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�
1 � � �

��� � ���
	���������[=��`:0tF:��!E���� =���� YH���$K��=:! [9$�"�#��$#%'&��
	�9�
#(
=*),+o'#-/.�01�+	�]R� ��4�5�632547678�9iE�:<;3=
4�5;6m9?>�=�4TL�K!�#�A@ > K�.CB5' 9��D�E '����$�`� V�9 �GF������g�IH �i�!0X�j�J	 9K�7��*�,�31�KL� NM�O<�?K ��:P FRp�m03Q�9�7�<M70 �$GF0�Q
E 9IR�:��N&_'��#�7Sml#M!T#U YV-`E"W?R�K�L�GR�g��=1nAL<R�K�& ��X103�$9
L! [R > � �ZYA[=G$�7�j' 9$�\Q�] � 1 k70_^;GI�������7�#�`��:��!�
�;������_1W"SmlXE$k<L
K�01^;G� 
1.1 `badcfehgdi
1.1.1 j�k\lNmon�p�q'r/sCt
���������Q';�������+��u 1 v*w – � 100 v�w �_xP0�&d'!�`E���u 1 v*w –5 v�w$�
��u7y��fR
n	=�zftK �;��������'�������'����}n�n5&RE
	#{iE�|~}�� � > :+�#u7yI03^'B '!	 ];�+4�5�60��#��0 �/G!� � > :"L$ I0�&P^;G ( d 1.1)  

d 1.1: �������
	�������
�����
������ � � &"tmGI������M 1/2 E�����tmG��Z}n �7� =���Y�KL�G" 

s��`�K�?`���	#{��
� P0 =��#� n Y+:
����6��_��'Fs����"�`N�
	�{���Z�01^;G" 
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YI�iY|9�M ��*CF���I���;�������j'F	������x$������_2��������;�m��	!T!.i0p2�	;T�Z�
� S�EF0RG�LA} k�������5y�M�����tFG" �9"R�0+���$�$��EX0RG�����07��'<9$�F01Q 9���5y�=���0KP�$�!B �ih M����`� > KLFG� �B � h�����Lp��u�� �r' J B��ih ( x�����u 1.25 v*w ) ' H B
�1h (1.65 v�w ) ' K B �1h (2.2 v�w ) ' L B �1h (3.5 vGw ) ' M B �ih (4.8 vGw ) 0_^�G ( d 1.2)  =�M R > �*�Q'��Y���Z���� ��C$%�&�E�0IB"!/[=GI4�5�6�9?> � ����#��$9p%�&���$�%<0 K B �
h��"u���u'& (��/C �7M*)~}"+AR/:?B 'g�$:
��T]pK�{�� OH ,�L<M�-/.10`E�21� > G*��W���Q3 P+�$LI014�5'@ > K16 }87�#,�$919�� 6��1Em0NB J ' H B �ih
n K B��ih�������u`1E�)��`�
6��3M�! [pG ( d 1.3)  �:��307�Q'�B �ih�E�;�<3M�=?> � > K�. B ';^�n/YoK��=C/��=@����G :5�
K B��ih��"u���u`D=@�fL�`�EPFg� Y+: Ks B � h (2.15 v�w ) M04�L � > KLFG" 

d 1.2: ���$�m� ������������	�������
�����

d 1.3: ���$ <0!�
"�#�%�&
2 v�w��P0_��9�� 6��' 9 > & (1��#�%�&�M�A ��BI�XGK 
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1.1.2 j�k\lNm��\p������
�����������������}n	�?��Y�KL�G :����7���K$#% M 6�
3M=���$�7���`E�fKL�G� E�&
���� ��F�'����$���#���`E�� 9L+�������#�#���7��������M3^;GK &���'�9 > E	k<LJK����mG� 

�������� �!�"

�3���#�$&%�>('�)+*�,�M.-�/�0�1��+2�#�$�����354�6&357�8:9<;5=�$?>�@BADC<EGF+=�H�IKJL FNM�O�PGQKRTSVUXW?Y&Z�[N2�=�$�>�@ z 3�\^] 6 3�4�6�3�_�`�2?a�b<; z+1 c�bVdfehgi1?j 7

c&3�a:b<P@<g�W�kN3?1:j 3000 l.mBn 7000 li357�8:9�o:p�;�2�q�rNs 2 mBn 5 tDu:3v�=�H?I
o:p<P@wg5WxkN3hr�yze&k�JDm�n{2^|�}�P~#�$&35����AD�Bgi1?j�P?;�v�=�H�I����h]i��m:��e�0
k�JD]N�hm�g5W�1?� L 2ws?3hr�yDe�����;�|�}<P?�?0+�?9�����J~e�g:3i�G2^�?,�3�^0�v�=�H�I
�?���h�?]N�:��JDe�g5W

�h�?�?���  .���� N�&�
�^�5�^� P~ :¡�¢hgN£��:�:¤:¥�¢�e.¦�§ �^��¨�©«ª ;52�¬::a<Az®?¯±°³²�´�¢�gW&k�3~®?¯±°µ²

´�¶+·�¸�;5¬?�a�3�a�b�P�-¹/<dTº�  L 2^a?bh]�b&0�%<»¼®�¯½°¾²�´B¿~À�P¹d?dfe�g�W�v�=?H�I
; ����¨N©Áª PhrGg~Â�Ã^]GÄhe�0�1:j.2�7�8:9^��;5����]�Å�Æ�e+4�6�Ç&3�È5É?Ê�ËG��¥�Ì<P5ÍÏÎ
À�1 �?Ð�Ñ o:p^].2hv�=?H?Ih��;��?�^]N7^Ò¹J~ehg�WKk�3^r�yze�k�JÓm¹nGÎÔv�=�H�I�����;+��m
��e�0.W

��Õ �
� m¹nÓ35Ö�×wAÓØ?�?Ö�×�JDÙ�ei¢�JÚ2�Ö�×�3hÛ�Ü�ÝDa?b�;5����3�Þ?,�3?Ù:�.ß�à�g�WKk�3�áâ

A Wien 3�ã?ä�åxJDæ�ç�2�è�3hr�y~P~é�¿~À&g5W
λpeakT = 2898 (1.1)

k:k~�+2 λpeak ;�Û�Ü�Ýzaib ( tzu ) 2 T ;~é:·�Þ:, (K) ��ê�gW�k�3~ë�m�n¼��m�g�r�y~P�2�é:·?Þ
,^] 3000 K ì�í�3�î�Þ � 3�_�`�2KÛ+Ü�ÝÓa�b^]+v�=�H�I�o�pwP� �¡^¢^gNW�4�6¹ïiP.q�0?FGð?ñ
A�ò.jhgi3�;�î�Þ � ��ê�Ró2�î�Þ � 3����h]+ô��<P:e�g�k�JDm�n.ÎÔv�=�H�I�����3�����õ^].ö^Z
g5W�ài1�2�î?Þ � 3�È.��Îz÷?ø�ù � ;�ú<P5v�=�H�I��.����¿À�g�k�JÓm¹n{v�=�H�I����h]iû:7��
JDe�g5W

1.1.3 üÏý:þwÿ������
M���-���;�2��?�hmBn~35=?H�IwA.²N´�¢^g&J�JiÎNP	��0N=�H�I�A�
�×h¢&gG1?jN2^=?H�I&35���

P�;5�h� ��� ]� L F�0hg�W&s?3&rhyDe+���BAÓ7hÒhP L 1�YKJ L F 2006 � 2 �<P M-V-8 ����P
r	��F��<§GO��<n	À�1�=?H�I?����� � � êGmxR���]�� ��nfÀ^g�W � êGmxR���P?; 2 !�3��?���h�:]"�# ¿~À�F?0�gW 1 !?] FIS � 50-180 tzuG3~#?=?H:I:oipwAÓ2�Î�y 1 !?] IRC � 1.7-26.6 tzuG3
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v ° È � =�H�I�o�pBA����&Ü L F�q RX2?M&O���#���3�=�H�I������&�?��;	��
�ûi7^Ò�eNo�pBA~�
����/Gg�WL m L 2�� � �����P�Î	�Ïd !�m�3N���h]�ê�g�WBà���� ©Áª ·^]� ��nÔÀ^g�W�� � ������5_
`�.ñ 100 ��m¹n 1000 ����Îm�mÏRÔê�àwRDP�Î	���he�Î���Pie ��F L à�yTW�à��������h��� "�#
]�Å�Æh��ê�g�k�JGÎ � �<nÔÀ&g�W �"!�]�#$��k�JiÎ � �<nÔÀ�g�W&ì�O��hk�JDmBn � � �"����J{M
O	�"�"��;�%"&�'ie�áâ���êBR(��M^O�����]+�:�h��ê�g�k�Jz]+��m^g5W

1.2 )+* ,.-0/21436587+9;:=<
2006 � 3 �&P?>�@BA5� ��C"�ED{ÜGF °IHJLK�]GM Ñ L � 2006 � 4 ��P~=:HONQP	R�SzÜUT ( V : m

e������� ) ]"W	X����OC�Y"Z"[�ï�mBn¼@�\�¿ÀQ� ( ] 1.4) W¹k��?�������^"���	_`Oa	� b�ä�cd
5
d

/ e"��� d c d 2
d

/ e Jf��ygc���hiLc d Afj L F���g�k�JD��ê�g�W 1 m Ýk © �?����
�&k	��hLi�c d a	�l�m�^:�nSpo�q���ê�g�W � m?e����Q��r"s�AÔé 1.1 Pft�¢NW � m�e"���Q�úhe	uvxw 'a�� k�� �"i�y�A{z^m L F�|�}�'�ê�gG�UaG~���õ���� L �+���^��ê�gL�O���NIU�^Ü © ª Ë� k$�+Ý���Ü�qL�¹Èõ:¥ � ew»?�5���U�GqO�:Ü����wA��$���������A��O�i¢&g�k�JD��ê�g�WBs��
�ij�P�a���"��P?�VRg��E�g~�����^��Î	������qO�:Ü����<P	_"� L �&Î��:��ê�g�?�&]�ê�g�W�V
¡"�"@$A����^]���}wÈhÎ���P?������H�IB�"�������^�BJf�¹yGÎ��:]�ê�g�W k~À a	��v��?H�I��5�
��Yh]GÄhe����O���+IU�&Ü © ª �	����A w�� ¢���Ei��e d��:v���H�I��	 ���A�z^m L FL¡L¢&���
���^r�yDe��?��A£����¢hg�k�J+A w '�J L ���^�?��ê�g�W

] 1.4: >@$A����OCGq�r�ç�¤"�"�?H�I�"��� � m�e����
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é 1.1: m�e���5ú^e�r�s
¤��Ç �G����Ü±° ÝOS������B� ¤��Ç
ú"�
	 j���	 1500 mm ( ��?H Ð 1600 mm)

ú"�� ULE ( ��î������Uk © ) 983 kg

` Ñ F \ F=12.2 ( �"����� f=18300 mm)

��� 15 ���
h�ib:ë ����C (

ª q�Ý °���ÜUTGÜ�Phr.g����Ý�N ��� D k"! � )

h�i�c d 5
d

/ e ( b�ä ) � 2
d

/ e ( � d )# ô
$ % 17
ª �"�# ��ÒNô
$ 500 kg( �'&�(OS��)�� ) � 1000 kg( * © P © �� )

1.3 +-,/.1032 46587:9<;>=?�@BADC�E
FHGJIJK�LNM�OQP�RQS'T'UJV
1 W AHCXE�Y[Z�\BAD]B^D_ LD`JaXS�bdc�edfdSHgJZ�\Ah]�^H_QAhiQakj�V�F

2 lnm fdShg 1 o VhG�p
qBAHrsP�LutwvxT�UdVH] ^D_yL�z�{�|�Vk}J~BS[������[�J��� eJfJSHg��J�
1 o VDGd�����
��� ���dcHVD] ^D_yLNEQ��G ���dV����J��SN���[�
��d��� edf�SDg[rQ�H�����J�'�'���B�N "¡"e�¢[£B¤�AD����CXE�FHGN¥
p

CCD
c¦@
§�¨�©�]B^D_

2ª"« Ah¬
3
ª"« VJNSk�'�H��� ����� L�`�a�T�¥�p�§�¨�©����H�
��CXE�Y�f
SHgJ®

1.5
V�¥�p�§�¨©X���h�
��CXE�A�¯��
°�L�±��kg"²
³QA�cNbN´�G'���"�'���B�" N¡�FD@�§�¨�©�]�^�_

VIRGO-2KL�µ�¶¸·u¹�aJShg�º'THG»���
1 o AD@�§�¨�©�]�^D_¼FH²
³
½�¾�¿nÀÂÁ �kÃ V'¹�¢"£�¤"YJfdShg»PÄ�V�G[¥�p

CCD
FD½�¾J¿ÅÀÆÁ �HÃ ANÇ¼�kÈkÁdÉ�Ê[�NË�ËBÌx¡���Lu`da�SÎÍ�ÏJYdf�S�g�¥�p�§�¨�©���k����CXE
AdÐXÑH¡ Ã À �N� À¦F

2007 Ò
Ó AHÔ L�Õ×Ö»·�¹
aJSHgØ�Ù�Ú Y
FDG[¥�p�§�¨�©��'�H����C�EDÛBÜ[O�Ý'ADÞ
1 ß cÎàJSÎ@�§�¨�©�]¼^u_ VIRGO-2K

AHáâäãæå�ç ^X·NL�ÕèÖX�hg
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®
1.5:
¥�p�§�¨ �J���r��h����e�¢[£�¤'AD¥�p�§�¨�©Q���[���
CXEdA�¯
�
°
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�
2 � � � � � � VIRGO-2K

¥�p�§�¨�©X���k����CXE�VDi
`d�XS�]�^�_QA���ÜDG��
	�F�@�§�¨�©�]B^�_
VIRGO-2K

Aká â<ã�� L�Õ×Ö��kg bhA��XYdFHG'@
§�¨�©�]B^D_�A�������BV o a�¹��J~�T���G VIRGO-2K
A���� cå�ç ^X·�� Ã��! V o a�¹��J~¼SDg

2.1 ":.1032$# %'& (*),+.-
2.1.1 /1032'4651798
:;=<§�¨�©�]�^�_�FhGd§�¨�© L?>�c'·u¹k]�@X��SA>!B�] ^�_�cè¯ « c�·�¹N]�@��QSAC « B
]�^D_QA
2 D�E VGF
H�IXS�gs·?HB· G'@ Ò Au@�§�¨�©����JYdFHGJXa�K Ó Yhr�a�L�M L 1 Ó Vu���d��S�b�ce�N!O�YdfJS�T�UNG

‘
J!K Ó ’

c
‘ P
Q ª ’

LN����V�RBT'�N] ^D_Xe�ST¸PUId¹�a�Shg»bUI¼LGRBT"�A�F�C « B�]B^D_JYdf�SDgC « B�]�^�_�FhGd§�¨�©QA�V o ÇXW�Y3Z�¡
VX m ] ^ ª�« Vh`�a�Ä[I¼S?\!]X^QA`_a «!b A�a« e�c�] b VUde�P�I¼SXf?g�¯Xah!i L?jd`s·�¹N§�¨
©yLu]@X�QSDglk�mn�e�oqpsrt»·�¹�a�àa�\]^
( u I�\�]^ )

A�v!w�G�_a «b cxc�] b A�y�F�z�o�à`{�| b YJf�S�A"Y[G}c�] b6~ A�a« AUd�eQV'FG\]�^}�k¶QA"ÇXW�Y3Z'¡h��� ��Z�����
Eg(eV) � O�A"ÇW�Y}Z�¡"e���S�Y�fdSDg¸bA�T�UkG
]B^NYQ�'S�¯ « FU�

(2.1)
Y`�sPGI�S � � À��QÐA���

λc ( �A� )
 ms� a`��� c�à�SDg

λc =
1.24

Eg

(2.1)

²�³�G[@�§�¨�©�]¼^u_QV P p `dayÄ[I�¹
aJS�\]�^QF HgCdTe
Y
f
S�g¼b?IJFDG

HgTe
c

CdTe
Ar�w�n�Y
f m Gl�'AUr�w�¼L����yP�R�SdbJcxYN������Z��[���ke���d�XS?\�]^�Y�f
SHg P p�AGvw�G

2.5 ��� A � �¼À��XÐ?���QA HgCdTe
e[`Ja Ä�IXS�g¼º"TDG

5 ��� º[Y`K Ó L�V o \�]!^»c'·¹
InSb

L�`Ja�Sdbdc"�hfdSDg\�]!^�]�^�_�F�a « A�> VX"SGd!e���e¸b��kg bkA�a « A�de¼VX m a�O�e�O
I3� ��� A��l�c�à�SDg�bhA�a�OyL���aO cA���Ng���aO�C
Id

FHG �X� AX��uVG�sPGIQSDg
Id ∝ exp(

−Eg

kBT
) (2.2)

b�buY[G
Eg

FH�y� �xZ������èG
T
FU  Ó G kB

F¢¡¢Y6£�¤¼� Ï'\�Y�f
SHg��
(2.2)

HyÄ?��a�O�C�FHG
Eg

eh� �Da¥§¦èG�º"T
T
e`¨�a¥§¦x©yP3p×à�S�bdc�e�FªHXSDg�@�§�¨�©�]¼^ ª"« AUv!w�Gd�y���Z������kÇW�Y}Z'¡Ne`©yPDa
T"U�«� �Y�F��`a�O�e�¬�«¼Vu���DaNg�bHA�T"UhG"]¼^u_�L��®J��SA�SXedf�SHg
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2.1.2 5����\�]!^ L ª'« c�·�¹�j
`���S'V�F
p
B c

n
B¼AU\]^yL��!w P�R¼SA��S�e�fJSDg bhA��!w¼V�

m G�a «�� �	�
�QA�� Ó e p
B c

n
B�Y��XàdS"T"UhG

n � AUa « F p � ~ G p � AN¿
¡`Y�F n �~ OªI�����b�cDV�à�Shg}�¼·�¹NG�Xw�|���@QYdF`a « c�¿d¡¢YJe��Xw ã���� ·��X�BÊuÉ'e� 
³»·à�a�L�M o º m"!�#� e%$'&kShgbhA�()XY
p-n
�!wQV�¯Xe�*+ P�I¼SQc�_a «Xb A`a « F`c�] b V�d�e ·xG}a «

–
¿�¡�Y�,yL

$�-��XSHg¸bAI¸Ä�FHG !.#�� V¢H0/�Ä[IQS21J� � É Ã V�3k¹�a « F n 4 ~ G�¿�¡�Y�F p 4 ~ OI�SJbdcDV"àJS
(
®

2.1)
g§��A���i�bkA�a « FHG
a�O�c'·�¹�^�5 PGI�SJbdcDV"àJShg

®
2.1:

1d� � É Ã VXNS !�#�� Y�A`a « ã ¿d¡�YXA�6 â

2.1.3 Source Follower per Detector§
¨�©�ÉyÌ � c87 Vh`Xa�Ä I¼S å�ç ^�·�	�9�g V�F%:»·Da �<; e>=?/ Ä Id¹
aXShg
1 o VhG}	9¼A'Ç»Ì � ÀA@�YCB�W�� � Ã

(
\]X^�V�a!OXe¢O
IQS�bJc�Y[¯ L2D.+��QS�²�E

)
eJfdShg�bGIXFkGy%��F�6G!\!]!^�YdfJS

Si
L å�ç ^�·�	�9BVk`�aXSJb�c�YIH�J�D�+ L�?X© ;%KML Ä�IQShgyº�TkGÇ»Ì � ÀN@`YCB�W��y� Ã F�a�O�L�P�5 K?L SXb�cuY>Q0R�PDR�SXbXc'�hY���Skg0SBA �M; c�·�¹'G

P \yA�P6©XgUT
e��XSBYXfXS�b�c�eWVyÝ Ä?I�S[g b�I¼V¼�p×`Qa¸Ä?I�S�A�e�G Source Follower

per Detector(SFD)
YJf�S

(
®

2.2)
g

SFD
FkG

MOSFET(metal-oxide-semiconductor field effect
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0
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2.1.4 DFEHGHIKJ�L&M (MUX)
"�" 9�NPO�Q�R�S�T 4 ��5 O�U�V 3 %XWY�&Z[:�\@]B^ 2048 _�< O�`�a ^ 400 bB_�< $cBd�. 4��5 ^�e�fY�7g�g C .�/ "�hji
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(MUX)
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MUX
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2.3
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T1
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SFD

O
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T2

:
T3

:
T4 ³ ��´ T5
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;�¥�¦&�

è�<Bí�ðoî�!P�Bv�¦S�(
# Hà VXW �GY � µ �Z�(
� 2[�¥�®�¯~ð�I���#å�\Pd i�h | Á�Â�8���ì µ
��� h í�²�ES]�^t� h �G_�Ù	Eæ¼`�	�G
9�@à�u�v@î�¥7^�E�É~í�ð
��
7�.�;�8�� 4�5�6 T ^#a�� âBí�P¶2b �  �¦Pc@!�d�e l E p–n f�g à�hæí�ð MUX

;�8�\Mi
! Q�R aFª�«�!�¤-��ì�L�EMj�$j� h í�ð�î�!��P
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MUX
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Si
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2.2 VIRGO-2K

2.2.1 ���
ï�� 5�6�� p�q������PÏ å�½9<Bí

VIRGO-2K
8S� 5�6�� �(
� 9E28�Å���!

2048 � 2048
! _�
	Hà© g�ðæ² | �

3 ��� µ N Y ¡M"�$ ���	�!���
� #à�����¦�Z��tÉ�� } í7"�$���! |�} å�� µ
� à

1
]�å7B } è�<�í�ð��	��
	� � !

MUX
8

Si-CMOS
E�EFÉ�è ³ Õ � HgCdTe

^@½2< i h è�<
í���
��: � !

‘ ��� ’
¥ �:Kp-¥�å ��k ·2l�m�E f�g � h è�< í�ðBg ²#Õ VIRGO-2K

8���� ����� �!���
7 2E�F-í�ð9�
2.5
8

VIRGO-2K
!"!�#�� � 2.1

8
Raytheon $ å ��í VIRGO-2K

!��
x	E2F-í�ð

�
2.5: VIRGO-2K

� 2.1: VIRGO-2K
!���xJ���ì~¡� ��%

20 &�'(� 20 &)'
_ ��	 2048 � 2048 pixel��
���

HgCdTe* ��Ù,+�-,.
0.9–2.5 &)'/��0,1
>70 %(1–2.4 &)' )2�h Ö,3 Ø�Ù
80 K4 Á�5
<1 electron/sec
 � 	
4 or 16Å,�#¶#�Ü.mj�ÜK�
16

 �76

1.456 Hz(685.75 msec) 4

 �

: 0.377 Hz(2.655 sec)�éì µ � ÚF¤��98 k
Global or Row-by-Row:�; Á�Â�/
> 4 � 105 electrons� �Gk L ��k J�Ü=< k L >

2.0 & V/electron? ��%
5–15 electrons rms@ �	
84
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VIRGO-2K
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4
£�� k ë�¡GF)í�<�8

16
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4
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£�� k ë@¡	� | Õ
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 !Hv��

512 
 à�� 16
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£�� k ë�¡�� | Õ
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u

×512 
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2048
u
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 ^ 16
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2.6
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VIRGO-2K8
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g2! ¸�¹ ����k !:�.E:����ï&¨t¥ <tv����B^�F-í�ð�î h 8��
MUX

å�Á
� à � � âBí-î-¥�å �@��èS�

MUX
!)�~· µ ��ª�«�^���¶j���7·�L	N ¸�¹ ¥�� ì µ � 2�hPå�Ã~ÄF¦

`Bè�!��~� µ ��à ��� E����t���Fí |�} E�FtÕ �����B¦ ��� µ �7��N�Ü k ^��@Ä�¥¦���è�< í�ðG�
2.7 ³ ��´ 2.8

å
MUX  Á � ³ ��´B��� µ ��à�� � â&í�� µ � !"!&ÏFà±Fâ�ð

�
2.6:

� µ �#!&Ïo¥
4

 � !� g !$����"���!$%�&��
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�
2.7:

� µ � ��n
1
>

42

�
2.8:

� µ � ��n
43
>

84

2.2.2 VIRGO-2K �������
VIRGO-2K

!#�9�2
9�s�.�8.�
2.9
å�±Bâæ����å#�

3 	 !�� �	k ·ML9N�r�
 "��j���í�ð���!������ í���� k�� L9N
Mdriver

8#�
PMOSFET � Ü:L����! #"-à�$�h&%�è�<Bí�ð('#)#�+*�! 2

	 !,�-� k.� L�N.8�L�/10329!54�6.798:)<;�ð=�>� k?� L�N M2
8S� 6A@ rB
�!�C �

vrstUc
�

vdetCom DFE!G3H=� /I".L�EM�(
��� @ !�J-K&0:�>7LM��r cI�@r2!�L�/1032�EGF G�N�O �98S�P @ E�����; G prstUc Q  F0 Q E5R+S�T� GUN �V� k�� L9N M1
8XW �UY L��A�! !"�! �UY L�Z!:LI/[0\2�E�F G]N:O !:LA/10\22!+)!^5W row _ ����` � L9N�E�" ��`CL�T9� G '�E�8Ua D off

!
b<c D F G]N ��� k��?d N M1

8
prowEn Q  F0 Q E5R+S�T� GUNe1f @ E�����T9��)Ig��:J�"�8XW �XY d ���! #"#h!i Y ��E 0 V

r�
kj+lnm  h]C � 7!o�p>q
O ; N�r#s�t+uXv�w �#�5x D W row _ �B�U` ��d�y D�Enz|{#} T��)<~ G L.�n�Ih M1

h d /�0>2
��� z W[�#hXL�;#�I� D Iidle

C+� �5�<� T9�.W �UY d �A�! !" �5��� O � D � GUN '#)UW��.�A2� ` Q d?� h�� Q K?�?�#��� Islew
C<� �X�!��� W �]Y d �+�. ."!h �]Y d �#i Y ���X��; G C#�

Enz��n� C<��`��#�17\�n� G�O � D � GXN�O h SFD
�?��
V� G iI/�� Asf1  

Asf1 =
1

1 + gds

gm

(2.3)

�X���&
-� G]NBO+O � gm   MOSFET
h]¡<¢�£I�.¤ Q y � d �5W gds  �¥ `>/[� �UY d ¡<¢�£I�
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¤ Q y � d �I~ G]NM�UY d ¥ `\/������   W rds = 1

gds

�X�n�����!W
gm

gds

� 1
�I~ G�� �>iA/[�  	 E�
 1

�I~ GUN

�
2.9:

e:f @ �����f ����� h����

�
2.10   ���f � f�� @ 7���� D�� � ) x h!��~ GUN Vslew

�
Vidle  �� `5�(���5� Y� �!"�� P @ � �#� T$#%�&� G]N�O �%� DFEnz C+��' Iidle

�
Islew

���<� ; G�O � D � GUN

�
2.10:

���f � f�� @ h(��)
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2.2.3 SFD �����
VIRGO-2K

h
SFD

� �  �! �   3 � h�� � G	� ��
	�� ���?/ � �5�<� ; G]N

kTC �����
kTC

�5/ � �   W[g���� _ y � d D d /10\2n7��(%U�5C<�&7����F; G � p ��� D �#� ; G �?/
� �+~ z W �"! D�#�$ T ��) d /�0V2 �%� h x � ����h'&	(*) �,+�- �\� G9N VIRGO-2K

�   M2h d /1032 �5� %.) � p D/.10 h�2n�,3�T$� G�E�4 � kTC
�5/ � ���<� ; G]N

Vnoise =

√

kT

Cin

(2.4)

k  "5 �76#�:�98�:IW T  <;	=	>�? W Cin   MOSFET
h.i YA@ hAgB��� _ y � d �I~ GUN

1/f �"���
1/f
� C �ED  W MOSFET

h
channel D ~ G'F*GBH	I ��C �n�,JBKMLON f T$� G�O D � �#��PG D�Q �����A� ��G ��C � h O D �.W f D�RTS*U ��V �EW Y d*X QY@ �"Z ?E[ x � �"C � ��~ GXN

MOSFET
h

1/f
��C �� �\ h�2F���n� �&�^] N

Vnoise =

√

Kf

CoxWL
(2.5)

Kf   process-dependent
� -(� W

Cox  /_ I*G+r�` V z h.i Ya@ h+g���� _ y � d W W D L  i Yb@ h"c Ded T]��~T] N
f�g �ih'�����
j W,C @ � C �ED  W P �A�IhU�	k	:F���EW Y d*X Ql@ � �Bmon'p ?bD�q ]T� C � h O D/[�rP/s

MOSFET
h

channel
�   .T0 h�2F���n�����^]7t 4 q &�u q j W,C @ ��C � �5�<��P ] s

Inoise =

√

8kTgm

3
(2.6)

v h7� C � h�w+�	x   2 (2.6) [ gm

�/y%] v D �?� ���z] s

Vnoise =

√

8kT

3gm

(2.7)
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2.2.4 Sampling �
���f �  �!�� �   ��� � � ��V t 4 q �"C � �5�<��P ] V����
	��� @�� h r<sFtAu [ ��f P l��

(Single sampling D �E4 (
�

2.11))
�   ��C � h���� ��� p ��� ] s 
 v � � v�� t 4

q ��C � � ��� [�� � P1V����   .70 � t 4 q �� �n� l�� [! � ]#"�$ � ~1] s

�
2.11: Single Sampling

Correlated Double Sampling

Correlated Double Sampling(CDS)   	%�& @(')� D r<sFtAu)� � 2 ? �� �F�+* � o � l���I~1]
(
�

2.12)
s v)� l�� � t z 	%�& @ � t�] kTC

� C � � ��� [�, z%- � v D � �1p"] s

�
2.12: Correlated Doubles Sampling
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Fowler Sampling

Fowler Sampling   	��& @ '�� � � :  � rAsFt�u�� � � :  �� �n� 
 ��� � ����� � *� o � l�����~�]
(
�

2.13)
s v�� l�� � t�]T�*C � �	��
 ���� y [ � 2.14

� � P,s�� q � �
Fowler 1 sampling(1  � �� �F� ) D Correlated Doubles Sampling   m�n x � ��~T] s

�
2.13: Fowler Sampling

�
2.14: Fowler Sampling

� t�] �� �n� � C � (Raytheon � ���� y )��� � �� �n�  : ��� ��� � � ��C � � w<��x ��� ��� � � electron
��� :

24



2.3
� �������	�
����������

VIRGO-2K   � 2 ��� �����  ����� 	 t�� 15 ��� � 8	w#� [ � � ] v D �"!$# ��� MUX
�

4 % �+�'&X��~�] �   16 % �+�'&X� � � �)( Cn� � � ��� � � �+* �^] s � �,* � V.-0/ �.1��2����  y [ � 3 y � �  y � ��4 �+� £A�!�05  y �76$81P ] v D �.90: D � � , ���<;�] s v �t 4 q "� ��� [7= 4 V ����� 90: , �?>A@�B  � Messia5 D MFront2 [� � V,s .B0 � Messia5

D MFront2
� �A� �"C)D P ] s

2.3.1 Messia5

�
2.15: Messia5

Messia5  FE  �  y , �G>.@HB  �n~ z �GI"J K�LNM�O W�C"PHQHR �)S0THU<V WHX�Y[Z ��
CMC(Common Mezzanine Card) \�] � Mezzanine Card D_^ ` � PCI a @  DSP 5  ¥

Hammerhead(Bitwire � ) � � ��� * ��] (
�

2.15)
s

Messia5 D j @ @ £A�!�A5  y   � PCI a @� '�b � � 	 z DSP 5  ¥ � a @.@ �  @ � CMC D #�$ * �+� � ] sdc"V � 1 e � CMC   2 ��dfd�  � � � ��� * �I� 	 z � 1 � ��fg�  � � 1 � DSP
� y z'` ���&� � DSP

�
Link Port

[ih n � �� y [ �gj �0k z D z P ] s v)��fg�  � �   .10 � 2 �$� ~1] s
CSB(Clock SequencerBlock)

�2�  � � y  � [ �.� * #�] V�� �$f.�  � s �2�  � � y �   � j @ @ £I�#�"5  yFl � �$m � �I~1]$npo�C5� [ DSP
� ��0q � �

CSB
�[8 ���^]

v D � �#��P ] s
FGB(Frame Grabber Block)

90: �� y [ DSP 5  ¥sr 8 z �,PTV � �gf$�  � s MFront2

� � �0��� [ FGB
�At � , ] v D � q ] s
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v)��fg�  � ��� ����� # � t z � CMC
�   .T0 � 3 �.� � �  ¥ � ~1] s

• Combo Mezzanine(CSB–FGB)

• Frame Grabber Mezzanine(FGB–FGB)

• Clock Sequencer Mezzanine(CSB–CSB)

�
2.16   Combo Mezzanine

� ��� [ � �<V x � �I~1] s

�
2.16: Messia5

� ���
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2.3.2 MFront2

MFront2   � S'T�W � Z ���<V E� �� ��� n � � @�� � ¥ ��� � @ � 
 � @+��~ z � w�' 5 
¥ � C�� y  n	�  @ 5  ¥ � a C - @ 5  ¥ � > 1 / � 	 t � ADC 5  ¥ � � 	�- � � 5  ¥

 � �$@ �  @  � a  � � �  � 5  ¥ ��� � * �z] (

�
2.17)

s

�
2.17: MFront2
 � � �[> 1 / � 	 t0� ADC 5  ¥ � a C - @ 5  ¥ � C[� y  n��  @ 5  ¥ � w ' 5  ¥ s

a  � � �  � 5  ¥ �g@ �  @ * �A� � ] s

MFront2   � j @ @ £��#�"5  y -
w�' 5  ¥ u � w ' -

w ' 5  ¥ u 	 t0� Messia5-
C[� y 

n��  @ u ��� Hf � [�h � � #T$ * ��� � ] s Messia5-
C1� y  n�  @ 5  ¥ u �   � � ��"C<D �<V t 4 � �g�  � � y  � � Messia5 � � �+� * �7C�� y  n��  @ 5  ¥ [�h � � aC - @ 5  ¥ � 8 �&� ] s c*V)� j @ @ £I�<�"5  y ����8 �,V w+�Bx � � a C - @ 5  ¥ l ���� ��� � * � ] s 
 � � � a C - @ 5  ¥ � �+���,V a C - @  �� ��� � 8 � � � �$�  �  � 	7- � � 5  ¥ � �g�  � ¥ ( C a [�h � � � ��� ��8 � �z] s � ��� � � �0�.�   � � 	�-� � 5  ¥ � � 	�- � � ����c * # ADC 5  ¥ � � 3 y � �2� � ��4 � Cn� y  n��  @ 5  ¥

[ih n � Messia5
�]� � * � � 9F: D � � , � * �z] s
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h�i \�]eZ�_kj�l�m�n � 7 V _��	��
��`�d j�� � 0.85 V ��� 
 ���^] 5.7 ��� � ���������
����]�� ����� � �"! bed�j$��
 4.72 V �$#&%('*),+�-/. ]103254 � ! h$i \�]�Z _aj�l$m�n �
15 V _/�1�1
���` d j�� � 2.20 V

�&� ���c]6� �1���(� ��!�b�d j���
 12.69 V �7# %8'/)9+-/. ]7032:4 � !;4 � 
 h�i \^] Z�_�b�d j���
ej�l�j�� ��<>=@?	� �$� �3?5A h�i \^] ZCB�D
_�E�F ��� �! MUX 0CG ?�E�H�I � 
"� MUX J _�K$LNMej$�O0�PRQ6E7F h$i \�]�Z�_aj�l���

7 V _�j��O0"m�n � �"! AD S ]9T +VU _�j���W�X�
 0 Y5Z 2.5 V ��� ��E�F1� Y 3.13 _ [\[ \
[^]N_$
@4e_W@X(03`�a � ��b�_c�dM8e�f�?�� 4 � �	g Y �"!

3.3
h iVjlkmhmnlo prq

MFront2 sutwvx7y5z E$Z�[�\ ]�Z�{ +R| ��}7~ _��&�$�9�$�^�9� z f�?�� Y 0\��� � �	E1F��d� �"� MFront2�aZ [�\^]�Z	{ +r| 0,��� z f$� Z�[�\^]�Z1{ +r|��$� _"H&Ic0C�rA���� � � �"! MFront2 �aZ
[�\^]�Z1{ +r| 0,��� � ��E7F ��
�� MFront2 � _8��]����r�aZ [�\^]�Z1{ +�| _�`�bed$�509�F��8��� U6S ]�� '�+�� _aj��*�8�a�	�^���`�d�j$�;03��� � �3��� � � ��!� �¡ B _ Y B.2 �
B.3 �C� ADC { +r| �¢T ��\1��{ +�| _8��]��7�;0,£ z E�!&T ��\1��{ +¤| 
 62 �$] Dsub S�¥¦ � �C§�¨ z f7�¤<©� ADC { +¤| 
 44 ��] Dsub S�¥ ¦ � �ª§�¨ z f�?��C! ADC { +¤| _ AIN� Z�[�\ ]�Z Y/Z _�b�d5�«���O¬ � �&�$]��\M��! AIN _d$®��$� � + �¯ ®��7� � – `�d ��� �!� E��&T���\7��{ +�| _ BIAS0 Y5Z BIAS21

� Z�["\^] Z1{ +V|�J `�d � �"j���_N��] � � <°�
CP0 Y±Z CP15

� ¦�²8³1¦ } �V�3M��"!cZ�[
\ ] Z1{ +�| _ GND 
	T���\7��{ +�| _ GND �´ M�µ Z � �C! ��¶ 
�1��� z E�Z�[ \�]eZ�{ +¤| - T���\1�¸· ADC { +¤| _8�$]^�7��§�¨7¹ ���
�!�Z�[
\�]�Z	{ +�| `�b�d1�c_	º7»N
 Y 3.2 09¼�½�!
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� 3.5: ��������� C	� D�
� @ ��� C�� D � �������� ����� C�� D ��� u ���
(V)

4(BIAS0) vout1(
� @ ��� D�� @ � ��� u ) +3.11 � +5.58

5(BIAS3) vout5( �� ) +3.11 � +5.58

6(BIAS6) vout9( �� ) +3.11 � +5.58

7(BIAS9) vout13( �! ) +3.11 � +5.58

10(BIAS18)
��"�# � D� @ � � # 9 +4.0

11(BIAS21) reduceOut(4 $&%'�)(�*�+-,�9 ) +4.0(16 $&%'�)(�*	. � D {�/ 0.0)

26(BIAS1) vpUc +3.5

27(BIAS4) vnUc +1.0

28(BIAS7) vnOut +2.5( 0!1�{	/ +2.0)

29(BIAS10) vdetCom +1.0

30(BIAS13) vrstUc 0.0

31(BIAS16) vpD +4.0

32(BIAS19) vCas +3.0

46(BIAS2) vhiReset +4.0

47(BIAS5) vloReset 0.0

48(BIAS8) vhiRowEn +5.0

49(BIAS11) vloRowEn +1.0

50(BIAS14) iIdle -2.21

51(BIAS17) iSlew -3.12

13(GND) ��������� C	� D32 GND 4 � @ ��� C�� D52 GND

16(CP0) FrameStart
��"�# �"76�� ��8 �

17(CP3) pmc �! 
18(CP6) ucRstSel �! 
19(CP9) ucRstEn �! 
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� 3.6: �7� ��� � C�� D�
 ADC
C�� D � ����$�� ���� C�� D

( ��������� ) 8 �
1(AIN0) vout1

2(AIN2) vout5

3(AIN4) vout9

4(AIN6) vout13

17(AIN1) vout1(
X � u

)

18(AIN3) vout5(
X � u

)

19(AIN5) vout9(
X � u

)

20(AIN7) vout13(
X � u

)

�
3.17


 �
3.18 / mBn�� r-s����/N-( ��6 { � 3.19 / MFront2


 2 X
Y 2�	�
 {�����������
3.20 / Messia5 ������������8�������! #"!�$� 2&% #�' � # �#{��)(*� � 3.21 /�+�, 2 +�2�	-
 {.�����

�
3.17: 62

� � Dsub / ( �!6��0 ���21 �30��&4�5�6 /�( ��6
�

3.18: 44
� � Dsub / ( �!6

ADC 7 � 1 4�5�6 /�( ��6

�
3.19: MFront2


 2�4�5 28	$
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�
3.20: � �	8 ����� % # ' � # �

�
3.21: +� 2�	$
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3.4
���������	��
�� ��������

��������� ��� 0�� � 1 � �"!$#�%'&�( � 
 � � 3.22
2 � �

–
�*)*+-, 2�.!�*/1032�465'0 �7 " �98-:';� � � # /1<>=@?$A � 0�� � 1 
 �CBED��.��F&��G :';� ��� # /��� �!�*H D1IJ �)�*) F )LK �9M � � �CN K ���L�O� �QP�R 
ES*T �L����� �L� 0�� � 1 �VU 6 ( �EW�X /'N2 G +$, � 6 ! ���

�
3.22: �L�O� ��� 0 � � 1 2 �!� –

�$)-+$,

Y"Z U 6 ( ���$�V� �*� 0O� � 1 /�� BZX79C4V7 � BZX79C5V1 � BZX79C5V6 � BZX79C6V22
4 [-\'D�� (*�3N K 2 �E]_^ 2�� 0 � � 1 �&0�� �9` (badc.�8� ` (badc 2 ,�/ �e����� �fPR FQg�B �O�"�f��h ���>H �ji ���Ei 3.7 �lk�m � � # 4on ! 7 " �9pLq ����� 0 � �&+�, � / �0 ���21 � 0-� � /9r-s'ACtlF ` (ba@c 2 K*#*! �&�$� � ���"u-v� 7 �6w$xeACt 4 m q 2 K �8�

VIRGO-2K
�Ey-z A �!� ��{9| ( �&��� � 4 �$]L�L�Q�"h � 0 � h#1 � ` (}a@c-� � 0 ��� 1 �0 �&2f~ 8Q� �*� H /Q�$�#� #-�d�1�$! ����N9D1�"]��L�O�"h � 0�� h 1l���VD ~d� ���*������ �E�����*]_^b�-��� ! 4 ���l� � �O�

i 3.7: ������h � 0�� h 1��>�L�O�"hf�-� ( ��h"�>��h ' )

������h � 0 � h 1��9�*� ������hf�-� H (V)

BZX79C4V7 4.4   5

BZX79C5V1 4.8   5.4

BZX79C5V6 5.2   6

BZX79C6V2 5.8   6.6

�-� :$¡'¢ �d£�¤6¥L¦�£ 7*h 1§�O¨ 0 ¥ © 1«ª 0 ¨�� MFront2 �Q¨ 0 ¥1©-7*h 1o� 4�5 � �f¬ D>®$© ' /*¦�¯�°1h���D��>� H �l±>²´³lµ ��¨ 0 ¥1© 1¶ª 0 ¨ 0´2 � � ���>� H �l·>¸3� ���*¹
3.23

¢fy-º �f�$�@��¨�»*¥�©½¼«ª »O¨ ~�� �L�"� � � . ª / D�¾�¿ �
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���������������������� "!$#

������%������'&)(�*,+-&.�0/�������1� "243$576767843:9;#

BZX79C4V7
BZX79C5V1
BZX79C5V6
BZX79C6V2

-7

-6

-5

-4

-3

-2

-1

 0

-12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1  0

��
� �
� �
� �
��
�	

��

���������������������� "!$#

������%������'&)<�*,+-&.�0/�������1� "243$576767843:9;#

BZX79C4V7
BZX79C5V1
BZX79C5V6
BZX79C6V2

¹
3.23: zener �$� H= FL£-ªO© :'; � v F?>*» �*© :e;1� >�» �-© :';*¢ ¨L»�¥�©½¼«ª�»�¨����A@�BDC0E�h � » � h

¼9�l������h � » � h ¼o�lGGF `IH adc*¿@�f{f|LD � ¿ �
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� K��9K �1� � �-h � » � h�¼�F �>!�#�� ¿��§� BZX79C4V7 F ��!�#$¢ly�º � 4 2.5 V a�� 0d2~'� �*� H FQ� K F9g�B�M�� #�! ¿ �	�O� ��
��1���j�-h � » � h�¼�F �>!1# 4��� F BZX79C5V1¢
3 V a�� 0 2 � BZX79C5V6

¢
4 V a�� 0 2 � BZX79C6V2

¢
5 V �� q*� ¾ � H 0 2 � K F

g�B¶M�� #$! ¿ � ��� � ����� K���K � � » � h ¼ ¢ i 3.8 � 7�� A�����D�U�� K ¿f� � D�¾�¿�N
�6F�� 0�� � � D1��N K � 4 � F9i 3.9 � 7�� F��-¸�� �O�

i 3.8: ]L������h � » � h ¼��QU�� K ¿Q� � �-� H
BZX79C4V7 2 V

� D
BZX79C5V1 2.5 V

� D
BZX79C5V6 3.5 V

� D
BZX79C6V2 5.0 V

� D

i 3.9: ]*¨L»*¥ ©_¼oª�»O¨ F�� ! ¿1�'�O�"h � » � h ¼¶����¸
BZX79C4V7 vnUc � vdetCom � vrstUc � vloRowEn

BZX79C5V1 vnOut � iIdle

BZX79C5V6 vpUc � vCas � iSlew

BZX79C6V2 £C¤l¥'¦O£ "¨L»�¥�©_¼oª�»1¨>� vpD � vhiReset � vhiRowEn

vloReset �"!$# B�!�¼«ª »O¨% "¨L»�¥�©_¼oª »1¨

& A(' FQ� BZX79C4V7 � BZX79C5V1 F �*!$#�¢ �"h"�>��h C����L�Q�"hQ�$� H)� D+*�, �#-! A ! � N���-�. ¢ � ¹ 3.3 � R59 �fr$s H F+/ �Q!"� �1�-� u"v �Qw-xeF+/ �)0 � �$� �$D
¾*¿��6m q 2 K ¿ �1� � � BZX79C5V6 � BZX79C6V2 F�2(3	4 ¢ +5.2 V a	�LD�5�6�°87jh-�G@
¦��9�N��4(3L¿ � N KL¢ � º �f�-� F ¢�� 2 K A(3�:<;LD�¾"¿ � �LNfD1� IC �V±$=��>4(' � �
N	?�5�6�°@7lh"�D@1¦��9�N$³OA 0 A � �*� � IC �-� 4 ��F�-�.�A � � � p � K ¿ �'¹ 3.24

¢
IC �l±$= � � � � �$BDC+E"h�F , � . ª / D"¾"¿ � IC

¢
OPA2107AP �>�D3 �O�
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BZX79C4V7
BZX79C5V1
BZX79C5V6
BZX79C6V2

¹
3.24: zener F , (OPA2107AP �´£*ªO© :e; )
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3.5
� ���������
	�������

3.5.1 �������������
£d¤V¥�¦1£ ¢ ��� �! #"%$ �'&)( �+*',.-�c ` ¿  �� F-¾ � ¿ � �'/1032 »54 F'6´�VU �8759: ¾*¿ � Y�Z �';5<�= ¢ � ¹ 3.10 �?>A@�¥�¦�£ �-£$ªO© ~ �� AIN0 � AIN1 � GND F$� @oh C

³lµ<4 0 V � ¬  =?;5<@�CB � ���EDCF F�G H £�¤l¥L¦O£��$��0O�>�H2�»)4 : � " ¿ D � F)I�¿ �
£d¤V¥�¦1£+J�h ¼o� 2.I�K �f¬  =��H2 »)4"��LNMPO ¢ 2 Q 3 ADU(1 ADU=3 electron) =�¾�¿ ��?R �d£d¤l¥'¦O£SJ�h ¼ �T,.U�V�¿XW F ADC J�h ¼ �>�Y0��-�H21»A4�� �e�1�C¹ 3.25

: �>�Z ' � �\[?]#="¾�¿ �^D � ¬  ="�H2�»)4?O ¢ 0.7 ADU _P`#=�¾"¿ � �e�41�@£d¤l¥'¦O£SJ�h ¼
�T,.U�� �f¬  =�� Z ' � �a[+] :-¹ 3.26 =�¾"¿ �%D � ¬  ="� Z ' � �.b "%$8c 20 ¯%!?d3e>�f

100 ¯	!Xd)eL�!g.h "i$ f c 20 ¯%!?d3e ( j 400 ¯%!?d3e ) �e� rms �H2�»)4?O ¢ 9 Q 10 ADU

=�¾ H �kLNM5O F ¢!l 0nm�o I�3 D � :?p�q � �1�

¹
3.25: ADC J�h ¼ �	'��H21»A45[+] ¹

3.26: £d¤V¥�¦O£ "%$ �H21»A45[+]

3.5.2 ������r�s�t1uv���
21»A4���LwM5O´� ,.x�Ve¿ � � F'yPz´�\{1|O¿ 759 : ¾"¿ � 2�»)4´�aI H~} ¿H0O� ¢ ��� I�0

� :P�-q $ F ¿ : ����� ¢�� F?� v � 2 2e�a;�' �O�

�A�P�i�~���?�H�5�A�
�5��� �)���.�Xe :3�3���'� 0 I�¿e�«��2�»)41�5� :+�A� ³Vµe¿!�AgDF#G H � |�¿!¡$�(9-�"�

=�2�»)4+¢A£ : 9 D ¿ � � D =����AgGF�G�¿!¡>�<9$�����E�.¤#Ve¿ � � F'¥D� F ¿�� : B�»$© C
@L¥3�����'e�="¾�¿ � B-»>© C¦@�¥S�H�.�'eH=O�P�P¡)§ �l�.¤�V'¿>-5¨´� ¹ 3.27 F!©#V � �H�.�
eL�$B-»>© C F�G H ª�«'� ��9*����� �5� ³9µ�� �?¬ 3 F\ &\® �°¯��$µ�¿\±.² : ¾�¿ � ���@B
»�© C��+5L»)4�G H 0 / � I>©.���Se�=�±P³��>4<3L¿\�5g "i$ ��´Pµ �+¶X·�V'¿ D � : = � ¿ �
�#� ¢ �C£d¤V¥�¦1£e� ADC J�� ¼ � � �+B-»>© Cn@L¥S�H�.�?e ² � ���
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¹
3.27: B-»>© Cn@L¥S�H�.�Xe

� ���H�������	��

¨L»��"©	�¦V�C¦ 5 ( ��©��¦ )

¢ �H>P@L¥�¦1£��Q��� � GND
� F��¦E�d¦ 5���� F�� 0��"�

3 � �%D\F FYG H � ®������ ������IO±�³ FYG�¿X>.@�¥e¦�£>� � ���>©��'»D! ¬ ��2 »A4e�����
±P² : ¾"¿ �
�#� ¢�� IC V>�<4 F 0.1  F �)dLª�! B�!��¦E�d¦ 5d�#" H%$'&�(O�

� =�) yPz ) 
GF+*e£C¤l¥'¦O£ 1 d B Co�-,-© C � F+.5x�� (
¹

3.28) 2�»)4��C�#/ � 4(' (10D ?f¨'»�¥�© ¼oª�»1¨ FX¥�� F 4�3�¿ OP200GPZ 2 ) 0 ) : 2�»54���=�¾"¿ D�0\:+p^q43�(�(
�-*�£�¤6¥L¦�£ ) >-»�E$©5� � ) ¨�»*¥1© ¼¶ª1»O¨ ) ' IC 6 OPA2107AP F7" H98�:�(-;�<

3.10: ,�= C?>4@�A�B5> F#G�¿ IC C$=�D ) 2�»)4?O )FE 3A=�¾"¿ ;

¹
3.28: ,�= C �	>G@�A�B5>HI)

IC
: >4@�A�B5>> �*�J ) IC

: >G@�A�B5>K� � )5L »�A�=_¼NM » L

<
3.10: ,�= CO>G@�AIB�> F�G�¿ IC C$=�D ) 21»)4 ) C�P

IC 21»A4?O (ADU)

OP200GPZ( C$=HW ) 2 Q 3

OPA2107AP( C�=�D ) 1 Q 2
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2 3 4�*�� 3.29
:�DaF $ ) y5zG6\{ | ( D ) >4@7AIB5>SJ�� ¼ ) >G@�A�B5> "i$ ) 2��)4P[?]

=�¾"¿ ;

� 3.29: y5z�D ) 2��)4P[?]
D ) 0�� ) 2��A4?O�� 1 Q 2 ADU =	� H LNM5OG6 ,Px#V�
 D 0T: = �5(�; 3 " 3 *#[?] "i$ 0

� " 
.G � F/ � I� : � H * � A�� : / � 3�������	
 ; :�� ) 0?D ?�* MFront2
L ��A5=)JP��F0 >4@7AIB5> )�� �$E�=�� � )�L ��A�= � M�� L�� =�� )���� 0 I�� } 
#0 ) :�� �#V�
 D 0:! "#"!$&% 
 ) =�*���D�I�' 0 " D ) � )���� 6)( �+*�,�( % ;

47



�
4 � MUX � � � ��� �

MUX
)
	 ³���16���� (�, � �5*�>4@7AIB5>���� �+0 MUX 6�������
 (�, )������� ) .!#"%$
&
MUX

	�'�(�)+*�, , *���-/.0� 621 ! �#
43�5+6 ��
 ;87 *:9+; �=<�1 !�>=,������ #?
�@-/.0�BA�! <8C > $ MUX
*=	�' ����0D %�$=E�F 
 ;

4.1 G HJILKMGMNLO P Q:RTSVUWG XZYM[]\_^a` bdcLYfeagihijLkmlTn
4.1.1 Micro-Dsub oqpsrut (MDM)

VIRGO-2K
*=vw. �yx#z�{ <u| 2.6 ��} >:,/$ � � 84 ~��=���06��������@�%���+����� ; 51~����� ? ,8��� $ " ��<u���B�0�����:�+��� > $ Micro-Dsub

�=�q�@ 
(MDM)

; ��� ;/� � $����� "$ % �4�+C 7 ; < 7
�+� ; 1 !�>4,��8��  � � �q� � ? VIRGO-2K
*

MUX �¡�������, ,q¢ < MDM �����
�u� �s�2  � � ���Z£ ¢ ��� >�, �/| 4.1 6 MDM ���  @¤ �J¥ ¢ $ ��~�§¦�¨ ; <�© 4.1 60ª�« ¢ ��� >:, MDM
* ~�� * ¦@¨ ; �q�:�

| 4.1: MDM51 ~��
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© 4.1: VIRGO-2K < MDM ~��§¦�¨
MDM ~�� ¦@¨ �%�B  � � ��� £ �

1 vhiReset

2 vpD

4 ucRstEn

5 ucRstSel

6 reduceOut

8 FrameStart

9 pmc

17 iIdle

18 iSlew

19 vCas

21 vhiRowEn

23 vrstUc

24 vpUc

27 vout1

29 vout5

31 vout9

33 vout13

36 vloReset

37 vloRowEn

38 vnOut

39 vnUc

40 vdetCom

20 < 41 < 42
�%�B  � � ��� £ GND

4.1.2 �������	��
�������	�������
�

3
9�; E�F ,�$ � ¢ < �u��  � � ����£ *���* �� ; { �8�B  � � *����! #"�$&% | 3.10

*
AIN0

?
AIN1 � ¤�' � ¥)(+*-, 0 V

*�.#/ ¢ >:, � >+08> <�ª�« ¢ VIRGO-2K �������#� ,�1¢�{ </| 2.10
¢ �q� $ � ¢�2 %30 � 200 4 A

*65�7 6�3�5 ? �#�=�/C *�,#1 R5
*

20 k 8 *:9; �=<> 2 > < 10 V
*65�?

(vpOut) � 32.5 k 8 *�9@; �2� > , �A�� #"B$�% ¢ 0BC � $ � ¢ >, ��� , < 10 V
*!5D? �=E	Fq� ?G���! �HI%#; vnOut

¢
2.5 V J@K *!5D? 6 0D0 �+L	MON#6����,#1 < �8��  � � �q�J£GK ;#¤�' . ¥����BP���Q��J£ �
Dq�-R , �S( �:¢ < vpOut

¢�T *65@? 60#0 � ��U $ � ¢ �+� ,D1 ¢ vpOut
?

GND
*DV ¢	W ¤X' . ¥ �@�-P���Q#�J£ �+<Y>[Z C�, � �� � ¢ <�ª/« ¢:\^] ,�9�; { 33 k 8 ; ���=�+� , < 10 V

*�5@? {O_ �  �` �q�J£ 0 �ba�c �/�du¢ >:, ��| 4.2
{�eOf�g *��8�B  � �ih#j�*�kml | ; �q���
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| 4.2:
�8�B  � �+? C *:h#j k&l |
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4.2 VIRGO-2K
��� ` Y���� Y�� e_O K
	��

VIRGO-2K
*� ��� � � ��� � (�) �/� ¢�{ < Messia5

0 �
VIRGO-2K � *���-#.��="8$=&

ADC ���Z£�� ��-#.�� ���%�23�5+6q�q��� ADC ��� £�� ��-#.�� { � ; ¢ ���:�0� ¢�� E > ,��� *�; < ADC
*��	���3����-#.���*q � ������!#"D*B, VIRGO-2K � *q��-#.���vu �/���1 ! �#��3@5#6q������J%$ ; { VIRGO-2K � �@-/.0�4vu �/� * 1 ! ¢ D@U�, E#F �=�

4.2.1 VIRGO-2K ��r'&)(�r�* t,+ �.-
�

2
9�; E�F ,�$ � ¢ <�J0/�� ;�*i�3�+ #*1�B���#>�?32 F , VIRGO -2K

{ ��-�.:� �#�  ��54�� ` 676�U ¢18#97: ( � ,�U�� ? Us�<;>=�6q���:� VIRGO-2K
*? �%� � � �@� � 	@' (+*� ,D1 ¢�{ 2 D *���-/.0�
"8$=& 3 D *=(�) � ��-/.0� *D�&"B$ (!* ��A $ B < ¤ ��¥
��C `/ *�D 1 ?q�FE8. ¥ D 1 ¢ 3@5/� �@-+.0� { � F , MUX

HI%/; 1 � � ���© 3.2
"s$0& © 3.3 6 VIRGO-2K

¢ ��� ��-#.���; ���
�>G k { 4
�&$#H � £ *�� � \ � ,1 < reduceOut

¢ D�UD, {6_ �  m` �q�J£ 0 �4{ 4 V
*1I#5�? ���%� 7 ? ¢ >�, � 7 *�,D1 ª#«¢@{

FrameStart < pmc < ucRstSel < ucRstEn
*

4 D *D� �8� 7 ?�? � ] , �u� , < �JE%. ¥ H �£ { Row-by-Row
H � £���� U , �#| 4.3 K | 4.4

{ < VIRGO-2K
*#��-#.���vs �u� ; ���=�

FrameStart 6ML � K�6�� 7 ?�; < ���-�#> 6�NPO^( � #`/ � ��-�.
��*0Q%. C#R ? ¢ ~ ��E ����  6 �:$ ( � �4� 7@7 ; < 4
�:$%H ��£ *@S ! 1 �/� , > 518 ~ ��E �PT *PD`� � �@-�.=��U�8�23�5#6��q� ? Us� 7 ? ¢�V�W �#�=�

| 4.3: 16
��$%H � £ *q�@-/.0�4vu �/�
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| 4.4: 4
��$�H �Z£ *q��-#.���v% �/�

4.2.2 r &)(�r.* t + � �����-�.4�Bv+ ��� 1 !#*@,m1 ¢@{ ��� cpg.ascii
?

spv.ascii
*�� D * �>�¡�=�/�¡1u��3 5�6����:�

cpg.ascii
¢@{ � -q.��2v� �/� *��
	��� ��1 ! �#�4� VIRGO-2K � ¢ 1 !�>4, cpg.ascii ���B����+Z
� C.1
¢ }#�=� spv.ascii

; { < cpg.ascii
; � E >�,=vu ��� *���	��� ��� � !�"�*B, �-#.���v% �+��� � E �/�:�BZ
� C.2

¢ 1 !w>:, spv.ascii
* ���:�0���B}��
� 7 *�� D * ���:���� � � v �0� > < Messia5

¢ �	��� �6*+� 7 ? ¢ $ ] ,�< MFront2 �B� > , �@-/.0� �U�8� 7? 6���� ? �q�4�.$@| ¢ < VIRGO-2K ��� ` ¥ � -�.=��v� �/� ( Z�� C.2 ��� ) � � ] ,���* Q¤�-&`/� � �0;q*�� d *��
� �2}��0�

| 4.5: pmc
?

FrameStart
* � ` ¥ �@-/.0�4vu �/�

Z
� B.2  VIRGO test ! * virgo reset loop
* ª���"
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72�#¢ $ > <�� U�� > *q��-#.�� 6 � ,�U�� 7 ? 6���� ;���, ��� ¢ < spv.ascii ���:�0�u�@�
U�, ¤ 44� `��+�B� ¥ ¢ Sampling

d	��¢�
�] , � E ����3 5#6q���4� 7B��¢ D�U�, { <����� ¢1 !�> ,���U , �+� ? {�� ` ¥ � � ~��0�  
;�¤ 4��u�Bª����#� 7 ?�; VIRGO-2K
*�� -�.
�2v �+� ¢��X] ,q�@-/.0� 6M� �§� ���

4.3 MUX �������
VIRGO-2K � *�� -�.0� � A�! > < ~��U� 4 .
�=;� w> U 5#? 6 MDM

0 � �:$ ( � ,�U�� 7? �!��� * g < MUX
*�"�'�#�$ �4� � � #�$+* « { < MUX �!%+�'& 0 �)(�* �+� ,#1 ¢ | 4.6*�$ ���   � �B��� ` ¢ " � , �%� , < VIRGO-2K

*
MDM

�=�q�� ¢!+ 5	, 6 7 � �.-8?0/ �� " C � 6���� ,�1 < MDM ��� * « {�+ 51,32�4 _ �8£ �65�7 > ,�819 * V�W �;: ] , ��| 4.76 MUX
���-�/>:*�,D1�*�<�=+*?E8. ¥  �.=��; �q���

MUX � " � , ��� `�*� ���� ��> *!% T ¢�?	@ �;A�U , OHP
¤CB ¥�� z � < % �%�ED B�> , ��u� �F> *�% T ¢�G � ¥ ��H&,�< ?�@ *�I � MUX

¢�J > , ( | 4.8)
� ��~C� B� 
;��M ��£�LK � ���FMON �)<�P >4, ��| 4.9 6 Correlated Double Sampling ���-U�,6<�P >4,�MEN�; �����7 *RQ�S ¢�TFU �	��� * , 7 ?¡; VIRGO-2K � ¢ 1	V >�W�XFY[Z�X�\ 1 ��]���^
��_ �B���O` �� BFa�b�c1d ¢ V�e U	_�� Bgf � W MUX

¢	Wih�j _��#Ulk[m W T 0 > fon)p {�q VRr ��W �

| 4.6: MUX � " � W � B�`
MUX �=� B�` ¢ " � ��s�t {Xu�;B ��� BFa r�u�� ] W � | 4.7:

�	�B�.v �[b�<�=wb0ExZ ¥  wZ
�
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| 4.8: OHP
¤FB ¥ ¢�G �Z¥ �	HO,�,�U�� � �

| 4.9: Correlated Double Sampling
¢ Q � MEN <�P
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�
5 � � � � � � � �

VIRGO-2K 	�
����������������� m���� CCD � 3  "!$#&%�'�(*)�+"#-,�.0/01�2435*6	�798":<;"=�>�?�	�@BADC9E�+GFHJIK%MLKNJO� 0!MP9EQ+�;�=�>�?$	�@BASR"T4I9U9H&V9WX�#�%
VIRGO-2K ��;D=">G?4	Y@MAZ�J��+Q7�8�HQ[�\�]Q^0��_G`0>G?4	a@4b���V�c 5.1 I VIRGO-2K �dDe ;0=">G?-+�7�8�H�[�\�]�^Jf�U�H�VgCQ�<[�\�]�^0#&hDiKjk��>"?�fJ7�8$lnm��9o&�GpKIK% 8 qr \ 7tsum�F"vbJ�"�G�&w�xy*zZ{^D|$}�~4�&^93D^*En�^��<��5K,��J�-,"3D�Q������C<�0[-\]<^��n�k������Ea8-bJ�J[9^93&IK����m�:�8��<V4�C�f-LKN�%"RGT4F<�G�*���G�g	a@8<%*�4�a:�9� + dGe I��"��H�C�E�	Y_"`M���$EKCD�0LKf	a@�bJ�&V

c 5.1: VIRGO-2K ��;G=�>"?k+Q798�H�C�Eu+DF�H<[-\9]�^

5.1 � ��� �¢¡¤£¦¥
�"�"�G�"���u��7-�J[-\9]�^�#Q%$[-\9]�^9§©¨-vglY��ªG«"¬�	<¯®°R"TkI�U�HD�0�<%*[-\9]�^§©¨±E²�*�u�� r +�."³K´�^�µ$¶<z&µG^<·¹¸�Ea8gAKo<��	Kº¯»¼R"TI�U�HQV½.0³K´�^�µ�¶&z<µD^·¾¸¿#�;D=�À*5k¸¿�u;D=9ÁJÂ��uÃ8 1st 2DÄ�^"³<f�;D=tsYmJ%0�4�a��I"ÅuÆ0Ç*HYw0x$��z*6ÉÈJ^�·
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2DÄ�^�³J#9}����Gw�L<f<;0=9f��JH 2nd 2DÄ�^"³&f&;D=tsYmkH�V VIRGO-2K �u;D=">G?+�7�8�H[�\�]Q^G��.D³&´�^�µ�¶Qz�µJ^�· ¸É	&c 5.2 +�%9.D³<´�^"µ�¶Qz�µD^�·¾¸�§��4��wGx���z*6�ÈK^&·20Ä�^�³�	&c 5.3 +	��
&V

c 5.2: .0³<´�^�µ�¶&z<µD^&· ¸ c 5.3: wGxt��z�6ÉÈJ^<·�2GÄ�^�³
C��J[-\9]�^"��wGx-y�z {-^�#�w�x���z�6�ÈD^K·�2"Ä�^�³��±E�."³<´�^�µ$¶<z&µG^<· ¸²����E�����+������k��lÉm":D|�� %��Q^�3<^0#�w0x$��z*6ÉÈK^K202DÄ�^"³J����¯E�.D³&´�^�µk¶�z&µJ^· ¸²��������*+	�������$lnm�:�89H�V�w"x���z$6ÉÈD^&·�2GÄ9^�³0�k�&^93D^"#����Q�k� ���! " w"xt	�#�$9�0������%$+ \ �"m0%g."³K´�^�µ$¶<z<µG^<·¹¸S��<^�3D^�#Q;"=�>�?�&('*)4+J[-\]Q^0��w0x*	,+.-gs�/HD�D��+ \ �GmH�Vc 5.4 %�c 5.5 %�c 5.6 #�w0x�y4zn{-^0�	0-º-	�c 5.7 #.0³K´�^�µ$¶<z&µD^<· ¸1��+0U�H��<^�3D^G��0º-	2�¯�Q�o&�Df�U�HQV

c 5.4: w�xt��zt6�È0^<·�2"Ä�^�³3+���w"xy*z{-^ c 5.5: ."³J´�^�µ$¶<z<µG^K· ¸4��*��w"xy*z{-^
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c 5.6: ."³J´�^�µ$¶<z<µG^K· ¸4�����*�Qw�x-yz©{^ c 5.7: .K³�´G^0µ�¶ z�µ<^�·B¸ �33� ���9���u^3K^
5.2

� ����� ���
	�����
� ¡����
[-\9]�^*E²w"x���	ZÆ���
-H0�D��+G#�%k�^��&��5K,"�&�9,G3E²wGx���	YÆ�� 
kH���^���·�	"�� 
kHaR"TkI�U�HQV��"���0��+G#&%$L<N��! #"$��^��&· ( c 5.8) 	&%('a:<Æ��gs�m�:�8-H"."³´�^"µ$¶�z�µJ^&·¾¸ �4� 40 )GzK�&��,039ES�^��&��5&,"�&��,"3-EY�*)"zn�G�$	a��+kHYR0TI�UHuV 40 )GzK����,03<�,)Gz.-0/$	&c 5.9 +�� 
&V���Z:21 5.1 I<��+��u�0�3-0/9f�U�H�VtC��,)Gz�G�31�	�o�Eu+ "3� ����w"x��MEa�uÆ��,��^���·�	<c 5.10 +���
�V4LD��%�[\�]&^G� dGe ���&�4 !t	&c 5.11 +	��
&V

c 5.8: 40 )"zD�&�9,G3-E��-^�����5K,"�<��,�3G	 $�F¯®&�! 5"$��^��Q·
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c 5.9: 40 )"zD�&��,"3K�*)"z��º

1 5.1: 40 )"zJ�<��,"3 %��^��&��5K,"�&�9,G3Y�G�3-3/
40 )�zJ�<��,G3 �^��&��5K,"�&�9,G3 40 )"zD�&��,"3 �-^��&��5K,"�<��,G3

a1 D b1 C

a2 E b2 W

a3 X b3 V

a4 F b4 ����7
a5 Y b5 B

a6 G b6 ����7
a7 g b7 f

a8 H b8 ����7
a9 Z b9 A

a10 J b10 ����7
a11 a b11 U

a12 K b12 ����7
a13 h b13 T

a14 L b14 ����7
a15 b b15 S

a16 M b16 ����7
a17 c b17 e

a18 N b18 ����7
a19 j b19 R

a20 P b20 d
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c 5.10: �^����t5<,��&�9,G3-ESwGx���	 Æ�� 
kH���^��&·

c 5.11:
dGe � �<� 4 !

59



�
6 � � � � � � � � � �

	�
������ v�F��������4�������º�� 1 $"f�U�H 3  0!-vtl�� � samHa�"�����G����! �"�-º��$#&% +('�+*)��D:K%,+k#�W9X��0��-(.0/BEaF9H 3  0!4�$A$%D�21  G!kf�U�HY���"���$���
VIRGO-2K � MUX ��354��9�É>"?�	Z@-F9b&�&V�L�N�% 2 643K^-z<,DÈ�5�, 15 7989:9;�<  E 8A �D��	>= $ VIRGO-2K �$3?4�����µ�2JÄ9@�	A�9B 
9HK�K��%DCFEAG�z�CIHKJ�/�G&2±¸².&/�JLH ,È95<,½¸É.J/!J*	NMGÇ¯���(COEPGz!CRQ�^�¸n	�SRT ���<V���a:<%-�0��U�Á0V9W$	a@9F"8&% MUX+aÆ�� �a:4o�X�YF"8kC�E&	Z_�`½���<V-LD��% Messia5 �*ZG2 6©��z3)<\J^�3J+K: VIRGO-2K 7:9; �5[a/&·"|4}�~�,DÈ�5�,\6�3K^zJ	 "3� �u�&V���Z:&% MUX 	]<  s2/D%�354��-�P^�"*	N_` ��a 
9H�C�Ea+ �*b ���&VtCYm�+�}�� VIRGO-2K ��{�/J´4zY2Dc� ©^¯¸É	a7�8"��>"?4	a@�F�Ad,� #$e$b&��V*s9lY+\fhgD:<%�W�) VIRGO-2K ��;D=">G?-+Q7�8�H�[-\�]�^G���D�$	a@9F"89i�jk o>e,g��&VW�)-#Q%�L�NR- 5 l9f�m�ng���<[�\�]Q^0�uw0x���z*6�ÈK^&·�2GÄ�^"³��4+ VIRGO-2K 	 �������HD�D����o�p$	 "�� ���,)"%BC&�K[\�]&^�	a7980: VIRGO-2K � MUX ��;G=�>�?�	Y@-FG8<%
MUX I,�0w�fkorq�sk+\t�Á�
9H�v-	Z_"`g�n%�3h4��9�!u&/*vGFOwY��V9W*	Y@�FtA RDTI�U�H�Vk��.)-#Q%Rx�y 
D��z9{ I,#9|½�a:"8�H VIRGO-2K # MUX ES{�/D´4zY2hc� ^¯¸¼f�U�HJ�0�D´�z³!}(G&E�z~c9c� ^¯¸°f���U�ÁRV9Wk#�@��"NQ% 3 �9���*��8��,0.</<1"2939546É	Y7980:"ÅQÆ�{9/´$zu2c  Y^B¸²� dGe ;"=�>�?k�4�u:~U-Á0V�Wt	a@FtA¿Vts-l�+�%GWX<��+��*�"�����"�����*���|*}Q~!3h4���&µJ2"Ä�@����?��	]�v*�u:K%Dx�y����DZ 6�}-,<2"f�SRT&�G�����G���"�$�Q�k�#O%3+('"+����kH�V?fDg0:K%"�"� CCD +9oA��� 
H�V*�k�Y:K% 2007 q"xO�0+a���G�"�G�D���� "��º����D[Q^J2 6�.K/B6�	h����
<V
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A MOSFET

��� �\:J!��� /*	©_ � +��9� 
9HJ+D#��0xk��}u80X���I�R0TME F�HaV���CYfQ�k�Y K!4�uÂ���Gz�C-EK� :&7�8*lSm9Hg6².�zQ³&2-3<+\:
	��
�¹6S.�z&³�293 (field effect transistor:FET) E©8*A�o�<I"U"HaV FET #u% gate +�}QbY:�8kL0HN:�k+�}�� channel 	 % ' : source v$l drain ����m9HN:
�*	�����f �KH�o��Kf&% z �k»��k�<: 2 $��$7��9I���y 
9HuV 1 $GIQÆ�����:�	�����6É.�z<³&2-3
(junction FET:JFET) f�%�o�A 1 $0I��
�� �!�"�#�$
% 6².�zQ³<2�3 (metal-oxide-semiconductor

FET:MOSFET) f�U�H�V$C"Cuf�#Q% MOSFET +*$�80:�&(' 
H�V-c A.1 +J´�z©�gza2-��z$6)�
n-MOSFET *2��
&V

c A.1: ´*z©�tzu29�9z$6+� n-MOSFET

C��±6É.9z&³<23K�-,</K19^±¸²#0c��}9Au+ n-p-n EZ8�A/.�04��1�2 source-drain
r � n-type

"434#65��¯�u:�8�F"8DVk�G�41
2873%-[9J-/G2�#*)�za�"1 � (channel F$� ) �6049�+"U�HQVtC"Cf&% gate + + �$:9;:*�;\f½��1�<�G%4=
>
% SiO2 ? i�k+\:�@ "�AENG4*D� �	$9�4B�CED ? :9;F
GIH�JIK6L
channel *�. " ��:�� F � J BMDMN�O�PIB�C:D ? channel ?�Q(R vSN�:�� �UT L gate

O�;$f 
VB]:�;WOIX
Y�Z[��� 
VBMDIN F4\ ��B6C
D4D8] \ n-MOSFET O3$M^�Z�&V'W_�1 F�L p � ? M� T n �`N p �badc(C�"43 ? 0VefNhg
iF8j O
PVB�k H
\-l B�C:]�1 LImSnpoqn�rUsVnut �vN�^Ew ? T gate :(;u*�;�fVxyB(DIN�OUXWz

channel
F .4{ L :�� F � J B-| ? *�^Sw}C j O L channel *P�V2�.�{q_�Z
~W� L gate :�;�*
;\f

xUB-DIN \8�<��� * 
 ' channel *p���[_r:4�S*�� �f��� B��F)<O6�4� \ ��B[�DCS�8����� n �
N�^fw[| ? | l B�C
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B
� � � � � � �

�	��
������������ n � L�� R � r a�� R �4L���� � � a�� R � �! #"%$ N MFront2
�

ADC &<c a ~WX(' � R � r &<c a �%) n+*�, �-$/.10 x�C

62



$
B.1:

��� � n �
� a � R �  " $

63



$
B.2: ADC &<c`a ) n+*-,
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$
B.3:

� R � r &Mc a ) n *�,
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C VIRGO-2K
� � � � � � � � �

C.1 cpg.ascii

cpg.ascii
T ��� � �	��
 c n �������� .	��� xVB���� ����� R�� \Ml B6C � � R��"! � *�,

0
L

3
L

6
L

9
T

VIRGO-2K # � �-� � �	�"
 c n�\�L 15 $ 19
F

ADC # � �-� � ���
 c n�\Ml
B�C 19

* �
CONV

� � � � �6F&%�'�(
F z*) F AD + n�� c t � 
 R-, n�. P � \�L VIRGO-2K

# � �-� � � T�/ J O10�2 � Z 2
) �43 ��5 � ��� � �	�"
 c n .16�7�� X-w�O8�{ _&��9

C.1.1 :�;=<?>A@CBEDF<GB
#################################################################

set_clock_tick 1 # numebr of 80nsec clock ticks in one time bin

operation_type 11 # no-read reset (FrameStart)

# S p R R T C C C C S

# t m e e R D D D O L

# a c s s A S S S N E

# r e e N - + 0 V E

# t t t P

# M

# o

# d

# e

#

start 0 3 6 9 15 16 17 18 19 29

t 25 ] | | ] | | | | | ]

t 2 ] | | ] | | | ] | ]

t 25 ] | | ] | | ] ] | ]

t 2 ] | | ] | | | ] | ]

t 1 ] | | ] | | | ] | ]

t 1 ] | | ] | | | | | ]

t 25 ] ] | ] | | | | | ]

t 2 ] ] | ] | | | ] | ]
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t 25 ] ] | ] | | ] ] | ]

t 2 ] ] | ] | | | ] | ]

t 1 ] ] | ] | | | ] | ]

t 1 ] ] | ] | | | | | ]

end

#################################################################

set_clock_tick 1 # numebr of 80nsec clock ticks in one time bin

operation_type 13 # no-read reset

# S p R R T C C C C S

# t m e e R D D D O L

# a c s s A S S S N E

# r e e N - + 0 V E

# t t t P

# M

# o

# d

# e

#

start 0 3 6 9 15 16 17 18 19 29

t 25 | | | ] | | | | | ]

t 2 | | | ] | | | ] | ]

t 25 | | | ] | | ] ] | ]

t 2 | | | ] | | | ] | ]

t 1 | | | ] | | | ] | ]

t 1 | | | ] | | | | | ]

t 25 | ] | ] | | | | | ]

t 2 | ] | ] | | | ] | ]

t 25 | ] | ] | | ] ] | ]

t 2 | ] | ] | | | ] | ]

t 1 | ] | ] | | | ] | ]

t 1 | ] | ] | | | | | ]

end

#################################################################
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C.1.2 �������4@CBEDF<GB
#################################################################

set_clock_tick 1 # numebr of 80nsec clock ticks in one time bin

operation_type 21 # no-reset read (FrameStart)

# S p R R T C C C C S

# t m e e R D D D O L

# a c s s A S S S N E

# r e e N - + 0 V E

# t t t P

# M

# o

# d

# e

#

start 0 3 6 9 15 16 17 18 19 29

t 25 ] | | | | | | | | ]

t 2 ] | | | | | | ] | ]

t 25 ] | | | | | ] ] | ]

t 2 ] | | | | | | ] | ]

t 1 ] | | | | | | ] ] ]

t 1 ] | | | | | | | | ]

t 25 ] ] | | | | | | | ]

t 2 ] ] | | | | | ] | ]

t 25 ] ] | | | | ] ] | ]

t 2 ] ] | | | | | ] | ]

t 1 ] ] | | | | | ] ] ]

t 1 ] ] | | | | | | | ]

end

#################################################################

set_clock_tick 1 # numebr of 80nsec clock ticks in one time bin

operation_type 23 # no-reset read

# S p R R T C C C C S

# t m e e R D D D O L

# a c s s A S S S N E

# r e e N - + 0 V E
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# t t t P

# M

# o

# d

# e

#

start 0 3 6 9 15 16 17 18 19 29

t 25 | | | | | | | | | ]

t 2 | | | | | | | ] | ]

t 25 | | | | | | ] ] | ]

t 2 | | | | | | | ] | ]

t 1 | | | | | | | ] ] ]

t 1 | | | | | | | | | ]

t 25 | ] | | | | | | | ]

t 2 | ] | | | | | ] | ]

t 25 | ] | | | | ] ] | ]

t 2 | ] | | | | | ] | ]

t 1 | ] | | | | | ] ] ]

t 1 | ] | | | | | | | ]

end

#################################################################
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C.2 spv.ascii

spv.ascii � cpg.ascii �48�{ _1� �-� � �	��
 c n �������� .���� 0 2 ���	��
����� x�� �� � � .	��� x�� ��� ���-��� � � l � 9 cpg.ascii �48�{��1� 2
) �43 ��5 � ��� � � . ��� ���� ������� 2k×2k 5 � � � � ��� �� �V���9 VIRGO operation � ��
�� MUX � �"!$#���#% � �-� � ���
 � n ��& VIRGO test � ) n('�) � � ��# % � �-� � �	�"
 � n � l �&9

# ------------------------------------------------------------- #

# VIRGO operation #

# ------------------------------------------------------------- #

begin virgo_reset

ccd_operation 0 11 1

ccd_operation 0 13 258

loop1_start 2049

ccd_operation 0 13 259

loop1_continue

end

begin virgo_read

ccd_operation 0 21 1

ccd_operation 0 23 258

loop2_start 2049

ccd_operation 0 23 259

loop2_continue

ccd_operation 0 23 8192

end

# ------------------------------------------------------------- #

# VIRGO test #

# ------------------------------------------------------------- #

begin virgo_reset_loop

loop3_start 999999

ccd_operation 0 11 1

ccd_operation 0 13 5

loop4_start 2
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ccd_operation 0 13 6

loop4_continue

loop3_continue

end

begin virgo_read_loop

loop5_start 999999

ccd_operation 0 21 1

ccd_operation 0 23 5

loop6_start 2

ccd_operation 0 23 6

loop6_continue

loop5_continue

end
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