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e¶,·_056o4 ��� u2�£�,4 !j¸X#.¹ § ±�² �Bº � � # 1950 »�¼�½.¾
 #�$�!�& 0�±�² u¿vyx2~ 0 
��oÀjÁ�
eÂ�Ã ! ~,�j9�+�} ! M 1962 »�# Giacconi

056B4
X ��� (Sco-X1) 0%Ä.Å u5ÆOÇ�0 #�±�²�"�# uwÈjÉ �
!�Ê�Ë�Ì���� ·.Í ��Î G 0�ÏÑÐB§,Ò&r!o# X �µ��� `jÓjÔ 
%Õ c 0 ÄjÖ��
! M^�57 � ~ X �,�����.±�² 056o4"< =�>�?_@�A
,� ��I Ô 
 #e±.²�×5Ø�0�ÙXÄ + &ÚI�Û�Ü�Ý ? 0��oÞ£E%�X#%ßáàE0 
,� ��I Ô 0�¢,�j4 1¬�9%À.Á.â ¥ 0�ão �äyå 98}e~���4�Mª�æ 0 X ��±�²�Ì,�çå�� ~D
 #èàlé+0 ASCA(1993-2001) # NASA 0 Chandra(1999-) #
ESA( ê�ë 
,� "_ì ) 0 XMM-Newton(2000-) & � L,4�M � + �í# � !d&E0�Ì�� 
 #B{�|�km �%î�ï | 9�ð X �oñ�ò (10keV ½jó ) Ee��0"±�² � +XÂè7%� å � �Dô"õ�#"z�{D|"k�m � Åö�÷ 3 � X �oñ�ò&0 ­�®D
 #�ø�årù ] ��& +,0  2! ~.��9�+�} ! M $�0 6�7r9�N # 2005 »0wÏ�Ð%§�Ò &ú!�!Dàûé70 ü 35ýD��þ Ì�� 
 #O� X �BñBòo±o²�"@# HXD(Hard X-ray Detector)u¿ÿ �í#�� � =�>%?�@BA ñ�ò (10-600keV) å )8��� :�����V	��'�
 u
��� å 354w<5� ±.²
5 /£u�� ¤���� M $�0�±.² 0�6�}"~ # ¤�� #�T.V(:��%W A%? � N
� g�� 9£] 0 ��� |��t 9���+ & #�Y�[ S Y�[ \ 0��_42¶ ô 9�� E%��# 
,�80�¢��j4w< =�>%?�@BA�¤.¥ � F G 9�!� �Ñ& +�0�9d°#"�"�L,4�M �& 0 # Î%$ ¼ � X �,±�²,Ì,� å � ~ # ¤&� ISAS(


5��' Ô À,Á é%( )
u�N*)Ñ0 #,+-
. ��/ � � ¶ Ô � ÀjÁ�0 ì u21 E ö ~ ÙBÄ ��3 ¸^&l! ~��84 �o� # 2014 » ÏÑÐ�§�Ò�45 �

ASTRO-H Ì.�5� L�4 ( 6 1.1)
M

ASTRO-H

eð

X �.ñjò5� �*7�8 9�9�: �<; ? ¦>=� � ? 9 SXS(Soft X-ray Spectrometer:
<  jq X �, j�	@ ÷*A ;0.3-10keV) # X � CCD BC V u�D5� � ð X �jñjòD� �*EGF @ ÷ � � ? 9 SXI (Soft X-ray Imager:

ð
X � E%F @ ÷A

;0.5-12keV) #�� X �oñ�ò�� �2E�F u�H ¸ ~ �&? 0%384 HXI(Hard X-ray Imager: � X � EF @ ÷IA ;5-80keV) #j$ � ~Xª�CO<8� =j>%?D@BA�� ð ���oñ�ò u�Jy7 SGD(Soft Gamma-ray
Detector:

ð ����@ ÷2A ; 10-600keV)
�

4
" � @ ÷2A u:ÿ�384�M SXS � SXI


"ð
X �LK�M�N

SXT(Soft X-ray Telescope)
��O�P�Q 0 Ø + !B#5$X!SRX! ü 3_ý��ûþ � � ¤ ��ô 9o+5} � �±�² 056o4 7>8 9%� � 9�: �T; ?�U ÷ ��#èü 3£ý£� þ XIS(X-ray Imaging Spectrometer)

0
¼ Ã�4 @ ÷�A å � ~ # 6�° ��ä � � �%<GV./D9 ±j² u
� ¤ 3�4�M E � HXI


 />W�X 9 A
Y A[Z V A å �'7�� !�E�� 0�9.��\T] ��^G_ u�D8��~�H ¸ ~ �,? 0�98} � � X �.ñjò �
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� ��K�MGN HXT(Hard X-ray Telescope)
�*O�P�Q 0 Ø + !B# 9 ;�������J ����Uja @ ÷�Au2D��o~ # $
	 H � X ��ñ�ò8� � <��./59 E�F ±.² u �S? 0�354�M  8& 0 SGD


 # ��Ua�/�W�X p�
�� ;�
2B C V uID�� ��Î�$ ¼ � � ��@ ÷���� �X#5p�
�� ;�
��
� Ô å �^7��� 0����.� � ��� =j>%?D@BA ��� � �"!$# 5 ��% ÷ 0�6�}"~ # ð ���oñ�ò�� � � !5Ee� 09��%<D� ±j² V./Ñu
� ¤ 3D4�M
ASTRO-H


D� !d& � ª�P ��^>_ u�&�' ��� <
�./59 X �¨����±.² u2Ây7�� å:��#�F G9e
�� � < =,>X?�@oA�¤j¥ � ¦ � u�C � & 3Ñ� å ��(�)  �! 4�M

1.2
* + , - .

ASTRO-H /10�24315�6 4
" � @"7 A ��8�9;:=< 5-80keV >@? 9>��A X B E�F@C�DFEHG�IJ 6 HXI K <$LNM
O�P"Q�R$S (5-30keV) T UWVHX$Y$Z;7[Y�\@] Y�^�_ Si `aV�b�c1d�Z;7�e

(DSSD) f <hgNM
O�P"QiR$S (30-80keV) T@UjVkX$Y�Z;7�Y�\[] Y CdTe `lV�b�chd1Z;71enmohp 6$q;r15 o K$stf@u�v�w x�y�z;Y${�| ZF7�e}f@uhv <�~��@9 Y���y@z G������ z�� �� Gn� /��n�
5
v
��\ : Y 9�< �N�[C
D�� f�u1v��
�
� �j/$0�2�3$5"6@Y�K < ASTRO-H��� ]@v�f p 6�q4r�5�� 9 10 ��� � /$�4��v < ISAS
���"�� �¡ � `"¢nXiTnU R¤£ B�¥�¦§ e�¨WX[¢ R (SLAC) /�©@�$v <[ª"«�¬ ­ ��® ] o 5 < Zj7�e�¯�°�± <@² 3 < `³V�bic$d´ < `µV�b�c�d�¶ pW· <�¸l¹ p ¥�º 9 Y��@z
»�¼ E1½a¾À¿ u <�Á�Â p@Ã�Ä P Y�Z�Å �iÆ �

5 v;Ç�\�q È�u�viÉ�ÊNËµVÀÌ�Í�`�Î"Y < 3.4cm Ï�Ð"Y   Ç 3 E�Ñ ��\�T�Òi°lV Ã@Ä P (FM)
Y�Ó�Ô;/ Æ ÇHÕ���\�q�Ö ¬�­N9 K < r�Y FM Y DSSD Z;7�e ��×1Ø Ù�Ú�Û EhÜ \ J : Y�mÝ mn] < g
Þ�ß p �N�@A X B à
á C
D Y G�I �iâãÛ 9Nä 6�m G Å J 6�q
��åNKFæ�]
/ < DSSD Y MnO�P;Q@R�ç è Û /   Çjé�ê1ë J 6 < b R Í1x�ì
í�î�ï;Y�ð DE Æ ��\�q;r15 o K < ZF7�e4ñ 9�ò ri6�ó@ô;Y�õ ö}f p ¾÷< fNéH/ D Ôø3�5�6�`@ù"ÍúV P
Y M�O�P;Q[R�ç è Û /   Ç p�û ü E ü�ý 6$q�È�Y$þ�ÿ E�� \ �@9i<�G�� / 1 ���nX O�P `
ù;Í}V PjE�D Ô u < Ø�Ù�ÚãÛ E�Ü \ J ç�è Û�� � o 5"6�m ·�� m G Åúu�\�q	 /�
�¶WY��
��X O�PWE[«�� /����ã7;u < È�Y���� I 5F6 X B����W/��n� vãY�»�¼ EÆ �i\�q G�� Y�à
á C
DN9 K < P/Nside �n���
v 256 Ö ä 6i`µV�bic�d�m o < È�Y X B MO�P;Q�R í����$þ ÿ � ���n7�3�5ã6$q;uhmWu < `µV�b�c�d�  /"!�# u�\ X B"/�©i��v%$'&
3�5N\�(��;b*)@K < ^ã`µV�b�c�d 9�ª'+ 3�5�v,���n7n3�5�6[\@] <�D Ôø3�5ã6 M�O�P;Q[R- ��.@� ¾ <�/ Ý p M�O�P"Q[R - E�021�9 Ç p � â�Û�Ú�� g �iqN�[\ < �@zøñiY$x'3'4�5
/�©���v <,6 Ú Y"7 p 698;: �%< $ J 6 pW· < DSSD /,=
�[vnK <�> Ô"Y X B M�O�P"Q[R
/�? J 6"��� :�¸µ¹ 9�ä 6�q;È"r 9[< r�5 o Y�°�@øX�V � <�A # 3�5�\ X B MNOiPFQ�RE�: �
°B@WXøV /"? uhv · Y�é o �
YDC ßn9�ò ri6�Y�m < ��\�È@YFE@¥�m o x�w�G�H �  E ����I ¾÷<�J�KML p ��� E u1v�� p ��mBN'O E Æ ��\�q
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HXI

HXT

EOB

FL=12m

�
1.1: ASTRO-H � �FY�� C =j©�� A X B à
á�Zj7���`��
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2 X

2.1
�

X � � � � � � �
2.1.1 � X 	�

��� HXT

HXI K���� X ������� HXT �N©���vnÈ@Y����@_�� X � � H�!úu"��È@Y$à á�Z�#�� Æ � q
r�Y�© � ��� X �%$�&('nK�)�*,+�-�v�� p m"��\����.�/��©109H�!2� Æ � rnf3�ã©[��v4�
È�Y +�5 _76 ��?}u1v[Z8#�eFY�_.62�39:+Wé";<0ãr�f='>� signal/noise Y - � �@? �
Z #
e;YBA ß �   ÇjéDC � +D��0�q

X �<E$x�E
í â�F !/�BG�H
vJI�K�L �NM�O � g éP� >1Q Y�! ¡ �%�.�}f « æ=�%RS' 0 #�%�.� �UT 0Nr�fVEBW âNÛ ' ä 0�qX+ o ���JY 0 #2+9�
v4���@_/�DH�!2+9�<0���E�� 0 #
_ ��? u1vB!�#.Z ß � 1

ß � . ��=/+ ý
p é v@E pøo1p �[q 10 keV � . Y�[ X �;YFH�!�B����v@EB� rV-"�N'S��� Chandra � XMM-Newton �]\^; _jéa` � � p4· Y X �����7�;Yb < �ã©@��v4)�*:+�-
vFÇi\�q"È Y�Y 0 #.�;Y��%R/��EB� 0 #�LFY g �N��ÌøcUc P �%d.�
d
Ò���ef�ã°�bUg(h 	 pW·3i�j d�k � ���.-�l��@0�m +(n3� 0.1

ß�o�ß i !;#.Z ß@p Ù<qnr-X0 10 keV sut i � X �/��vxwUl4��y�!z�U{S|S�<wUl7}@0VY�~���� p1�����%�]�J���'(�@0Jm,��-(EN� X �2��~.��+��/0 Pt � Ir ��� i ��� ��~.�8�.EJ�.��w��.} C � Si
�

}S�N���7�%� i �X� i � �U� 10Å
i���� '46 � +V�S�X� i '@�:���>�X�S��' i.� �( B¡ ~� iJ¢�£X¤ n"�@¥�¦�Z2§V¨�©�l>ª���wVl «1� X ¬/­Bv]wVlz�f®%y.¯.{X|@�N~��.°8­�±.²³<´ � �=p {X| � � ´ ( µ 2.1 ¶�· ) m � �< N¸�¹ ~���º.»/¼B® X ¬.½�¾ λ ® �.� ¾ d ®�ª�.¿ θ ® � �< N¸ ~���À�Á m

� wUl4À ¹XÂXÃ ­�Ä Å ´ m
mλ = 2d sinθ (2.1)

X ¬�½�¾ λ § X ¬ ¹�ÆuÇNÈ/É�� E(keV) ­�±�² ³<´ � ®
m

12.39
E

= 2dÅsinθ (2.2)�ËÊ � ´�Ìw ¤ wr® ��� ¾ d
p%Í%Î�¹uÏ.ÏNÐ ¼B® � �< N¸>¹ º.»�Ñ (2.2)

¤xÒ ®@Ó Í(¹�Æ@ÇNÈ É��¹ ¯
w ¤NÔ ~%� Ð «J�%} Ì7Õ � Ð ® ��� ¾ ¹�Ö � ´ � § ��� ­3×(ØBÙ@Ú4® Ô ~%� p {@| �� ´ Æ7ÇNÈ�É�� ­1ÛX§@�B�4�S�<� ¹>p4�����(Ü7�JÝX�/�J�>�>Ð � ´ ( µ 2.1 Þ )
Ì � ¹XÂ(Ã� �7�.��ß�à@á ­>â@}�ãS¼J®@ä.å%æ�ç.è:§�¶�é8­Bê.ë ìîí>ï p4ð q ÒDñ ã «>� Ì HXI

Ð
¼B®�ª��.¿ 0.1 ò o ò ¹ 10 keV s@t ¹Bó X ¬z§ Ô ~��:ô�� ´ � �fp4õ q Òrñ<´BÌ<Õ � Ð~%� á<¹ �%ö�­�¼ ��� ¾ ¹�÷ } Pt §Uø7ù:wú® Ö � ´3��� ¾ ¹ Pt

�
C
¹�� §U× � ³X´ � �­ Â �Bã>® Â �üû Æ@Ç4È É%�Bý/¹%Æ@Ç4È É�� Û ¹ � ´ ó X ¬ Ô ~�� á.�.���XÜ@�NÝ�� ��%�>p í1ï:ô ñ � Ì�Õ ¹ t Ð ®�þ.ÿ�Ñ.¯�è�� EOB( µ 1.1)

Ð
12 m

� } Ã ¾<}��������2§	�
 � � ­ Â �Bã>® 5-80 keV
� } Ã
� } Æ@Ç4È É%�����XÐS¹ û�}4~��.°,§�����wr®�ç�«�������.×z§ ¤ � 
 ( µ 2.2)
Ì Ê

2.1 ­�¼ HXT ­ õ�� ÒDñ<´�� õ�� |<§ Ï���� � Ì
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µ 2.1:
Ô ~�� á ® �����
�N��� ® �����(Üu�JÝ<�/�N����¹�� Ñ<µ

µ 2.2: HXT
¹ �����7×

�����.× 300 cm2 @30keVÆuÇNÈ/É�� ���
0.5-80 keV������� | 30 � (*HPD)	�


9
�

Ê
2.1: HXT

¹ � õ�� |
*Half Power Diameter: µ 2.5 ��


2.1.2 � X ����������� HXI

HXT ­ Â �VãNy%¯,ô ñ � ó X ¬<¼�® Õ ¹ � � � ¹ HXI ­ Â �Vã������� 7ô ñ(´�Ì µ 2.3¼ HXI
¹ Ô�!�"$#&% Â�' Õ ¹)( �� +* Ð � ´�Ì ( �� ,*�¼�® 3.4 cm -/.�®102ô 0.5 mm

¹
2 � Si

Ü43�54 �6 �7 )8 4 9 � ® CdTe
Ü43:54 ;6 �� )8 1 9 Ð "�< ô ñ<´�Ì�¢�=�>�?A@B ô�C�® CdTe ­�D�E.ãGF Ò ¹)H ��I @�J 	 Ð « ´ Si(DSSD) §Nt � *�­�® ¢�K�>�?L@ ç2«

CMD�N�O ¹ B ôJ} CdTe §1P � *8­)Q�R wr® Si
Ð

5-30 keV
¹:S(Æ@ÇNÈ É�� ¯ = §V® CdTeÐ

30-80 keV
¹ û ÆSÇ4È8É���� � ¹ ¯ = §T�U ³�´JÌ Si

�
1 9 Ð ¼J®Xµ 2.4

¹�Â<Ã ­ 20
keV V�W ¹>Æ.ÇJÈ�É>� � � ­TX � ���� ���° @1Y �Sô ñ �%}.� � ® ÕNñ § 4 9%Ù@Ú ´ � �Ð Õ ¹ ���/¹ �7 ���°2§+Z Ã Ì ô Ò ­ 30 keV [ut ¹ û ÆuÇNÈ/É>� ¯ = ­1â7}%ã@¼B® Si

Ð
¼�\ �,]�^+_�` ô ñ ��} ¹>Ð ®aP � * ­ CdTe §+QbR ³<´ � � ­ Â �Bã7µ 2.4

¹XÂXÃ ��cd � 51 Ue �7 @ {(| � �x�P® Ô ÆuÇNÈ/É�� ���(Ð û<}��7 ��°2§ ��� Ð « ´�Ìó
X ¬ ß7àSá8¹ 9

� ¿ (
Ê

2.1)
� } Ã 	f
 § Y � ³ � � ® DSSD � CdTe �G :8z­u¼

3.2cm ¿ ¹ effective area
@ õ � Ò ñ(´VÌ Ï ��® HXT ­�¼ 30 ��¿ ¹ � @ � (HPD:Harf Power

Diameter)
@1g�h@³X´ � � ® � � � � @ 12 m

¹)i�j ®k�� )8�­%¼;l<�mC � � 2 mm [nP ¹o R ��� | @1p � � � ´3Ì ô Ò ­ � � � Ð7¹)q�r �B��� §,s(}B®:t ! ¹ ûX} o R�u Î�v ò§ � � ³X´ ­%¼�® 3∼5 ��¿ ¹ o R ��� |4®�â Ï � 250 µm w�ò ¹>Ü43�5N T6 �kx @ õ � Òñ<´�Ì µ 2.5 ­X� ñxÒ HXT ­ Â ´ y�¯ � HXI ­ Â ´ ��� ¹ny)z §+{&|.µ � wUã Ê w�� Ì
HXI ¼J��� ­ Â ´ dA} �f~��>¡+�n����� �uã>®�ª�� X ¬ ¹%Æ@Ç4È É%� §+�a�,wr® Ü��
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�������

BGO

DSSD CdTe

µ 2.3: HXI
¹ "�#

( � )
� ( �7 T* ( � )

¢�=�>�? 	 ò D$N�O 
 ��e"É��r �6 *ε †(µτ)e †(µτ)h

Z [g/cm2] [Ωcm] [eV] [eV] [cm2/V] [cm2/V]

Si 14 2.33 1 × 103 1.12 3.65 0.42 0.22
Ge 32 5.33 1 × 102 0.72 2.98 0.72 0.84

CdTe 48/52 5.85 1 × 109 1.4 4.43 ∼2×10−3 ∼1×10−4

CdZnTe 48/30/52 5.81 3 × 1010 1.6 4.6 ∼1×10−3 ∼3×10−4

*
Í�
�¹�� = · ��� È�
 §Jâ�C ´ ¹ ­ p ��� ÆuÇNÈ/É �

† � � 5��%¹���� ò µ � ��! τ ¹ × (e:
� = ® h: ��� È )Ê

2.2:
ó

X ¬ · " ¬��7 )8/­�#�$ ñ<´&%�'�!�( ö ¹ D�) [6]

¸ 3�È § '  ³(´ �+* Ã-,�.0/1/ â Ì Ü$�X¸ 3�È ¶�­�� ñ(´�2 ¬�3 _:` ¬ % Â�' Õ ¹54 �± � ¼�®768�:9<; 3 t !>= ¹@? ($"$# 35A �X¹�B =DCFE�G�³X´ ¹1Ð ® Æ7ÇJÈ�É � ���IH ¹J � @�K�L1MN� * Ì Ï�O ® 10 keV [�� ¹Bó X ¬ Ð ¼J®1PIQ�¬ @5R1S 3��  )8T�&U�V E�W³<´YX ��­ Â�Z ã8[T\ ´ 2 À X ¬ � ^3¹ 
]; ¸�^�_N`�� e (NXB:Non X-ray Background)@ �7 )8 ¹�a ò C ç0b7Cdc7ù ³<´�Ì<Õ7X Ð HXI
Ð ¼�egf ³ih Ckj R1S HXD

Ðmlin �po2ôñ ã�*Nq BGO
C ùI* Osr�t�u>v �@w e Csx *Nq X �+y8e7z1{�|@} H {�~�� CF����� n��x�� e������ L�� { X ��"��p3�PNQ�� C������ q��D� � n1� e��>�����s{ E�� 45��� C

��q X ��y8e v �@w���3����&� L0� {s�1 �¡Y¢5£D¤¦¥ Cm§�¨I� q��F* Z�O e v �@w��kz�{/ { /8�p©@ª�«:¬1n�­ x�� q X ��y5e��i�s��{�®�¯�; ©1^1_N` ¤¦�°¡ C�±1²g��³ *Iq ( ´
2.3) �8µ n HXI ym¶�· �¹¸ q�º1¶�»N¼�½�¾�¿&·�Àm�N¾�À�´ 2.6

n e HXI y ±�² � ¸ q a�Á
½FÂ � �<Ã�{YÄYÅ�Æ HXI y � Ç �<È<É-ÊmË�Ì

HXD Ä�Í�Î¹Ï�Ð�ÑpÒ�{s~7Ó@�<��Ô Á ½ ±1²��Õ �
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´ 2.4: Si ¿ CdTe ½����<Æ����	��
��YÀ�
���{��i�����

��� w�������� 5-80 keV��� w��������N¼ 1.5 keV (@60 keV FWHM)
�i�s���1� 9 �

�i�s��¯�� ©��! #" ¤�� 1-3 × 10−4 cts/s/cm/keV Ñ�$
µ 2.3: HXI {�º�¶�»Y¼

´ 2.5: HXT ÆYÄ Õ�%�& · '�(�{�)+*�´

11



´ 2.6: HXI y ±�² � ¸�Õ Ô Á {���{��i�s�T¿�{����
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2.2
� � � � � �

HXI {����<�&�<Æ x Ó �¹¸7Õ	��

� �<���g¿ ��� X �����&{���  &�� ÆNÄ�� ³ � ��

�� �>{�� ��� {�� � ½��
� ��� Õ ÃN¿Fy! 
" � À$#&%�')(1{ �+*�,.- ½/�10&2
3 ¿ �&³4 �65 Õ Ã�¿87 � ��  &��.9):�; ½ 4 ��� � �����$71< Õ �>= 9s�1�.9�?!@ ��� � 9 ���
�$7 � ±1² 7.A���Ó�~7Ó � �CB � ���!�I¼IÆD< Õ �CEDF 9 X � *HG � 9 �<��Æ ��� CsI

*
NaI ��� 9&I ¤/JLK �$M5Æ>N ³YÕ Ã�¿O7P D" � À I ¤	JLK � I�Q ¤ & ½ � & � ��R
S�T *U&V ¥XWm¢PY � �Z���87 4 �65 Õ/[�\$]C^ É`_ Ó �¹¸�³ AmÀ@� �OaD� � I ¤	JLK � IbQ ¤
����� ���Pced 9 #�%f'O(�½O"�g �YÕe9 Æ 100eV h Á 9 � �6B � �p½ji�ºg¿ �7Õ À�· � ?
Æ�k X � *lG � 9�m ���CB � ������7 �6� #&%�'/( �<���
n h Á Æ �	a�o Àep � Poissonq ��r ÆIÄ Õ � ��B � ���!�I¼ 9�s ¡ ]m� A�Ó8� c [ � �D

� �<���$7 ���!c�d 9 #D%.'(�½Ct É&ÕD9 Æ6i�ºu� � �PB � � � 3eV h Á 7+<�Í ��v �iÆ$#&%�'/( � ½ a �xw@ÃY¿ ]7uA � m Ó ���CB �������N¼
7 9 �i� ]Py ¼
7$< Õ �

2.2.1 z|{~}����|��� �������b����� (DSSD)�
� I '��I¤)� ¥�' ���s�i��� (DSSD) ¿ ��� ´ 2.7
9 Ä7Å�Æ n � I '��I¤ " ��� � 9� � Æ p+ � ¥�'	���p½ �Dd � Æ n+ � ¥6' ���p½P�6�7Ò�Æ�¢<¤C�  ¤¦¥ � À�Î 9 7$<0Í �� ¥�' �)� ]C� �>�@Às�!� ] = ¸+�m¸D�e�f9 Wm¢eY�� �&¿ �F³19�� ¼7½pÎ/t:� ���f� Æ	�

¯Y¢>(C���
 >½ a$¡�Õ Ãp¿�ÆNÄe� ³ � � ¥�' �)� � Æ
#D%.'j( ]>¢ ¿O£¤�¦¥�§ � ��Ó6¨&©
�&ª�� ] ">g�« ¸�Õ ��Ã�Ã8Æ X � *¬G � ] ��  ��Õ ¿ � � �¤�!9�­ � � �>Æ�®>¯�« ¸p³
Ó�À�� �+] � & �f°�± * �p¤��T¥+¤³²�´ � � �¶µ � � d "
gg¿+Ó$�@À)·
h>½	¸i¾C¹ ³PºD

�<Æ��D�¤« ¸ � ¨&©�� � Æ���  &��f9 � ��B � �1Æ��!» � À � 9 � ��¼¾½ � B!d ]  !" �Õ � �&�.� Æe7uA8À���
iÆNÄD� ³ � � � Nside ¿<Æ � ½ � B7� Pside ¿ 9 � ¥6' �6�1Æ�±% « ¸ �
À � ¥�' �6�i¿ DC '���« ¸ À Al � � Æ ³ 4 �>Á�« ¸�Õ ÃI¿O7 � �1  &&�u9 ��CB ����ÂiÄ�Ã�Ï
Ä1Å�Æ���ÇbÈ ,f- :
; ¾C7eÉ Õ ÃI¿ ] 7bA Õ�Ê�HË�'	���)ÌDÍ 9 �!
¦½ c�Î Æ�=>ÏP¹ Õ À1·6Ð$Ñ 2.8

9 Ä7Å�Æ Pside Ð Nside ¿5ÎmÆ�= ¸�5¸�Ò&Ó ½ p+ Ð n+
9
Ô �ÖÕC'C× � 7>Ø
£
7pÓ Õ�Ê ¾�À�Ð Pside ÙCÚfÛ1(���½ a¶¡�Õ ÃN¿

ÆNÄP�/ÜPÐ>= ¸$�m¸$9 p+ �HË6'��/� � Æ.ÝßÞ�Æ�Æ n+ ª�� ] "�g¤« ¸ Ð��ÖË6'��/� 9�àDá]ey ¼+Á ] Ð Nside Ù n+ ¿ Nbulk
] Y+�uâ��Pã	ä �¶7$< Õ À
åCÐ&ÚfÛ1(���½ a¶¡�Õ Á ¡7+Ù!�¬ËC' �6� � 9�à
á Ù�æ�¹>��Ó Ê =�Ã�7 Nside Ù6Ð À n+ �¬Ë�' �6� 9 Ì Í�½ p-stop

¿:ÄPç�è Õ p+ ª���71Ø
é>ÃN¿�Æ7ÄD�6Ü�Ð À �¬ËC' �6��½ à&á « � Õ6Ê ¾�À �>�
� ¿�ÎOÐ
Al � � Ñ Ò.9�ê � Ù SiO2

96à�á �$7Cë 

è
Ü
ÂgÍìÐ$��íD�
í ] �pÆ�í1è$��Ó�ÄYÅ�Æ.îjÜ
Ó Õ�Êï � Æ��+Ú.Û+(!�e�1 0½ a�¡IÕ ÃY¿�Æ�ÄD�6Ü Nbulk Ù�Ä1ð>Æ6¨$©&ñ�î)ÜIÓ ÉòÊ ¨$©&ñ�& .Ù6Ð ε ½ I '��$× 9�ó ��� (=1.05×10−12 F/m) Ð ND ½ôÕöõ#� 96÷ Á Ð V0 ½	ä&ø�� ,
(∼1V) ¿Dî	ÜeÐIÑ�$ 9 Ä7Å&Æ ê �!Ðu=Pè+Ù ¢
ù ï �u96ú « d

9
2 ûiÆ �D»$ü Õ�Ê

V ' eNDd2

2ε
−V0 (2.3)

DSSD
9>I '��$× "��e� � 9 �!ý
þuÙ 5kΩcm h Á Ð>¾�À I '��$×@ÆeÂ ¡pÕ � �u9�ÿ Þ Á9�� ��� ] 1500 cm2/Vs 7+< Õ Ã�� a�� Ð ND Ù 8.3×1011 cm−3 �)�]ÍìÐ
»f¹1ç ú « 500

µm
9

DSSD �
	��
¨>©�ñ�«�� Õ Æ�Ù6Ð¶ÂiÄP= 160 V
9 �&  ] i�
iÆD� Õ�Ê
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Ñ 2.7: DSSD
9�� � Ñ

Ñ 2.8: DSSD
9 À � 9 )+*&Ñ

2.3
� � � � � � � � � � �

�	��
 �
����������� �	É����Då��DÙ���� �"!	#�$�%'&)(+*-,�.�!	#�$'�0/21 ��3	4 �5-6 �'7eÛ	8:9 �+;�< =?>A@CB 
D� � ��E-F � 7PÛ	8?G � � � @H� Ù+��/I1DJOÙ+� (i) KL�M ��N�� @+� � (ii) O P L-QSRUTHV � N:� @H� � (iii) W�X 
 �ZY � 
 �"[ V � N�\"]�^_ Q ]`Ja� @"�	��bdc ��!fe�gSh���E (iii)
� W�ij7Hk�8'�dN?� @"� 9 ��;	<`l Q ]'m"�?KL0M @on p ��OdP L QqRdT+VDr�s *2t
ufv�w"x ��yCzH{	|f} .+*�~����'� l %:�H����� �� .)��* = ���'��� ~�*d.)� r
� g �:� Nd�
�+���
���)��m �:����� * { G l s+� � �a{

G r !�� Q �H���Uk �:� .�� � x r c J?g ��� � �Dy	la� \H� ;�<d=����`la� ��E-�	� z
m (i) ��N+� (ii)

� &'(H*f,:."!�#d$d� 3�4 r
5U6 ��7�k�8 c�� ]? �hU��E

2.3.1 ¡`¢`£¥¤§¦2¨ª©¬«®­°¯2± ²f³µ´®¶¸·
K L0MD¹ z�º�» Q �?OdP L�Q¼T+V�½ � �0/21 ��3	4 ra5 6 �?!	#�$H¾�¿ ��À ÁÂl
� �)7
k�8�G l Q ]?�ÄÃÅ.�w {)Æ`l K L�M)Ç�È = �'�"E
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���������
	�
 � K L0M �
��� k s x {�� r 
 e����'��������� ¹ ����� {��d=���� ����� �0h �l �dF � 	�
 ��!�"�#�$ � &�(+*-,�.�,�%qv�� r'&�6 �H&�(+*-,�. r'( � {��d=�) 
�* �+�, �0h���E'FHhd�dN?\�] ».- � {�� /10 .+* ;�= � {�2 � ��{�3 �dN?\�]�4�576�� Æ h
��E2�¼h = ÃÅ.�w {)Ædz �'��E
ÃÅ.�w {)Æ m98�: l<;>=�� N�� �>?�@ r @0c E

I(T ) = T 2exp(− Eg

2kBT
) (2.4)

��� z T mA8�:	� Eg m 	�
 � � &)(+*U,�.),B%qv¼� � kB m?u?*DCBE �GFBHdz �)��E � � N
�¼�2ÃÅ.�w {)Æ m98�:f��/I1�JJI�K Q ��L�8f��M�N'] 0 : z m���N�F 1 O�P�: @<Q � � ER \"]���S�8 =�zd� X T)K L'r
U �?� l ��N�\"]��fF?h���N��'7?k	8�m"/I1DJJV gC�j�lÅ=�z 1:��EQ 
 Q �XWY�'��m2ÃC.'w {�Æ m�� � N � � ��*fw ¹ z'������� ���f��Z�\0] º�» ��� @��[ 
]\ z m �	� E 	�
 ��^7_ ¹ � ~ � .H% s w�` � ��; W ��a�b ! =?ndc h)] � � \ �^e_ �9fBg ��h�h = ��� l �B� � ~Z,�%Sv��:����i � &�(+*f,�.A4	� =�j�k �0h?� {�� %0 .+* �A) 
�* 9 � +�, r
l º Q ��m-� � Ão.'w {�Æ r c J \ L �+E 	�
 � K L0M l Q ]n � gCh-� ^�_ m+��o>p��Aq b : ��@H��z m)�d� = ��r�WÂ��m9s�t � � �Au�v �jy �Aw
¿ ! =yx \�] Q c � �Ây � l JC� DSSD

� N � ��z�{U�9f�g r Q � 	�
 ��| � � ; Q ]��a�b ! %�}D~ � ½ J ��� ^e_ ra� �'� l m�o�pU��� Q � E-� � N �a� ^Y_ � " �dN�\¼]��c \¼] Ja� | �U� u�ve� z�º�» � �DÃC.'w {�Æ r �9u�vÄÃC.�w {�Æ l���� E��	*fw ¹ z��� � º:» Q �2Ão.'w {�ÆAl	y�� g =X����� � � � 
 m�� 	�
 ��� g�� P � " �¼/21-J�I�KQ ��F � " = q-eHh [ ��*fw 
 g�ÃC.�w {�Æ'= �"¾fe+h [ u�v 
 g � ÃC.'w {�Æ�=������
� � ��Ec ���B�y�-� 	�
 � K L0M z m���� k s x {���= ���
� r�&�6 � l ÃC.�w {�Æ�=��	º7�
����s����9����r�� = PÂgSh��0E��)�
/21 ��{ �B� ��@�lCzH{�3d=����Y�Ul��X�:{�� *������{��d=X� J ) 
�*���� �B� �¼h � F�� {�3 � @'loz sB� �¼h �0{��D¡ �dg � ���B� ¹
�A¢e� À�� l¤£�¥ � � � lCz���¦ � À�� � {��§¡ ��� �¼h ��¨�¦ h ¡�Y : ©Gª \¬« �0h �
� lCz Ã<­'w {	ÆD¡�®�¯ � ��s�� ��¨ R \¼]XWY����° F ��� � m �X±>�³² � k s xD´
s r� e ��µÂy �9¶�· ¡?�	� z � �A¨

¸�¹�º�»�¼
½D¾y¿dÀ ­XÁ�ÂYÃ�¾'¿Ä� ÀUÁ � µY��ÅÇÆ�µH� | ��©��È� c�¡B��ÉËÊ9ÌY¡ © c Ç�È z ��9¨

DSSD
� nËc h � Ç�Èd� m �eÍ 2.9 ��ÎU� µ Pside ��xÐÏ�Ã?v"� l Nside ��xÑÏHÃ?v

�:� � ».-�� Body Capacitance
l¤��Ò

side ��xÓÏ"Ã+v��:� � ».-�� Inter-strip Capacitance¡ � �A¨
Body Capacitance m � | � r�Ô�U�ÕËÖ �
�D��× ­ lÙØeµ Q ]XÚ�Û � � Ø�Ü © � � l�¡XÝ
Ã z � ��¨ DSSD ��v Ü��XÞ � r ¦ h§ßHh S[mm2]

�
d[µm]

� xàÏ"Ã+v0�B��á � ��âX� �yãä ¦�å ß å l[cm]
�

W[µm]
�

P[µm]
��æ v���çèÏ"Ã�é�ê�ë H ä nstrip

�7ì Ã ÖDí � lBî�ï ä
ε[F/m] ð<ñ � ð � Body Capacitance ò 1 çèÏ�óyé9ê�ô � \¤õ>ö �eÎe÷ùøDú �A¨

CBody = (ε
S
d
)/nstrip [pF] (2.5)
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Í
2.9: DSSD

¡ ©�� ���

� �9�
Inter-strip Capacitance

� ���	�Dò �eÍ 2.3.1 �eÎ7÷ � çÐÏXóyé9ê â�
�� ã ��
�� ñ��� ð ¡����Èå ����� �Ä¦�å ò������ � 1 çèÏ�óyé9ê�ô � � õ>ö �eÎe÷ � �"! �A¨

CInterstrip = (0.8+1.6
W
P

)× l [pF] (2.6)

Pside
� �#�	�Yò ��ÉËÊ9Ì%$�& � ��� ò(' (2.5)

�
(2.6) �*)�+�øeñ � ð ¡ + Æ�,�¨7�%-/.

Nside
� �����§ò(0 Í 2.8 Î7÷ � Ò çÐÏXóyé9ê��(12�<ò P-stop +�3 � å �%�4�50 Interstrip

Capacitance 6(798�ò Nstrip ð P-stop +Ë© � �	� ©;:9<�= å 0 Pside 8*>�?�� �	��@�A pFB�C�Å Æ"DFE#,HGI� 6 � ð�ò�0 Nside JK6ML�N*O9P�Q�R�S�T�U%V98 W�X äZY�[ ,HG

2

\
2.10: Nside JK6 Interstrip Capacitance

] 6H^K8 ó;Q�_ î	` 
Ma9b�c �M� 6 dIe	= äZf�g ñ ,#h 6Äð . ��0jilkK6 m�nK8�o ,qp
�Ëð . �>òH0�çsr9ó�é�ê � 6Htu= 
 çsr9ó�é�êZv96 m @*w9x �Gå�, G ' (2.6)


#\
2.3.1 o

�50Yçyr�óyé�ê%P%zÈé9ê ä t x ,�{/| Interstrip Capacitance ò(}~= D;E#, @ 0�����+������� ç ä�� ! ,�� ð 8�o����*���H�Bç2r�ó�é9ê 1��96 î��%� C òM� @ �50 \ 2.3.1 6�oY÷
8 ó;Q�_ î�` 77ò dIe D�E�, G � �H0�çsrAó�é�êM6H� E/| òH0 î	��@*�"� . î	� 6H��� �
8 E�, ����0.ó;Q�_ î�`	� ��� 
�E�-������ 6H����8 E�,Z  T*¡ @*¢ � G ] 6	��� DSSD

16



+>òH0��sr9ó�� � 
�� Q��9ó�	�
 E/| 6H�7ò � , D(. �
�~�50 ] 6 W	X����	d��%8 ö x �
� , (

\
2.13)

G�� 6�oY÷ 8 ó;Q�_�� ` �9o�� �M� 8#o , L%N(OKPjQHR	S�T���6�� Y �����
�%8��� . �	�j0"!$##8�%'&)( c+*�. ��, g = ��, ##8 E#, ? D ¢'- C�E %'&.�/!)0 . 0� � E	-��	��� @21 e E ��3 $�E54 � @ +�e , oY÷ 8���6 E m�n @ �� u= � ��� ,�G � �
ilk98�7"8 . �
9;: 
�<Ih óFQ�_�� ` 
MaKb�c �M�"= :�6H����8 E�,�G �%� �%� ��� � !,#�
* +�0�7"8 . �;9;: 6 � + � �Dñ ,�> ��R�? 
 02�)@"AK6 dIe E �)B 8��%�M� . � �
��oY÷ E�< ò5� � 6	� � � � � f ��� . � �(0�C'D E � �)EGF � �$H -K. 0ÇóFQ�_�� ` 
���)= :96�����8 E#,HG

\
2.11: I E�, �yrXó�� � P%zJ� � +�6Çó Q

_/� ` 7 [2]
\

2.12: Pside J�6G�2r9ó2� � 6�K ·
��LM* �

� 6ON5P [4]

\
2.13: �2r�ó�� � 1��"6RQ�d)S'T
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2.3.2 ���������
	���
������
��� &�a9b�c � � 6���������H b�� #*0 �)D�� E"! �$# 	&% �(' 6H^K8 0���k*)�+�,K8
o , � D � � 6.- �0/ 6�W�X @ :21 ,�G !�#%6 DSSD 63�"��&�4�8"5 0 P/Nside

*�h 8 DC687 8j� ISAS 8j�:9 � = � ��0 ASIC
*<;.=j�K, �:� & �:> )?+ @ g � �F�K,HG�\ 2.14

5 ] 6�oY÷ E�a9b�c � � 6���� @ DC
6�7 8��@��H b = � � �87 63A�B$)�+ \ +
� , G��

6�o§÷Z8 . �@��H b = � �����K8�� Y ��, - �"/ 5 0�C *M. � õ�ö 6ED��#8 d8F#+�eq0(�
���	8 ] 63G�H�' @�� � � �	� �50 ] �JI*� 6�'98�K98<L#?�� a9b c 6NM;Q�_�� ` 
 �M�
63O�P @ :.1 ,�G � �H0 �Z� � ��k*)�+�,�6J- �"/ 5H1�Q A	
	� ¡�� h ������0�A8B�R"S
� � (Equivalent Noise Charge : ENC) � g ��� T96�oe÷ 8 Shaping Amp 6"U 4 A τ 8�o��
� � e�øDú ,HG

\
2.14: DC

687 6�A:B*)?+

1. parallel noise
√

τ 8*>�V �K, - ��/ G DSSD
� 6WM Q#_ � ` Ilc

@ �OD��%8�% �JX(�;* 8�o������
� ,�Y[Z �"r\- �"/ * 0M� ��� �?]�^ Rbias 8��*��� ,<_ � E - ��/ 6:` Z 	 # 	@-��/ @ � ,HG ] �$I�� 0 õ>ö 6H'�+�øDú , [21]

G
ENClc(e

−) = 107
√

Id(nA/strip)τ(µs) (2.7)

ENCRbias(e
−) = 770

√

τ(µs)/Rbias(MΩ) (2.8)

2. series noise
1√
τ
8�>8V �K, - ��/ G ) +WaM6�� ��� � ]2^ õ�b 6:c d:]:^ Rim 8�o����l�4� ,

` Z 	 # 	0- ��/ * CSA 82e�Q �;= �K, �	� Cin 8 
%� �K, � 	 � - ��/ @ � ,HG] �$I�� õ>ö 6H'�+�øDú ,HG

ENCRim(e−) = 0.45
Cd

√

Rim(MΩ)
√

τ(µs)
(2.9)

ENCamp(e
−) =

k0 + k1Cin(pF)
√

τ(µs)
(2.10)
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k0 0 k1 5 CSA



Shaping Amp 8�oM�H������8�� � , 7�+
� ,HG � � CSA 82eMQ��
= ��, ��� 5�0 DC

687 6 �:7 5 a"b c 6 ��� Cd 6"H	+��	� ,HG
3. 1/f noise��� &�a9b c�
�� 6J- �0/ +�0 Shaping Amp 60U�4 A 8�5�
���� E�� 4 A 7	�������� �%� 5)��������� � 8�= �! ��%E"�jG

o��  ja/b c h�# ���R��k )?+:,%$ - ��/ 5'& � �)(  $�*,+�-"./���	�%0�$1��� 1/f -��/ $32�� ENC1/ f
* � 0 *

ENCtotal(e
−) =

√

ENClc
2 +ENCRb

2 +ENCRim
2 +ENCamp

2 +ENC1/ f
2 (2.11)

* E 0 G

2.4 X
4 5 6

X 7%$38"9;:�o��  �8�,< a"b c $�=�>"? a3���!@�A � �R�	k · B�Q*O�C 53��� ��� �
��DE:�o��  �F JG$��
?G:IH � A � 03J�� � �Z�LK�:85��%k	M/B#QjO 5I�,N!OGP�: ] �Ij�

τe � τh $�Q�RM�
h1S �T&�$�U	ULV1W,X � 0 *ZY 6:7 A � �,[J1 �� ���E\]J;^!_[M` $�a,b,c.� µ

* � 0 * � µτ 5�dG@�e,f;g"h��i^,_ M ` VTjlk�m!n�a,b��%oL0Iprqi� �s,tvuiw 0�J�� 2.2 $/xr\i:�� Si $�f 7 � CdTe
w j uzy,{  &3$ µτ |	VI}~o � $������

100V �,c%$3�r� `�� e!Dr����g�k��3�G^!_G� ` $�Q!R;:/x�0����I�%�L���!['�,� u�� j�,� �;oL03J�����:��!�!� � $��'���ZV CSA :/x10��"�r���"�G: y!{  ��!� :��¡ £¢;¤¥�¦,§ V �,��¨ oL©ªf!« ¥ ¢E^!_�� ` u �!� ��¬ �®­ ¥�¯�° q�±'²�³'©�J

d
z

e¯

h

d-z

DSSD Pside

Nside
HV

CSA

´
2.15: H�µTA�k�h�e,¶/p�·Z�!� ��¸�¹%º ¨ ¥3»"¼ ´

´
2.15

¥ xr\ª½�¾ ¸�¿�À ¨ e,Á / Â	�I��Ã/V�Ä"Å�³%© u ¢ CSA
¥ ¸�¹

Vi(t) ��¢ P/Nside
¤�k/Æ�k ¥ ¸�¹ ¥ }To,Ç�q Vh ¢ Ve

u�ÈiÉ ¢
Vi(t) = Vh(t)+Ve(t) (2.12)

u)Ê	Ë ©�Ì	¤ ¥ ��Í�Î � ��¢���Ï t
¨ ¥ ^"_;� ` ¥�Ð c�q ni(t) ¢��!cEq vi(t) ¢ A qi��� uÈiÉ ¢

dVi(t)
dt

= Ani(t)vi(t) (i = h,e) (2.13)
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u Ê	Ë ©�Ì ��� ¨ ¢E^!_E� ` ¥������	� q τi
u ³'© u ¤ ¥3Ð c%�L�IÏ t ½�
	� É ¢

dni(t)
dt

= n0exp(− t
τi

) (2.14)

¨ g�©�ÌI¾ ¸�¿�À ¨ ¥ e"f�V�
1� ¨ g�© u �~\��"�Eq�
v  u ¢ vi(t) �1��Í,½�x�·���½�
1�¨ g�� ¢E^!_�� ` ¥ a,b,c�q µi
u ³'© u ¢,e,f E

¥�� u ¨ ¢
vi = µiE (2.15)

u�w ©3Ì ´ 2.15 x�� Â	������e!ÁrV1a!b�³%© � u V ¨ o�©�������¢;¤�krÆ�k z ¢ d− z
¨

g��£¢ � ¥! �" À qia,b�³'© ¥ ½�p"pr©I��Í ¨ ¼ 2.13 qi| � ³r© u ¢ P/Nside ¤Ik/ÆIk�½

/n�©��!� � ¥�# }	$&% � u º ©�Ì�'�( CSA

¨ ¸�¹ Ç�k%©���� ��¬ �®­ PH
¥�# }	$%�

��� ¥ xr\ª½ Ê	Ë ©�Ì
PHmax ∝ n0E [µτh{1− exp(− z

µτeE
)}+ µτh{1− exp(− d − z

µτhE
)}] (2.16)

� kEx�� ¢L¾ ¸�¿ ¥�)+* % Si
¥ x/\ w µτ | ¥ $,%�}~o w �3¥,¥ f,« (

Ê
2.2) ¢ µiτiE � d¨ g�©Lh+-�¢

PH ∝ n0 (2.17)
uªw � ¢"Å�.~Ç�k�h3e,Á / Â��I��Ã ¥ � u �!� ��¬ �®­ � y�/ ³'© � u ½ w ©�Ì

2.5 DSSD
0 1 2 3 4

DSSD � � u � u65 � ¨ ¥!7 Á�8 9 )�: Á+;	< ¥ h�-�½>=�Ä�Ç�k�h ��¥ ¨ ¢@?�A ¨ �B:
Á"¾ ¸ª¿ u1È ÉDC  FEG��·zk É ��©�%I¢�H	I�J+K�E u1È É ¢	Ç�·i½L� HXI

¥ xML wON �L�
�I�G�L� ��P&Q q �ORS��¥ ��=�Ä~Ç�k É � w p�T�hIÌ'¤ � ¨ ¢ � k º ¨ 10 U��	��½!VWTÉ ¢ ISAS 9 C�X }+Y 9 SLAC 9[Z+\�Â ­^]`_ � ½ É ¢ N �Da`b �+P,Q u �����%�L� ��P,Q
qdc R DSSD

¥�e�f�g�h %�i�-E· k�¢�jlk w!m+n	¨ ¥�o Q>p�q ;�<	%Dr	s"k É o�t�Ì	uwv
�!x+y�z�{�|~},�D� ­��!�,���OE ¥ DSSD

u�ÈiÉ =�ÄM%Di�-�·lkMtIÌ � ­����!��� 10 �
�+� ¥!����� w ¾ ¸ª¿ ½ R � É ¥ p�q p~·�� º � ¢��l�G_���� ¥��>� ?��G%D��o w � #��w�� Ç�� � ­�������Í��+� ¥,¥ ¾�� [2] ¢G
 R	¥ �@�W�~­^%>� R�¥ � ­������ ¨ e�� ÇO�É��,��� Ç��/© � �E���%­ �>�~��­ ¥ ;+J�K�  ¥�¦"§ ¢	¡!©>�,�3�/��¢ � ����$`£S¤ ¥ �� ¸ È�¥�¦ ½>
,§,© #���¨ £S¤B%>r	s+�,t [8] Ì � L È É � ­������ ¥O© Ç (2.56∼4cm) �ª¬« �MTDt ) Á ¥ 
+
 º�­ £ m�n %>®`-�·B�,t�Ì	¤ ¥!¯+�+°+± |~²I�	³ ¢ S/N

y ² N -�©
t�-!½ ) Á ¥ } ± | ¨ %Dr	s+��¢ HXI ¾ ¸ª¿ E «1È�É �"� £�¾ ¸�´ �S²dµ�tI³ #�� £ ) Á¥ � Ç (0.3∼0.5mm) ¢�a`b ��P,Q ¥ ®"�+¶ ) « £�© � ­3�>�O��� (64∼128 � ) £S¤ ¥O· �
½M¸�© o Q�p�q %�i�-E·��,t [1][9][3] Ì � ¥ '�( «O¹�º ��»��L¾ ¸�¿ 
�¸�¼ �M� ¸ È¾½&¥¦ ¥G¿ �@À ¥ }¬Á"Ç�£S¤ « ¥!Â�Ã�� £ ¯ª° ­ · #�Ä`� £ #���¨ %>r�s���¢!?+A'� 3.4cm ÅÆ ¢ � Ç 0.5mm ¢ � ­������ ª 130µm ¢ � ­3������Í�Ç 250µm ¢�È ± � ­��>����� 128
� ¥GÉ �1�®­ËÊ+ÌL�G%�®,�~ÇO� É ��©�Ì
=�Ä'�!Z+\�Â ­^]`_ � ½ É r	s�� É 
Í� ¢/¤ ¥OÎ���Ï�Ð �OÑ;½!Ò�� È�É �	©�Ì�Ó ¥ ¢>�g�h�Ô ½ É o Q@p+q ÇO�,t DSSD[3] ��¢ Pside ½ y,{�É Nside Õ ¥ �����;�1� �+PMQ %DÖ
� � « %D×�ØTÇO� É ��tIÌ���K,� ) Á;�3¢ 3.1

¨DÙ,Ú ©,¸`Lª½�¢+Z�\/Â ­Ë]`_ � ½ É ¤ ¥
t�- ¥@Û�Ü %	£/Ç�� É 
Í�£¢'Ç/·ª½�;&Ý�½ HXI ½OÞ�EEÇ��/© DSSD

¥
0.5 mm

º ¨>� Ç�%ß ÇO� É ��©�Ì
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´
2.16: 2.56 cm �M
�¸�¼ 4 cm � DSSD[1]

´
2.17: È ±�� ­�������� 32 � ¥ DSSD

¨
� ·B�Mt X �
	�� [2]
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3 DSSD

3.1 3.4cm
�

DSSD
2 � �

§2.5
¨�� �Mt`¸`Li½���u DSSD � HXI E Si ¾ ¸�¿ «�ÈiÉ � � � º	� � Ç�� ��
 ���!�

��£S¤��Dj k¾£ m+n � ;	<	%�
 ���TÇ�� É ÁDt ) Á���� � � #+Ä�� ½�u@t�������� o Q>pq � É ��� 
 Ê�Ì���²w®����,§! �" �$# ¶�£�%�& « £� �Ì � � ) Á��'� N)(�* �,+.-!Õ/�
¾10 °�2 ²	"	³� @t+-3��Ó ¥ � g�h�Ô � K��~Ç�� É ��t DSSD[3] ½$4 Ú � � ÇO% 0.3 mm­65

0.5 mm 7 ß º Ç�� É �� ( 8!9 : : 2.4) ;�<�t�� Nside Õ,� (�* ��+�-�= P,Q ²$"	³> 
t�?>7��@: 3.1 �`¸`LA7 Nside �3B ��
 ���!�	²	C�D Inner Ch P-stop

« � ��
 �>���FE�z
²�C!D Outer Ch P-stop 73�+��y o � N�G Al ��HW²JI1?3K � DC LNMO- 
QP'R  @S « � �T�U 7M¸� ¿ ��ÀM²3V$WYX[Z G  F; 2007 \ 5 ],7F^�_)` 
ba)c � 7	Z Î�deP ����f���g!hi « XAZ�j!k!l�m17�n!o P'p)q ;�: 3.2 �3f!�rX q$sut ��v!w ��x  �;yS$�@z/{J7 DSSD
�3B �|
 ��}�~�� Al �>H)���y�/}$�u�$�y��-����.�3�.�)-��O���AZ!���u���3Z G  �;1<q��

3.1 7!��� DSSD �!�.� 
���� �/�3�!�y��<��J? q ;

Inner Ch P-stop

Outer Ch P-stop

: 3.1: DSSD � Nside �!�,:$�
Al DC short

P'p Z G  P-stop � ( � :Inner Ch P-stop ��� :Outer Ch P-stop)

: 3.1 �,z,{F73� DSSD �@�.�3 >¡N�/X q$¢6P 1.3 mm �3£�¤1�!¥)��¦ (>§ �!L!7 0.15
mm �3¨y�	��©!ª�«¬��­!®�7�¯ P D¬z/{J71XAZ�°	±²XAZ G@³ ;/¥���¦>´ § �!L�¯ FR-4 ¡
�Aµ�¶ p ³J·�¸�¹ �»º!¼!�>½e�J¾!¿�X q$s!À)Á «�¡¬­$Â>Ã,¯3j>k>l�mÅÄ�Z.«�Æ�ÇÅ¯uÈ,É ·Ê É · L	¦ Ê�Ë$ÌuÍ�Î�Ï ÄFÐ�ÑYX q ;uÒu­�Ó�Äu¯'« s.t ���'Ô���Õ��Q�Ö�OZ������ ³ �¬��}
��­$�e��Õ1�J×Åz$Ø	«1Ò!­�ÙÅÄ¬�@ª»�@ÚÅÛ p ³ JST

Ï ­ 1 mm Ü�}[Ý SHL ��Þ c �.­�ßàYá Ð!ÑrX q$â	ã!ä/å�æ�ç�sut �J­'è à ¯'j!k!l�m1Ä�Z�é G «�è à�ê Ä�¯ 2 ë�ì § } Ê É
��í i�î!ï¬ðeñ ���.ò Ë Á x ³ « GE ó�ô ðeñ ��� Ï ­ YE5822 �Jõ i X q	âeöJp ¯3«�m
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�
3.2: f!±ÖX q DSSD ×¬z$Ø ã>ä�� ­������1X
	N}���
�}3~'v>w

j����@Ô�� 3.4 cm × 3.4 cm
j�� ¢�� 500 µm

¦�� ñ }3~��@Ô�� 3.16 cm × 130 µm
¦�� ñ }$~�®�� 250 µm� �@Ý��)�3Þ��� 128 j

Al ��!#" 150 µm
Nside P-stop " 25 µm

�
3.1: f!±ÖX q �!�.Ô$� ��� � DSSD ­3�!�

% Ä'&'( 1 )�*�+ Á ò Ë ï Ä-,�.0/ ³ «��21�«�� t «$��3�4�5,�76J­�8�9�:�; § } Ê É��
í=<#>���è à�ê Á x ³ â è à2? «�@,ØuÈ)É · Ê É · ð ¦ Ê!Ë	Ì�Í!Î�Ï ÄBA�CED «��Å��Õ,���F ¦G� ñ }F~u­IH¬Ä x ³�J � � É!��íJ�6}LK ­�®�����Ô���Õ J � � É!��í.Ä'&$è2M0/ ³ z
{JÄ�Ð!ÑED q	â �3Ô.�)Õ!­ s�À Ä�¯�N��@��õ0O p &!×�ª�«1Ò p ¯�P���Q�­ 0.5 µm ­ ¢2RÁTS O p &0U ³ â SHL �.Þ c ��VrÛ�Ù¬­ ñ Õ$KXW¬Ä.��U�&)¯�Y ì1­[Z ÁT\ U�« ã�]�^ ¹ç ¦`_ c �X���76J­'f�±/¯�« ã�äba � �2c ð Õ��dK i 
[��e J }[f3¦�g�Ä.°3±hD=&	õ i Dq$âji.q « � 3.1 ÄBk �Fp ³ z){AÄ'« F side � á Äu¥!ÕlK ñ ��í�« Ch1 « 30 « 63 « 64 « 65 «
99 « 128 Ä��2U�&�¯�«Tm'n�Ä-�#��o�p ³ z){AÄ SHL ��Þ�f��=q,Ä J � � É!�	í#D»«>Ò p�rs ­.Ý��)�3Þ��/¯[t�&Tu���­�v�w�U$�y�/}$�'�Å��Õ��$Ä J � � É���í�D q	â Ò�­��>ì,¯3«�

3.2 ­/z/{JÄ'è à �'p)q Ü��.��Þjf>� Á ñ ÕxKyWy�[���
&`���jo �'p ³ â
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�
3.3: DSSD

ã>ä ­ � � ( � :Pside· � :Nside)
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3.2
��� � � � � �

¦�� ñ }3~ 128 j¬­N{	�F« s�t ­�

�¬Ä����`/ ³ Pside q1­ Ch64 Ä.��U�&.«��,Ôj
�¦
���e� 10

J � ��������. � p q ����­ ñ Õ#fJ���1­���.e�
�>± D q�â � 3.4 ¯�Ò!­�	N}
� 
@}F~ Á x ³ â1ö ­@z@{AÄ Nside t2��Ä
�����Å�[V�Ú[« Pside ­ Ch64

r s ¯�¥�ÕlK ñ �
í á ��! &�í>�#"��bK�Ä	$ ��DI&0U ³ â ó&% Ê f('*)$Æ¬­ KEITHLEY237 �	+�U�&,�,Ô

�¦@��V�ÚO« å Ï ­ KEITHLEY617

Á ���-��±y�AéÅ� q$â Í 2.4 ­/z@{AÄ'« ñ Õjf[���,­
�.� � ¯ % +,Ä)z��B&$�.�1©/�2.�/ ³ q ! «(�)Ô�
	¦	Ð-0 ¹ �1� ³ Ä�¯32�±,­ % +54 Á ­
��±)�(6-7 Á x ³ â Ò�­ q ! ­98 %-: Ä�¯u´�¦�_N}�f Ï ­	;�¡-<�=�>�?�5 SU-641 �A@�+
D q	â

KEITHLEY 
             237 KEITHLEY617

�
3.4:

ñ ÕjfA�����!±#	N}���
�}3~ �

�
3.5 ���!± �'p�q x ³ % +,­B4 Á ­ ñ Õjf[���,­C�@Ô0
�¦	Ð�0 ¹ Á x ³ â �@Ô0
�¦��

160 V �1DFE q�G,H V6Û ñ Õ0f1I���JB2.±-KMLFN ³*O#P ÄBQYª�«@Ò�­ GBH@Á�R,S J*TUN V
6XW�Y�. �
Z &�U ³ ö N[J'k#\ Á � ³ â §2.3.1

ÁC]�^5_ O#P Ä'« RBS ­	` � ¯	a�b :-c /
QTO��AW�Y�.�d-egf�h � LAi ! ³ â /�QTO�� c Í 2.3 L9+#U ³ N c Ò-f�K�j 160V *2+kN
Qml c(n ?,oBpqNAT-r(2�sj/Ft â�iu_9v n ? Á j c §2.3.1

ÁC]�^#_ O#P Q ñ Õ0fwI��&fuxyBz�{ j	|�Û Z � cCn5}*~
�B� �,� V��g� Z twW�Y�.BI�� ~ & c ö f O#P Q	I-�B�#"*j
�
�3Q�U�N1��E�& O U��iu_ �

3.6 j F �#�0
(�(K ~(� ��t ñ[� fwI���f % +-��0-��L
kED _F� f �*� t9��2��
f9�B���*���5�,��N1��� ~��[� f1I-�&f-uB��K*J(�B�&fA��� ~	�,�m 1¡-� l cC¢�£ f9�B�
� RBS N  w¡ f	��¤5J(¥�¦ ~ z Z ¡�§ t	�¨B¨ ~9c�© f	ª §¬«®­-¯ f DSSD

�3°-±�²
Z�_ �[��³ I�´-KµNAf ��¶ Lw·U¸ _ � © f	o
pML,¹#N1º _ f3JC» 3.2

��� t
� ¨ Z ¹ � ~ °B±�²AZ�_ 4 cm ¼ DSSD f9` ² 0.3 mm N 0.5
mm f � �*³ I�´�KML �u¶½ w¡�¾ t&N c5© f � j �-� O © R,S f�` ² ~��,�½ 1¡-� l c `² L1�   _ ¨ N ~ O ¸ ¡3c(¿�Àg³ f	�-Á�JC�FÂ c*© f	ÃBÄ�Å,Q�ÆB� ~ O t ¿�Àg³-Ç	¯ �wf�[�*³ I�´�J3È�É « Q*¸ _ N®Ê�Ë Z t9��Ì�Í � 3.4 cm ¼ DSSD j c v�°-± ~ O t 0.5 mmt
f�oBpgj c ` ² f	�-Î�Ã O l 0.3 mmt f�o-p ¯ �X|�Á � � Z t
K O l �B² � ~ 1.5 Ï�Ð-�
È.ÉCQ�K �*� t9� ��© � « ¨ f	Ñ#Ò�j Nside Ó&f P-stop Ô,ÕgfuÖC× ~5Ø t � f � c�© ¨ ~
Al Ù�Ú�ÛAÜ�º�Ý�Þ�ß ¨5à ��á�â�ã#ä*åBä l c Ù�´ ä ´�æ-ç*è «[é ¸�ê ¨5àìë ¹BêCí&î Çï Ù�ð�Ô,Õ ä Øgñóò�ô�~Bé ¸(ê ¨�àõë �*ö §�÷�øBù ï�ú �-û à § ¸(ê ¨�à ä ��Â.�üæ ö �
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20 �
10 �
0 �

-10 �
-20 �

�
3.5:

� ��³ Ù�´ ï�� ��� ��ï ¿ �����(���-�
� ² \ È É ² 3.4 cm ¼ 4 cm ¼

0.3mm ∼0.13 pA/mm2 ∼0.20 pA/mm2

0.5mm ∼0.42 pA/mm2 ∼0.33 pA/mm2

» 3.2: 20 � ~�� � ö DSSD
ï � ��³ Ù�´ ï �,¶

	�
���
������������������
� øBù �

DSSD
ï ��! Å é �#"%$'&�ÛA·)(+*', ë�- ï øBùU~�¡ ë ISAS

�/. Ã � ·�¸�ê0 ��1 �%243 �#5 3�6 ï%7�8 ø,ù ï »'9 8;: Û ­�<(¡�  ¹-¸3ê ¨*à ä*� ¸3ê>= DSSD
ï »

9 ÷ SiO2
ï�?�@�ACBED�F%G 5 3�6 ² æ ¡�§ ö3ä ë : ÷�© æ Ø�ñIH «IJ ¸ ¡�  ¹�¸�êLK Ø

( B ë  w¯ KüÙ�M�û ï È É «[é ö N Ó ï�NPO ��Q�R à © ï P-stop
ï�S�8�T ê�Ë ö Ø ( 8J ¸ ¡   ¹�¸uê�ê�º ë�U §u¿LV � Nuã#B5ï � F ³ Ù*´ ï�W�X�Y�Z Û
Î�[ ² \ ¡.  ¹�¸�êà^] Â�_ìæ ö = ` 7�8;: Û ­�<(¡�  ¹-¸Cê øuù BbacF ³ Ù�´ ï	°-± Ûw·U¸Cê à�¨�dAë :FïJ ¸�ê NeOfa Q�R B ÷ ë � 3.7

ï Ø ( 8 80 V g�h B Ù�´ ï é ß�æ%i�j ä�k É�êf= ¨ ï Ø
( 8ml'n'o'pEqsr ÷ut æ*ß <;v æ�ê puqmw �MÛ�K(¸ ¡�§u¡ K ëfx'y é : ç4z�{ B>|�} Å é~�� Û�� < ö ê-º ë'� ñ�� ( 7�8 ÷ y�� ï��'�Fä��'� à é ö =
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100/T (1/K)
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210

310

Temp vs Leakage current

200V

50V

10V

Temp vs Leakage current

�
3.6:

a^F ³ Ù�´ ï ���������

�
3.7:

:�ï J ¸uê øBù ï/a^F ³ Ù�´
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3.3
� � � � � � � �

§2.3.1
B	��
 ê Ø ( 8�acF ³ Ù�´ à
� Þ B�puqsr�ï�� V���� à é ö K ïuä�puq;r����CB� ö = pF � F���F�ï�����°�± ÷ Ì�� 8�����B ÷-é½« ë� "! ï�°�±�#�r#ä���� à é ö =%$

$ B ÷'&)( F%* Q,+.- Q0/ F21�ï HP4284A
à43 ( Vu3�5 F�� 3 N3°�±'r Û46 !87 êf=,$

æ ÷ ë:9<; Ç ï	=?>�r ¯ _ q ê�@'A�B à DSSD Û4C 70D q�E�² æ#ê	@'A)B�Û2F ¶ è ö $à B ë V43:5 F�� 3 N à B ï M?G ï)H æ θ Û0Igº ë<J ï�����K Ã ¯ _ p q r��:� Û0Igºö $ à ä�B É ö0#'r�B � ö = DSSD
ï VL3�5 F�� 3 N

Z
÷ ë áBâ�K Ã à ����K ÃMÛ4L \ KM ë<J æ _ ï2N�O ÷ ω ÛA¼�P�B:Q à�74D * å�ï Ø ( 8 » \�ö =

logZ = −1
2

log(
1

R2 +ω2C2) (3.1)

á-â�K Ã ÷ P:B�Q 8 Ø ¸ D ×�R 7 é 3 ä ë ����K Ã 8 ÷ J ï 2 S ä:T:T#ö = DSSD
8VU 3

D	W?X RBÙ:Y ï K à B VL3�5 F�� 3 N�82�)��K�Z&ï[N:O�ä�\ 3�D^] ö�ï ÷ ë J E P�B�Q ä
1 MHz _�` ï à	a B � ö [1] =�$ ï $ à ÷ DSSD

ï2b�c�q 7 ï�7�8[d�egf æ ö shaping timeä Q µsec
B � ö $�h T _ji?k/K B a ö =�lnm D $�$ B ÷ ë ��� hpo:q ï �:r�s:t�u 8 D

1 MHz
ï @�AvBgw J E�B a ö�x ( 8Vy Q O 7 ë KEITHLEY237 w !�3�D)z V � N w T < ë

Body Capacitance h P {|h N { 8 JV}�~V} 8VU < ö Interstrip Capacitance
ï z V � N �'�

�gw d:e 7 êf= y Q O � Q R,÷�� 3.8
ï h U ñ B � ñ ë��	�,� 8 ÷ f����CD 3 t 3�� F��

o�q ÷ � V���� 5 un� F�UgxV� z V)- NuD 3 t 34������� wV�<�>= Body Capacitance �� F + a 3�6 K���� DV��z?u,����z V"� N w T < D"3 � = Interstrip Capacitance
�v��3�D

��� P { N { t M _ � d:eCB K Ch64 w��v� �:� q 7 � � F + a	 v¡ �V��3�D � P {�� ¡¢   + � � N {��¤£:Y:¥ �:J�dV¦�D�§ � N O�a QsR S�B�¨:Knf } � �)� w d:e 7¤©	ª"«)©
Interstrip Capacitance

�v��3�D ��� Pside
� d�e�y Q O �EQ�R�� c	¬ 3�©)­ � Nside

d�e �
® ¨ � z�¯ ��°��	± �%w4²�³ 7 � Nside {nw ¡ ¢   + � � Pside { ��´ ��µ Ynw T�¶ ��$
h�· d�e w0¸nm ©�ª

1 ¹ F 1 ¹ F

1k º
1 ¹ F KEITHLEY

237

KEITHLEY
237

HP4284A HP4284A

»
3.8: DSSD

�"��d�e � y%¼g½ � ¼�¾ ª:¿
:Body Capacitance· À : InterstripCapacitance

(Pside)

»
3.9
¿ � Body Capacitance

� z'¯ �)°VÁ�Â:Ã<�	Ä:Å · � � ª 100 V Æ�Ç « ·�� z'¯ �°��[È R �¤É m DVz�u���Ê · � W�X R � x � ��� �2Ë:Ì ­VÍÏÎÐ} �)Ñ �:W?X R ­ i�k f }
� 160 V Æ�Ç �0Ò �'��h0Ó:Ô�Õ e ¥,w'h2� x�Ö ��×8Ø ��Ù � ¥���Ú�Û�¥�� 223 pF ·"Ü�� ª
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Õ���· DSSD w��:¸����   t   �	� h�

� c × 
 © ® ¨ ��� 2.5
x Ø

CBody.Total = ε
S
d

= 1.05×10−10[F/m]× (31.9[mm])2

500[µm]
∼ 214 [pF] (3.2)

h × Ø ������¥|h[Ó?ÔVÕ������ ª»
3.9 À�� Interstrip Capacitance

� z'¯ �v°�Á�Â�Ã<�2Ä:Å ·"Ü"� ª Pside ��Ñ ��W?X�� �
� 160 V Æ�Ç�·�Õ e ¥,w�h Ø � 200 V · � ¥�� 8 pF ·"Ü"m ©	ª Õ�� Nside � z�u<��­�W?X� 
 © h�� ¦nÎ } � 160 V w�� ¦ ��� Õ e ¥,w'h Î�� � z�¯ ��° ­���­ � �V��} �! #" �$&% �(' ]*),+)­VÍ�Î } � ª&- � - h[�2� Nside

��° ½/.V¼2¾ w10 � ·('�� P-stop
� x m

�V� ° ½/.	¼[¾�2�3 ��4���5 u�×/6�7 ·V� µ�8��:9�® ­ ·,;<��'�� - h�w�=?> fA@ � ª"«©
Nside

� z'¯ �v°
200 V · � Interstrip capacitance ¥�� 12 pF ·�Ü Ø � Pside

x Ø � 4 pFB�C�D ' ª�- � - hFE Î Nside
x Ø � Pside · x '�G�H uJI �/K�L?MON Ò(P ·J;)�,Q�� ¦Î�R � ªS-(-V� � -<R�« · � DSSD ·�T�UWV R �X; © Interstirp capacitance

� ¥ N�Y 3.3�?« Q4� ©	ª width[µm]/pitch[µm]
� ¥ ­ 300/400

�
4 cm Z DSSD Q 150/250

�
3.4 cm Z

DSSD · Pside [ � Interstrip capacitance
N:\�] ���JQ
� 3.4 cm Z � ��� 4 cm Z � 0.7∼1^ B�C ·v¥ ­`_ VXa ×cbv©�ª width/pitch
� ¥�� 3.4 cm Z � ¥�� 4 cm Z � 0.8

^ B�C ·�ÜØ � - � - Q¤� » 2.3.1 ·`=WV R � width/pitch Q Capacitance
��d:e�NAf Æ ¶ ��'�� ª Õ

��·1g�T�U�·`h ÎiR�© 3.4 cm Z�jSV 0.5 mm k�l �2Ä�Å �2�nmJoqpr;�V � 0.3 mmt k�l �\�s �v� ° ½/.v¼�¾ ��t�u	v�w ��m�o4·�Ü�� � ��E�E�x Îy� � P/Nside Q`� � ¥ ­ Ì 
�p
;z' ª({�|"� � -z}/~	�"�v� '��`� RO�2ª

Bias voltage (V)
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»
3.9: DSSD Ú:Û }z�'¯ �v°VÁ�Â:Ã ª:¿ :Body Capacitance· À :Interstrip Capacitance

pr;�V width[µm]/pitch[µm] jSV Pside Nside

3.4 cm Z 150/250 0.3 mm 5 pF 7pF
0.5 mm 8 pF 12 pF

4 cm Z 300/400 0.3 mm 7 pF 9 pF
0.5 mm 8.5 pF 8.5 pF

Y
3.3: DSSD

}:�(��� µ�� · } Interstirp capacitance
} \�]
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���������	��

���������
g�T�U"·!h Î�R�� Interstrip Capacitance

}������ j&V 0.3 mm
}

DSSD
} T�U Ä�Å ·!h ÎR������'Ø � Pside

�
Nside ��� Q1�2Ù R��zR 3∼4 pF

B�C p&;<'	� } ·?Ü b��	 N [�!#"�'
� �$� ° ½/.�¼¤¾ N 0
% P-stop ! Al

µ�±&N�&�'	( %�Q
' b)��*,+,- N 

��' �	­.� Pside
[/!0"?'�� �)1 !zj V 0.3 mm

}
DSSD Q32,4�! È �5�?× '  �6�b ��g�T(U�· Interstrip

Capacitance 7`pr;Xa T�USV R �S
)8 b.�z~	� Q�
A� � T�U�9,: Q } v !�; ¶ � . �=<?>Ê�×/@A}	A0B Ú�ÛC7#DFE ÎiR	�� DSSD
} T�U ��G	HJILK ¼	M#N ·CO � H < V RP��Q � NÊ !`�)¸�x R �(' � 7 � T�U,9,: Q K ¼)M)N 8�· }
Q ��R H v !."('�� �#� HP4284A ·S
TPU �n- QV7)W M ×�} · � Ù } v }�X�YZ�0[#\ ·,; �� )6�b �^] U ��_	`.a � K5bLcedb^f ·�" × 7 b$��g E Î�G	H�ILK ¼�M#N Ê !^; ¶ �Lh/i ¼�j }$k/l � b u . �m<n> 7���oÎyRO�	 

8 �P� » 3.2
}

SHL �!H M l E Î
}0p ��' � . �q<r>XNts p�u,!�v a/
 � Q -)wx� Ú)Û�#y,z Q��^! 1 pF { a Ë?Ì 
 �^ 0| !
} 3.2
}$h�i�~ j })k�l � b 7.���O
A�n' ��� K}	X,Y N ��� u {��Z� ×)�
� !`�.� b.�) 
�,� ��! �$��k�l � b/} 2
4 u SHL �`H M l×/@ 7)� aim�o�� � k�lC7rQ Ø "P�/� R ��' × '#���Z�,� } � } NL�,� 
 � DSSD

N
100

MΩ
}��
� Q��
�?��� �.�C��� U . �m<r> }�g !:Ù }���� N " × E �# Ù	
��C� 4�� � �

Q���� R	� 9�: N�� '�� � Ú�Û � QV" × 7 b#�	� N k/l � b !�� R.� Ù } Q!; }$k/l � bv } Ú:Û N T�U 
 � Q -.w�� Ù Re� 2 pF
B�C } pr;�V NL� " - Qt7�x�E b.�) V���! kl � b � K } Ú)Û Nt¡ g }	¢ u�!x£	' Q �,R H v !);P� � Ú)Û Q�
��${�� �0� N � b$�c-

Q w�� Ù R � 2 pF
B�C ! ×n�c- Q�7 K E b.�^ 
6�b �^� �,}$A�B Ú:Û CF

�
3 pF

B�C Q×n�	 
{��(}O- Q�E¤� DSSD

}$y
side !.;C� � Ú�Û � ; � Ù {�|(}�� Ö ! ×n�	 

C =
CBody.Total

nstrip
+CInterstrip −CF =

{

223
128 +8−3 ' 7 pF (Pside)
223
128 +12−3 ' 10 pF (Nside)

(3.3)

-/}
Pside

}	� !^"�'�� �	� � (2.5)
�

(2.6)
N�� ' � {����?EJ� A0B Ú�Û 3 pF

N�¥ a1Q 6.9
pF Q × Ø¦� ��� � Q�§�ÔVÕ�� 
 �) 

3.4 1ch ¨ © ª «­¬ ® ¯ °
P [ Q N [Z± Re�!R !^;P� � 1ch

K } N
²�M´³ H�µ h N � b)�# .�e����¶	�.·e¸Pb	¹)H�
P [ N [���º#Q0» Ch64 � � §�¼1k�l } �	½ N�¾,¿ � NÀ³^Á ~ ���CÂ �# 
Ã,Äq¶#� >Å � 241Am � � ± }�Æ�`Fb�Ç�¹)HFÈ0É,�$�
ÊeÇ�¹)HZÈ0É [CË¤��ÌF! 13.9 keV

�
17.6 keV

�
21.0 keV

�
26.3 keV

�
59.5 keV �eÂ �# T(U }0Í�~ ³ GZ~ � � } 3.10

}	ÎÐÏ
(Pside

}$ÑÒ
) �PÂ Ï?���C�P� U ·�¸Pb$¹)H ����Ó
� Á G�b �
!."�Ô�Õ � m zJ} ± }$ÖO}�·�¸Pb$¹)H!."�×
Ø �$��Ù�É < Á b.f ÓxÚ ' Ø f�Æeb < !�ÛqÜ ¶ Ø�× �	 »eÝßÞ0º }	zF�$� Pside àá �

Nside à á�â Ñ Ò ±)ã � ã TFâ�ä�å �
æ â�ä�å Ó#ËP� �) ^�,��ç/è�bxc/bté���ê�ë�ìí,î�ï�âPð `0ñ Ó^ò ~ ³ U�ó0ô
õ,â�ö É$k NC÷ dLH5l â	ø´ù Ó^Ô U#ú DSSD Ü�� Á Geb �û Ç N0² ~ MLü
ý â�þ,ÿ����
SU-641

â ������ã�� -20 	
�^Ø^à á Ó���� ô#ú�
 3.4 ��� �¶ ô���� ����×
Ø��ZÜ õ�ô)ú} 3.11 � µ���� ã ô y
z � â 1ch � ²��­³�� �PÂ ó�ú Pside
â

59.5 keV �� P� ó Æ�!
"â Ç�¹ � È.É ï�#%$ û � FWHM(Full Width Half Maximum) � 1.6 keV Ü'&��(� ô$ú Á É �
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HV
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Ch64

50MΩ

Pside

6800pF
PreAmp
CP 580K

�
3.10: 1ch � ²
�­³ � �e�P��¶LÍ�� ³�� � �
� Á�� " � CLEAR-PULSE 580K����!
	 "�� � " � ORTEC 507
ADC/MCA Amptek MCA8000A
Bias supply 
���� ��� ò KEITHLEY 237



3.4: 1ch � ²
�­³ � µ�� � ��� ¶ ô����
ä�� Ü����PË���� � � ã ó Ç�¹ � È�É ï�# $ û 1 keV !�	#"�Â ó�â " � Shaping Amp Ô%$â Ö â���� "'& ( ¶ ôPð !
ñ � â �	Ø�× ó Ü�)+*�ã ó	ú � ô � thereshold ,.- � û0/ & 1$Pâ

5 keV 2+3eÓ�4 ô ¶ Ø�× ó	ú Æ�! " 265 â 5-10 keV � 30-55 keV �078� ã ó ò
9 " ³û �+: Ï Ò Ý � ³)Á �<; "�=�> � ã ô � ; Á � ³ ! - " ³ ç � Al
â ��É �@?BA É ��ÔC$Ü�D E ¶ Ø�"GF ô è "�; ³ "IH�J
! - " ³ "PÂ ó ÜLK�M��Vã ó	ú

Energy (keV)
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Nside Ch64, Am241

�
3.11:

ÿ 	 -20 N���O ! � � 140V " â 1ch � ²��­³�� ú�P � Pside ��Q � Nside
â<RTS�ú

Þ
ºU" Nside
â ÇP¹ � È
É ï # $ � �P×�Ø û � FWHM " 2.4keV Ü & � � ô^ú Pside �V�W Ø 0.8 keV X%$�Y�×�Z�" û Â ó � ��[Lã û Nside \T> â P-stop ]T^��`_
a6b ó » â "Â Ï �c[Lã �d" â DSSD à á�e�f " � �3ã ô Nside

â Ç�g � È�É ï�#%$
(2.8 keV � 3.1 keVÔC$ )

â#h " û � ikj l#×�ZU"#m ó	ú � ��� û � thershold j 5keV
ë n �'"�3+o ó [CÜ �
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� $ �
Ô Ï � Nside �� �×0Ø j�� â / & 1 $ ���Z×dZ ��4 ô � ã,Ø�× ó�ú [xã � û �����
��l ó�ð !0ñ
	���
 b ó�ô
õ ��� P-stop ]6^ ����� 	�� M ô [�Ü �Gl	× RTS 	 j ô ��� ô
j â Ü�)+*�ã ó	ú
���������������� "!�#�$

§3.3 "�% WPô lCÝ � � DSSD
â �6� î
ï û ��&('�)�*
��+,�tØ ë
ì í�-�. 1 	 j � ú0/ �1 �)à á � ô ��2 �43�� â�5 g �76�8 ï�# $ û � � ��! 	�"'� � "d; "9&:' � ã ó ì�; â<^á
í ��l�� 1 �>=#b ó	ú � [`" Ch64 � �@? 1BADC�E � 3 � �0; " � ��� !
	 "'� � "; â�<)á
í 	 �>= ��F9G ��� �
&�' � ã ó Am241

â
59.5 keV

â@H !
" â�5 g �I6�8 ï�#
$�â �>= â(J�K 	�L WCô$ú ��M RTS � � 3.12 "+m ó�ú [ON%lQP � Pside � Nside R'j � <�ST � 1µsec MDR�F���i j 5 g �76�8(U # $ ��VXW ��i�Y G <�S�T "+m ó [@R � U9Z ó�ú [
M RTS û [�N��<""[ S � N 1 F ô DSSD M RTS R A J MUj:M'"+m\P���]_^%� LSI

	 �9? 1`9a
b "0g ��c_d &��Lb ó R�F�M LSI e H>f 89g M ùih 	�j M_k ú §2.3.2 M_l !�m M(n>op:q Z �'&Qr>sutvR�w ��m �xPzy�{T1 �\RiN 1  ��}|�� Shaping Amp ��l�k�~ jQG $ ��K
M �iN�k �9��M��Ua�w�� � Z "Bw G ?���s��7�}� G W"R6j Nside �  @? 1 w ��i>� Z 	 R
k 2 µs ������ �? 1 ��[�N��d"9wd�T�>� U �"~ j bQk series noise M(��{ �"���I�>� �"s
��� P-stop ]T^DM���� �UlIP�� series noise M���{ �"� U !�	���""�x� 1 ?_k��

series noise

parallel noise
1/f noise

total

�
3.12:

5 g �I6�8:U # $ M ����!
	 "�� g !�� ->. 1
;>��� 3 ��]���Z���� q w §2.3.2

Z �'&Qr>s(n�o p:q � 1/f l !�m w series noise R paralell
noise

	 &
r�su��� � ;���� 3 Ru��� � �B� "d� � 1 &�s R6S �0] q ����l !�m M 3�8Bg � �
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4
� � � � � � �

� � 	 
 � � 	

[�[
��"
M���� "���� DSSD � 1ch �
�9? 1 /������ 	�� s6bT\ � 	 j � [
R!��"$#
N
s"� � Z � DSSD M
l&% G `
aQb(' g*) E '!+ 8 M-,B{.���B? 1 �-/D�-/10�2�� G k
M��*��31�9M54�6 ' 3 ��+ � 187 T M a�b(' g9) ��&:'�)�*:� U_Z N 1 �9�.%<;>= ( ?A@B*C 3 4�6 ' 3 ) � .5DAE k(FBRHG8��]
^A� `_a�bA'-I ) c_d &Q� 	 ��s�R*JH�LKuM l:%G9M�N ��OQP0NIk Z�R�Z r_k�F_R�w-S1T&G(U9k��VF�F�G
w��AWAX9M&Y&% G9Z�[]\ ^ ? 1
DSSD M 4

a
b_'-I ) A < c_d_`�a ]B� \cb ?��8d:�BM�? 3 B9C @*G9e5f(�(g>h�iA#uN>jc_d_` #uN�k9?A@ B�Clk 486 ' k �*� X
q M5N � j�m kcn5ol�*�1p
j8q
r \cb�s s��&F(%a s8?A@ B�Ctk 4*6 ' k w �-u>v \!w [ a sIR9J9��OxP}N�k�?
y&z k ) �{n|o \�j:m k8}G*�]Kc} ~5�t�
}(~ j �9��� s j a �l%!}8���_�:� q
r a j5��� F_��w����5�&}5U��AF_�GAU_� �

4.1 � � � � � � � � � � � � � ��A�(�_' I )|�(� `�a g*?| >¡�}�¢¤£*¥�¦5�|U5§ s j8��F5F¨G_©*W�X��¨ª(«&� 4
�:��'I ) @ B i ' @*G:i*¬&­1®¨¯>°>±:² \ �V#�P��5© PoGOLite 1 ³(´ ^ } FADC µA¶Q· \�^p
j5¸(¹1º )�»5¼ �lY ½-¯|°5¾5° \cb p�� SpaceWire � SpaceCube

\À¿LÁ § Â|Ãt} �A� `a \¨b�s §9�1Ä 4.1 � �:� `&a }8Å C�k i C @�Ä
GAU�� �|W_X��>�9Æ:Ç9Æ(} È>É5Ê>ËtÌ8�p|j�Í5Î \ ª(«t� �

4.1.1 4 ÏÑÐQÒ]ÓxÔÖÕ ×�ØÙÒÚÕÜÛ FADC ÝÙÞ ß
4 à�á>â9ã|äAå.æ�ç�â8å

DSSD �èP!} `-é #{Æ��|i-¬�­>®cÂ|Ãt© ê:z B i�ë ) ?�ìt} 5005H í 4
�(��' I )�î5ïð �Añ�±(²*Ë \!ò.s j*¯
°5±(² a §��&FcÆ_© ê9ó5ô
õ5ö>v5÷ ` Ë ^ � a j9ì>ø]ù¨ÆA§�ú-}G*ê §3.4 GAû ^ a § î5ï ð �Añ-±(²*Ë 580K íx�{ü5ý5þ Á ÿ � \ ú��
�(ñ ±(²8Ë \ 4 ������ a §:ú-}
	_U�� [16] �-÷ ` ËtÌ��>p
j�
��]ù{ÆA§{e5ft© ê����������*®����c¸���� \ a j
! é ù{Æ�ê�e>f�"$#5í5±:²*Ë�%lÌ8j*e�&1ë�')(_Ì »>¼ ù�Æ�� ��* 4.1 Ì 4

��� �,+
'��-�ci.���|},/�021�3 \�4 ��51§9�

1PoGOLite: 687:9:;:<>=@? X A8B8C�D�EGF
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HV
KEITHLEY237

DSSD

Collimator

4chPreAmp
    CP 5005H

FADC
board

SpaceWire

SpaceCube

Linux
PC

manipulator

Al box

Ä 4.1:
�(�&� ��+�' �:� `&a Å � k i�����Ä
í � 5005H��� i
(���� 1000 MΩ

���2�-���8®$�)�¨¸�� � 6800 pF	�
 É
� 0.5 pF ê 5000 MΩÂ5Ã��
���*É
� ∼2.5 msec��� Å � k�� & ±5 mV ���
* 4.1: 4

�&� ��+�'��-���.���|},/�021�3 [16]

FADC ��� �
4
�&� �2+�' � �!�.���8�#"%$ é ù Æ:§�Â>Ã.©-ê PoGOLite & FADC µ_¶ ·(' ¿ Á!) ¸¹�º ' »|¼ �+*-½-¯
°5¾|°Vù{Æ:���-,/.�µ1¶ · © ê�0�1 � ¹ � Ê
ì+. SpaceWire Sampling

ADC µ�¶Q·{�32548Æ��(ú6.
	8ê(Ä 4.2 .�*�7cÌ CSA 8 8ch 9
:�;Vù�Æ ) �=< ê&�
.5$ éÂ>Ã�8 Texas Instrumets >>ì?. 8ch ë � �5@ � � í ADC Ì�! é ù Æ
ê 12bit ê 24MSPS 	¸:¹Aº�'
AVù�Æt� �_¸�¹_º '�AVù Æ(§-¯>°1Â>Ã-81µA¶Q· ¥�. User FPGA Ì%BC" Æ
êED
.F %+.*¸A¹�º 'HGJI�K/L�	NMJI]ù{Æ:�{�-,/.O*O7!Ì�Â
Ã
M�I�.|ü?PRQTS/' FPGA
F .*¸A¹º�'�K6L)	�UV7�,5P 	*ê/W
X:¥�.-ë:¶�Y�'3�="HZ ê�[�\ � éJ] W�^J_�`�.Ha6�b'3c�d 	+e� � CSA Ì ò &�ù�Æ&� ��f � ���|©hg
i 0&ú6.H8�j�&�ù�Æ ) �=< ê ADC ! é�k ._­
¶-ë

( ��l '�ºN.J�*É��.Ì��5m ) úon�p5A]ù�Æ ) m(���(§�qEZJ,6. FADC µ_¶ ·<© PoGOLite³(´ &&Ì ø��]ù�Æ(§&ú/. 	�r < êJs�c�t�	_© CSA Ì|©%u.Ì{ªA«:§ 4Ch �-��� ���5'h&�m) mOvJ. 	8ê FADC µ_¶Q· ¥5.��-���.���/& ��f �.���5©/wxZ §�yµ_¶Q· ¥�. ADC 	1¸:¹_º ' »>¼ ù�Æ(§-Â>Ãl©-ê FPGA ÌhBC"ÀÆ�ê F %�Ì/z�{èù Æ(§�¸¹_º '�G�I�KNLlÌ�*�| ) M�Ièù Æ�v/y�}
~?./G�I�KNLt©-êb0
(> 1¡�.b�h��Ì%��| ) NOT]
AND KNL�'���Q�q IC '{ê��b.%�.	H� �9¼+� v-,OP>	�ø>ì�Z ) m_§J8�ê
c���_5`-8N�
eE� ê6c
�lÌN�5��8
�Ov�,�P êH����c
���-v�P��-�%� � Ì�����8
�
�Ov�,�P 0?S!.
�h�O8
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Ä 4.2: SpaceWire PoGO & FADC ����� [20]

� �Rr�|��6yOD-,�		�5É�&	
���
�. õ5ö�����`-K6L ASIC .	�����-*H| ) ê���_�`
A���g
i�A?'3c�dxZ��)������@�� ���	�O*N| )�� �! 58#"%$�� F %�.%GJI�K6L?''&�e)( � v�,5P
8�	EeJv LSI 8J&Om "+*+v%y ,,*�8 FPGA(Field Programmable Gate Array) 	�r�v%y

PoGOLite & FADC �-�.�0/-��12�43 4.2 .�*�75� � �� �86"!$��%& e87E�-'6�+v-,OP
8�	EeJv5� User FPGA P�� � �� �8:95; 	+e�0
m SpaceWire FPGA P 8�r�v%y SpaceWire
FPGA /<�=1>� Space Cube ?�� "���@!A�(!B � 0�m � �
�5.��C�>D:(!E+�N82F�GIH5* ) �
<J� ,�.��K�2D (�',F<GO�+v-,OP>	�� SpaceCube ?-�#" User FPGA 	HM�I=Z!�2L�M '>N
�!Obv�,�P 8�	+eHvhy�}?| ) �b,/. SpaceWire FPGA /<�>� � �2 41%Pb''& e+74QE,�P51
	Ee�0
m�y
LRM�MJI+.�� 5�.%G�I�K6L�.%S��T1%� User FPGA /<� ) UV7 y6}�~�1%U�I�P *��NGJI�V
0TS/'h&Om ) AND

]
OR K6LT'!���2W�X�Y )�Z�[T\ K6L43�8	S�* ) m<��8	�=]_^_�R`E.a Z�m:b�c=d�e��-f�',g�& Z%�!h4���)i�jH�hz=k�l5&�.2mRn�� HDL(Hardware Description

Language) 8��	�#H>*	�Ro�S�pO8�q e )sr5� �� 4� r+t M�8�B�u�v��T*+<xw�y��Tz%g�m�G
IOK/L:z>S={<|2B�u�� \ |>�%yRsR}=~T�2��m	�_1>� User FPGA ��z5�=���!�=S={T���R�#�J�
LSI z:�:� \%� � \ h4�K�+i�j	�hz�k�mRn����'�������!�-�#��*��_�-�,� VHDL �������
�2� VHDL z%�<�������=�'��1!�-��c�f����� s¡x/=v	¢�£-vT¤�i�c��=�K�¥B:u \ � Xilinx¦ z ISE �5�-���2�T§!z ISE /<�>� VHDL mRn���g����>�%�=�4�2�Tz%SR{s��¨�©!�2��§%z
�R�4�2�T1=3 4.3 z:�:� \ �«ª­¬
��z%®�{R¯ ( °-±�e��2² ) �>³��R*���®�{#H5*��_�-�>��§
zR3 4.3 �%´#©2��µ�¶��%L�M�z!·-*��,¸-¹:�>º�»2�

1. ADC v AD ¼R(#H,*�� 12bit ½-±_f�²�L�M-|�� Trigger Module � Delayed Module ¾	�
³�¿�*_�	À�ÁsH>*T�%�

2. Trigger Module v-12�-ÂTÃ�AÄ I¡ÆÅ�ÇI�>z%È<³I�T�2��§��8v���É�D� !Ê#ËÌ²ÎÍÐÏ<Ñ
�>Ò�GÓ�+��Ô�z!Ï�Ñ#�5Õ�Ös�!Ö2L_M�1 DoWrite L�M����,��� Writing State Machine×>Ø �+*T�%�

3. Ù�Ö�� Writing State Machine 1 Delayed Module ¿�� Ø �8*-�sÚ=ÖÛ¡�Ü�Ý-Þs��Ö�ßà z�á:z!â�ã�ä�å#��æsç>OÛ�J��Ô�z!â�ã × ��ç<�,è4�-z%ä�å:| delayed Data �R���
Main Buffer

×>é�êRë H5*:�>�4§!z��2Ú Writing State Machine 1 DoReadViaSpWFlag
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3 4.3: FADC User FPGA /<z!���T�������T �@_¤��������	�

Module
×

Wring L=Ms��
:�
� Main Buffer
×�� Ú�7����!v��_��§<�%�����-�5� Buffer

¾:z � Ú)7��R|���X����
� DoRead L�M:| Storing Machine
×>Ø ���T�%�

4. Storing Module ��� é_ê�ë H��<�<��Ö2L�M�z#�! Torigger L�M4|�æ4¿�©	Ö#"%$�c!�
²4z%ä_å�z&�:�>N'�(
���� SpW FPGA ¾«� Ø �%� \ �s§2z=°-Þ�Í r User )+*�|,)- × ¼/.�0:u_v�� Trigger Ï_Ñ#�,Õ�Ö'1 \ �2è4�-z�2�3Ä� SpW FPGA ¾ Ø �:§�� r
v�Ú=�%�

5. 4�5 × Storing Module � End 2&3s� Writing State Machine
×,Ø �6��7�z Trigger 2#3

æ�8�|	0:u \�9/: × \ �%�

4.1.2 SpaceWire ; SpaceCube

§2z4�T� × FADC v�<'��='1!��Ö>2/3?�>��@ 4.2 z SpW IF ¿«� SpaceWire �BA�C����D�E%F z�G�2�H�II��GKJ���L�MÄb-cRd=e�Þ�f SpaceCube
×ON C��T�%�

SpaceWire ����� IEEE1355 �!P ×!Q�R �Tz D/E�S�T(U H�I����,��V�W,1!�:Ö&X-Þ��2²
v�� U ¬�z��=�sc5v 2∼400 Mbps �,�«� ��Y�\ ½�Þ4fBZ Ø |�0Tu \ è�[�\���]�^?_<z�Ê
Ü��!²:�?`#a	Þ�Ã_j	�RÉbH�II� r ¬ ( @ 4.1.2 c ) �TÔ�z>d�e�f�g>h�i × � �/Y G�24¶&jlkm/n d-Á<|�o ªOp��&q ×�r �b� Low Voltage Differential Signaling (LVDS) |=���Ä���_�<�
�!� Data 2/3�zb<��	s � ×>t/u g Clock 2/3Ä�O� Ø »�� Clock �=��`��'k�Ö/g��	v�w��× � Data 2/3�� U&x × Strobe 2/3#�O� Ø »���§-��j��/y%�=¾:z!z�{#� � ª��!Ö F j���æ
2/|�j-z Clock �B}/~'j�Ú=�-�4� × ���<���%��X�Þ��!²��>��@ 4.1.2 ��z4�4� × LVDS 2
3Ä� Ø �=Ö/�_z 2 ���_��ÉÛ¡��4�!����� Ø æ�2�Ô	���	� Data 2�3�� Strobe 2�3-�����B�ë�� �+��� 8 �����/�(j�®���1O�/���-�>�������&�R�=É ¡��:�!��X<Þ��%²'�!���(��Ê=Þ2²
Í�1��/�_����Ö&�!��p2�#q��O�����bL�1!���������/a × �4§B�:Ù�j × k D&E'F � Q�R�� S
jlk�����1��/�<��� 9 ��`>� Micro-D �	�(�/a>�	���l1����<�-�%�l1:� × � Wire � 10 m
µ F �� �¡¢k�0(£�j<���6� HXI j���¤�¥8Þ�¡,� D&E �/¦��!¬�g,§¨G/2�X_Þ��>²«�����?k�©
��1��T�%�

SpaceCube � ISAS/JAXA �>Êbª-Ã=±Bd/« × �&V	W�1���Ö�� SpaceWire G�2�� � «(£b�!o
�	É ¡¬j'�	­�®�¯�°�0%£'gb±(L�M PC j�²:�2� NEC ³��b´�{�£ 64 bit RISC ¤(��µÄ �¶
VR5701CPU ��·�¸º¹�� LAN � USB »-Þ.¡¼� RS232C G�2º½O¾4©	Ö U&¿ �bÀÂÁ#��`�j�Ã
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@ 4.4: SpaceWire �>��� ( � )[15] ½����%@ ( c )[14]

w����(¾��!«'£ ×	� �	�/´ Y g�Ü�

��a��/��½:Þ'aO� Ø 0�£�g SpaceWire ���&»�Þ��������� ���(¾���� OS
× ��� Linux � T-Engine �����,1>���(¾���� � 4.2 !#"�$�@ 4.5

×
SpaceCube ��%'&/�/���(�*),+��

@ 4.5: SpaceCube ���-�
[17]

CPU VR5701
200 MHz / 250 MHz / 300 MHz

Ã/��.!Ê�/�0�1�Ü 16 MB

DRAM DDR SDRAM 64MB2 
�3 IEEE1355(SpaceWire), RTC,
I/F CF (TureIDE),

XGA (1024×768), USB1.1,
LAN(100BASE), Audio(Stereo),
RS232C, JTAG I/F (debug � )

d54 +5V

��ã'657 52 mm × 52 mm × 55 mm

� 4.2: SpaceCube ��%'& [17]

8 �:9O�	;=<(�?>A@�����

3�1!��B C�D(aE��2/3F�O� Linux PC
F-G�H5I ¹KJ'L'M��b<N=O ¹
�*PRQS�#@ 4.6 TEU�V G DSSD

G
241Am ��4W�*XZY ¹EB�½�[ G J O 3�1�\-B	L M��] j(²=�	� 8 ��"�Q G 50 ^�� _ S�` ` G	a,b \�Jc��dfe5g�h�i?�	jFk�B�l�m�`�n
��� N

L'M�� O 3Ao	\p��� FADC q#� ADC �b¶ `	¤Fd	`�r�¥*gs�tT�J 50 MHz j�²-�	��J'u�vw�x q&�Z1�D�/�g��%�-q	j�J PoGOLite ��h'i�s�y G�z w5{�� 37.5 MHz @	j�|}9�o	\��
¾,�	�Z~(k>� 50 ^ G	a,b \,B 1

� � _=� `�� T�J,!W"�� 27 nsec
G	�#� +��	�
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�
4.6: FADC �=g�� �����B� O 3#oE\,B�L�M?� ]
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4.2 2
� � � � � � � � � 	 


4.2.1 �
� ��������� � �
� ¿pG J X ��� 2 Y G "�k����! #"%$'&�(*)(o�\-B,+#-#.#/pTEJ10'�32!$ G �1.#/ / 4�g
�65#�7(!)98�:<; 9tJ=0,��
=>�.*? G "<@A.*B G "�k���J=��\!;1(!)(o�\-B,B!C G�DFEHGI >KJ�d=L'M G#N�O o?\�@,P��#� _��'T,Q 100 nsec RTS��=U!V b : E �T&XWX@,P�8 b 8 J
.*/ / 45g�YTZ\[A]!^�\_@TW�@*<*`a�'bc;edgf7h#ki�1(*)(o�\a@<�<&�J � 4.7 �kj#la�_m,QG J!>nJ�d�L�M6��q��<&1(!)Ao?\-B E ��T	J1oqp��T>rJ�d�L�M6���<&qs*t<u=o�\!�<v N=O
o?\a@ 8 [ G :X@,P 8 \�fk>cMAd�LwJyx<z � Ji[=m'{=P�|k�qm�Q7:6>cMAd�LwJ}x<z � J~;� (_��@w[ J�0�Y%2�$ G X �3�#�-n=Y��Zg �A� �3@��5m#diu<;=(�) o	\_��� EEb5b U\�
V	J � \�;qWc@k�#�a& a!� o	\���8=�#Qi�6&�J!�'Y�8k� X �a�-n=Y��Zg��k5\8KJ�v N,O
o	\3@ X �w�#�-n=Y��Zg6;X�*;�d J*���3:*�-n=Y��Zg1�!�_;�&W[<:e��:q@kP��!�*�=�*�� � pX�#x=z � Jy��k�� E �<;�oqpX�6x<z � Ji[687�<vq���=o��_@T�#�'�=���Akk�'Sa ,¡¢ ; y��£���¤81��¥}P
�=�,�c|'�cmq¥A�1>nJ'¦,LAM �=& � (98��Tx=z � J¨§=©a��� P/N � 5_�<>nJ,¦,LAM�&q��m
¦Au�f O6ª &3«�:T¬�k��,B z �XW�@ I�­c® � M�J �H¯*° ;1( �A�6±q�T>rJk¦�L�M#� E �Zm
¦Au�;=²��!�%8��Zk���B z � E �kocpX�T>nJk¦kLiM1&�x=z � J~;�³*´Foi�!�%8��3¥ (

�
4.7µ l ) P�|i� E �_>qM¤¦<L¶J·xTz � J � (w�k¸a¹�� � p!&cWX@3[gº�»��£��� I @'P

�
4.7: >qM¤¦<L¶J·xTz � J¼�k½*¾ � [8]

4.2.2 ¿eÀrÁ ���qÂ��%�
|k�_m_¥7:6>cM¶¦�L�Jyx<z � Jy:%ÃÄ�60!Yw2!$'&1(!)(o��c����m3¦Au1;=�FÃi�_m_¥g�,Å
>KJk¦<L'M*�<�Tvq�c�-o,�a@1¬TÆ*ÇX��@6�*��� ­ ��WX@ �6È �kÉ*Ê��,Ë*Ì�S� cf<Í È 8H�Î ��Ï�&�Ãg�_m_¥�:*x<z%Ð¤J~;�Ñ�«1�#�<¬=� � p � p<Ò6Ó3�,Ô6Õe8A� I �}Ö6×q;XW�@,P Î
�*�#�!� ­ � X �#Ë#Ì!Sa *�'Ø È [Ù�1Ë#Ì_>*ÚwLwJ·�#Í È (

® ¦gÛTÜ
J ) ;=Ö6×q&XW�@�P Î
|�&*§X���ama¥A:�� È!Ý!Þ fgß�àe8'�1P
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� Ü��kY�� 160 mm × 160 mm� $��*¾ �
	¶2��=>
�6Ü����!x���
�����
±25 mm��� ` 4 µm §w$D�� v_���Kd 10 µm�
 ukY"!$#�%

&
4.3: ' � �
	_> � Ü�( XM16A-S1L �*)
+ [7]

1. ,
-/.�021AÜ43
X �!Ë*Ì�S� _fiØ È ��@#�*��� ­ �*Q 100 µm R6Sc§X�*&c�kS3 ���Ø È ;�&w«#@65� ��	a> � Ü�(<;TÖ!×
[�:q@kP67 DSSD �kB�#��_> J1¦<LkM
.cL98 ­ 250 µm �_>
J�¦=LkM;: ­ 150 µm � E$< ��@>=!Ó�: E �T&cWFd �*Ø È �6>KJ�¦<LkM=&c� X �
?@ f=�q@#� ­ �
A�:e�<[ E 100 µm &<� È�B
C :#> � Ü�(<;;D3�¤�£�3@'P Î |�&%|
|�& ­ ��E
F
� ÝHG �I' � �
	q> � Ü�( XM16A-S1L f�J�KF8'�1P�> � Ü�(#�*)
+
f & 4.3 ���3[i���1P

2.
® ¦iÛ6Ü43® ¦iÛ6Ü43<� ­ �MLÄ�N3XÐPO1> � ÐRQ*¾�S�T G �k��UWV�Ü�u��Tx%[g]�^<�a@�3cÐPO
> � Ð$#�%¶f>K I �1Pw|g� ­ �/3XÐ;O�> � Ð (44W ��	*` 19.3 g/cm2) f9X!)
Y\[68H�
-wL[Z<Y · \ · ]a:%Ã�&_^*)a`��X�Ib�c�#�%q&=�;dW3XÐ;O�> � Ðk�k��e��_f�gc;¶8Rh
� I �X�'�
ij` 5 mm &�k�l C ;�m�n��Io�Ka`,��@>p m�d 10% q!`�rK� � X sHt�u
f��3@Hv��*w3�HxPy��{z%m I [5] P�|�|}| ­ � 5 cm ~����
ij` 5 mm vcÏ}��� �;�
0.5 mm v*�¤f_�4�!� ® ¦�Û6Ü
3!fgoapHK����£�{�H�_Ü;�aÜ�|P���¤f 1.5 cm ���'�
��|�� È ��� X s¤f,Ë!Ì��k�¶[T«PvH��Úa������x��
z��2� � `%���4�4�3¥��2�k�;��

4.8 z ® ¦iÛ6Ü43PvI�
�
� � | ���I�

R=0.5mm

�
4.8: o�K"�'� ® ¦�Û6Ü43

X s6v}¡
¢�£ ­ � I ¤9¡
¢�¥6v X s4¦P£!� I0 ¤9¡
¢4§
v X s4¦P£!� κ ¤9t�u
¨  v
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 ����������	�
ρ ¤�	
£ � t ¤�iN`�
H��x

I
I0

= exp(−κiρt) (4.1)

| & `i�4�>��3�Ð_OI� � Ð>v  ����
����� ­ � 60 keV v��#Ì����"�[x 3.19 cm2/g[22]
�
vP| � ia` 5 mm v ® ¦gÛTÜ 3H¤}K�� ����
[| � X s ¦;£�v�� ­ 4.27×10−14 
��
� ��� Y������iÛ6Ü � |���� ��
�z"!	# |����I�$�% �

4.9 ��& � ���iÛ#Ü �('�� �	) v�*�+ � ¤-, � % �Hs	./
 DSSD 
>v�0���&
33 mm q�£4|���� %�1 � Ë*Ì
�!Ú��W� ��2���& 0.82 mm 
�� � �434576 �P� �
�;�8 z 3∼4 9;:��=<>��`����
�*� 2 ?
vH� ���P� 8�@ |4v�ACB2v_+CDN¤�`FE>���7G �
9CH6�7G(ICJ{�!Úa���$¤ 2 � ���P� 8 v�:
| � � 500 µm

$ |"K��*eF�"L�z � ���M�N 3�� �_� 500 µm O�P�v*��¤��
��� ��
�z"Q	R�S	��T�U�L V % ��
 � `WG��Is
.�XYG�v X s���J/v4Z�[	\a�
] N �^&_0��6v=`Ca��
�4b ��xdc�� �"�Ce �
f	g2¤
Xh E
� 
�z"U �-X�V % ��
iX>G � �C�>| & � 4.9 v{��j9��I�JCk	+��H��lM� �Cm z
�n�
����o�p N;q ';r4s��ut>v�v�w6v
x�y�& � §4.2.5 �Px"z{V % �

RI

DSSD

Collimator

0.5mm

8mm

25mm

0.82mm

�
4.9: ��� M�N �('P��| ) v
*�+ �

} ��x � 4.10 v
�Wj-��~�������] N ��� �Cs
�>����¤ � }��=� ����� M�N � ¤������ �
DSSD

� :�V % s
�Y�-�2�_��� (DSSD �2�
��� )
�_� � ¤C��� M�N��_� � �"2����������

j-��� % � X � � I4J7���
� DSSD ���_��� �	� � �=� e �4&4�
� 1 cm ��£ �_  ¤
¡�¢ �£ X>G(¤;¥ � s��¦��§;2"���"¨©E�� 
i� �Cª ��« �"¬�­
¤�®�� % � � X � � :CJW���H�¯ j°���-±	� ²=³ $�% � ~C������] N � � DSSD �F������& �4´ X�µ4� ¯ j 35 cm ¶-· �
<7��µ;s_�Y�-¸ N � ( ¹�º ���
��� )

�_» ��¼�l¦�i±	��²=³ DSSD 
 4 o p�\_½
� 8 �is�\8 & � DSSD �u�����
¤�&��_¾�� Ch33
�

63
�

64
�

65
� �©¿
�d� 8 XYG � A4B �"À ­�Á��

��² ¯ j�� �WÂ 4.11
� ¯ j���?�µ � V
±;��² ( ÃdÄ Â & Â 3.10 
�Å�Æ ) ³ 4 o�p \�½d� 8

�is \ 8 X7G � Á_Ç	® ¯_È_É .W& � ¹4º ���=����º�Ê��d±W�d½�� � ® ¯_È D-sub �	\
��±
?�µ � V
±��W²
³ 8 �°s�\ 8 X¦G � Á�ÇW& FADC � N �Ë�
:�Çu�_� � } �=�	Ì q�� �4Í
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� ���C±���k ����� ����� SpaceWire ® ¯
È SpaceCube 	�

�i± Linux ~�'�\������{���
²_³ Â 4.12 &��Cl��7�u¿(s�� 8 �������	� ����²_³

4ChPreAmp

Collimator

RI

Manipulator

DSSD box

Â
4.10: DSSD

�
� � ����� M�N � 	��W��� % Æ�D

DSSDDSSD

50MΩ

6800 pF

4ChPreAmp

HV

Â
4.11: DSSD � 4 o�p \
½�� 8 �-sW\ 8 ���! �� Æ�D

4.2.3 "$# %'&)(+*-, . (�/10'2
2�3F\F¿ � ��� ��4�5-67�!8�9;:<�>=��?� Ch63 � 64 X7G°Á_Ç��°��²iA�B } ��@�����?�A
±��!BCÌC� � � (0 C )

��D lE	°zFV�5�³�FHG;��I�JK�"± 2 o�p�\_½�� ÅML À ­�ÁW��	���5
G;� �ON �;5 241Am

��P o p	\_½�� � �QBW� ¿ � � Â 4.2.3 �;�	²=³<R-� ¯ 6S�QT�U 2290VXW � � N � � FADC � N �Y	Z

�?5�G � B�Ì�� � �X[Q\ �+�]67��^�_X`+� ¯ ²�a N�b��c�dQe [�f4s�\�� ¯ ²�� N ��	nk�g¦�n±!A�²�³ } R°�MB�ÌC� � �H:��KR � � N �M	 e [�f
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Â
4.12: � o�p \
½�� À ­�Á�� �7�u¿(s���� �������	�

s�\-� fit ��5XG � ADC U
����5
³;8X5�� Ch63 ® ¯
È Ch64
� £���� � ��� lK�Q��5;V�±

:���F G�� 2 o�p \
½���ÅML À ­�Á���	���5QG�� Â 4.2.3
� ¯ j>� P oWp \
½���� � 59.5

keV
� � N �"Z�[	\7¿ � Å��	� �4µ�V�5 � � �4�-±+A ²_³

ADC Channel for Ch63
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Â
4.13: 2 o�p \�½d�WÅ�L À ­ Á�� � G ��P o�p \�½d� � 241Am

� ��B��/¿ � ( 
 :Ch63·�
:Ch64)

} �i±�I�J � Pside
�

Ch63 � Ch64 	"ÅML�� À ­�Á���5E�
� �	} ��@d� � ��T!U 	-`	�� ~F��� � ��� ��5�� � � Â 4.14 ���;²=³���� (60,0) � (0,60) � VQW � _�3{\{¿ � } ��@
� Ch63 ® ¯
È Ch64

� � ¿��
�����������
��Á��°�;5 59.5 keV
� _�3F\{¿ �;�	²=³!8X5��� � � ��T+U 	"! ����# h ²K� 59.5 keV ��$ 4&%�²?��T+U ��µ�²�C��'% µ�#)(�* ��+	,

� -WVX5�./� -1 ��0 È ²���� � � � � � � � �©¿1�"���d� f;r4s��_��5 59.5 keV
� �'�

�=�W¿S_�3F\F¿ �+�	²°³;Ri� N � _�3�\u¿ :�� ª É�2�3 � � ¿��_�4� � £���VXW �15�6¦�Y�
§ 7
� � � � ¿��
�"��� e98 �n±�:<;�����5=� � �?>	@ N �W²=³ } R°��� 59.5 keV AC� �B

4σ ��CE8
�W²X_�3{\{¿ � � }�� A	�9D	EGFE�i­	µ�� ��H�· � �©¿��d���d�9���K����Á
���;5 59.5 keV ��_�\ � _�3F\{¿ �"I¦�i±��C�J�K����¿ _�3F\{¿ �"L	M 	ON<=�5�³ Ch63 �
Ch64

�
59.5 keV �X_�\ � _X3{\7¿QP : } �H@d� 1049 � 895 counts ��� }��&R9S UK: 972

counts �°µ 67���'�T�"�u¿ _X3{\7¿ � P 166 counts : }�� 17% �	�O�°µ�²_³
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Threshold

Â
4.14: Pside

� ��� � � ¿1�"��� � 2 o�p \�½d�WÅ�L À ­�Á���� ¯�� ± �$N �H5
` � �
_X3{\7¿ ~{���

Å�Æ�µ��Cl 	 Nside ��±K�nz � 5d³ 5	F�� Nside
����� : Pside � �Ck �	��
 �°±7��8

j 5�=�� Pside ��Å � �Cl���
 ��:�������f�� � � ��� 5��_��9��<_X3��7¿ � �!� � z<@
µMAd³ } R°����� FADC � 7 � ����µ
# � ±!A�²�� � �u��¿ 	����Y� ��� � 11 bit Ì 7� ,�� £ ��! 
 ��5 ����� �+� 	#" � 5d³%$ � ± ADC U � Pside ��&�'�±)(+* ��µ � ±	®
67��*�,�-K����./*�021 µ � ±!A�²=³ À ­�ÁW��5��©¿������Q:�� Pside �-Å�ÆK� Ch63 � 64
�X� �'N ��5�3�4 � Â 4.15 ����²_³ 59.5 keV ^�7%5%6H_Q3��Y¿Y��I'%�²"�'�T�"�u¿ _X3
�Y¿7. L M :�� 0.12 � �$��µ � 5"³�8+9;:�0KA�5�=���<�=�µ�>�?-	#"A@XR���:�B �"µ�A
:��1R�.�U : Pside .%C=� ��Du¿ _X3E�7¿F. L M ���;8-6 Í'# N µ�A"³ Nside º ��:%C ¿
��D�� � � P-stop .�G�HI:�JK=/K 8�L�M�NO6 � Pside ��&�'+M)G�HI:)O�*�P�Q�B�:��SR'�
.�.��T��L�: c �VUXW �	Ê V�WTY .	BX��Z Y 1�����[ 6]\<A�^+*�B)_�` / aJ7�6�I 	"5�6bdc R � > @�LeR 59.5 keV .�A�fhg�IJ%eR�C'�T��Dji _X3E�Xi 5	6kgdl�m :�Z Y A�npo
#�LqR/r
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Threshold

�
4.15: Nside . ��� .%C ��D���. 2 �������)6���L	��

����gI[ � M	� N LH5�� � � _� �Ei 5�D��
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4.2.4 ���������	��

� � �
�

4.14 .���B)���I.����q��B	-��/L�� +�, :���H��I.	C i���D ��B"!�6+C+.�#%$�:�! 

��M�&�R/r �('�. +�,*)�M # c ��+-,��Ei 34 counts B�.0/1� 59.5 keV .(2�7%5	6(� � �
i g�I � M�NT[�� 6%

)�3�4 R#r-5�.;[�@ Y ��� :6�75�L8��B�g#"�9�L�� 4 cm :q. DSSD
.6;%<>=%?qg)MA@B�C2ED	5�6�� � �ji g�F �VM 5% G�H�I�J b L�MK&K� (6) rC5VL�:6��L	`
.6M�Hh.ON���C iQP�DR�%S�.6T�Uhg�V"DXW-Y�Z"[ b L�MK&�R SiO2 \ g6]*^"�6_e.%`E<�_a

[12] gI[	R l�m;B�.SRencb�d
e L�M�&�R/r SiO2 f>g UKh%ikg6_T.%`E<�_ a :"j>kmlqR
nn� � 4.16 .;[I@ YOo WpZEq � 6I.�rXD�+�60sut�5>v�:"w%x�lqR [1] rp5Ry6h%i;B"w%x �
��_�` / a�D�z�F :R��_�{7| YE}>~���� gI[A/1�;a�D�zegRF � M�:�C iEP�DR��SKyR�>�K$)c�84 Rc��� ) @ '�y�g�F �VME��_�`eg�'>&%M;: SiO2 f g�����[ c e L;R6�>�����B� 4 �
Nside n�_-yO`Q<�_ a B�_�`m�mq��"� b L�M �Q�T@ rQ�(dK� � 4.17 y;[;@�g -q yd_ a ) @
'�_�`��8� SiO2 f y����hg��(�+[ c e LeRTn��A��L8��L(y�_�#hg 1

2q y�_ a �%�7� b L
R�5Sn#g Y R [13] rO�X��B�a�DQzX�K:E��'�y	C2iRP�D��Oy 
%B	� 
 � b L����>�egM:6� -q
yd_ a ) �C�ElIRdr ���"�8^#ME���-|�gM:6�O�X�CyX�2iRPQ���E�;: 1

2 �� ����;: -1
2 yd_

a
�"�C� b LIR�5+n#g Y /1�E#%$Cy�¡ Y R !>z��%�Ew%x�lIR�5Sn#g Y RdrC5RyhnQ� _�`m�>`
<�_ a n Nside �mq��"� b L"��a�DQzH:�¢�MO£"�CyX�2iRPQ���E��¤O¥ b L����>� : � 4.14
y6�Cy6¦¨§	g��)_�`m�K`Q<�_ a n Nside �(q��X� b L��85Sn#g�©8dQ��a�DQz*@ �m'�yX� i
PQ���E�mq%�"� b L����>� :�ª-y6¦¨§�gO� � Z�i«�Ex­¬�R#r>��®����75Ry%� � Z�i g�'K&
M�: thershold g;[%^�M�¯ b L�M �E�A°u� 4 �05>5���:Q±TgR²�³-yRF>´Tg�� Y &�r
�"���C5cµ¶e·#O$Cy�¡ Y�¸ ¹Oº �Ew%x�l ¸u» ´ : Pside ±%¼Cy » ´���.¶/1� Nside gE½>&¾ : � 4.15 y(¿(° g�� 4 cm : DSSD y6À%� (6) g�©8d ¾ �XÁ>;�<m�A@ÂI>J¨Ã�µ�ÄOÅ8^E��r

P+ strip P+ strip

 N side

Position

d
ep

th

Q+

local minimum

�
4.16: SiO2 \ yO`Q<OÆ a7Ç ¿"^ ¾ w%x�l ¸

rOD�+�z0s t>È>v o W¨ZEq ��z%É%Ê [1]

�
4.17: r"DO+Qz
sct�È%vQËOÌ��QÆ%Í / ÎKDRz

�8�"w�x �6�6�K� Ç Pside Ï Ç �-�mÃ6µ ¸ Æa
[1]

4.2.5 ÐÒÑ��ÔÓ�Õ Ö¨�0×�Ø
5%5��Q��y6;�<8y6À%��ÙÚeBµ�� 3.4cm : DSSD yX���¨PR�7ÛÜ��Ý¨Z*ÛuÞnßCyO�"Ý¨Z¨Ûàyá � ) � 4 cm : DSSD yQ;K<(�XÙ�eÂµ(�QÀ>�âÞ�ã%ä )�å ^X��æXT 4.4 ç��"µ­e ) �%è Çé �C@RyX��. ¸ æ>���*PE�AÛà�"Ý*Z*Ûày á � ) ãXäml ¸ Þn�"Á���ê���Ù�eBµm�6ëCyR��� 4

cm : DSSD y6À��(�"Ù�e�µm�8@Qy8¿7/ 3 ì>G>H�í¶�Q&-5�Þî�"ïmÅ ¸ æO;><�ðKñ�ò%L%Í7yóKô y�õ-&%Å0en�7��yRö8÷*Þ é ¾�ø y8¿8°cÄ-5mÞî�KbKd
e�µ ¸ æ
46



�m�*P"�¨Ûà�XÝ*Z
Û ß-y��XÝ*Z
Û
� ÛQP"�R�%SOÎ�DEz-q��%� Nside Þu`E<�Æ apÇ ¿ ¸ Æ>Ípq��%�

(
�

4.14 y��K¦ ) (
�

4.14 yR�>¦ )

3.4 cm : 0.17 0.05
4 cm : 0.06 [1] 0.05 [1]

T 4.4: �m�*P"�¨Ûà�XÝ*Z
Û ½A¿��Qß-y��XÝ*Z
Û�ym2"DOÈXz8�XÝ*Z
Û Ç F�l ¸ á �

1. Á>��ê���çR� X ���
	8� o �¨Û��(��
�� 4 � ÛQP"�R��ï-yRË�Ì¨�E� é Å��Q<m�7� ¾
&KÄ-5�Þ

2. DSSD yO� ÛQP"�R�������Oò��
Ã6��¡-Ä ¸ 5�Þ
1
Ç '�& ¾ çE� � 4.9

Ç�� é �C¿-° Ç ÁK��êm� å ^"� X ����	C� o �*Û��8�

�ç 0.8 mm
�m.Ô/1� 3∼4 � ÛEP"�R�6ï7yQË>Ì8���¨�Eµ ¸ æ¶5EyR���K������� é � Ch63 ½p¿�� Ch64
yQ;�<KÀ>� Ç çE�7�>y! #"8y%� ÛEP"�R�%$ Ch62 Þ Ch65 y!&�'C�"©(9 ¸ 5(Þc�)(�*¶ÃRµ¸ æ é Å é Á�;K<(� å ^)+KyKç�$ Ch63 Þ Ch64 y-,��my�.0/21OÝ
Z¶Ûny��E����3546$�7Ç

Ch63 � Ch62 Þ�yKS>y��98XD�:>q��%�*P�Z"[Xy�&�'<;�=?> ¾ ��@
P"�¨Û ¹�º �#��+¨Þé ¾ @A$7��µ(ç Ch63 Þ Ch64 yKS>yO��@
P"�¨ÛB1XÝ
Z
Û�Þ é ¾ çC�E�pÃ�µmÄ
D�ç)E��-3¸ æ�F*^ ¾)G ÄÔ�"ÞX@�HQy9H�Þî� 59.5 keV y!I�	 Ç F�l ¸ Ch63 Þ Ch64 y>S>yO��@*P"�
ÛB1XÝ*Z
Û�y á �
J>© Ç ç�K�L é Ä
D*ÞcbKd
e�µ ¸ æø Ç L>ÍAy ó�ô ÇNM D ¾ ®O��$�O2P0Q�R é + 3.4 cm S DSSD ç�$�T 3.1 y-¿C° Ç � Û
P"�!@UT 128 Á8��� ÛEP"�!@�yNVÔÞ6�>yKS�W�ç�$7�"µ8�"µ 150 µm $ 100 µm ��3 ¸ æK�X � 4 cm S DSSD ç!$��ÒÛQPE��@YT 96 Ám�>� ÛRPE��@Oy�V
Þ���y�SNW�ç�$(��µm�Eµ 300
µm $ 100 µm �-3 ¸ æ � 4.18 ç!$ZH µÔe�y�TKëmÅ0e%[ M yQL%ÍAyO� ÛQP"�!@�y�\�U � ;
.p¬A]-^��XT é +�_�` � ��3 ¸ æaHEy-¿C° Ç 3.4 cm S DSSD ç 4 cm S DSSD

Ç ãCb ¾
�ÒÛ�cE��@�d�8���@ Ç�e é $��ÒÛ�cE��@�V�� 2 ì
f
Ã!D"æ)F?g ¾ 3.4 cm S DSSD y X � 4
cm S DSSD ¿94�h)i0j"È�z�1�Ýlk¨Û �0m2��Ã µ ¸uá �Cç 2 ì�n�o
p��BÄ ¸ Þrq
s ¾ ¿UD�æé Å é H µK�th�Á�Q�R��"Ùvu�µ-+RÀ��7ç 4 cm S DSSD �"ÙvuBµ�+RÀ��¶¿w4!h�í
��D"ælH
yRö8÷�ç!O�x�y
z é ¾ D­�|{
}(�-3 ¸ æ
� X �N$ Nside ÞY~0RKÆ��AyQÆKÍ<���%� Ç ¿�g ¾ w>x é + � 4.14 ,%y��t�Q¦¶§��Qßt�
1OÝ�k¶Û ÇNM D ¾ ç�$�Á�Q�R Ç ¿ ¸ 3.4 cm S DSSD Þ 4 cm S DSSD �QÀK�âÞ����"���é +Qæ��%Íw�U��� Ç ½�D ¾0� �N~�R�Æ����0L9s ¸ &�'7ç?���wu)h!.!n�om�-3 ¸ ®��A°��)$
3.4 cm S DSSD Þ 4 cm S DSSD �!�
Ã�ç���µ#��µ 0.5 mm $ 0.3 mm Þn¡-Ä ¸ +
��$��
�é +RÆ>Í��#� Nside Ï�����µ ¸ 1OÝ<k¶Û�� áC� ç 0.5 mmt � X �0�2D*Þ�����µ ¸ æw��+!$
�9h0�2h 3.4 cm Sw� X �)�- �¡w��+�� Ç ç!�2DEÆC¢���{�}�£�354 (3.4 cm S DSSD £mç
140 V $ 4 cm S DSSD £�ç 100 V Æ�¢-£ å ��¤ ¾ D�+ ) $ PN ¥ Ç ½->C¦uÆ
§mÅ�u·Æ�Í���=
>C¦�¨(ç!$ 3.4 cm S DSSD � X ��©�D"æ<H�¤ªuY��H�ÞîÅ�u%$ Pside ����«�¬�£0�
� é +�­® ç�$ � �
~�R
­��Z¯w4�h°­�§t±#¯N¦!¨w;Y=t>�² Nside ³����-¤2¦�1XÝak
Û´��µ·¶A¸ª46$¹�º

3.4 cm S2� X �C» Û�c)¼!@
��V��0[�ì�fa½�DC�N£"ßw�
1OÝak
Û¾� áC� ��µ·¶A¸�¦-Þ
���C¤w¦
±2hU¿C¿
�ÀuAE!$
 CÁ�£NÂ�Ã?�!Ät¸�¦�Å�Æ?� á�� ç��C�)Ç�� é +��CÈ<É�q�s�u
¤9¦6æ
��+ Nside £�Êw��1NËak�ÌÍ��ÎÏuA¤�¸�D�Ð<ÑwÉ
ÒY²�Ó�$ ø �2H�ÉÔ�CqCs�ur¤2¦!Õ Nside
±NÓ�»ÖÌ!c�¼Y@N��¥�± P-stop ×�Ø#�C3C¦)+N�!$UÙCÚ�1CÛ�»�;!¿�>�+)Ü��U­�§�×�Ø2Ó)Ý�Ýw¯
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3.4 cm x 3.4 cm DSSD 

4 cm x 4 cm DSSD 
Hole cloud

�
4.18: 3.4 cm S DSSD É 4 cm S DSSD ��­������w�!_
` �

� � 4.19 �9¯�� ±�¸�¦0£-3-���ÍÕ�Ç X SiO2 � Ó�» Ì�c)¼!@tÉ P-stop ��¥�±�[�	�
23ª4
�
�#H�± � �N~�R�­��������5ÒÔ²�D-¦9ÉÔq�s<u�¤�¦�Õ Pside �U§ � �?H���«N¬#£�­ ® / �Cj��
���0������¦9É�� Nside �!£
��� ¶A�#H�±������·¶ ��ÉA��£!��¸�"�#C±�� SiO2 �
�9� � �
~�R�­��w±%$�&�½U¤'�9��¤���(*)N£)Â
Ã2��Ä9¸-¦YÅ
Æ#���l�!¤�²�"�+�Õ<Ò�¿lÒ,� Nside �
§ � Ó N+ » Ì�c)¼%-)�.�0/Ô�.1C±.243
� � 4.19 �9¯���¸�­�§C×
Øl±�&5�%6�¿�¤C²7�8�
��«N¬#£0���5Ò9+U­ ® Ó � N+ � :2±�&;�r«!<tu�¤#¦9Érq�s<u�¤�¦UÕ�=�>.��­ ® Ó N+ �7�
��j?��Ó P+ �N�-¤�²<Ò��@�A+
����Â
Ãw��Ä2¸-¦ Å
ÆwÓ!�
� ÒU¸�")Õ

Nside
P-stopN+ N+

P+Pside

q+ q+

h

e-

�
4.19: Nside ��­�§�×�ØÏÉ%B�C?c�Û��!�-¤D�E �0­�F�¨HG.�.I.G���J�­�K
��L��5��Õ
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4.2.6 ���������
§2.4 £	��
5+�¯*��± �N­������t±�¯�¦ X G
���2Ó%� µτ ���N­ ® �������2���
��K��C±
¯��U²	�����U² ¶Ô¦UÕ!���Y£�Ó � X G����2±�¯)¦����w±! #"�Ò ��$%�'&'��¸�()Ë*)<ÌYÉr»
-,+)¼lÌ-(�Ë.)ZÌ�¸a����¥�£7��/@"
�NÎ10A¤#¸."�¿�2�3 L9�*�'+)Õ��
�?�	4
5�6�7?±76
"�²-Ó%�@-*+YÛ�)?-��84�5�9%:�;��%<
=?>�±�¸43 ( � 4.1) �A@?ÉCBa�U��DFE
G Ò�¿�H�It½
¤�¸."@��ÉÔ¿#0 �8���U£�Ó DSSD £�D!­KJ����A9-¥C±8LNM?�2¦!�
�ODQP!# 3R6�7t±8 S"
Ò +�Õ�

4.20 Ó � 4.14 ±�Ý5<�¦ 2 » -*+�¼lÌUT�9�V�WYX2Ò8DNÜ�±FZ[0°¤ +.2-¦ 1 (NË*)�Ì¾±
�5�w¦ Pside Ch63 D 59.5 keV «
¬ND�\%�^]_DQ�
�9£52-¦�Õ peaking time Ó ∼200 nsec `a �Kb���»�c�P!#�cA�'+%d9¥
DFeª½)Ó ∼0.5 keV/nsec ('0.42 mV/nsec) ` a £52-¦!ÕAf*+g )ih�jKk2±0Ý5<�¦�������DFl�m a L�n�o
p 500 cm2/(V·s) ÉNÒ +tÉ?� ��q 2.15 ¯ 3sr<½
0.5 mm D DSSD ± 140 V D�Ú�(�Û�»�­C¢ L�¿5<�¦2É � �Y�?��D1t	+�uvÌve a Ó 1.4×106

cm/s É�¸-¦�Õ%q 2.13 L!w;"�²'���8D1tQ+CuÀÌxe a ÉzyK{<½!|�}.B.CO+ÔÛ�D!;#Ýw¯Q~ CSA
DU­�J
­�������q L�¿;<�������}9É �%b.��»KD!PO��#'c 3�D�e�½�Ó � 0.47 mV/nsec É����� � ������pÀÉ�@
�0Ç'�5��}�Õ

peaking time

v=dV/dt

�
4.20: 2 ��C
)!�%�YT'9	VYWKX#Ò�D)ÜC±�Z�0�|�+ Ch63 D�2K} 1 (0Ë�)lÌ 59.5 keV D��_�

�
�O�������	���N���8�����
 �¡

59.5 keV DY¢_(�) ¡ 6�"�£7�*$'��&H��(NË.)�ÌUÉC¤ -.+�¥lÌ-(NË.)�ÌUÉ!D%2�3 L
��� +�Õ � 4.21 Ó�� Ch63 D 59.5 keV D�$Q��&��Y(0ËO)lÌ�É � � 4.14 #
D!¦_§ (39.1,19.6) �
(16.4,43.7) D_¤5-*+%¥lÌU(�Ë*)aÌ-D8����L � Ch63 ÝO¨Q~ Ch64 ©'ª ¡!« "�+�ªQD � 2�}�Õ
¤�-�+!¥9Ì¬(0Ë�)lÌRD!�_­�p�D!®�¯�°�±#©	ª 60 keV ` a�¡'² 3
��³Q|Y´Q|�D�¤�µF+!¥A- �
59.5 keV D 1 6YD�(_¶*).µ¬c'��·
¸,¹!|K£'V^WYXY¹!|5+��Y©?LCºK» <�}F¼�³�D8½ peaking
time �_�_�AD�P*#83¬6�7�D�9�¾�¿A¯�2�À�3¬����0�Á ��\Q��] ¡CÂ �^}�À � ¡ ����D!Ã�� ²Ä | ²NÅ ªY©�Æ ¡FÇ 0�| ² "�¼
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À7+ � 241Am D 21 keV ��� ¡ Ý;<K}�¢'(A)FDY$%�_&'��(�¶*)*µ L�����£�� Ch63
¡ 6�"

£ 59.5 keV D^$'��&H��('¶.),µ �A³
D�¤ -.+�¥Nµ-(_¶.),µ�D8�
� L��
	
� ¡
� ~;-���¥
µ�� £
W�+8¼
³�D9=�>Yc � 4.22

� 2K}!¼ ��� � ª peaking time �'����D!P #43 6
7�D�9�¾
¿?¯.2�À�3s�Y�#0iÁ%�.\	�Y] ¡�Â ��}
À � ¡ ���?DFÃ � ²QÄ | ²NÅ ª�©�Æ ¡FÇ 0�| ² "�¼

normal event
59.5 keV for Ch63

split event
(16.4,43.7)

split event
(39.1,19.6)

�
4.21: 59.5 keV \	�Y] ¡ �;��}�$��_&7�^('¶*).µ�© ¤5-*+�¥NµU(_¶*).µ-D8���
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normal event
(59.5 keV)

split event
(59.5 keV)

normal event
(around 21 keV)

�
4.22: 2 ��C�)8�?�^T�9'V^WYX �FD � ¡ Z 0�|5+ Ch63

� D�����('¶*).µ-D8���
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� �����O�8�����
 O¡���� D8H�	�
�}
��� ¡ 6�"�£��
�
�?DFjNX�L �*�'+%¼�� 4.23 ¯���� 4.14 DKD��AD��� D�� � ª�� Ch64 c���� Ch63 c���D ��� D! ² }%(�¶N)*µUDF��� L#" 3 X��$�	P #43
D!6�7�L#%�Ã �9+^ª8D � 2�}!¼�T'&)(�D�(%¶N)*µ c�T�* �9+KX�+'����L#,-
�c���³�D!��D
��� ©)�AD����?D�.
�
pAD8®A¯ 60 keV ` a � 283/�.¹�0 ¡ ¯8���?DFP10 3s6K7�ªQ@
��T
* � £�2�}�3�©54 06��T'&57�6YD�('¶*).µUD8� � y9&�:�ªQD � 2�}�3�© c�;�4�<*0�|�}!¼
À=:��>3�3 � ª ���?DF��� peaking time

¡ ¯FÃ@? ² /A2�¯ Ç 0�| ² 2�¼

Time (nsec)
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Waveform

Ch64 positive

Ch63 negative

� 4.23: Ch64 c��B� Ch63 c��AD ��� D� ² }'('¶*),µ-D8���

Nside
�8�����

C�D ¡
Nside

¡�E 2'£�D�¤8FN+F¥Aµs(%¶N)NµRDF�_��DQ2�G�LIHA��:8¼J� 4.24 ¯J� 4.15 D
Ch63 DBKY} 59.5 keV $'��&=L�(_¶.),µ!©$��¦K§ (20,44) � (33,28) D=M�N�}�¤�F*+�¥*µ-(
¶*).µ ¡�E 2�£��A³%|^´%|�D8���POIQ ��:�ªQD � K�}F¼ Pside T�R��*$��_&JL�('¶*).µ�©
¤�F*+�¥NµU('¶*).µ�©�D
¾ � ¯���S ¡ ��� ¡ S�TA> ²�UAV ¯ Ç 0�| ² 2�¼

3�3'À � Ç £W?�:�¨�X ¡ � P/Nside ©'ª ¡ �^¤�F.+�¥Nµ-(_¶*),µY� ��� D� ² }_(_¶*)
µ ¡ MB2'£%�_�?³�D^ª8D ¡ ¯!ÃP? ² S�T�¯ Ç 0�| ² 4^��:Q¼ �#4 � Å D�(%¶N)*µ ¡ M�2_£
ª%³�D peaking time ¯ Å |*ª ∼200 nsec ` a � K[Z/�?@�©CB Å T\& � KY}�¨�X ¡FÇ �^}F¼
3	DA3Y©!¯���]�^ X _�`Y��LWa�b ¡�c �C£J��dKJ8e�fOD�9Y¾K¯K@�©CB Å 7�: � KY}�3�©
O5gAh �$��`K��L1aJb�D
i�2 ��j 4�����D�S�k ²�l�m�n�m OIHoXqp=rA¯ ² 213�©�O �Bs �
£�MoZ/��t DAu�v�w�x �zy�{�| u�} 	 ¡ M�2�£ u�~B� OI� ��}�g��B��2���� � K�}F¼
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normal event 
for 59.5 keV

split event
(20,44)

split event
(33,28)

� 4.24: Nside
¡ M�N�}���b��=L��'¶��.µ MO¨Q~�¤�F���¥Nµ	�'¶��.µ u l�m
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5
� � �

������� ¯��   * X _	��
��	� ASTRO-H
¡�
�� ¹������ X _	���	� x���u X��I� 5-30

keV ��� u���� O! #"�
��	$���% �&� x�� � DSSD
u �('*)�+ OIH-,�:/.10�243�5	67� x�1u `98�LAaJb7:�; ' 5�< ?/=7>�? O5��@�� � bBA#d�CED	FHG u�I�J S	K�L�MON!P1Q�R(S

�78�L v-w8x N�O(N
:UT95/V�W�X u*Y[Z �/\�F �1]	^B_ � Y F �`\ Z �ba � Z DHcHK u�d
=B� �*a � Z u�e�f O!g9hUL4ikj�5	6�M1�lj u l=m ;�monqpr,/s/.7tO=����vuHN!PbL	wExuOy u{z*|}jq�(s1.

• � bBA5d�CO6 -20 � � 1ch "Us@Z ∼10 pA ��� �B~ Z�L1��� u���� 2�� x�� 5 w j&�
�E���q=��H�H�H�UK�n��	� ��� s7. y �(� � �H� i��	P � s DSSD u��b� _ �ku�L{��Au < � i�DH��i(u n f K u uq�B=	�/��z wH���v� Lk" DSSD

u7� z ∼0.1 pA/mm2

�E��< � ������u�=k,*sb.OM u/ O¡ u�N�P(61� � M u n uBu/¢ 2�£�D�L Nside ¤ u
P-stop 5�¥Ec�zb¦4§7¨��/��s y u�=#© u >�?kzEªE@�jq���7.lN � N DSSD 5�«O§�j
�O��r�«�K ' 67¬E:­57®4ski��EP9�(�7.

• � x`� F�Gr6	¯�\ Z�° \`± u1²�³ F�G�´�£µN1¶l·Hu Z�¸k¹7º � P/Nside MU��»U� 7
pF L 10 pF u�=k,*sb. y �k67¼9½�¾ � j�«4§�j¿�4��À}u�ÁEÂ*ÃHÄµN�P�Å � LoiOj�5
6 y �O� � ��� i��EP � s DSSD uUn`W`Æ­Ç`À � L�È�«�K ' ´�®4s­N�P9�(�7.

• 1ch
YHÉ A Z�º Ç ��� ´�pk�/L Pside 5 � �HPB6 y ��� � Ç DSSD u�ÊEËOÇ	=	�/Ì�Í

z1|µj&�Bs/.bÃ � � Nside 5 � �HPB6 -20 � � 2.4 keV(FWHM @60 keV) u{���ÏÎ�ÐÑHÒ Ç*Ó�8 ºOÔb¸ :	; ' ´{Õ�Ö _ � y uqz ��� s`. y �B61ÅBM­jE· Nside ¤kÇ P-stop×1Ø 5k�U��>�?­Ù-uÛÚBÜE�O�1z*L�È�«�K ' 67¬E:�®4ski��EP9�(�7.
• Q(ROS(Ý/8 º�Þ�ß(à N1$ Y�á9â Ç7ã��UäBå�´�p��bL­M�Ç X æ�çEè�´�g�h­�Hs�§B57Lé VkÇ7ê � Ç YëZ/ì \7± ��í S ì!° zk$Eî ° i��EP Þkß�à i��O� Y ± ì \ Zðï a#ÝZ År�`ñ/c�K­Ç d =���ò�ó­Ç ��� ´�p#,*s1. Pside

� 6 241Am 60 keV Ç�ô ¸ A ï a
Ý Z 5�õöN�PbLOM�Ç eEf 6EM1÷k»b÷ 0.17 L 0.05 u�= � L y ÷O�/ø(5 ��� i�÷EPE�9s
4 cm ù DSSD Ç`Ì	Íµu��EhEPbL Y ± ì \ ZÏï a�Ý Z 6 3 ú�����< � ·ûL*ü4Ç ï a�ÝZ 6�W`���(ø ~Bý y u¿z*: � ,bs1. y ÷lj�69" DSSD Ç Y ± ì \ Z ÇUþHDkÿ��1L ~ý ��61�liOu���,*sb� � Ç����-5���·��9�µN/s4nbÇ9Ù�u�ª9@lj{÷ ý .4��s1L Nside
5 � �UPB67L 4 cm ù DSSD Ç	� � Ç�
 f u�W
�45�L1c	K4Ç d = ý ò	ó46	� à i�÷B=� ,bs1. y ÷ j�Ç`Ì	Í­6
����L��vN�������� ¸(¹�� |OÇ�s�§EÇ7ç�è����4Ç
� �r5�ç! i�÷ ý .

•
ï a�Ý Z Ç	" ��´ à
# N&L Y ± ì \ Zðï a�Ý Z DHc�K­Ç d = ý ï a#Ý Z =#©�u�Ç1�
�#´�p-,1s/.�M	Ç7ã%$bäHz � Ç�&oi16 0.47 mV/nsec ' (�ø ~ � L y ÷�6�) ì�* Ý7Ç+ ¸1º DU¥ � Ç	,�-�( � jHN!P-n�.0/U=/À�ø ~Bý .-i�j�5­©�Ç ï a�Ý Z 57õöN!P-n
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peaking time 6 ∼200 nsec u�= � L�ÕOT�Ç�� �r5HÅB��P9Ó�8 ºrÔ	¸ Ç d = ý ï a�ÝZ 57õöN�P*L ��� =�" �����4=#©Ûp�����ÈkzB=�� y u{zbÕ9Ö�ø � s��
� �O6`L *rì
	U¸ Z _�ý�� ï�
 ´ 2

YëZ`ì \�±��OÇ����-�/ø���� � L����r´1ä9å�sHäHø
ikj�������� Y ± ì \ ZÏï a#Ý Z �-©�Ç e�f ´ �-à _�ý ���Us7L y ÷��/ø��7��� �bPbp"!
PE�EsbzbL1� (-´/x9å ý y u¿ø�Ó$# º4ÔU¸ �&%�'�´1äEå!L/Õ(T9Ç�(�)+*4ÿ*ø-, ! i�÷ ý �
�
�-.�/rÇ�0bø�1�2�´�p �3�r�	s1� ��4$5 � X æ�´76�8 _4ý y u!ø�9;:1�E��<�´�1�2 _ý y u>= ~9ý ��� P/Nside W�? Þ(ßBà�@ Ç�ã%$bä9å9´�pk�-=bÕBA�� X æ ï�	U¸�C ´ED�F�Gý ��©H= DSSD/FM Ç�1�2�´-G ý ä�ø 2014 I�J $Uä�å�KBL;�M=	Î�N�O ����<�'�1�2�´�p
� y u{zb«4§QPq÷ ý �
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6
�

� ÷O�bø ����Ü9÷�� 4 cm ù DSSD Ç$�UÅ�� ý Pside ¤­Ç��(± ì
	��ðï�
 Ý � Ç�� � Ç
A���=�� � Ç�� �7ì�	 ±1ø��&<4Ç���� ý üOÇ�ò	ó�� à	#�� ÷ ý ��� ����� � ÷ �E� � [1] �!

6 ";��=�#�Ç �%$ ��� & � ÷'� 241Am ��( ý Pside Ç 2 � �`ì%	 ±Hÿ�)�?+* 	��ðï

 Ý� Ç7ê-,�.'/ 	�0 ø�1 ý ��2 DSSD Ç
� & �3(&!��
4 Pq÷�� ! 4.14
� )�5�(367��=�7­Ç8 9 ækø�:�;b÷���<��"�M= 59.5 keV = ï Ý�>�� 0oì
	?��ï�
 Ý � ��@ P¿÷ ý �BA�Ckø�D

> 8�9 æ�ø-:';7÷'���&�;��=���C3>�� �`ì�	E0 ø%��<��%F�G @ �-H ý ��� �+�'I ý � � P
� � ÷ PJ> ï

 Ý � ��= ï%
 Ý � / 	E0 äHø�K�÷BL��NMPO�Q $�= �SR 	 )�TVUXWY>�Z\[]�^ ��_ � ÷-��H ý (367���B` @ �BH ý ��;��-= Pside akø�� � >](36
� b 
�cd� � = 59.5
keV >�e f �7õ @ �'> 10% ' (�g-h � ÷-�-H ý >���õ @ = Nside a]>
��&�i�j�I P
��g h� ÷-�BH���H (

!
6 k ) �+#�>�l�m-n�o � @ �%,p>3(36E� �'� �-q-r Pts-�BH�u��

!
6.1: 4cm v DSSD w�� & � s�� 2 � 0�x
	��zy )&?Bb 
�c{� ( " :Pside =�k :Nside)

;�|���<�>\� ��u�}�~"�-= Pside w�l m @ = Nside wB��@���� P�s�� H ��� I P = Pside
>���� ����w%l�m @ �-H�u ��� � q r P�s3uE� � P
�
� �\x�	E0�y >����3�$�B�%�
��� c� � s�� SiO2 �����M=+#�>\��� �B��w%�-�p��(�u�b
� c � @ �B� x � c >%A�<��
[��p�� M =�����w�>MN � 4]� i��'��m�5H=��+>���&������% �¡ @ �-H'u � q P¢r
s3u [12] �B#
>�£���= ! 6.2 >�(�6t� ��x�	¤0�y �%¥�� c ��¦JU�>-§���¨�Ud©Jª�/�«��%l�m�G�u [1] � �
>�����w�l�m @ �E��¬ / ­-��U�®3¯\°\��±3² �\³�´ µ ¶ ��(]M·°�­-��U��E®¹¸¢�B¯�� �\x�	0�y >�º�» ¼�OP½ ^ u¤¾ j�O'QE¿'>-�\®�¸P�
°�� ¬��
¿BH��'¯ SiO2 À � Á $ (¤Â�Ãts3uÄ �
ÅÇÆ�� ^ ° Nside � ��x
	�0 >\�-����È�É3w $ � H
� ! 6.3 >3(36¤� -q >\� ��O'QE¿
��¬�Ê�� SiO2 À >BË¤Ì]��Á $ (JÂ¹Ã�s�u � °B#�s�Í�s'>E� �]� 1

2q >������%Î]Á � s3u�Ï� � � u [13] ��A�C'w�­B��U
Ê+¯�A ¿�>�ÐÒÑ x�Ó¤0 >�Ô�w
Õ�ÔBÖ � s�×�£ �]��¯\° -q >E�
�?O¤Î]Á�Ø3u���¸�×
��Ù���Ú�¾+² ��¯\°�A�C]>�ÐÇÑ x�Ó�0 w�¯ 1

2 °%Û�C'w�¯ -1
2 >�����Ü
ÎÁ�Ý�s]u�Ï'Þ�� � M·°-ß�¼p>\à � u�á-U'Ð�Ü
l�m�Ø]u�Ï'Þ�� � u\�
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P+ strip P+ strip

 N side

Position

d
ep

th

Q+

local minimum

!
6.2: SiO2 �B>���&�� ����(�Ù��
l�m�Ø]u §���¨%US©¤ª / « ¥�� c �B¦�U���� [1]

!
6.3: §�� ¨%U¹©Eª-/ «����3w%�-¬ / ­'�%U�Ê�Ü�l m ¸\×�£B�p� Pside a���Î+Á�Ý\s+u¤�

� [1]

Ï�>	��
+¯�°�Ú
�'� VENUS2D1 ����u��3©���R¢�B��T c �3Q'Þ��-H������dÝ�s���� M
[1] °���s����
Ù��%4 Ã�s'×�����>�ÐÇÑ x�ÓE0�y w�>�b�� c Ñ / ÓE0 Ü�� 6.4 w�1Bu��+Ï�>
��6P�EÚ���i�j�IdÃP¯
ÐSR Ó ��TVUXWz���
Ù��%@�r �-H � I�Ù�×�<�!+�E®¹¸"��Qt°%ß�¼+>
à � u¤}�~�Ü$#EsBHB��Ö Ä ÝEs��-H'uE�+ÏPs'>�b�� c Ñ Ü%��s�Í�s'&¤>���6 � �(
+���
Ù
�
l�mN¸\× >�I
°
� 6.5 O ¶ H��()�*���+-,
Ø]u\�

• A·B : .���>�­'��U'Ü��pH%C+>�Ð Ñ x
Ó�/ >�Ô�w�0�Ö'Ý\s�× b1� c Ñ �2) 3-°54
�6 U�b � c ÑEÞ87�9
� A = (q,0), B = (0,q)

• H : 2 ¿'>�ÐÇÑ x%Ó	/ w-­B��U�Ü��2:1;�Ý�s���0�Ö'ÝEs�×�Ð /�x%Ó ÑYb � c Ñ � H =
(1

2q, 1
2q)

12 <>=�?A@8BDC"E�FHG	IKJ�L WebVENUS
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� 6.4: VENUS2D �]© �+RJ� � ����Ù���� Ãts'× Pside � 2 Ð Ñ x�Ó	/�y b � c Ñ 6 Ó�/
[1]

• B·F : ­��%U]¯�.
�
�pH���� 1 ¿���Ð Ñ x
Ó�/ w 0�Ö�Ý�s�°��-¬�¯ Nside a���Ð ÑxEÓ"/ Þ Pside a SiO2 À ���	�¤�	�
��
�����w'��: ;-Ý¤sB×�b � c Ñ �¢��¬	�¤��� -q
�\®�¸ �
° Nside a ÞP��
 � ��
�������Ü������2!�� -1

2q w���u¤£B� ° Pside ����Ð
Ñ x
Ó�/ � ¯��
s3Í
s
�����2!�� -1

4q �����]Ü�¯-×�Ã�Æ � B = (q-1
4q, -1

4q), F = (-1
4q,

q-1
4q)

• C·E : ­-����¯�.%��������� 1 ¿��
ÐÇÑ x\Ó / w 0+Ö�Ý¤s%°\��¬]¯�.�� ��
����+���
Á'ÝEs%°���ÐÇÑ x�Ó�/ � -1

2q ������Ü
Î]Á'ÝEs'×�b�� c Ñ � C = (q-1
2q, -1

2q), F = (-1
2q,

q-1
2q)

• D : ­����3¯	�3Ð Ñ x
Ó�/ w��2:�;�Ý�s�°�� ¬p¯�.��B��
��-��� �BÁ�Ý\s�°!��Ð Ñx�Ó�/ � -1
2q ������Ü
Î]Á�ÝEs'×�b�� c Ñ ��­B���]�(:�;�Ü 1

2q | ¿"��£ ��° D = (1
2q

- 1
2q, 1

2q - 1
2q)
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� 6.5: Pside � 2 Ð Ñ x
Ó�/�y b � c ÑEÞ�����l�m�������� [10]
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������� µ�� Ø3u�� ��×
	·°���
	��× ^ ����� ����� ����� Ã��3r ���-×�� �-×������
m � Ã���� ��!��-m?�"� Æ�#�$&%]¸\�('()�Ø���*���+-,�.0/ ¸��"�'×��!�'× �0!��01��
¯�°2��3�#�405]� � 	6)�¸\×�� DSSD/FM �\¼87:9�;NÞ �=< °>��30?8@�Ã�¸ �-��
���� 6� �BA1��*3Ý�Ù�×3Ï�ÞE��C�D�E�¸ )�Ø��F)�×\°�GFH�× � Ý�I:J(KMLN��
'��� 6 ��+"O	���P °0Q�R'Ý-I>J(S2T¹Ý I��VU%×¹Æ\Ý-I:�0
���®�ØMW�;YX[Z]\�Ð>J °�Ú�� ��^ Ù��"� Æt�_ ��`�3 � Ã �"Z Ó�a ; Ó�/ � ¸"���-×��%#¢° ��b � �=	 Ü{Þ�<-c>d��F)�¸�×���Ý�Ã¤�>Ke ��f�g�hFJ�iBj"h��BUtÚ��]�
¿����F+",�kmlon Ä ¸8���B×���#J°���3�C�D�¸8���p)�Ø q
)�× SLAC �0R2r���1 � ¯]L�s�° ASTRO-H tFu�«"� v>wMx�¯�kYl � ;yXzZB\�Ð � �-×��
#¢° �{b x��-4�5Vx � 	|)�¸�× q"*Vx �:}�~ ¯�k�l�Þ���< �8<|x���Ü ��)"���8I0�:� e U
��	6)3¸\×�Ü
°�����Ü�Ö�W�) _:� Ù��"�B×�� �B×]Ï'Þ °�C�D�EN¸-)�Ø q
� �\Û���
���� v2w]x�����3�#�4�5Vx>��	|)�¸E× q8�|� � Ã���
�� ���(� W �+Ý��]Ý�I

J�����h�� 3
}M����b x���	 ÜdÞ0<�c�d��p)B�\×-q>�y� � Ù
× _ Ø q

DSSD � 10
} )p� �8� �0�2 dÝ � � #
× ASTRO-H HXI/SGD t8u�¡ � ¢p£�� ¤ _ Ø q¥�¦ ��� P ��Ü-§�Ù��-#-¨�� ��©�ª �|«0¬ xB��� ��¨�s�x8U­��®�3	����
]x �2¯ �-°�£ ��p�:± �³²µ´�¶ _�· q
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