� Z G�¿$� �2� p2q�r
W'��M fadc
read p2q�r�W+��ô,��� ��I�p2q�r�W+�Jj ë�ï
w|G[M

NPO9Q�R {TS1�2���
cloc k 1 bit I�ò2U�V�WP�XM9ü�}6ý
üa¼�½ Y ò2UZ G[M Positiveedge

C�D�\ Z G�M
reset 1 bit Icò2U6V�WT�XM�þ9]"^�ÿ`_ ý9�Í¼�½Y ò�U Z GaM Positiveedge

C ÿb_6ý��kj D\ Z G[M
clear 1 bit I$ò2U6V6WP�XM�]c^�ÿ`_ ý9�Í¼�½ Y

ò�U Z G�M 1
Y ò�U Z G�ø2ü
}$ý�ü"I pos-

itiveedgeI6d$e,fhg�� C ÿi_ ý��kj D
\Z G[M
busy 1 bit I�é[U�V�Wt�XM%�����
� 0

Y éxU���¿D�\ ��� 1
Y éxU Z GxM

patc h 1 bit I�ò6UJVJWl�uM���I�VJWl��� 1 j
ò2U v`wlG$ø FADC �9W�d�I �® Y� 1"Z G[M

patc h mode 2 bit I
ò�UJVJW|�XM ú FADC p
q�r�W-� Y ] Ý I�«�¬6p�W,� C�3�4 Z G
ø1��¿���I
V2W��`���JW�dz«�¬ IC I�«�¬
p�W�� Y ò2U Z G�M

each boar d mode 1 bit I�ò�U�V6WT�oM FADC
p�q�rcW%����[��W2d0«2¬ IC Ix«�¬2p2W
� Y'5 � Z G�ø�������I�V�WP�0� 1

Y ò
UJ��¿ É � C ��ÄnE ú FADC p�q�r�W$�Y ] Ý I"«J¬6p�W,� C�3!4 Z G�ø��
� 0Y ò�U Z G�M

data8 not 16 mode 1 bit I$ò�U�V�W|�uM �®
��ù
�4W�d Y 8 bit Ë C é
U Z G�ø���
��I�V�WP�a� 1

Y ò�U��2¿ É � C �2ÄFE
16bit Ë C é"U Z G
ø��$� 1

Y ò�U Z G�M
threshold mode 1 bit Ixò�U�V�Wt�XMa��W�dz«

¬ IC I SUM «2¬2p2W ��I���W�d Y 2®Z G$ø1�
¿�6"ã 1 ��76Ix��W�d Y�8 � G�ø
���J��I�V6Wt�0� 1

Y ò�UJ��¿ É � C �
Ä|E ú � Y é�U Z G$ø#�c� 0

Y ò�U Z G�M
threshold bit in 4 bit I[ò�U�V�W��oM thresh-

old mode V�WT�0� 1
Y ò�U����(6cã Yë �[ø�����¿6��I�V�WT�a��6�ã Y ò�U Z

G�M!6�ãJ� 2 I ��� C 5 � Z G��2ø��+9: Z G[M
fadc read busy 1 bit I6ò,UtV4W×�oM fadc

read p�q�r�W���I busy V�W��hI�é"U Y��� Z G[M
fadc read drive 1 bit I�é�U�V4W×�oM fadc

read p�q�r�W%� I drive V�WP�zIcò2U
� ��� Z G�M

1 �$I6cã��$��W6da«�¬ IC I�6�ã�ø��1;JI FADC I/F <�=+>�?+>�@6¿ ú FADC µ�·xg6¸-���$A
����B Ý >cã�C�DFEb¿ � ê�ô��+>!G�H�I��*@�=#J�� ON/OFF @��)K$L
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data in valid 1 bit >còM�N!OP�PL fadc read
p�q2r$O���> data out valid N�O��Q>
é-M)C ���!R K%L

data in 16 bit >�òM(N(Ot�SL fadc read p�q
r1O$�2> data in N(Ot�T>�é+M)C ���(R
K�L

data overflo w in 1 bit >�ò�M�N�OF�UL fadc
read pnqJr#O��V> data overflow
out N!OP�W>�é-M�C ���)R K$L

data boar d in 5 bit >�ò#M�N�O,�UL fadc read
p�q2r$O���> data board out N�O��Q>
é-M)C ���!R K%L

data boar d begin 1 bit >$ò!M)N)O|�UL fadc
read p�q�r1O%�2> data board begin
N!OP�W>�é%M�C ���)R K%L

data boar d patc h mode 2 bit >�ò(M�N�Ol�UL
fadc read p�q9r#O'��> data board
patch mode N!OP�W>�é-M(C ���)R K%L

data channel in 5 bit >�ò/M�N�OÔ�UL fadc
read p�q�r1O%�2> data channel out
N!OP�W>�é%M�C ���)R K%L

data channel begin 1 bit >tòXMXNYOÕ�ZL
fadc read p�q�r#O��[> data chan-
nel begin N!OP�W>�é-M�C ���)R K%L

data channel end 1 bit >"ò(M)N!OT�UL fadc
read p�q�r1O%�2> data channel end
N!OP�W>�é%M�C ���)R K%L

data16 out drive 1 bit >cò�M)NOP�UL data8
not 16 mode N�O��
� 0 C6ò/MT�J�
16bit Ë'@ �® vÎw�ùx��O\%C�é�M R K�ø
��¿��#>�N(OT�0� 1 ]�òM4v`wFK
ø��2O
\ 2® > 3#4 C . ¯c¿ 0 ]�ò#M9viw^Kcø Ý� Á�Â R K%L

data16 out valid 1 bit >�é%M�N�O �SL data16
out N!OP�0�"��O)\�] é-M v`wFK$ø����
>�N(OT�z� 1 ]�é+M,v0w�¿ É w2� � >�ø
��� 0 ]9é-M,v`w_K�L

data16 out 16 bit >�é-M(N!OT�SL data8 not
16 mode NO��z� 0 Ccò�MJ�
� 16bit Ë
@ �® vzw,ùc��O�\'CJé+M R K�ø��
¿J�
>�N!OP�iô9�0�2O)\�]�é-M,vhw_K%L

data8 out drive 1 bit >�ò�M�N�OF�ZL data8
not 16 mode N�O,�h� 1 C[ò�M��c� 8 bit
Ë'@ �® vÎwJù��(O�\%C�é`M R K�ø'�"¿[�
>�N(OT�z� 1 ]�òM4v`w[K�ø���O�\ �®
> 3�4 C . ¯�¿ 0 ]
ò�M�vÀwaK�ø Ý � Á�ÂR K%L

data8 out valid 1 bit >9é�M2N�On�ZL data8
out N!OP�0�"��O)\�] é-M v`wFK$ø����
>�N(OT�z� 1 ]�é+M,v0w�¿ É w2� � >�ø
��� 0 ]9é-M,v`w_K�L

data8 out 8 bit >�é`M�N�O,�UL data8 not 16
mode N(OP�z� 1 CcòMJ��� 8 bit Ë�@ ® vÎwJù��)O�\�C2é�M R Kcø'��¿a�->'N�O
�Àô��a�2O)\�]�é-M,vzw^K�L

E.2.5 ims link c012.v £×¤4¦,§
E.2.5.1 ims c012 reset �)	 � {��
�	 � {��������

IMS C012 CTÿcb ý9� R Kxp�q�r#O%��L

dae2f�g {^h1�2���
cloc k 1 bit >�òM!N!OP�UL9ü�}6ý
üa¼�½(C�òMR K�L Positiveedge@�i#j)k/K%L
reset 1 bit >còM)N!OT�UL�þ2B-l�ÿTb ý9�Í¼�½

C"ò#M�k�K`L Positiveedge@|ÿmb6ý��n]�i
j)k/K�L

clear 1 bit >$òM)N)OP�UL�B+l�ÿTb ý9�Í¼�½�C
ò�M�k2K�L 1 Cxò�M�k2K�ø2ü
}$ý�ü-> pos-
itiveedge>)\�o�pcI���@lÿQb ý��n]i1j
k/K�L

c012 reset 1 bit >�ò)M�N�O|�ZL�q(r6� 0 C�ò
M���¿ IMS C012 Ctÿsb�ý��tk�K�ø1u 1 C
òMk�K�L

busy 1 bit >�é�M!N�Ot�UL%�����
� 0 C�é$M���¿
i#j���� 1 C�é$M!k/K$L

IMS Reset 1 bit >Jé�M�N�Ol�ZL�v�>N�OF�`ô
� IMS C012 >|ÿcb ý9�¾¼�½],é+M�wzw
K*L IMS C012 > Reset x+I>�ò�M6� �
�
k/K�L

E.2.5.2 ims c012 read �)	 � {��
�	 � {��������

IMS C012 ô��a��O)\+C'y)z�é�k�{|)}1O%��L

dae2f�g {^h1�2���
cloc k 1 bit >�òM!N!OP�UL9ü�}6ý
üa¼�½(C�òM

k/K�L Positiveedge@�i#j)k/K%L
reset 1 bit >còM)N!OT�UL�þ2B-l�ÿTb ý9�Í¼�½

C"ò#M�k�K`L Positiveedge@|ÿmb6ý��n]�i
j)k/K�L

clear 1 bit >$òM)N)OP�UL�B+l�ÿTb ý9�Í¼�½�C
ò�M�k2K�L 1 Cxò�M�k2K�ø2ü
}$ý�ü-> pos-
itiveedge>)\�o�pcI���@lÿQb ý��n]i1j
k/K�L
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read 1 bit >�ò(M�N)OT�UL�v�>�N(O|�a� 1 ]�ò
M�wzw[K�ø IMS C012 ô ����O�\1>1y)z
é���C  1" k�K%L

busy 1 bit >2é%M!NOt�ZL������$� 0 C�é$M6��¿
i#j2��� 1 C6é-M!k/K�L

select 2 bit >�òM!N!OT�ZL IMS C012 >c�2O(\
C�y(zJé+k2º�| » \-C 5 � k/K%L

data out 8 bit >2é$M!N!Ot�UL IMS C012 ôJ��y
zJé���ù���O�\�]�é-M�w`w_K�L

IMS notCS 1 bit >Pé)MaN^O¥�UL IMS C012
> notCS x'I(>�òMJ� ��� k/K%L

IMS RS 2 bit >�é-M)N!OP�UL IMS C012 > RS0,
RS1 x�I(>�òMJ� ��� k/K�L

IMS RnotW 1 bit >,é)M~N�O×�UL IMS C012
> RnotW x'I)>còM�� ��� k/K�L

IMS DIN 8 bit >�ò�MaN�O��UL IMS C012 >
D0 ����� D7 x�I!>�é+M)C ��� k/K�L

E.2.5.3 ims c012 write �!	 ��� �
�)	 ��� �����/�

IMS C012 �"��O)\'C#��u$����{�|�}#O$��L

dae2fg � h������
cloc k 1 bit >còM)NOP�UL�ü���ý�üa¼2½)C�òM

k/K%L Positiveedge@�i#j)k/K%L
reset 1 bit >�òM(N)OP�UL
þ2B-lÒÿQb�ý��~¼�½

C"ò�M�k2K`L Positiveedge@lÿmb6ý��n]�i
j(k/K%L

clear 1 bit >�òM�N(OT�ZL�B+lÒÿQb ý9�¾¼�½�C
ò�M�k�K`L 1 C"ò�M�k�K
ø�ü1�
ý�ü+> pos-
itiveedge>)\1o�pQI2�#@FÿQb�ý���]�i1j
k/K%L

write 1 bit >xò(M(N(OT�UL�v1>#N�Ot�0� 1 ]�ò
M�wzw[K�ø IMS C012 ����O�\1>1�/u��
z!C  1" k/K%L

busy 1 bit >2é%M!NOt�ZL������$� 0 C�é$M6��¿
i#j2��� 1 C6é-M!k/K�L

select 2 bit >�òM!N!OT�ZL IMS C012 >c�2O(\
C1��u'����º�| » \-C
ö�÷(k/K%L

data in 8 bit >xò�MN�O��ZL IMS C012 �-�)u$�
����O)\'C�òM!k/K$L

IMS notCS 1 bit >Pé)MaN^O¥�UL IMS C012
> notCS x'I(>�òMJ� ��� k/K%L

IMS RS 2 bit >�é-M)N!OP�UL IMS C012 > RS0,
RS1 N(Ot�W>�òMJ� ��� k/K$L

IMS RnotW 1 bit >�é(M�N�O��ZL IMS C012
> RnotW x�I(>�òMJ� ��� k/K$L

IMS DOUT 8 bit >�é1M2N�Ol�SL IMS C012 >
D0 ����� D7 x�I)>còM�� ��� k�K%L

E.2.5.4 ims link reset

�	 ��� �������
IMS C012 >|ÿTb ý9�aø-��l!��C . ��L ims

c012 reset, ims c012 write {!|�}#O+��Cë2ì �
�J¯(K$L

dae2f�g � h1�2���
cloc k 1 bit >�òM!N!OP�UL9ü��6ý
üa¼�½(C�òM

k/K�L Positiveedge@�i#j)k/K%L
reset 1 bit >còM)N!OT�UL�þ2B-l�ÿTb ý9�Í¼�½

C"ò#M�k�K`L Positiveedge@|ÿmb6ý��n]�i
j)k/K�L

clear 1 bit >$òM)N)OP�UL�B+l�ÿTb ý9�Í¼�½�C
ò�M�k2K�L 1 Cxò�M�k2K�ø2ü1�$ý�ü-> pos-
itiveedge>)\�o�pcI���@lÿQb ý��n]i1j
k/K�L

ims reset 1 bit >cò�M(N!Ot�ZL#q�r�� 0 CcòM
��¿ IMS C012 CPÿ�b9ý���k2K$ø1u 1 C"ò
M!k/K�L

busy 1 bit >�é�M!N�Ot�UL%�����
� 0 C�é$M���¿
i#j���� 1 C�é$M!k/K$L

c012 reset 1bit >�é`M�N�O �UL ims c012 re-
set {�|)}+O���> c012 reset N!O��T>
òM�� ��� k/K%L

c012 reset busy 1 bit >�ò�M^N~O¥�ZL ims
c012 reset {�|2}�O$��> busy N)OT�
>�é$M)C ��� k/K%L

c012 write 1 bit >Pé(MaN�O¥�ZL ims c012
write {(|�}�O'��> write N�Ol�`>�ò
M�� ��� k/K%L

c012 write busy 1 bit >�ò�MaNaO¥�UL ims
c012 write {�|2}�O$��> busy N)OT�
>�é$M)C ��� k/K%L

c012 write select 2 bit > é�M�N�O��UL ims
c012 write {�|)}1O$��> select N!O
�T>xò!MJ� ��� k/K�L

c012 write data out 8 bit >�é%MN�O4�UL ims
c012 write {1|�}%O`��> data in N�O
�T>xò!MJ� ��� k/K�L

108



E.2.5.5 ims link read �	 ��� �
�)	 ��� �����/�

INMOS ÿcI ücô ����O�\�C#y�z�é1k1L ims
c012 read {�|2}#O$�2C ë2ì �
�J¯(K$L

dae2fg � h������
cloc k 1 bit >còM)NOP�UL�ü���ý�üa¼2½)C�òM

k/K%L Positiveedge@�i#j)k/K%L
reset 1 bit >�òM(N)OP�UL
þ2B-lÒÿQb�ý��~¼�½

C"ò�M�k2K`L Positiveedge@lÿmb6ý��n]�i
j(k/K%L

clear 1 bit >�òM�N(OT�ZL�B+lÒÿQb ý9�¾¼�½�C
ò�M�k�K`L 1 C"ò�M�k�K
ø�ü1�
ý�ü+> pos-
itiveedge>)\1o�pQI2�#@FÿQb�ý���]�i1j
k/K%L

busy 1 bit >2é%M!NOt�ZL������$� 0 C�é$M6��¿
i#j2��� 1 C6é-M!k/K�L

fif o full 1 bit >xò�MNO��UL FADC I/F ]�à[ê���)� ¿T���
��O\ ç�è ì > FIFO > full �
���(>cã�CcòM!k/K$L

push data 1 bit >2é+M)N!OP�ZL INMOS ÿQI9ü
ô ����O�\�C1y)z��)�@ data out N)O
�0��é+M�wzw_K�ø�u�¿)v#>�N(OT�z� 1 ]
é-M/w0w�K�L

data out 8 bit >�é%M(NO��SLv�>1NOt�z� IN-
MOS ÿmIJü�ôJ�*yz'�!� õ ��O!\`]�é$M
w`w[K�L

c012 read 1 bit >Té�M�NaO��ZL ims c012
read {�|!}'O���> read N�O��Q>"ò�M6���� k/K%L

c012 read busy 1 bit >9ò^M^N�O��UL ims
c012 read {�|)}+O%�2> busy N�Ot�c>
é-M)C ��� k�K%L

c012 read select 2 bit >4é!M�N�OÒ�UL ims
c012 read {1|�}%O���> select N�O4�
>�òMJ� ��� k/K$L

c012 read data in 8 bit >�ò2M2N�OF�UL ims
c012 read {1|�}�O`��> data out N�O
�T>�é-M)C ��� k/K$L

IMS InputInt 1 bit >2ò2M�N�O��UL IMS C012
> InputInt x�I)>�é+MJ� ��� k/K�L

E.2.5.6 ims link write �(	 ��� �
�)	 ��� �����/�

INMOS ÿ�ITü��2�_O�\!C)�~u��a��L ims
c012 write {�|2}#O$�2C ë�ì ���J¯(K$L

dae2f�g � h1�2���
cloc k 1 bit >�òM!N!OP�UL9ü��6ý
üa¼�½(C�òM

k/K�L Positiveedge@�i#j)k/K%L

reset 1 bit >còM)N!OT�UL�þ2B-l�ÿTb ý9�Í¼�½
C"ò#M�k�K`L Positiveedge@|ÿmb6ý��n]�i
j)k/K�L

clear 1 bit >$òM)N)OP�UL�B+l�ÿTb ý9�Í¼�½�C
ò�M�k2K�L 1 Cxò�M�k2K�ø2ü1�$ý�ü-> pos-
itiveedge>)\�o�pcI���@lÿQb ý��n]i1j
k/K�L

busy 1 bit >�é�M!N�Ot�UL%�����
� 0 C�é$M���¿
i#j���� 1 C�é$M!k/K$L

timeout 1 bit >�é%MN�O4�ZL`� ë�ì L IMS C011
>
ù���� ì : wÀw9ù+]�¿ IMS C011 ]�ò���'� @��9²xù�ù!� IMS C012 C ë�ì k�K
v�ø$��Ä^E�������Ä�²"ù1L

fif o empty 1 bit >�òM�N!OT�ZL FADC I/F ]�à
ê � ��� ¿�é'M���O�\ ç6è ì > FIFO >
empty ���c�)>cã�C$ò�M!k/K$L

pop data 1 bit >6é-M)N)OT�ZLJé+M���O�\�] çè w0w4ù FIFO ô4���/O�\�C�DXE�é�k�ø
u 1 ]9é-M�wzw^K%L

data in 8 bit >xò�M�N�O��ZL INMOS ÿ�I�üc��é
M!k/KW�2O)\+C
òM!k/K�L

c012 write 1 bit >Pé(MaN�O¥�ZL ims c012
write {(|�}�O'��> write N�Ol�`>�ò
M�� ��� k/K%L

c012 write busy 1 bit >�ò�MaNaO¥�UL ims
c012 write {�|2}�O$��> busy N)OT�
>�é$M)C ��� k/K%L

c012 write select 2 bit > é�M�N�O��UL ims
c012 write {�|)}1O$��> select N!O
�T>xò!MJ� ��� k/K�L

c012 write data out 8 bit >�é%MN�O4�UL ims
c012 write {1|�}%O`��> data in N�O
�T>xò!MJ� ��� k/K�L

IMS OutputInt 1 bit >
ò(M�N�O|�ZL IMS C012
> OutputInt x�I)>�é-M�C+� � k/K$L
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E.2.5.7 ims link contr ol �(	 ��� �
�)	 ��� �����/�
dae2fg � h������
cloc k 1 bit >còM)NOP�UL�ü���ý�üa¼2½)C�òM

k/K%L Positiveedge@�i#j)k/K%L
reset 1 bit >�òM(N)OP�UL
þ2B-lÒÿQb�ý��~¼�½

C"ò�M�k2K`L Positiveedge@lÿmb6ý��n]�i
j(k/K%L

clear 1 bit >�òM�N(OT�ZL�B+lÒÿQb ý9�¾¼�½�C
ò�M�k�K`L 1 C"ò�M�k�K
ø�ü1�
ý�ü+> pos-
itiveedge>)\1o�pQI2�#@FÿQb�ý���]�i1j
k/K%L

reset busy 1 bit >�é�M!N�Ot�ZL IMS C012 CTÿ
b,ý9�,´���l(�����9¯�K1��¿ 1 ],é'Maw
w�K�L

read busy 1 bit >�é-M(N(OP�UL INMOS ÿQI9ü
ô��T�)O\-C+y�z�é�����¯K$�
¿ 1 ]�é%M
w`w[K�L

write busy 1 bit >2é$M!N�O��SL INMOS ÿsI�ü
�'��O\%C'��u���#@6¯�K-��¿ 1 ]Jé�M�w
w�K�L

write timeout 1 bit >�é-M)N!OP�UL1 �¡�¢ ë2ì
���J¯$Ä�¯-L

ims reset 1 bit >�ò(M(N)OT�ZL 1 C$ò(Mk�K�ø
IMS C012 >Pÿcb ý9�,´£��l���C . �¤L

fif o full 1 bit >xò(M!N!OP�ZL�àxê(@ ims link
read {�|)}'O��2> fifo full N�Ot�T¥
� � w0wJ��¯(K$L

fif o empty 1 bit >�ò/M�N�OÒ�ZLJà�ê�@ ims
link write {�|�}1O���> fifo empty
N!OP�*¥+� � w`w9�J¯)K�L

push data 1 bit >4é!M�N�OÒ�ULJà�ê�@ ims
c012 read {¦|�}#O��§> push data
N!OP�*¥+� � w`w9�J¯)K�L

pop data 1 bit >|é�M_N^O��ZL�àJêa@ ims
c012 write {�|�}1O$�2> pop data ¥
� � w0wJ��¯(K$L

data in 8 bit >�òM(N!OT�ZLJàxê!@ ims c012
write {1|�}�O`��> data in � � wÎw6�
¯(K%L

data out 8 bit >�é�M�N�O �ULaà0ê#@ ims c012
read {�|�}%O*��> data out N�O4�Q¥��� w`w9�J¯!K$L

IMS Reset 1 bit >Té�M�N�O �ZL IMS C012
> Reset x�I!>cò!M�¥+� � k/K�L

IMS notCS 1 bit >Pé)MaN^O¥�UL IMS C012
> notCS x'I(>�òM�¥+� � k/K%L

IMS RS 2 bit >�é-M(N(Ot�SL IMS C012 > RS0,
RS1 x�I)>còM�¥$� � k/K$L

IMS RnotW 1 bit >�é(M�N�O��ZL IMS C012
> RnotW x�I(>�òM�¥+� � k/K$L

IMS InputInt 1 bit >2ò2M/N/OÔ�UL IMS C012
> InputInt x'I)>�é-M�C'� � k/K%L

IMS OutputInt 1 bit >
ò(M�N�O|�ZL IMS C012
> OutputInt x�I)>�é-M�C+� � k/K$L

IMS DIN 8 bit >6ò�M~N�O×�UL IMS C012 >
D0 ����� D7 x�I)>�é-M�C'� � k�K%L

IMS DOUT 8 bit >�é1M2N�Ol�SL IMS C012 >
D0 ����� D7 x�I)>còM�¥-� � k�K%L

E.2.6 logib lox ram.v £×¤4¦,§
E.2.6.1 logib lox prim async ram �§	��� �
�	 ��� �������

aAVerilog-HDL ¨�O©(G1O�ª`@)>�«ap%}�¬!O
«��I � ¥$® ï waK[¿ FPGA ¯�°)> RAM >+i'j
C'±!²��#³�´(K$L�µ 4!¶�· � ¥#¢ FPGA C'¸�j
��³�´�K%¹�º2>'»!¼��#³2´�K'½-¾/¥ 0 u$¿/À��
w�K$Á��¿+®�Â/w0w�Ã�´$L Parameter@ RAM ¥Ä#Å)Æ KW�2O)\�> bit Ç�È�É!Ê)C#Ë�Ì@�u)K$L

dae2f�g � h1�2���
A RAM >#Í�ª�¬(©1C+Î�M Æ K%N!O~ÏSL ADDRS

WIDTH Ð���Ñ�O!\�@ bit Ç�C�Ë1Ì�@(u�K`L
DO RAM >$��O\�Ò�Ó�M/wiw�K�N�O�ÏZL DATA

WIDTH Ð���Ñ�O!\�@ bit Ç�C�Ë1Ì�@(u�K`L
DI RAM >���O�\!C(Î�M Æ K�N�OXÏZL DATA

WIDTH Ð���Ñ�O!\�@ bit Ç�C�Ë1Ì�@(u�K`L
WR EN 1 bit >+ÎM(N(OaÏUL�v�>1N)O^Ï*¥-ÎM

w[w[K�Ô�Õ/> positive edge @ RAM > A
N�O�Ïc>1Í/ª*¬!©�¥ DI N�O~ÏQ>�Ö�C'�)u
���1L

E.2.6.2 logib lox async ram256x1 ×ÙØÚ�� �
×Ø Ú�� �������

Channelkill Û�Ü�C Ä1Å)Æ K RAM L
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dae2fg � h������
A 10 bit >�Í�ª�¬)©#C'Î�M Æ K-N!OaÏUL
DO 1 bit >-�2O)\'C)Ó-M Æ K$N!OaÏUL
DI 1 bit >-�2O)\-C1ÎM Æ K%N)OaÏZL
WR EN 1 bit >+ÎM)N!OaÏUL�v1>�N(O~Ï*¥+ÎM

w�w¦K`Ô�Õ�> positive edge @ RAM > A
N�O�Ïc>#Í/ªW¬(©#¥ DI N�O�Ïc>$Ö)C+�)u
����L

E.2.6.3 logib lox async ram32x5 ×ÝØÚ�� �
×)Ø Ú�� �����/�

Boardorder Û�Ü�C Ä#Å(Æ K RAM L

dae2fg � h������
A 5 bit >�Í�ª�¬�©#C+ÎM Æ K$N!O^ÏZL
DO 5 bit >-�2O)\'C)Ó-M Æ K$N!OaÏUL
DI 5 bit >-�2O)\-C1ÎM Æ K%N)OaÏZL

WR EN 1 bit >+ÎM(N(OaÏUL�v�>1N)O^Ï*¥-ÎM
w[w[K�Ô�Õ/> positive edge @ RAM > A
N�O�Ïc>1Í/ª*¬!©�¥ DI N�O~ÏQ>�Ö�C'�)u
���1L

E.2.6.4 logib lox async ram32x2 ×ÞØÚ�� �
×Ø Ú�� �������
�)O�\Tß�à IC >�ß�à�{�O2ª*C Ä+Å�Æ K RAM L

dae2f�g � h1�2���
A 5 bit >1Í~ª�¬)©�C+ÎM Æ K%N(O~ÏSL
DO 2 bit >-�2O)\+C)Ó-M Æ K$N(O~ÏSL
DI 2 bit >%��O)\'C1ÎM Æ K$N!OaÏUL
WR EN 1 bit >+ÎM(N(OaÏUL�v�>1N)O^Ï*¥-ÎM

w[w[K�Ô�Õ/> positive edge @ RAM > A
N�O�Ïc>1Í/ª*¬!©�¥ DI N�O~ÏQ>�Ö�C'�)u
���1L
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