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��
������ ����D � k��������z%B'"n(´����f���C�,-��2�[® ��!���n#"0� � k:!4«f��n$�%'&�( ®*),+�-6np�/.��1032547618�9*�����2���:�<;1=�>u® �:°5+�D@?5A � k:® �B!��
n*"DC���²2np� � �X�#��C:�(D X o'E γ o:�F8�9*����-����GC,���'H��[!��4nFI5J"®LK[m
n�)BM,Df�����F�B![®p¯ONP"DC��0²5�1-9�RQ���)BMSH��6�FT�U[®LK[mV�1-�	9 �W���D 6�7
E����"®�X�Y0n#Z �GCDX�nZ���[ ��\S]��V^�R`TL�2°�+�-[n 6E7,��D�H4qd� 1 
vQ ∼ � 
vQB_��V`7aDCGX0n�� ���
�pD�H[²���6�7:��\3]±!��
�,b:!S��-�H �7C5Z �*�,X�J DBW�)7cVd�e�f"�0�/g7hi_ ���
np�jQkNl-�°�)1H�q�6�76!;� � +�Df©Vmd«5n7C9	BW�°5+�-:n,��C�D@H � _ Z��C��¯:°1+�-
n5G�q$6�7*�'\S]d�GX�np��G�q�6�7G\S]k�/H�q$6�7:! �'o�p6� �qNr�Lsut7CDX�nZ�

• v�HR\F]RC�2�w (1 x 2 m )

• y ��z{g�h�®L|�}��un*",C�2�w
• H�q�6�76!�� �'~z%�%��|'��V-zt(V*s�®*���d�-G�q$6�7:!;1'� %�%±n*"C��D@� ��-��� ® I�Fu�*!-� J �2'6)���Wf� WfQ�®L��¯��unF"GC�2Vw
• H � ®V\F][��>�� T|�un�Q*Tp��6�7C� ��
 ���r�u���GY�W��*®S�/�p)1���D�D� � ,�B� ®Z¯±��n
• G4q6�BX�n�)BM3^
6�7XT$��+������qz Du�(B98��XW�s ( ����� ) 6�7���-�N +:�u�3�
QG�#�����j�3�,Y*�B k�F¡'¢k£F¤�E�¥�"DC�2�w

¦7§�¨�© H � �j_@� 4 mqª:«r¬,­�® Cute ¯j°V±�²'³µ´���¶�·j¸V¹1º�»�¼�½G¾@¿��FÀjÁÂ�Ã �*Ä
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1.1.1 Cute-I

Cute-I � ¦�§,¨V©����7¨���� ���	��

������� ¨��������������������	� ¾@¿:�*À Ã �
2003  6 !�£#"
$S�&%�£('�)+* ¹#,'º1»�¼�½��&-�� ( . 1.1) Ä Cute-I �V� �0/21 10×10×10

cm3 ��3 1 1 kg �54�6�7�ºj³�8��	9S¼G½G�2-7�#Ä
Cute-I �/�;:=< 820 km �?>�@�A�B�C 98.7 <	9ED�F�GIH�>�@��KJ&LL¥R�rÄ Cute-I � CW( M�N
O ��P�Q ) R�S��R� FM R�S�� �UTWV'��X � �3¼G½�9ZY2[�<,��C	[�<,��\�<���]�^09`_�N
a �Ub&cd*fe���£ZR�S7¥��Eg � � / �#Ä�¥,�G£=h�i 1kj Â�Ã ¹ml�nZ�mo#p��rq Â '�)s* �
"W$3�0%V­�®ut 2  
v`w�x�y{z(|�} 1~j Â�Ã �#Ä

�
1.1: Cute-I �r������� ( � ) � 2003 � 6 ���������	�`�W���
� ( � ) �

1.1.2 Cute-1.7

Cute-I �K���&�=���������2���K�	�
�0��� �I¡ ¢`£ Cute-I ¤�¥�¦¨§u©	ª(«	¬�­�®�¯�°�«
¬�±`²�³�´�µ�¶�·2�	¸&¹(�&¥	��ºI»�¼¨½K«&¬�¾&¿ �#¥ÁÀÃÂ �kÄÆÅ=£`Ç�È	�����2� Cute-1.7

��ÉZÊ ËÌ���W�#ÍÏÎ(ÐÒÑI£�� Cute-1.7 ½�Ç
�¨Ó�Ô5Õ�Ö�¬s×ÙØWº`«�¬Ú×ÙØm��ÛEÜ��

Ý�Þ{ßkà

• PDA( á
â�ã	ä ) å�æ�ç��éè��=ê&ë�ì	�&í�î

• 3 ï&ð�ñ�ò2óô§öõ&÷ øúù
û
�Zü2ý&£�þ�ÿ2�����é��í�î

• ��������	�

�����é×��m§	ÑI£r�2��þ�ÿ����0��£�¢�������������¥�������� �rþ�ÿ
��í�î
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• ,7º�»�¼G½�}�������� ��������9=>	@��
	
�
• ��
����
���������
�
����S
���K} Ã ¹���S��
  9"!$#

%�&('*)

• ��+�8�p��B²�,.-O´0/�132�N54 (APD) 9=�&
76�8�	
�
• 9 ��:.;7<3=�>3? � (SAA) �A@�B.C7D�� >3? �29=>�@�E�F.G�H7I�J

�K+Ò8�p���²
,K- ´L/�1�2�NM4 ���*º�»$NPO3F�QSRKT�U
V�W�RPXZYA[]\�* Â�^ 4�_�`7aV¼
½ NeXT b�9dc�e$fKX�gih*j�k
lZm�f
��n$o�p�q�k�C
D���XrYA[s\�tuk�vdw3x�N�y�l{z
j�|S}3\uf�R.l�~��r}"N
� Cute-1.7 �Ac�e�t�k����
�$�dw�x�6�8����Z������t�k�lSmu~��
|
�������7�����d�������]t�k�lSm�}��uf.���ih�j�k�lSmKf��An$o.���� 3¡�¢$��£�l�¤�¥¦
§Z¨K©.ª�«�¬3­ �P�7�3�.���¯®A°�±7²�m�}���³��0´µ�u£
¶�k�l�mu~S}d�$·r¸�£"¹�ºi�0´
®"»�¼3²¯m�|�½��"¾S¿��PÀ�Á�Â�Ã�v 2006 Ä 2 Å�ÆrÇK��È�®É�Ê�µt�� Cute-1.7 �dË�Ì
Í3Î
®ÐÏ�¶
k�Ñ.|�~

Ò
1.2: Cute-1.7 Ó�ÔPÕ×ÖÙØ7Ú § ~

Û�Ü.Ý�Þ�ß�à�á3â
ã�ä ��åçæ��
vPè�é
ê3�3ë(�uì3ídj¯m3³d�7î�ï3m (

Ò
1.3) ~�}Aj$v���ð$ñ7p�zA�dðSñ�òó ÔKô.õ�ö
ð�ñ�Ó$÷Aø ¬3­ ���
|�vúù�û���ü
ýr£�þ�Ãdÿ��7Ãr��m����
w�x��r�	�it�� ã7ä


�� ��
�q�è��SÃ7�s¸�tA|������rî7�������É�����stÐ£
lÉ·¯¸u����� tAk�lrmÐê3��ë��
}��"®A��t�k�lSmu~Z}"�Pè�é
ê���ë�v��Ðð�ñ��$Ã��! h�j��#"��$��Ã�v�%$�$·r¸*�	&�î æ
Å
���Z�
Ã.»ituk
lrmA~
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Ò
1.3:

ã�ä è�é7ê��3ë�~

t�p¯t�è�é��Kê����	�Z�3³P���������
	�� ã7ä è��Z����
�����| � �!��� ¬3­ î����µt����� ~ ã7ä �Pè��Sv������ ã� Ã�vúè!�r��· ��! ©.§#"%$�& v('{�A£ � |3½��$�!�)��î
¤������
Ã�»�² � ��*�î.�(�Ð£ � ~�£�+�� ã7ä�,�- �Pè���v/.10
è���Ã ,�2 ² � }3�uî7Ã
Ñ � � ã�ä �
3�4
5µ�úv 11.5 �Z��6�î�ï � |�½.������������7981���$î��:�É��·�¶ ��;
£�¶ � � � ~
<7���1=�®(>
���(?S�$·¯¸�� ã�ä ®A@sæCB�D��1E�F����$î(G 3,600 km Ã(H
MeV p�zIH 100 MeV ��� � ¥ ¦7§Z¨�© ®3³�¶�|�ñ ­ Ã/JZ|K����|����{���(G 18,000 km

� 40 keV p�zLH 10 MeV � «7­ �uñ ­ ÃAJZ|M�C��|(N����Z}��d®��!����� OQPMR�ø�÷�R
��SS�*ì��
Ã ��� (

Ò
1.4 T ) ~ ������U���v(V1W�X�Y�����= 300 km �I0�ZZ�\[��)77î
¶ ��]� ��}�^�î�ï�æ (
Ò

1.4 _ ) �r}`��® SAA OaV
W
X�Y ; ��� b South Atlantic Anomaly S
��ì�c�~������r®1d/e���f�|���g�h�iZ��j ª�«�¬�­ ( k � «
­ ) î ã�l
, �A��Ã�»mf*�/n ©
o ÔA� �uì�í(� ��p); £qh�iÉ®Ar$¶ ���]� ~ Ò 1.4 smtvu ��w�� � Ó�Ô�x(y�z�î SSA ö
n © o Ô/�{w`|}d~f ���:� ��U��{� � h:iSÃ:j�+É·\� 10 6cts/s/cm2 �Ð£
¶ ���~�)� �uî� D�@�� ���

SAA ö�n © o ÔA��£¯þ���� � Ó�Ô�x(y�z�®�
�¶ ���]� h9i]j������ «7­��:� � �!�:�
w�· ���
� ö��]� � ��� �1�Z£�þ��`�$¿�£��q�Sî��ZÑ � h:ii�1f ��� e)�����r®��ç¸��9�
î�ï �`� ¢M�.í���� «7­
�1�)� ö:�
¢:�1H � £Éþ�� 1000 V ®Ðù � � � « ��®\�9� ��² �
�]� � j���¡:¢ 
¤£ î � « w3·Zæ�¥:� � f`¦ ¸�§�¨�î3ï �(© ½����]� � � «�ª ®q«{� ²1�
��î�ï ���¬� � © ½ SAA �(­ � £ú �¡]w1j(®�G$î�� s ¶ ©�� � � Ã�¾$¿:j����¯� � ��°
r
±�²r®�³�´ � � � �{¦
Ã9�r� �¯þ ¢¯w�£ � � SAA ®`µ�¶ 30 keV · 7:�d¤�¥ ¦
§Z¨�©.ª«.¬�­
¸ ±É®ÐÏM¸ � �AwKf ©�� 30 keV · 79�.¥ ¦7§r¨�© h)i]j�Ó�¹ Ö»º�Õ9n ©¼" Ã9j�3½�¾9¿ w\À�³�� � f�¦ ¸�¥ ¦
§r¨�© h9i�Ã�����Á9Â~� APD ®qÃ �9�(Ä ½ � ��¡�î�Å�Ì �
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Ò
1.4: ( T ) ð�ñ/0����¯w(+�� � ã7ä è��]w���
���� © ª�«�¬�­ (

«�­ b E≥400 keV) ��� �
��� 1.5 Re(Re j ã7ä��	� ) 
 , �(< � �7��î������ 5 Re 
 , î(N�� � ( _ ) V�W�X�Y
è�é; ��� (South Atlantic Anomaly)

� ¤
�
���SÔ�
 § V)7�wA�1��² � ��î SAA Ã7�1���
�ã1 wA����² � �:j�n © o Ô/�3Ã�ï ���

£ �\� 30 keV · 7��K¤�¥ ¦7§�¨�©�¬�­ ��Ó�Ô�x�y�z)j
� 100 keV ����w����m� t w�� �
���¯� t � ��� ª�«�¬�­ �������
�¯®�����f © ����Ã)j��/G 108 cts/s/cm2 · �(�����{¦
� ����� 3 Cute-1.7 w ��!�² � APD �#":��ë{j 3.5 mmφ Ã�ï ��© ½�� ∼106 cts/s · �
�%$
*SÃ�����² � ¬�­ ®ú¡)��² � �)��î�ï ���

1.2 & ' ( ) *,+
-/.�021�3�4�5�6�798

2 :<;�= Cute-1.7 >@?�A�B�CEDF=2G�HJI�K�L9MONQP .�02R�S245�6UTWVYX Z2[]\^T<_W`�`
APD a�A�b�c�d@=�e�f gih9j<k�lnmQo�p�q \srut o/vJw	x2y

:�z 8	{ H�I/K�= : X�| w _ k%} X�~���� D�a2��d X����Y� p�q/�/��� T��2t o�� � x%p
q���� 8 k (1) ����� X�� m�oJ���/�J��j \ p�q �Y����� ����p�q<k (2) ���#�2� \��/� m
o�=%����p9q�k (3)APD =%�<�2  \�¡��^X�¢/`<£%¤ ��¥9¦�§©¨�ª�«�¬�=	�9j�p9q�k (4) ­® ��¯ ¨2B ~ ° D²± ��³ cµ´¶�%·��J¸9¹�º �¼»�7]»	½�¾27 =Y¿ÀcµD \�ÁJÂYX Ã�Ä/7 v � M\ p/q �]�%Å�Ã�Æ p<q�k (5) Ç�È ® ª T =�É�Ê 3uË	Ì]\ p9q �O��- P .2Í�3 p<q@� |9� xÎ 8 l�=ÐÏ�H	k (1) = �2� �2�2p<q<k (3) = £�¤ ��¥9¦#§�p<q/k (4)

Å�Ã�Æ p�q \�Ñ^X Ò¼Ó
mQw�= 7 k�Ô9Õ ½ =�p9q X%` ��o�=	Ö�× \sr¼t o2�OØ ½/T�X��]� x
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2 Cute-1.7 APD � � � � �

2.1 APD � � �	� 
 � �
Cute-1.7 Ç�È�=�
 ����8 10×10×20 cm3

79|©_ kJl�=�������� APD a�A�b c#d X�� _Ó oUN��@o�� � x�� ��� =�� � \"!E_$#&%9� ª('�c<ª �©» � |<� w*)�k,+�- X/.0��7 v� ª1'9c�ª 8 8×8.5×7.5 cm3 2 79|�� x���3 X�` ��o 8 ksÇ<È9=54*6J�87 X�9�t o5� 3W

= f<���,:,; 7<|O_ k�l9= Ï�H APD a�A�b%c�d 8 1.5 W
.���7 v � 9 Ï X���t o�� � x

mQMOmQk APD a@A�b%c#d@=J��¥0<8=?>�  \5@BA���T k&C<N X/D@� ����3 7FE,G ¨IH ¯2\J r m � % �LK � N � �Jx�M 2.1
X

APD a�A�b c#dON8��P m�w1Q Ã �,38R X�` ��o1S � x
·��#¸<¹,T Ä�U -9. ¦�§ U 3�Ã

( V W .�� :8;��83 )

Q Ã �83 700 mV 300 mV 1000 mV (1500 mV)

M 2.1: APD a�A�b%c�d^=	�83?Q ÃOX?Y x

2.2 Z [ \ ] ^ _ ` a b�c d e � fg Ç�È X28 k�­ ® ��¯ ¨�B ~#° D²± ��³ c ´ (APD)
Tih K1� �ij�kOl �,m �8npo�qO\rOs �Y� x ½ = npotq¼8#Å �J�<�2  \0u�`8v ��¹��,w0x (PMT)

T k,y�¹�>� <� Å Ø k5z{ | z@�~}<� T � t w ~#° D ± �9³ c ´ (PD) ��� =(�?� \/�*�"��A o2� � ( M 2.2) x�C
N X/���/Xt� y 7���¯i� C D k	lOm�oJ�,3 �,�/� D@� ��w�)Jk/�,�2Ç9È<= 9 Ï � �8� ���� c9ª�=��©N���w	��� 7�u�.�� :8; T���t o�� � x

APD
8 �~m � � UuX	Å ����� \�� w Ì©�9½/T X�9	t o��,m � � UuX �<�"��; \���A w

�~m �,n�oiq^79|�� x8:(� v � X
l k γ

lÐT � t w j8k�l¼X09�t o��� �C¡�/wJ�2¹ Á?¢��8 k APD � U =J�8� X�9#t o(£�� Xs¤ | \/¤B% k��,¥ X/¦ §��]�J¾�7<X"¨�Æ =�©<��¹9º
12



v ��¹��8w�x ~#° D ± �9³ c ´ ­ ® ��¯ ¨�B ~#° D²± ��³ c ´
(PMT) (PD) (APD)

y�¹8>�  ≤ 25 % ≥ 80 % ≥ 80 %

�<��  � (
|O_

) � (
� m ) � (

|O_
)£�¤ ��¥ ∼ 1000 V ≤ 100 V ∼ 300 V

��� � ( W ) � ( � ) � ( � )
������� =	��
 � ( � ) � ( W ) � ( W )
� ��=	�

 � ( W ) � ( � ) � ( � )
��� � ( � � ) � (

���
) � (

���
)

M 2.2: ¨ ¯�� ¿ c�¨FH ¯�nBotq =����2x
=	��¹ \�� m�º X�� v I/K#o���� \�� � �2���IC Ì]� x	��� \in�oiq � U<7 �9� � �*K �
� � 7 f0� �¼�!�
�@\#"�� � X � C�Ø%$ A N � � w�)Jk'& � = ~%° D¶± ��³ c ´ 9@_/u)(
M X09 � S/N �/�+* N � � x APD =�,�- \�Ñ/.�0p%�� �<�� 9k�12�/243��<�6587:9�;=<
>@? U@A=B �8C:DFEFGIH+J0)�3 APD < > A �
� C 9�K/L , ;NM�O6PNH#Q
R J APD C/; B/S
T E�,VUXW�Y T E�,@M�Z\[]3�^ _4` _ A�a/b C	ced L APD

A+f4g
h M a/b d L d Rji ,�-lk u�K�L�m H#Q
nFoqp�r�s�t�u/v w�xqy

APD
A=f4g ; Bqz Mq{ m�|�}�~ ��� []3�^ A�BqzlA {���;��+� B�S C T EFG�H�JN��3

f�g h U!� B 2@;��+� B S C T EFG�H#Q f�g h A ��� B S C���H a�b h ; 3 APD
A=���

CN� K�L O@P6H=Mq3 reverse � A APD S8664-55 C���d L ;�W�Y 20 � 3 f4g h 50
A U=�

C�� (2.1) C	� i [1] Q
1

G
·
dG

dV
∼= 3.4[%/V] (2.1)

nFoqp�r��F��w�xqy

APD ;:�F� B/� k �I� d L
�����)� k P��=_ f�g G�H�Q APD k'�q��G�HNU 3 B > M�¡¢�£ A:¤ >�¥ U¦�F��G�H!§�Y@;	¨@Pl©ªP�H � U:C�� K=L «�¬j­�®+¯+° M+±²©ªP�[³3N�
7ªC
��´8kªµ�¶
H�Q�� K L 3�·�W��l[�¸ ¹ m ��� B�S�~�º/» P f�g h M+¼½7%_�H
� i C�P4H�Q
f�g h M 50 C�P�H�J���C'¾
¿4P B�S ;�3 20 � ~ ; 340∼350 V

~ ZFH A Cªcjd!3 −20 � ~
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; 310∼320 V
~ ZFH�Q reverse � APD C���d L 3 B�S k�� � C�d J�U	� A	f�g h M = 50

UªP4H��NC��@¶
H f4g h A W/Y T E���;�3 −20∼ −10 � C	� m
L 3
1

G
·
dG

dT
∼= −2.6[%/K] (2.2)

UªP4H � U#M	
e7%_ L/m H [1] Q

2.2.1 reverse-type APD

reverse-type APD ;�3�� A APD C�
�� L������������������
A! #" C�$ b GlH�� i&%�'
�X_4J6¸ A�~�(�)�*,+�- 5 µm

° Y A/. ��C�0 m�fFg=|q} M=E21FG�H Q R J ( reverse-type

APD 3�4,526 A�7 �'M ∼40 µm U98²© ( 300 V
° Y A ¹ m/B S k�����G�H=�4¶ ~�ºq» P

f4g h k	¼�H � U'M ~ ��HªQ 4�5�6 M:8 m U9;�<�M�=���©	PNH�M (=fNg�|�}�A2> C n �
¡ ¢/£ k�?�@½d L ;A<Nk/B\�q© G8H � U ~ �ª� B�SlA=a�C Cªc�G�HED � ��k�F4JHG (�+:IJ �)�K� J A!L,M $���k'¹�Ne�9G L�m H�Q��	O#P
P ���H�Q�R�K�S�/���4A�"�TVU ± 3 550

nm �@[ª¸RW © (X)�*V+�- 1∼3 µm
Aª|�}4~=B >�Y�Z c@C a:[ � _8H	J
� (��,�/�\�X�A�]��/�NA�^�_H`6L M f4g�|F}@A:a�bN~:c�dfe	a�[ �)_ (:g�`fe	f�g �)_�h'Q

�	iHjAk6~ 3 gV`FfNg k ����l � c�m 3 Y�Z i�n�~V( � cVm]i�o�p�»6~ ZAh�q cVd 3^ U/rQs f4g k�µ�¶�t m2u�vVw U�d�x Y�Z 3 ^ U�rys fNg �!_,z4� cVm k�{4· e ¹e©R|} h � U�~ ~ �,h u ^ iV� � ( reverse-type APD 3 � i+�/��i APD �l[:¸ L,M������ ~
¹²© ( ¹,��� �]���+|F}fe �6¶�hE�V�K~�{�· e�� _Kx m h i/~�(��A� 3 $ e���i���� J i
APD

iH����CV�,��� k�� i u

2.3 APD � � ��� �

APD ����� �:� 3f� I�iH�2�6~!j�p �X_Ax m h u ^ i�` £�  3�¡ 2.1
i�¢ [ ~ Z�h u�£����e 3!¤ � t!¥A�Ik/Ff¦ � IC ~H§�¨²�ª©�x m h u@��«­¬�®!��� 3 APD
+¯-�iF�2«�¬

®�°A± k�²�³µ´·¶�¸º¹ (�» � �!�V��� 3:¼ i��:«f¬2®�°A±�i	½2¾S¿ �ÁÀ u�c	Â���� 3 (/ÃÄ�ÅKÆ +Q-ÈÇVÉ �R©Sh2Ê �S� ÅKÆ c	ÂÌË 3.3 V
c	Â\¿

+5 V
(
−5 V

(
+12 V

e�Í�[ ¹Ex £���Se�ÇVÉVl h �KË ~ ~ �,h u ¼ ¹�x�ÎVÏ ����� 3:Ð	Ñ c:Â\¿ §�¨Ò¹�x�Ó�x ( APD
e ¾

¿ Ë tAh Ð c Ñ ¿!�ÕÔR"�lI�AË ~ ~ �Vh u�£V�2�­e�I Ó�x i�Ö ¹RÓ	×KØ Ë §V¨��9©Kx2Ó�h
¥A� e�I Ó,x i ×�Ø ¿�Ù,ÚF~ �ÛÀ u
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¡ 2.1: APD ���V� �2�#i����!��� � »��V���Vu�aVb b ��«f¬2®!���#(��	� b » � �/�V��#(�> b c:ÂA���#(�Ú ( 
�� ) b Î�Ï ������u

2.3.1 
�� ������� � APD

�2«f¬�®!���­e 3 ( APD
i�°A±]¿ �:«­¬�®�°A±����S¿ �ÛÀ IC ~�� ¾ §�¨²�X©�x�Ó]h u

APD ���� �!#"�$ ( %'&)(+*#% )

¡ 2.2: APD �#��� �:�­e §�¨ l h Al ,#- �R© � reverse-type APD
u

�2«S¬�®!���Se 3/. ~ ×]Ø\¹ �0�21� f"43 reverse-type APD ~H§�¨²�R©#x�Ó]h u���i
APD 3 S8664-55mod

Ë4576 ©\h4¸ iq~,(�*98 3 5×5 mm2
Ë t,¦�x�Ó­h u APD

i µ �*#e 3 (/:/;,��< X = t­s i	��e?>�@ ¹�t2Ó ¤ e Al ,#- ~BAj�X©�x�ÓfhH~ (BC�i?D2E4~
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APD
e�� ~���©��Kr ~ Ófh ��Ë ~����\�ª© ��� � (��K�
	 Ë ¹�x APD

)K*]¿�� À�
��¿�� Ô�� ¶�h ��ËHe � ÔÈ� �,©���� ¿���� ¹ � (
�
�

A.1 � )
u µ ��* 3 3.5 mmφ(0.096

cm2)
Ë t�¦�x�Ó]h u

��i
APD

e @��Ò¹ ���,c ��d 3 C"!]i"# $&%
':«­¬2®�°K±9���)( ©Sh�*­À e t�¦2x�Ó
h u ¼ i,+��.-"/ z"0 Ð�Ñ21 Â3% Å �2' Æ 1�Ñ ¿5426 h�7 Ë98 * Ô APD

8 1": ¿��ÌÔ<;
¹<0,=?>�@9A % ²�³ ¿CB ÀED	²�³?F - G G 30∼100 H
I %�J�K D	²�³ ( ©&L ':«f¬2®?M�®«5NPOQ;SRUT�K�Ë 0 AmpTek V�W MIL X�YQZ"[?\ ³ 3 ( ]_^ '&` ] )A225 a9b
cPa�Z 8�J
K,dfe ]g^ `?h�iS`kjf`�lP8 *9m RSnSoQp 15q O"d.esrt(vu 0,w o?xQy a5z O�{fK 72| O
%2}
K *f~ 8?� m R?��K ( � 2.3) D?�s� R 09� a9���?1 o&O A225

8 *�m R9��y_(vuUK D�7
a *U~ 8 1 �U����y
��K L2�S0S�2� 8?��� S/N � O�����usK D�� 4 ��0 ��y ��L 1 ���� 1 ��KC�UK L2� A225 a?�"� � -5� *�� 2.4 µsec | � ~k*U~ 8 0 �Q���Q� O��2� | � ~ &¡f¢ J�K D�� a
£�¤ -�¥"!�# $ a9¦ yS§�8 *�m R9¨�©ª(vusK D +5 V 0 −5V a nSo 1 «
8k¬"­)(vu2R?�PK ®�¯
°"±³²´-�µ
¶�` ] ®�¯�°"±³² |�·Q¸ ufK ¢ a % 0
7 u�-�¹�º a�1 «
15q�a�»�¼&a�1�q�½?¾ �3¿ a,ÀfÁ %?d.e ]g^ `?h�i?`kj3`�l&8�Â � �Ãu�R?� L 1 �PO Ä 1
o | � m R A225

89o b � R,ÅQÆ���K 7&| � ÇsÈÃÉ�ÊPO&J�K D

� 2.3: Ë ;�§ | Z?[?Ë ;�§ ( ]�^ '&` ] )
��Ì�Í Z ! �2��a # $ � D ( �2Î a?]g^ '&` ] -Ï?Ð #S$

)

'5Ñ.Ò5h�ÓSÔf85- �2� 2 Õ?Ö O�×
Øg(Ùu 0�Ú Õ 8 � u�Û5u�Ü.Ý�Þ
ß³àâáSÞU� ¢ m�L APD
O,×
Øg(vu&R?��K D.7f~ �UK 72| 8 *,m R ã?ä a Õ 89å�æ a�ç"è O éªÝ�R ¢ 0 ¢ ~ ã?ä a
Õ %5ê
ë3�CìQ­�%&}�K *f~ 8"� m R"�.K D
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���������	�	
��	��
������

Z
[?\�� § A225
8 *�m R,��y \�� (vu L 'SÑ3Ò?h �2� - 0 (��98 Analog Device V
W

OP
'�` ] AD827

8 *�m R ¦ y \�� 0"�ª� R \�� F 10
%��	� \�� (�u�K ( � 2.4) D�7 u

������� � R��5¯3`���` ] |<·! #" ��K D ]g^ �&` ] 8�$&% p(' �Q� Þ�O*)�+ � R ¢�,.-
a �"¯U`(��` ] " ¦ yQ��K - |*/ $0% , p#' �&� Þ��(1�2 � R
�3K D��43ª� , � a	5�5
A225 3 � a M�h,ÑSNU� ¦ y � R ¢ �P`5® ±�M�6�± r O87f}5R � 5 ~ED - uf�:9!;?�sK L
�#/ , ¦ y5§ /�<*=�> i?`kjf`�l��4? b � R , ¦ y à ��y3�CB m R 3 �@�!� \.� �CB ~ -
|A/ $0% , �P`5®S±PM�6�± r���B.CEDGF�R��.K D �S¯U`��P` ]Qa��"�5� < �H$ � 10 nsec

| �&K a " , p�' ��� Þ <*I�J u�R"�2�S� - |:/ �&K DD�R , \!� D�u L ��Ñ�Ò h �Q� < i `LKNM�±�O (National Ssemiconducter V
W LM160H)

P |GQ ��u�K D - a i"`�KRM�±SO /#< ,	T ¯_eVU3`"h IC(Philips VQW 74HC4066) / $ m
R

4 W2a T M5ekMYX N ²4M�Z"N	[ q �:\S]�K - | O " }
K D � 2.4 / T ¯�e^U�`?h IC | i
`�K_M�±SO�`a% a 1(b � ��c�� D �PÎ /Ad D�uPR"�3K T ¯_e4Uf`"h IC < THD1

,
THD2

"?� u�Û5u 3.9 kΩ
,

100 Ω a:e#f�a ¬�­U�CB ~ED
�_� R�g�%ihSD<u L T MSe�MjX´N ²k[ q
<�l N.m"±�n�o:p&Ò�qS��r � , i?`VKsMt±�O P | W �?O�u2R?��K4t - a l N.m?±�n�o*p&Òq < , h c ¯3`�u�±2®2` T � ¾�v.w ÉQÊ�x.y w t�z|{ a�} `�l�~ e#f àEi?`kjU`�l | � m���#����� �4� z8� J F � 1�b < , � u / ­R{41�b " ["o3�:� m��s� 5 ~�| 1�b a á?Þ /�	� �:\S] �s� 5 ~ t � a � � , � w�� {G["o3��o�� - | �Y{ , [ qS��� ��¥���1�b /V�] wY�i� ":�YJ u � � w t�

2.3 /�< T ¯�eLU&�?h IC � 2 W�� T ¯�eLU�� on
,

off � �*� ��� 4 W�� T M?e���X��
²4M�Z#�3��c
��t 5 � � � [ q!� �A�����S��±8�!  � � � ¢ Ü � / c
��t8¡ � ��¢#£�¤ /
y�¥ �4� � wi¦&§ �������Y��±�� ¢ m �*¨ [�©�ª �*«!¬ � ,:� 2.3 / \&] � 5 W�� ������ ±EM��8n " ê�ë
� w - | x " } w $ ~i/ �	­ � � w t

THD1 THD2
[ q	� [mV]

�	 ������0� ±
[keV]

off off 241 10.1

on off 710 29.3

off on 2402 98.5

on on 2499 102.4

�
2.3: �#® � / � �.w�¯ ��K°M<±&O /�±�² D<u w T M�³A�´Xµ� ²VMGZ	�.[ q | APD �¶ ��· � 50 |�¸ � � � | } � �	 ����#�Y�5±(t
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� 2.4:
� ¯Y���.��� ,�T ¯H³GUS���

IC(74HC4066)
, ¯ �4KsMv±�O (LM160H)

` % � 1�b
� t T ¯E³4U&��� IC < Ï�Ð 18b " , THD1

,
THD2 " T ¯E³4U ����� �
	P� , 18b � ¬

­��
	 ~ t
�
��� �
�

AD590

�5Ñ.Ò��kÓ?Ô /(< Analog Devices ��� AD590MH | � ~ ®�� r ¶�� T�� 6�±�� IC
x,×

ØNDvu � � w [3]
t

APD � ¶ ��· /A®������ Þ�x.y w � � , � � ®�� ��� w���� x.y w 3
� " y w t - � IC < +4∼+30 V " [ « [ q " � g � , −55∼150  &��!#"	� ®��H/%$��
� £
& ��[�of��h ²�� , 1µA/K /%$ � � w p�¯Y��uC±&®�� T �S� [�oRMA��6&M<±SO |Q�
� � g
� w t - � ®�� } �%� < ,('
) Ñ�±&® ¯�°�± ² / $�­ � 8.2 V "+*�, Dtu � � w t
�_�i� , ®�� } �-� 3 � � h ² � Analog Devices ��� AD648SQ "�� �#� ¶ � �.	&� ,
�n	O��
Ó"Ô / ×QØNDvu � � w-/ ¯�µ�Ò ¯ �.u*6,±�O (H8 / ¯ ¯ � )

P | �SÑ3Ò�� �P� x Q
��u w t

2.3.2 02143654798
- � Ó5Ô < ��Ñ�Ò��CÓ�Ô / $�% �,Ñ�Ò���: À DÃu � ��� � � n�OL� �Q� /<; � � , � �-=> ��¹�º�? T /�Q w - | x " } w t�DQ� / , APD @ n(6k±���A�BDC � n!OV� *+,
E w -�Fx "
G w $DH /+I ­ �KJ w t -MLON � � n�O4��:�P < /KQSR�T�¯ �	u46�U�O H8(RENESAS
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TECHNOLOGY ��� HD64F3048BVF25
,����

H8 /�QH¯ � F�� E w ) " 	S­ ��J w t H8

/�Qj¯ � /�<�J { W 3 ����� x�	 J ­ ��J w t �
� /�� ��
 I ��� / W J������ C�	2Hkt
5 � - � � n	O������������ USB ��� C<	 H �
� ��� F! �" L w USB

� ? Q
#%$|¯ �'&
T U�( IC(National Semiconductor ��� USBN9604-28M)

x*)�+-, L ��, N �/.0�
P�1
H8F!2 1

H8
F C�3 I54 �7698A� ���;:�<��>=�?�@BADC L N�EGF � APD @IHKJ U�LIM*NIO I

= > CBPIQ�? # ��RTS � E @�C FVU = G @ E HW� I ­KX J @BA ��� � H8 /�Qj¯�Y M 
 I
��� F 2

3>M ����Z�[ 3 J X ��� C�\ H C F � E @�A

]T^�_�`�a�b�c/d�eDf
H8 (Renesas Tecnhology g�h HD64F3048BVF25)

[1]A/D
a�b�i�eDf

(ADC)

ADC(Analog-degital converter)
��8�j T�kmlonGH0p L�qTrKs FB 0"+L @
: M = ��8Kj

TKk*�>t C 8 u�v &wM nGH0p L �Dt ��q�r E @�AxC M ADC
� 
 �%yKz0{ Y�| AD590 }N M�8�j T�kV�
t C nDH�p L�q�r E @ M�� $ J N L @!A ADC
MT~ Q j-� v-R���Y�H � 3V

I M = ��yKz
{ Y�|D��� ��� E @����
� ��� 3.0[V]/256[ch] = 12[mV/ch]
F I @BA

[2]D/A
a�b�i�eDf

(DAC)

DAC(Digital-Analog Converter)
� nDH�p L l 8�j T�k q�r�s F! �" L @�: M = � 8 u�v&�M n>HTp L�� � C 0∼400V

M��%�G�*q�r E @WA�C L � APD
�B� Q 8 # C }��T@ DC/DC

� Y �(U p M����
���7� $ J N L @VA

[3] ��� b�f
��� Y�p ��8�j T�k ����M � YV��� U p%} N M TTL ��� C 16 u�v & =�������� E @�CF!U = G @!A5�W}�� 106 cts/sec

��� M ��� U H8
��� Y�p ��.%�K�>�/X G%�/ K¡ � 16 MHz

=%¢T£ E @ H8 = � ��¤V¥¦� U�§x¨ I ��X �B© H A � C�=�ª�« � 100 MHz ©K= 4 uKv & =
���
<�� I �¬� Y�p IC

C/­ G ��® ��� M H!¯ � 4 ° C ª�«D±�² M ��� YKp IC =��7¤ � 5

°´³ ���Dµ H8
�¬� YKp�=/�7¤�@
C>¶V= ® ��� �/· ¤;¸V@ E ¸ � � � A

USB ¹�ºx»�¼¬½W¾�¿K¹�º
P>1

H8 ¶ PDQ�� # M/ÀDÁKÂ�Ã PDA ¶ M n U p M�R�S � � USB1.1 Ä�Å � E �KX n5H
p L����T)�+�M USBN9604

µ�Æ � X�\GÇ L @�A�ÈKÉÊ¶�� X��K� 12 Mbps : M�ËTRTÌ�z¬�
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��� � X�� F � § N���� Q � Y�Q5Y�p U���	%U # µ 	 ¤ X�
 @BA
��� ����� R�T�v%R����s U )�+�, L X�
�XK�
24 MHz

M�� � R 6 #>p L ���D} N ���I= 2 � M 48 MHz
M R�T0v

R µ ���Ê� X�
 @VA
© ��� 6W8�L �K� � E5F �+P
1 H8 ¶ 2 1 H8 ¶ M n U p M%RTS � µ .���\ ¸�C>¶ U =� @VA-C L � RS232 ÄTÅ ������X�� F � n U p M��
R�� � YKk L
� Y! ( "�# �
$ ) Z�%µ'& $ � X�
 @BADC M � Y�k L(� Y) Z(%�¶ ��� 1

30M �0t�*�² � 1 + M�, $-# µ/. $¦� �
k ( � Y0 1# µ32 *�²(4K� � . ��X�
 @BAGC M Z5% � # U�6 � ¨ X8759 U ��:�M �0t�; �
� M=<�>
?�M�@�A µ S �B;(C 
 ¶ 
 ¸EDGF U�HJI � X�
 @BAP0QI���(
TXK��K Y8L8MN � Y
O/JBMIp�¶QPJRJS ­ ¶ M ��� ��� ��T � 698�L ��� µ $
 @ M U�U�V =0? � � U � + P>Q = ��W � X�X � M*À>Á�ÂTÃ PDA

µ )�+ � � ¶ 
 ¸�C0¶
:�? F � USB �K� µ $ 
 @VA5Y'� � PDA

��Z5[ ¡ U �)\ X : PDA
µ $ 
�]¬�%.�� 2 1

H8 ¶ M ��� U = � @ E ¸ � � 6!8�L ��� µ � v�^ 8 v3_�`�«'¶�� X�a-b � X�
 @VA

2.3.3 cedgfgh
��i=j(kml(n�P�Q��po }eq R qsr;@ 3.3 V

�po5n=t�> Y �po }eq DC-DC
� Y � M�p

(Linear Technology u�v LT1111MJ8)
µ�Æ � X +5 V

n
−5 V

nJw � X :�¸ 1
3IM

DC-DC
� Y � M�p (Linear Technology u5v LT1027MJ8)

µ*Æ � X +12 V
µ £ F ��C-C>¶ U = �

@VAGx 2.5 y l��-i
j�kGM{z5| x µB} C�A x 2.5 y } C E ¸/y n LC filter y E ��X��-i5M

x 2.5:
�8i�j�kIM3z�~ x*A P
Q���o }mq M5t�> Y ��o�n 3.3 V

��o }�q +5 V
n
−5 V

n
+12

V
µ £ F �¬� XJ
 @VA LC filter

l���� ±�²KA
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6 v3_ L <�>=? µ ��� C;@���� U �	� r X(
 @�A LC filter ¶ l�

� ^�p
Y o U � P��my��������� � ¨ ������� µ�� �%X�
�� � YVn�Y*|x¶ n�� y 
�� ^�p�Y o U ® P��py �������� � ¨ ���
� � µ!� ��X�
��B> Y ~ ^�p µ�"�# ¡ Ç%$&��' ¶{y�( ��X�n*)�� È�� M P��
� M #�µ%+ � n � P��-,�. ® P/� <{>=? µ1012 C �/354 67)���8 +5 V

n
−5 V

4 �/� ���l
LC filter

µ9+;: ��j=< k j�k>4 A ? B ? 4A@-B ¤ µ \ ¸ o-> vDC>E�k IC(NAIS uJv
AQV212) y9F0q r �G8H'945@ B ¤ l photoMOS


 � M=y�( �1I/\�Ç r n5J « 4-��j	< kj�kGn n�K�p!L j�k y ��i
���>M%N�O�� r �D8 photoMOS

 �sM l
�5PRQ ~8>(K MN µ�S
�I�TK�-U y ����I�� : n C7v{_5� 6 4����>V�W MYX T=y%Z ��
 ¶ 
 ¸wÈKÉ M/)/��8

2.3.4 []\;^!fgh

x 2.6:
��_ M j�k=4 ±�²=x 8 DC-DC

� E � MDp (MODEL521-5)
l

12V
6 ¢�£ 8

'%4�j�kplB:>4
3 ` 4�j�k>41a*b y �K��I�
>�5c � 6JlJ� ¨ n�d�e��Go ¶gf-h(C � �/i4 �Dj ^�p n3w � I APD y �(>/��o��%� µ N�O C � DC-DC

� E � MDp (Analog Modules

uJv Model521A-5)
M%k-l]� r I�
>� ( x 2.6)

8
Model521A-5

lYm S Ä�Å 6 £)q r I�
 I�nX T y � E*� ^ Qn6�o-p�� � M � 
�4�6 Z*q d7e yAr � I�
s��' ¶�} q Cute-1.7 y k l
C � ' ¶{y5� � 8�'%4 DC-DC

� E � MDp l/��i0��� ¶T� I 12V
µ'.�S � nV� ��t V5µ�u

120 � y%v � C �/' ¶ M 6 � �!8 oYw v�^ � M Q yx( � ¶ n ¢
£�y/z y�zpl −40 { } q
85 { 6�n 0 V∼5 V

4�� � ��� y � � I�n ���-|�} 0.3 % ~ � 4 #-q � µ y�� I 0 V∼600

V
µ-�A� C � ' ¶ M�6 � � [4]

8
APD � K���M1L M DC-DC � E��
M��Jy%�-��C �!�1�-�� l�n

200 V∼430 V
6�)/�Y4*6

DC-DC � E���M>� 4 �A� ��� l�' rs�!���H� I*���!8
x 2.7 y l��-_ M j�k y k�l ��� 354	��� � > _ 4 HV �%��� 6A� S � IJn��1�/W�6%�� ��� y9�-� � �9� ����4A�� *�>49¡�¢ ��£��Y� �A¤�4A¥-¦ �!§�� 8�¨ ( :ª©*�9� 4A� q��«%X/�7¬ (/­®y>��¯ I�� I © �*� ���-� � ¬5°�� I |�} « 0.3 % ~7± ¬�²�³ � I��>� '��MY´�µx��8
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�
2.7: ������� [V] �
	��
��������� [V] ���
����� [%] �
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3
� � � � � �

��� «
APD ��	 ��

� 4 4 � 4����&¬ � ��� ©�������� ¬���� � ¯"! ¬$#�% �'&�(*)+�,�- 4�.�/ 02143 ��£ � © ³ �65 �"�&¬�798 �'& IC

4�:�;��4<�= ¡/¢s¬ (�& IC
4?>

@ 0A=9B�C�D;�
� ���$E �F+ ¡�¢ �!£	��� ¤ � [2] GIH���� 2005 J 10 K ¬ ©�L�MONQP �R � ����S?T�U �G�?G

3.1 VXW
L9M$NXPZY R � 4 4 � 4?���H¬ �R�[��\ � + #F%�S�]_^`� ¯ +4a ¯_b +dc�+ � GeH*fg © H�¯9h1¯ 4����&¬ � �����*� ��i*¡/¢ �!£ � © 5"j #"%�k"l �!£nm*��G

3.2 o p q r
L"MsNtPuY R � �
� �$vxwzy{) ¬�| ��m�� ©
} f~w����*¯ +n� S?�9^�4$�~�s� + &����S9| &%�9� © H 4 ��� �s��� ¬[] � +Fa ¯�b +*c[+ � G �I� « L"M�N�PuY R � .�/�4 �9�� �*­��*��
�����
4�7� 1F� � ©6� ¡/¢n� £nm*� (

¨
3.1) G

¨
3.1: �*��
�����
9� 4 ± � (

�
)
� ���

(
�

) G
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3.3 � � � � � � � o p � �
4 � 4 L"M�NQPuY R � ���s¬ �
	�� #"%�¡/¢�� £_m���G�
�� ¡�¢�� £~m���� ¬�¥ ¦
���� ����� � � ­
f �%¬ �*&[G

3.3.1 �������! #"�$#%
&(' ����«*),+.- � µ c0/21 � ¯*& 3.3 V

- � 043 N � - � µ c05 @ 	6� &('7&98 �.:; 	 +�a ¯�b +*c[+ � G �.<>= « &?' ���s¬*@�A &OH 4�3%4�4 <�=�© =�B�C
D~SCB�D g |
&E�9� © &(' ���>4?F g <�= �HG7� © 5 &(87I 4>: ; ¬�« &(',I S /21 	 +�a ¯�b +*c[+� }�J(K D +ML�N �1µ a �9O>P g�Q +5 V

Q
−5 V

Q
12 V

4 5 &�'RI 47: ; &.8 S2S �C	+ � f �$�[kUT �9&sGV � &?' ���UW E ��+*X�Y 4�/7Z ' � + m�� � &�G X�YU[ W��]\ � T j.^ S9| & S Q &'>_ �*` 	��Ma2b A &caed X2Y Q &9f�g � + m��Ma2b A & :�; X�Ye+n� S9| &�G &(',I [XeY S9| & � Q?h2ikj,l9m7n &9' : ; _ �*o 	���5 ��� [ 7"8x�qp � � & IC r [�s wutF Q B�# ,?-v[ ($m?�Ewex �yp &�G_fMz�(n) [ w>x �yp �({ V 	 \ + �?|7}7W ,�-v[E~ �
� X�Y � + w Q R - N �2z X�Y =�B���� � ��� �]	 V )uG_f p c z /7Z ' g | & &('7&98: ; _ z XeY�[ � � �>z����"� ����� Q T � X7Y�[����*+�,
-2� zM��� ���(��� &[G
�]�#�����k�
<e=I,?- �9�

3.2
[�� A G `e� &�' ��� [*/>1 �yp & &9'7&98 W Q ),+.- � T c0/>1 �p & 3.3 V

- � �M3 N � - �>z 5 V
g | & S Q ��<e= g WE- �]�����vzE� �R�e�H� @ 	 Q3 N � - � � 	 � 3.3 V

� /�1 	q� G V � Q fMz <�= W &?' �
� z F g <>= �HG mE�kz g.Q�
3.2
g � �cp � � &F( ) [ 12 V

&9' z9��� [ 580 Ω
Q

5 V
&9' z?�>� [ 240 Ω

Q
−5 V&(' zE�k� [ 100 Ω z L2N���� �H  s A &�f � [ (�w¡�k� ,?- �6¢2£ 	6��G <�= W9��¤ 0� 8 � g G m.��G

¥�¦2§7¨�©«ª>¬
&9' ��� z &9'R&98 : ; � & ; [ � � ��zE­2® �*¯ 3.1

��¯
3.2
[�� A G &�8 z�° W��

3.2 z�±9� P³²
N � P � ±F�,´�
 �*µ�� � 3�¶ 	6��G V � Q />1 &2· l W 5 @9¸ &(' T c¹ F v�m.�6G ¯ 3.1
[�� A ( ) [ Q - �C�y�F�>� �º� [(~ � � � 2 % 
ºr2z9»�¼ g(½ @

z &('7&(8 W2: ; �yp � ~ w QE¾�¿CÀ p �EÁ &(',I z &98 S � W(� c pºÂ.T m9�EÃ V � ¯
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�
3.2:

&9'�������� <e=��
	���
�	�� Ã &9'���� T�� z : ; ° W ±9� � ²�� � � � ±4�
´�� �Mµ/��� ¹ F v w Q &�· ° W 5�� ¸ &9'�� w ¹ F���� �EÃ

&9'RI
+5 V −5 V 12 V: ; ° [V] 4.90 −5.04 11.92

¯
3.1:

K! �L>N �9T#" � �%$ z &9'R&�8 : ; Ã
3.2
[ W!& /21 -#' z />1 &�· ° �)(+* & ; ° � � A Ã 3.3 V

-�'�W
5 V
&9' �%,.-6: 	 Q3 ��/ -�'7W

−5 V
&�' �

12 V
&�' �%,0-H: 	 �*�21 Ã#3,z5476 5 V

&.' Q
−5 V

&.'
8 ,.-q: 	 �+9�1 DC-DC : / - �º´ (Linear Technology ;�< LT1111)

W Q '�= 	?>+@ ��
[7]
[ � 1º� /e1 &�8

3.3 V
� [?~ 9�� L�N &�·

180 mA ACB V�D 5�� 	H� &�8 8 : ;
D $C1 Ã ¯ 3.2

[*� A>`.- Q
5 V
I W

110 mV
Q
−5 V

Q
12 V z & I 8 ,.-c:MAU3 �E/ -#'W%F�G 	 � 160 mA

8 /�1 	 ��9H1�I,��TJ� Q 3.3 V
-#' Q 3 �2/ -�'2T�� z />1 &2· °� -M�LK À 9 &�·#M Á IC

[ · p��+9N1OI,� [ Â#1 Ã�P V - Q I z &�',I [ P 9C��W 5��
QLR &98HM : ; À p�1SI�T MVU�W À p Q T P�X+Y À p#�+9�1 L�N &k·OM[Z]\ �O^ À p��+9

/>1 -�' />1 &�8
[V]

/>1 &�·
[mA]

(�* & ;
[W]

3.3V
-�'

3.3 110 0.363 �2/ -�'
3.3 160 0.53

¯
3.2:

K! >L>N � [?~ "�1 &9'#��� z (�* & ; Ã
25



1�T����H� p�1 Ã 12 V
I D ����� [�� 8HM : ; À p#�+9H1SI�T«TJ�	�	
 z I�T M 9��S1 Ã

�
3.3:

�
���
������� z�� ��� (
����'�� ��� 8�� � � 3 � ^ ¶ � Q R � z ) Ã�� � z �W� #'�� �!� M 10 mV

T�Â!� �+9H1 Ã#"Uz '�� �$� W 1 %'& M 1 msec
Q

2 %'& M 40 nsec
Q

3 %(& M 40 nsec Ã � � ) 5 V
Q�* � ) −5 V +�, � ) 12 V Ã

�
3.3
[ W + �$� �+� T�� �#� À p�1 X�Y z.- ¯0/�ÂR� z 8 ��1 Ã ¶ �$243657�!���$�

�.� 8 ¶ � Q R T%$2T#�8
:9 ± ' � ²+�2/ � 8<; @0= ' :�� � D � R Ã ����'>� �
� 40

nsec
D 3 p�?(p z<@ 9E���S1BA>C 5 + �!� 8.;�D z.E�F 97G�9C��H	I��KJE1CI�TMLJ� +ON

P A>C D�Q 1�TB���N�KJ 1 Ã 5 V @ + −5 V @ �#� 9 5 T!H$98R�S 100 µsec ACBUT A�C M
I
�KJ +.V�W 5!X $�Â�H T D G � 3 20 mV A�B D�Q 1 Ã 12 V @ D 5 I T R�S T AYC 5 I
�ZJRÂ[L�� R Ã I T 100 µsec

T)9 4 R[S 8 H P A>C 5.�!� �!�]\ P T A4C D�Q 1#T��U���
J 1 M +
^[_ @ D$` 9
�aJ 1�b �
� ' _�c (CW)

9 � 1MA�C
(200 mV ACB ) T.d 1/10

D
Q 1 Ã À �#9 �!� LJ� ����e 98f6g 1 T À J 1 �!� A>C T�h4i 5 + OP


#/ � 9#j 1 1 �
���
�Uk
l�m

(PSRR)
9 � ���
I!noH�1�I�T M D $�1

[5] Ã PSRR
5 + �$�0�
� T V J4p

A>CU9#j 1 1	q
r T.s[t T�Â+���+9C� + �!�Y�$� T �
u (∆supply)
9#j 1 1Mv � ;�D �J	
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� �$� T �
u (∆Offset) T m 8 � QLR H T D dB( ������� )
8 ��� T Q +
	 (3.1) T � 4 9� À JJ1 Ã

PSRR [dB] = 20 log

(

∆Offset

∆Supply

)

(3.1)

PSRR
5
�

3.4 T � 4 9	R���� T�� � T Q � � À J21 Ã � 3.4
� - + +5 V

�!� LJ� A>C
M v -��������SF + A�C T R��
� M 10 kHz(

R�S
100 µsec)

D G � 3 80 dB + 100 kHz(
R

S
10µsec)

D G � 3 60 dB
TMÂC�+��921 Ã�P�� - + 80 dB

D
1 ���UT 1

9#AYC 5��! Q +
AD827

L
� �.�#" J�1MAYC 5
0.01 mV A�B T�$
- + 60 dB T ��F�9 5 AYC �7��5 1 mV

ASB�� D �% &" J21CI�T M�'�( D $C1*) P�� - + A>C M �<�4e LJ�*+-, =/.10 ' 832 4546 98v -7�����JT Q �UH +/8 � �! >1 1�I�T M � L�13)
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output voltage(+supply)
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�
3.4:

��� ) R�����A4C [Hz]
9#j 1 1

PSRR[dB]
T �8� A>C

[mV]
) , � ) 20 mV T
9 �

A�C M
AD827

9�:���;�< W " J R T%$ T R��
� [Hz]
9�j 1 1 �#���
�

[mV]
)

+supply )
AD827 T +5 V

�$� L>= AYC M v -?���!�-�SF�)
−supply ) −5 V

�
� L@=ZAYC M v[-��
���
�CF%)

3.3.2 ACB#D@E#FHGJI#KHL#M
�N��O8�QP
R�TTS�U 5 +WV@X + � ^[_�+ USB ^[_ZY `W[ ;�\>]1^`_ Zba �Wc09
d 2 "

Jfe<L@gihaL Y�j e�H T%k Q e3) APD
b ��l�m
� 5 � ;on T-���QO8�QP
RNk
p/q " JferWs + �
t&u . a
vWw%x!y�z|{ $Q}�; [ e*)

SQU 2�305 + +�, =/. P�R + ���!O	��P�R +�~ � P�R +��>� ;/^%� m�P�R Y3�Wj����T�; 2 } r )�+�, =/. P�R 5 A @�� B @YT
���
�!��� +��f� u Vf� ��� � �%��T��!���!T��� T r�s �Wj/���T� r ) ~-� P�R 5 \ ~-�W~�� T���� Y 2 [�� ^%� m
P�R 5 DC-DC
]/_
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tQm�O (HV) T���� ~�� T�p/q Y 2 h r�s 9 �Wj������ r ) ���!O1��P�R���T ] ^ _ � v
� 5 Windows

^ V _ Y `W[ ; � JY?
J 2 } r )

����	�

�����

]1^o_ ��� ��� V@X + � ^�_ USB ^[_
0x50 �Q�QmNO X����W��� � �
0x70 �
� _ OT�QmNO X�� ����� � �
0x36 APD �
�%�Q�f� (A @"! B @ ) � �
0x37 APD �
�%�Q�f� (B @"! A @ ) � �
0x30-33 �f� u V@� � � � ���%�Q�`� � �
0x32,0x32,0x- HV #�$ ( %�&�')(+*", ) � �
0x33,0x33,0x- HV #�$ ( -/.0(1*2, ) � �

�
3.3: S�U � r ]1^�_ � ) �03 � �N�+4�5 Y ��6 )

S�U�7�8 Y � 3.3 ( � 6 ) � ; T ]1^o_ � 3+9 c ( d 2 " J r )0:<; � HV ���6T e�=
r ("> ? a2@BA r a � n T2CD(
� � ; 3+E�F 6 eQn { ( 6 e )

3.3.3 GIH JLKZFHGJI#KHL#M
+�,NM . P�R 3 APD

LZ= T V . , � Y +/,NM .�0 ' 6 e r�s TPO�k Q e a � n T-P�R
3 APD

L@= T�Q0R $ �S� _Yc 0 ' Y 2 h a�T � �SU0V ( j � ;1W�c (YX�Z k Q e*)"[ S
U�k 3 � [ P T +�,\M . _Yc a U�V (�] HMJi$ [ n { � � r �<^ aL_a` J�$ [ n { Y � �6 e3)

����	�

�����

� ` � �f� u V�� ��� � �%� Y�b $ � r ) 7�8 Y � 3.4 ( � 6 )1c�d �"e �/f
m 3 APD

T < W<g a 50 T {1h T ]�_�i � m O1j�k0T ~���l L@=mc0d � r l k Q e3) 4 n0T �>� u
VN� ��� � �
�/( 3 � 2.3

{ T2o � a � � k h e ) 2.3.1 (�k F&� r :oh ( � 4.2 V T v � ~
�fY-�qp usr _ . IC(74HC4066) Y�t 6 eQn ( :�}/; �<u � � v<w l`YSx � ; �f� u Vf�
� � ~��0lZY #y$ � ; [ e1)>n�zJ= (1n $ a }
; [ e v�w ( {�| 6 e ∼10 % }P~�� a �
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THD1 THD2
]�^o_ � b $ ~���l [mV]

c�d �<e �Nf�m [keV] ��� l [keV]

off off 0x30 219 9.2 10.1

on off 0x31 633 26.1 29.3

off on 0x32 2080 85.3 98.5

on on 0x33 2095 85.9 102.4

�
3.4: 4 n�} �Z� u V@� � � ��� � ~���l { c�d ��e �Nf-m � #)$ l )

n z = } �`� u V`� ��� ��� � ~�� } ~��y}��
	 {�� � = z`e*) n }�
�
�} �f� u V`� �
� ��� � ~/��l k�����u VZ� _ ( 3���� a�� [!rWs������ }�
�
�k�� � 6 eQn { ( � r"!# }�$ 3.5 3 A O B Oy(<�S� % � � i � �WY'& � 6 e!n { k ��( X*) _ (1�,+ p _ ) _( � ]�_Yi � m�Oq} � z -qz }����N( n [�.0/ V M � ] m ( k j r � }
k 1 e ! � z -qz
}32 ^ 3 { . � h z [ k ��U�V 3 �S�N(�4 � .65 4�'0(�798 _ � ]�_�i � m�O a ~�:�; �.
[ � [ n {=<?> )0@ MBA�C�D 3P9 c (�;�: � .
[ e {E� � > zfe !

$ 3.5: FM } A O ( F )
�

B O ( G ) �S� ! % � � i � � (1)
�

A225 � � (2)
�

Gain ) _ (
��� (3)

� ]%_�i � m
H (4)
!

3.3.4 IKJMLONQPMROSQTOU
V�W�X CBD ( 3 DC-DC Y�Z\[ X H ( ]�^ HV _E` 6ba ) c�d�e98 z .,f�./�Bg z 3 APD

(6h,ikj"l3m 6na3oqp }"[ p�)�r h�sQ_ ��t .�f a !ng } HV 30u"v
w Hyx C0D } H8
V

p Y�Z <9>�z6{ 8 z a h0i}|�~0�Q8 z .�f a ! [ p�)�r hBs z3{ l }3����� <9> }����
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� u APD �,l3m�� a"oqp ����� � ����h0i
	�� (200 V∼430 V) ��
 f�. u 0.3 % ]����
� 
 > ��� . � f�� � f�! g � � u APD }����������}j G _�� a _ u

1

G
·
dG

dV
∼=3.4[%/V] (3.2)

_ f��! �" c�1 a�o p u HV #�$%�&
 � a �'��� G })(�; j 0.3 % ]*����+-, a,o�p �
� u�. } z�{�/ }&(�;}j 0.3 V ]0����+1, a ��� < >3254 a !

DC-DC 6�798�:';�<
=?>?@�A?B

HV } z6{ �����nj&C a"o p � Windows
V�D Z <9> DFE ) x*G3�?j�� fq. uBv
w H xC0D d�eD} H8

V�H Y0Z)� DAC & {?/ jJI�KML u HV
<k> } z�{ j�% r H X j � f u�N&O

P�Q L . u [ H )�r h,sL}3�����njSR�TUL o !?gWV _�X u l6m�h,iq~B� D r %'Y ( Z 4 [
\�]

) j /*^ �_L o ��` ��L o !
a
b j0$ 3.6 ��c
� ! $ jWC a _ uWd�e 0.3 % ]0�}_ ff� �
��jhg >\< �Ji o L .0f �f}g _ c&j < a ! Z 2.3.4 k_� .&l�m oon � � u HV #�$o��
 f�.�V & { h0i-��4�� a z{ d�e � 0.3 % ]0� jpi o L .�f a ! n t .Wq�r � HV s�$���1 a V | � �%� u DAC

z
{�<?>

HV & {*t | V�u � qor c 1 a _3v�, > � a ! ] ^ u qor ��w f�.�x�y jJz t o !

$ 3.6: DAC channel[ch]
V z6{ ��4
� a HV

z�{
[V]
!
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DC-DC 6�798�:';��'=���>������

$ 3.7: DC-DC Y�Zy[ X H & { � V G
	 $ ! R2 u R5
V���
 / j�(�� !

$ 3.7
�

DC-DC YBZy[ X H & { � V G
	�$�| 1 a ! AD648
V z�{ V�� H @�������� Z

w � hBs V 5 V j R2 u R4 u R5 � n t .
��
 j���� a g _�� n t .
� p > � a�� (����
V�� H @������ � Z w � u�! (3.3) � n t�"�# , $�� u

Vout≤
R2 + R5

R2 + R4 + R5
× 5[V] = 4.2[V] (3.3)

g � n % u AD648
V�� H�& �
�'�(� Z w � 4.2 V _*) t�" f o�� . g | u ��
 j�� V�+�,

j�(��ML " AD648
z6{ V�� H�& �-���.� Z w ����j0/ o21na g _���L o2� ��
*V (3� �4

3.7
V2��
-5 �Ww f " u R2 j 1 kΩ 6�$ 10 kΩ u R5 j 10 kΩ 6�$ 100 kΩ ��(3� L o��

(��-7 V�� H�& ���2� � Z w V / � 4.91 V _8) t o��

DC-DC 6�798�:';��'=���>�9�:�;�>�<�=�>
g)V2�3
 j�� V (?��71�2@�A DC-DC Y�Z�[ X B z3{ V ��C�� V R'Tnj z t o�� R0TD �FEHG.��I � ��Gk_8J0K
|3L aM� a�b j 4 3.8 ��c�� � 4 n % ��G V ��C���6N$ V ���

�
O�PNQ � u 6hw
�
� Q � " f a d�e 0.3 % ]0��c�R o � " f a g _yc�jS6 a��

31



4
3.8: (��-7 V DAC channel ����� a HV

z�{ �
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4 APD
�

4.1 ���
APD

��� A_� n t-" . V ������ch(�� L " L t � � Cute-1.7
V n � )	��
�����
�| ���� V ��
 V n � ) � A�~������}j���
��yd�e
� a g _'c�|�X�) f o p u������ | � A c

(��fL "�� APD
V ���?��j	 
K0�8R�w D r"! Y�j$#&%�'�(�)W���+*�,.-/(*)�% ��0�1"23�4 | � u APD
V �0���bj	 �Ko�*R'w�~0� D r�! Y j6587 L [8] u APD 9 w�:<; x%�>=

D r�! Y�j6?�@+A�BC'�( �%L o2�
APD

V ���?�*� � l�m�D,i�E�F��8)3L %HG ! (2.1) �9c
� n � � G 1 V L.I % �'�?��)
3.4 % (����J% � ��� DLK$M�N$O z��C%�I�P
�>Q�R Q �C% APD

V ����� V ��� � G ���
D�S�	��1�&
�T " ∼5 % |SL�% � '=� N	U�H G�V D�W.6�$ V�X { D+S V d�e �	Y�Z��[%
( G 
 n . ∆V = 1.5 V (*)�% � t I G � A�E�F0�_��w�T " � ! (2.2) | # , $ � " T\% �
���?� V � A�E�F0� N>]\^>_ ��~,� V I�P�� G ��� Q �&% � A�j"`�a � ∆T=1.35 K |3L
% ( b+c A.4 k \�] )

�"d�e�G ' � $ V ��� N = D V"! Y�)�i�I-L " T�%�6 G 5�f V R�T N
z � �

4.2 APD g h i j k l m n o p q r
4.2.1 sutwvyx
� A�� n $ � G APD

V ���?� N  
K0��R�w�I�P�� � G APD
V ���?��) � Az(|{>}�D.S

V�~�+ ��E�F���%'��� N�� T " G ���?��). 
K'�-)�% n � � E G	� B9H Y
��{>}�D.S N (
� Q 1 ���+�"T � 4 4.1 �9c
� n � � G ����� N  �K0��R�w�I�P V D.S / )+�'�$F����&%
'�(�)&j?6�% � w t % ��
 V � A (APD �+� V � A )

N$� %�'�(�)�������� G.���>�&���� "������ N  �� � R���I�P � {<}�D"S �>� N APD
� #\� %�'�(�)�����% �
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�
4.1: HV ���������
	���
�������	������ APD �������

4.2.2  �!#"%$'&%( )+*-,/.103254
APD 687�9;:�<=	>�?
��>@;AB�C��DCE�FHG�IBJH��KBL �NMC� 4.2 	PO����?Q��RF�GHINJSCT�U�V 	�WHX
Y�Z�[�\�	�]R^/_a`?b�c=���d�Ne�f�g (AD590) hji�k?7Nl;<�[d\
	;]�^
_m`8b�cn��odp�qNYRrdfNs�9�:�l (H8 odp�rdf ) i�oRtd:�[�\
	P]R^u_m`�b�c=�PvRp8WdG
��w DC/DC r�fxvN:?l (HV) 	�y�zHb>{�|/_a`�b�c=�j��o�p�qNY�r�fBs�9>:�l�	 S idW
XnYHZx}B~ M 8 ��������k?7RlP<�}B~8	��n��� A/D rHfxv�:?l (ADC) h�i��������;�N�M�� z�b�cn� D/A rdf�vB:=l (DAC) id���Pb APD 	�@�A8������� M>�-�j� � DC/DC

r�fPvB:?l (HV) ��]�^/_m`8b�c��P�
@>A8���NDHE�F�G�I�J�� T�UdVN��� ` S��N� �C� ���B� �P�
1. ���Nenf�g (AD590)

V+� � ���
M H8 odp�rdf�� ADC
�

2 ����	��N� � �
2. ����� M> �¡ 	;¢�£B¤8¥�� HV ������� M H8 ¦=	;§���¨ U `8¤�©�Y�ZNªHJ�	?y �« ¥�i 8 �R�3�¬}�~ ��­ �
3. 8 ���®�¯}�~ M DAC

� WHX
Y�ZH�C���R��	>��°R���
4. D/A rdf�vB:=l V3� �>� _a`��HW�X�YdZ�}8~ M DC/DC rdf;v8:=l (HV)

�
APD

���B��� M� R¡ 	����P���R� U �C± �N�
�
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�
4.2: APD ������� � � APD ��	�

������������� ����� ���

4.2.3 � �"!$#&% (AD590) ')(+*
AD590 ,.-�/10�2�3547698 1 :�;�3<4769=>
���0�?A@56CB�D1E AD648 FHG&IKJ7L7M �� 0�NPO1Q7R�4SF�G�T.=�B ADC U�VXW�Y10[Z�\�]1QC^�_�`a4cb
T.=�d�Q � 6[e�6[B AD590

W�?A@�U�2�fg69=&h�V�W>i�j�k ∆T lHmXW>2�fon�pAO&q�B ADC ,�VHW>2�f�0rZH\s]tQ�R
4rUsn�uSv�B DAC ?�@thxwzy{FA2�f56cb
d&RH4�F�bHQ�W�n�Br|�} APD W.~����HU>2
f<6
=�6z�5� � V�O{���xB AD590 W�?.@X�X��ea�7�>Q�-s/�2�f�0.��`7��Q>8H�7F�hAB
isj�k
∆T ,
�s��N�O�=�d{QS-�/Xi�j�k�G{IAhr�)N��Sb���Ooq7bt�zb
d ( �s� A.4 ����� )

�
� -���F APD �����x� � 0z��O�B −20 � ∼60 �54�-�/�0A2�f�N[O�8t4�u�W AD590 W
?A@sYt0 � 4.3 F��X] � AD590 et�zW�?A@sY{,��������o0� �d�= AD648 W�?A@X¡10.¢s£
6r8 � R.W � ea�9B AD590 W�?�@&,A¤X¥�¦�§�0c¨©�SR�4zU7n�u>=sB

Vtemp(T ) = 0.03753 × T [deg] + 1.879[V] (4.1)

4Sb�Q � ADC WXª>«X¬�­�®�¯&°>±��7, 3.0 V nsB ADC , 8 ²7®�³´n
µ�¶�6r=7d&Q>WXnsB
ADC W�i�jHk&, 3.0[V]/256[ch] = 11.7[mV] 4�����Q �o� 4.3 FA�·N[O�=�d{Qr¤7¸7¹oe��
W�º�-s/1Fx»o��Q�-�/�¼1±A½�?A@oWxv7O&,�B 1ch ¾sW�¿7/�F�,.Ào�t�ÁvsB 2ch l�¾�F�Â"�Ã =�À���QXRH4�F�bHQ � 2ch W�vsO�BxÄ���I � FS�)N�O�=�doQr�7��W.Å�Æ
Y�n�p�Q 20 mV
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�
4.3: AD590 W.-�/{F���]1Q>?S@·4 ¦
§o;S3 ( � ) 4[V7W��7� ( m )

� m � F
, ADC W 1ch

F����.]�QS
��t0	��¤on	
7� (12mV)
�

Wxv7O�0xB�-�/oWxvXO ∆T F	��]54rB
� (4.1) G{I B
∆T =

20[mV]

0.0375[V/deg]
= 0.53[deg] (4.2)

4Á�H��Q � R.W�Y&,.-�/�W>����i>j�k 1.35[ � ] G&IK��NrdXW�n�B AD590 0�-�/�¼&±�½a476
=��� <69=&G�d �

4.2.4 ����������� ����� � ' !#" $�%5''&)(+*
,.-0/ F
��	�
������t���s���sW2143�F�ÄHd�=65.7�Q�R�4�FA]tQ � �>vsB AD590 e��
?A@)N[O�Q68
¬:9
;=<0>�U 1 ?A@�4�F ADC F�GxT�=x��`�?&N�O�Q � R�W�4.u
W48
¬:9
;
?A@�0 Vtemp = V (T ) 4CBEDX]�Q � R�W48�¬F9E;=<G>�, ADC FA�H`IH��xO�Q�4 8 ²7®�³ B
Ä���I 256 JLKXW6M���� � Y�FA2IN)N�O�Q � V�69= ADC WXªx«X¬�­�®.¯o°�±��X0 VADC B
8�¬:9I;�?A@1FO�EP 6r8QMo����R1?A@�0 ntemp[ch] 4Á]�Q�49B Vtemp 4 ntemp WX;�S�0>B

ntemp[ch] = int

[

Vtemp[V ]

VADC[V ]
×255[ch]

]

(4.3)
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4 
X]�R�4cU7n�u�Q � R7R�n AD590 W 8�¬:9I;�?A@ Vtemp 4�-�/ T WX;�S�, ��� n
�{�
8&G��9F>B
� (4.1) W��{0.¢��569B

T [deg] = 26.64Vtemp − 50.06 (4.4)

WoG��[F 1 :�;�3&n	
X]aRH4cU7nHu�Q	� � (4.3) 4 � (4.4) G{I B ntemp 4�-�/ T W�;=Sa0
� (4.5) WoG��CF�
X]tR�4zU7n�u�Q	�

T [deg] =

(

26.64×
VADC[V]

255[ch]

)

×ntemp − 50.06 (4.5)

ADC W�ª
«�¬·­�®x¯{°>±�
 VADC , 3V 4[����T�=sd&Q�W7nsB ADC W channel 3g4�-7/
WX;�SL��,>l�mXn2
�N[O�Q	�

T [deg] = 0.3134×ntemp − 50.06 (4.6)

��
 ,�����F����7]�Q APD F��<69=sBA~����{0�� B�F	��Ä������s¹����! #".7%$��'&
( ������¹����*)�¤7¥X¦�§�n	
�+-,%.0/7nHu21�3'45$ ( n�6 3 7 (58�9 �7¦�§: 0;H �+:<
,�.�=:>?$��.� (4.8) =�)�6 APD

( ~H����/ 30 6 50
( ..u ( ������¹*���! ��@+A�

V30(T ) = 0.0000630T 3 + 0.004163T 2 + 0.79314T + 358.220(gain = 30) (4.7)

V50(T ) = 0.000106T 3 + 0.002211T 2 + 0.81396T + 381.346(gain = 50) (4.8)

ADC
( Å@B%C�D�E*==�6P@+F< HV C�D� Vmax .G+F<�.H6 DAC

( C�D�)�� (4.8)  c 'I�J�6
nout = int

[

V50[V ]

Vmax[V]
× 255[ch]

]

(4.9)

.#1%<0�E� (4.8) . � (4.9)
( �=S0�K) DC-DC L�±	M'N�� ( ��¹: �O2PQ>?$�¥R.�1�45J2I

<?��,HS�)T6 DC-DC L�±?M@NH� ( C	D�/�¤�¸�¹*=HU@SVJ2I�<�$��AW'X�< ( Y 2.3.4 Z�[@\ ) �

DC-DC ]@^�_'`�aAb%c�d'e

7�=�60f�«*L�± H8 =�g5h�+*< 3 7 ( �2����¹i�	�*=Vj�4AJlkTmRnoS%$ DC-DC L2p0M@N
q ( ClDK/sr (lt � (Au�v =�ÀiwV4�J�I2S�x�y�I'3�z�{V+:<#�
f�|:L�p H8 =Ag�h}nHSKJ�Ii<�~ 9
;V�5�'=�)�6�& (5� ��� t W6� (4.8) 62� (4.9) W2

nHSiJ�IF<Vj!�?=26 3 7 ( ���@���:�l�*WT����S�$TE ( g�� ) 3�� DAC

(
channel � ( �

� )  0�:�'<K.?IQ�������'1 � �F 	��42J�Ii<0���'��=T6����%�%= DAC1ch � (lu'v /5�
� J->0w���� Vmax ) 396.5 [V] .��Q��SKJ�I�< ( W�6 DAC

( ���%��=��: �+!<�¡5¢ v )26

∆V = 396.5[V]/256[ch] = 1.549[V/ch] (4.10)
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.#1%<0��,?S�3!� HV
( C�D u�v ) ∆V =1.5[V] =���w�4�J�I5S�x�y2I*,V.�=�+:<0�5Y 4.1

Z!=���X�<Vjs�0=�6����	�@��

�V) 1.5 V .�1@4�J�I*< ( W@6��	�����������% ���I%J
APD

(�������(���  "!:��<A$V��=��#� n�S:< DC-DC L�p	M'N q C�D (lu�v%$'&�(  �6
∆V =1.5[V] .*)	+ >0J�,�- ( z�{s #� �#,�.l=�+!<	�

4.3
. / 0 1 2 354 6 7 8 9 : ;

DC-DC <
3>= ? @ A 7 B

C D

���E,�-* 	� �GFi=T6�HEI�J�+�K'¡�Ls ��VI�J�M�N�3s��¡5¢! "O�P�+:<@,%.�=%jRQ 6��
�	S!pUT�CAD! WV�X >	6�,	-: ��*4�$�Y���I'$ APD Z�[�\AN ( )^]`_#a�bRc�WV)@1ed�6
&5S .�f�g�1��'�* ���h2"����ji�k	l�m�W%X'<WYn,�-�Spopqsr
o	~@)#t 4.2

( ���	S*p^T
(AD590)  �HEI#J	+�K'¡nL!=Uu
v"w:�5$x� ( W�6 DC-DC L�p	MVN q 3-� ( C�Di)�yR[ q( ¡5¢ �  ��%I@JEHEzj{�|�}�42$�Y�w�$�6 ADC 6 DAC

( yx[ q ( y@N q ( }��i)�yR[ q
( l�m!=�a�b nHSKJ�I*<�f@|!L�p H8 3 � Windows fx�%p�~U��I'J�����r (x��� ~U�Q>
JA���#��Y APD � �	�#��� 30 ���j+x���?J�,�-�~�������Y
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�
4.4: �������n���n�����#���#�	������ �¡n¢�£e�U¤j¥¦� DC-DC §# �¨�©
ª#«U£­¬¯®

°�±�²�³�´ � �#µ�¶ ² 1.5V ·^¸e #¹�º�»½¼¯¾ ³

38



HEI#J�+�K'¡�L¦������������	�S�
^T
���
������� DC-DC ��
���������� �������� 
�!���"�$#�%
~Et 4.4 �!&'��Yxt 4.4 ��Q)(
*,+.-`�Ey��/� � −40∼27 0R��
x���21�3�45'687 -�493:��;�%=<���>9?��/@j��4�3=�BA��DC�{�|j}9-"� Y 27 0��'E���y��/�FC�GH3
� � (EHEI#J�+nK'¡�L�I"+W�����/C ADC ��J2K�LNMEoPO $ 
n[j~RQTS24 �$@��E���VUFWX �WYn��E�IT+Y(PZ![�\F]'^F_e�E�n��` � ����a	����	�~ � K 7cb �ed�f
�P1�3'42��g��
 'h ��4�3=��A���CFi�I�� Y

4.4
0 1 j k l m n o

4.4.1 p�q
A��!r�s�W � (�]�_�t'u�ER�21=vB����	Bw9x¦~Dy�z%�$4'(F��	�w�x�{ 15deg/h �|3~}� Ge�9	BwHxR�V�2W APD �e�B�9{R~���z`�R�����N�.(F�9	���
!��������I�+ HV �B�!�� w�x 7cb ��A���C'WV�'����I � rBs��T�$�

4.4.2 �,���,�
� r�s �2� U94H��	�r�s �D� }��VU�(H�����F�'��CH���B�P�����¡ R¢�S�4�(F£9¤�¥�¦§�¨�© � ¥V3'4 � }DA�ª!«�¬$�e���9	B��K/OD­/® 40 0�I"+ −20 0/@�W � 4 ¯�°9WHw�x 7b ( −20 0�I±+�²9	 40 0�«e³'�8ª$3~}´fBµ 8 ¯B° � 1 �'K�OD­¶ª�¬|(���	V��K�OD­ � 3· �:¸ � ( ¹ A.4) � � rBs�W'® APD �e���9{ � 30 ª.º�z¡¬|�2�

¹ 4.5: �9	���K/O�­9rBs�«21=v'�R»'�H¼��F½9¾'w�x=�!¿�À��
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4.4.3 �,����� �����
¹ 4.6 «�®�¯�°B«	��

�D»'½9¼��
½�¾�w9x ª AD590 ��������������������½9¾�w�x=������ ª! HV �"�D�#�	�=� �#��� �%$ 
e�'»�½9¼��F½9¾¶ª AD590 �H½9¾�«�®& ('()��* �,+&-.�/�0�D�"1!��®
½�¾��32e�4+ ¨�©�5 �32e�7698=�;:V�=<#>@?4+BA4�
�BC= D) ¬* ��EF½�¾'w�x ¬FEHG,�e�4CJI�A��$��K9�& 30 LBI AD590 �����B+�M�N¡¬FE�¬OK ¸ E(G

E& HV ���%�B+	P�Q,R/ªTS ¸ E"¬OK ¸ E(G,�$�U1F��®DV#I;W����DXZY[ AD590 ���%�B+\H]3^ 2 H8 ��_ ]�`7a=bdc�e 2(f �Tg
h E�¬OK ¸ ����CJI4A0Y[ (iB����C�« HV �����
+ 385 V j�¾@K&I"¬��#�%�BIB�=S(� ¸ �Tª.¢ h �k�3�Y�=l�V� �£�¤�¥ �H� ]nmpo(q ­ ¨�©
«;r�G�E&s	t�u=vZ69w�xJy
z({(|B}�®;~��V«!�V�,¬OE&G���1�ª!+D�@�����V�2�
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�
4.6: ����� ����� [hour] �	�����T�#�=�3�D�H���&� ( ��� ) � AD590 �����Z�!�(�&�

( � )[deg] �H�#��� � ��� [hour] �%���
� HV ¡	¢ ( £ )[V]

4.5 ¤ ¥ ¦ §4¨ © ª « ¬ ­ ® ¯ ° ± ² ³ ´ µ ¶ ·
¸�¹4º
»�¼�½¿¾ÁÀHÂ�Ã#ÄHÅ �DÆ�Ç�È�É;ÊBË&Ì4Í(Î�Ï&ÐHÑBÒ�ÓJÔ4Õ,�TÖ�×Z�!È�ÇU��Ø@�Ù�Ú@Û�ÜUÝßÞ ��� »�¼à½á¾pÀ(Â(Ã�Ä=Å �%â�Ç�È@ãTäDå�Ï=ÐJÑ4Ò Ù Ô#Õ��OÖ#×H�3� Û�æ�çUèéUê �;�Hë æ�ç Ó AD590 �D�(���&ì;�3�=¡�¢�í�î@ÓDÔ�Õ�ï4ð��@�ßñBò7�Fó(ô(õHö�ò=��Ë÷ è%º Ç�ÈDø&ù4�H��ú�û	ü èàý ¢Z�Fó HV

Û�Ý �#¡�¢�Ó Digital-Volt meter
è�º Ç#ÈDþ4ÿ

� ê �D�
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4.7: �&� [deg] �����
� HV ¡�¢ [V] �

4.5.1 ��� �����
ô=õ(ö�òD��Ë ÷ Û0Ý �dø(ù��(��úUû%ü ý ¢��%�H�U� HV ��¡à¢ è �J�	��
�ì
�.�H�;ãD��
4.8 �����J�=�(�U���H�3� residual( ��� ) ��� ¼&» �Dó DAC � 1 ch �����%�3� 1.5 V �¼�½ û è
� �Z�!�D� APD ������� Ù 30 �0� �Jó HV

Û Ý �#¡d¢�Ó !�È DAC1 ch "$#4�%'& ê È&ÇU��ØB� Ù)(@Û �à��â &+* ó H8 , ½.- û)#Hï�� A/D ��/@ó D/A �0/,�B�;Æ21
�=¡�¢�� 3 Þ Ó547698#�
:<; Ý�Þ È&Ç,�#Ø�� Ù)(BÛ �O�	�=��� è 50 �#�O�H��ã�ó>���0�
30 �
��?�@3�Dó(¡%¢@� 3 Þ�Ù 1.5 V "�#�� %A& ê È(Ç,�O��"�ä�ó »�¼à½n¾ À&Â(Ã�Ä(Å �%�
�FÈ&É�Ê4ËJÌ#ÍJÎ3Ï=Ð=Ñ4ÒHÓ DC-DC

- ûCB�D$E(¡%¢ Ù�F0GIH ��J	�$#�� %$& ê È=Ç,��Ø
� Û�Ý ó;ëUÏ(Ð(Ñ�Ò�Ó
K=LIM	N4ä,�;Æ�Ç#ÈDÔ�Õ@�!Ö4×��
��ØB� Ù	Ú�Û4Ü3ÝkÞ �;�

4.6 O P
Cute-1.7 Q�R	S+T Þ�U APD É�ÊBËJÌ#Í=Î3Ï=Ð(Ñ4ÒHÓ(ó5V0W'X�YIZ7[I\ è�] È,ãOÔ4Õ�Q

Ö4×	^._�Ø�` Ù	Ú�Û�Ü�ÝkÞAU�a& U óDë7KAL�Q5R�Scb!È3ã DC-DC
- ûdB=D�E Û"Ý5e5f T Þ _ g�Ë&Ì è�¸�¹ ^h_�Ø9`

QAi ê È�ó APD j>�=�0�$j�J�� Ù�F7G T Þ È&Ç2_ 5% "$#�Q5:<; Ý9Þ _�Ø�` ÙdÚ�ÛBÜ�ÝÞAU�a
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4.8: ���������	��

����������� HV ������������� �"!$#�� HV ����%$&�' ( � �

)
1.5 V *,+���-/. 0�1�23(54 6 G=30 ��7 6 G=50 (
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5
� � � � � �

5.1 ���
APD 	�

������������������� ��!�" 30 keV #%$�"'&%(*)��,+-��.�/�0%132�4�5�67�8-9':
;�<3=?>3@ "A(�)���+'�'B�CD6�� 1 cts/s EGFIHJ&LKM�ONQPSR 106 cts/s EGFIHUT
KM�VNQ6AW-X32ZY[HJ\�]�^
_ = Ea`Abdcfe = "�6��*g�hjiONk	�l�� "mW�X :
;�n�o 2Zp
qr?s >

5.1.1 APD tvuxw,y{z[|~}�� �%� �3���{�
Cute-1.7 "*�A���-�A�'��2���� �����'��E <,= EM���A� ���
2 τ=110 nsec E rGs E��'����� ¢¡�£ � r?s i�¤¦¥IN§XIE H8 ¨3©�¥�ª�"mX¦« s i�¤S¥IN¬X�"�­j®3�'¯ (A.6) 6A°dc
e±� @ e�2A² �±³SN rZs�´ "�^�µ 5.1 6�_ =?> µD¶�·¸�±�'��"m¹*º � 106 cts/s " £�o KM�
N ¡�» r 9 ¨,©�¥IN?KM�¼N¸�A½3¶�¾ 0.9 × 106 cts/s E���¿ 9 ½L·À�-Á�Â�" APD 	�
��m�
��� 106 cts/s " £�o KG�¼N ¡�» r 9 90 % "AW�Ã :�;�n�o 2jÄ�¿ 9 F = EM`-bLcGe =?>

100
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100 101 102 103 104 105 106 107 108 109

co
un

t r
at

e 
[c

ts
/s

]

input rate [cts/s]

extended
non-extended

µ 5.1: ÅA�����±2 τ=110 nsec EÇÆ ; rZs E��-" £�o KM�ON ¡�»*<3=-��o KM�ON > ���'�
( È�� ) �AÉ*�%�A� ( Ê
� )

>
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5.2 � � � � ��� � �
	 � �

µ 5.2: T�W�Ã*p±qD6�"*�-�D"
�~³ N �,³�² >
����� ³����j¥A�m.�/�0�1,2��¢« =�@ E�������6%_ = ��� �*p
qD6��"!$# LED %�2 £
��0±1�""&(' ·�E r � NIM 	 
�������"Dh
¥*),+.-��
/�P~R10$23� ¡ 103 cts/s P¦R 106

cts/sec 4*6�"¢KG�¼N 2 5�· �m< @ E ¡ r?s >
6 q7�~³ N¸�3³�²±2�µ 5.2
¡98
<'>

LED 2�h�¥"):+�;7% c1< 9 0
2=� >
?¦E <3=Z> LED "�;7%A@���;�%�����"CB*D�" s 8 �
h�¥E)A+F-��G/D"vNCHJI*� �mo 2.KAL�lNMFO=PQH )%��ªA� ¡�£ eD�*¾%"FRGS:T:U7V   2W F 9 -��=O"X
TD2YB$Z 6±� = ¶,H ¡ rZs >�@ H <,=�@ E ¡ ¶�¿ 9 ���D� = (�)���+'� 2
Ä�¿ s .
/�0�1=� APD

¡j£ � r 9 � s E���"'W�Ã�[�2�\7] <¢=�@ E��*6%� =?>¦@ "'l^M
OGP�HU)±� ª�� ¡ h�¥*):+"-*�=O,� £S= EG¾�e�E9_�` r 9 LED �Fa,5 <¢= ¶3H ¡ ��¿ 9
F =�> _3R?P�b 8 T*/EcS2
dCe r 9 ½�F s APD

¡
LED %,2Ff-� <S=�@ E ¡ ¶A¿ 9 ���

���Y>=?�2 5�· � r ��²�HG� ¥'²��Ag�i3¥A�D¥'² ¡ ¶�·M���,����h � 2�YVH > @ "¢E��A�
µ 5.2

¡ _ = ¶,H ¡ � LED #
i�""%G� APD
¡j£ R��-F�¶3H ¡�<S= s 8 �YjAkmlYn�� 6*6

� s:o h�³ PE�'�ONÀ2 W F 9 �����9p7%�2�Y ¿ s > ¾�".R±��q�¥�-dKM� ª*29r r 9 l 
�ª
�,sEt ¡9u,v cMe 9 F =�w iNq�¥ H8 "�¨3©-¥�ª-6AW�Ã¢2 :
;�<S=?> ¾ r 9 ¾
"'l�� ª*2
�QHM�m�ArE>32 W F�� Windows

w �±¥�6*x
y <¢=�@ E ¡ r?s > W�Ã7[ � NIM 	D
����-�
" Visual scaler 2 W F 9 ��h�¥*):+.-*�G/±" ��o W�Ã{E?� Clock generator P¦R�"AW�Ã¢2
Ã¢« s > 4 s � @ " Visual scaler "$O±ªm�¼N �
O[NM³�²��-¾ r 9 W�Ã�"zH{�¦³¦N§� 9 "3qw ¥m|Ç2�l�

ªj�As:t�" H8

w iQq�¥�29} r � Windows
w �±¥�6�Y¦« = ¶3H ¡ rZs >
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p%q��������A4��
	�¥
),+F-��G/
�F-�� O���� 200 nsec � K��������$S$T,U,V�� W��
� g����! 
�m²"�.-#�=O"X�$��&%��('CO3q*)
²�+�,�n(-.)#/10"2(�.��¶m¿ � BEZ3��465F-
�3OFX
$
� 600 mV 7
8 2600 mV 49+
TEk3:�<�4�5 APD �9�6;��$[<� 50 � K����6/=0
4(>"�&? 4 @(+�A�B
4$dCe�C
c�D#E��$O#FG+�� W(� � C*c=�FdCeG�H4!5

5.3
I J
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input rate [cts/sec]

11keV
17keV
27keV
43keV
70keV

113keV

K
5.3: L�M�N�O&P�Q(R#S�T<U.V"W�X H8 Y1Z#M�[�\�]�^�_

`"a<b K
5.3 Udc"W!_ K
e \�f�g�Q�h�i#j�c�k APD \&l(m�n b 50 o�p�q=o6r9U�s 55Febut�v�w

γ x b6y�z p�q�odr9U#{�|}M!~
M&�������.T����1X�P9Q��!����� 144 mV �����
q�\"�"s}�H� bd��� U}o������3p�q�_ K b�� X�o*s 106 cts/s \!S�T��Hi���U&V�p w9� �� � 80∼95 % �"��\d^� u¡¢pH� �¤£ �1XH_1����k#s.S"T¥��i�� 106 cts/s ¦(U&§ v�w�¨�©
��� w�v X�^= .¡¥pªn (10 %) U6«�¬�k
X!­(U!®�r v _ K \�¯9°3o�p w k9s �#±1² \&S z
f�g9Q�h!i���®�r v�³}´¶µ ]#^�n#·��"\.^� u¡¢p���¸º¹�»9� w�v�w sd��]#^�n�·}U#»(X#U¼ v s"½�»º��U*^� *¡¢p��&¾�»}¹u»�� w�v XH_1� £ U.¯9¿"W"¬�r#k#s�L�M!N�O6P9Q�R�\!]
^�n(� 106 cts/s \���q����9s&f#g9Q}h!i�UuÀ v k���X&�9s H8 Y�Z�M�[���]9Á
�(r�q�]#^
n(� 105 cts/s o ³�Â�Ã"Ä U�»�� w�v X�o v3Å �(oH�(��XH_ APD Æ�Ç"È.i�Q�\�~�É}Ê#Ë�ÌÍ k6Î�Ï�Ð��(��X���s K 5.3

b&� X�Ñ��ª��k9s9��f9g�Q<h�i(\#Ò�Ó(Ô b APD U*S z pHq
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���#�������	����
��1��
�� � � 0��<�����"0H5������ �6$����9���!)��! !"$#�%�&('¢:) 0
�+*,&('.-�)0/ �6;21¤�9�!3��� 54�'�6!7	8��:9�8�7(;�<(=?>�%	@BA � � 0
�DC���8) 0�5

5.4 E F G H
5.4.1 IKJMLON
2�;�PRQTS�UV�XW.Y�%!Z���[\Y,�BQ^]�_a`cb�dVYT*�e�f�gih�jak(S!*cl$maScn�o$h�p$q

`:rR��j�s
1. t�u5v$w5xy`�za{?gVh
2. |$}?~��$�5�$�(����`:�$g
3. LED ;��!�2���?��`X�K�DgVh
� ).� ;cp$q��5*X�$�0�����!��;5e!��%��$����� ) h	;���*:�� ${.�(Y+[�¡?}:�¢/¤£�¥¦?§�¨ �X©cª�«��54­¬56 §�¨ `:®�jaSc>�¯°Y�*cl�±�;cp$q�²(³­`c´(µ�gih � ��`+¶(·°Y+j¸ paqi`�rR��j	sal�m?*�¹ )�º�) ;�paq(²(³�;!»?¼½��C?¾�`XrR��[�¿O� � ��S�gVh�s

5.4.2 ÀÂÁ°ÃÅÄBÆÈÇyÉËÊ
w�x §(¨­Ì � t�u.Y:j�w�ÍÎ�ÐÏaÑaw2Òi`Î��}���Ó2����[(¿�« Ì ��j� �Ô?Õ�%�CV� ��)
h�s�¹ ) `XÖ2×?gVh!j�k(ScØ�paqi`:rR��j�s

APD £�ÙaÚ�� ¦ �$��*5Ø$Û�Ü�Ý�Þ�ß Ì �áà$â � ) h�ã��i~:Þ�ß5w�xÎ� 3.3 V Þ�ß5w�x
`�w5x §(¨ �5ä�åKY,[?æ +5 æ -5 æ 12 V w5x\`Xç §�¨ S à2â Y,[�¿�h!è(æ �?� �2� �	é ç
w�Í?êV`:tau�v$w5x\`X{�¿2[ à2â Y,j�s5paq�²(³i`5ë 5.4 Scì?g	s5paq�²?³��(í5�­~!��~
�aîcï(ê�è 600 mV æ 2600 mV

é ��ð5�añ�h,s�ë 5.4 S�ò$¿$[�æ!w5x §�¨ `X{�¿2[(¿�h��
ð��Dó2ô�«5e?f��5õ �Ðö « Ìa÷ j!saø�ùBúûæ�w�x §�¨�Ì � é�ü2ý ï��(þ�ÿ��$�(«�¿5s
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internal EPS (LED 50nsec)
internal EPS (LED 200nsec)

none clump (internal EPS,LED 50nsec)
trans EPS (LED 50nsec)
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input rate [cts/sec]

internal EPS (LED 50nsec)
internal EPS (LED 200nsec)

none clump (internal EPS,LED 50nsec)
trans EPS (LED 50nsec)

ë 5.4: �$ï��T�������(gVh
	V�5~�������� ( 
 � í��R~	��~��aîcï 600 mV æ(m � í5�R~
��~��aî�ï 2600 mV) s internal EPS( ��� ) � w�x §�¨�Ì � é w!x à?â � LED � 50 nsec æ
internal EPS( ��� ( � )) � w5x §�¨�Ì � é w5x à?â � LED � 200 nsec æ none clump( ���
( � )) � |2}?~!�$«��+æ trans EPS( ��� ) � t�u5v$w5x­� é w�Í à?â s
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5.4.3 ���������
	���
 ��Ç
� ��� �
±�������� ( ���2���,� �"! )

é ±$# ����%�&$��!a�5�$�2���ûè(' �K� ö*) ¿ ) æ�¹ öº�ö,+
+5 æ −5 V

é
DC -�. �0/21 � ) ñ43 ( ë 2.3) 5 �7698 3 � ����: ÷ ) æ$!;���*�

!�� �2-(Ò�è!Ò ö «�¿<: 6 � � ) ð�=�5�� Ì � ��é?>4@ ��:­ú æ APD è!Ö­î �A=	Ñ4-�BC �D:�úFE5¯B� ö =?-�ÑHG ) è(è�!;�T�D�?!��XÒ ö2I ùKJ?æL%$&H�?!2M�N2���0� +0O � )
ç$-".DP �cÒ ö î �TæQ-�ÑHR ö è�ò�ð ) ¿*3QS5Ô�Õ�èañ�3A5�¹ é Ö?× é =4T	æH%$&H�?!$M
N�UHVXW +(Y ú[Z 8�\4] +_^ ÷ ="52Z��A=D%�&$��!�M"N�U�VXW[` +5 V a é*b	éHc ñ�3d5
\�]�eHf `Kg�h"i�-". +0j4k =�lnm0o_p �!æ5í�Nq��r��?!$îcï�è 600 mV æ 2600 mV

é
m�ð c ^ ÷ =?5 eHf `?s�t é ë 5.4 ��ì��u= O ú æ?v$wx`(ù ÷ =zy|{$}n~ öx��� ÷ =?5$�
� é ë 5.5 `�æ(� é mcð é U4�D�K�*�dV�! é?����c ñ$3A5"��� � �!æ APD

�n� E"��~ ö 3��� ���D`�æ"!;��rD�?!$îcï é�� 
Kú���m0�L�?� � k è�æQ�q�Q�D%7������Vx�(V +0j4k$)
� 50 nsec m ��y �u=x&H��MH¡ �2�4¢ îcï � � 8 3�!;�ur���!$î�ï éL� 
°úDè�£ 400 nsec

m�æ�%D&$��!DM"N4U2VXW è�ñ43_¤2¥��?¦2§ ) 200 nsec ¨�©2ª«y � ÷ )Hk 3�¬xm�è"­�® c
ð	æA¯$°2±L©�è?²�� � )Lk 3$¬Dm,è(³ � 3A5�� 
 é ¬Dm �n� æH%$&��?!$M�N$ULV´W +KY ú
Z 8 ¬ m_`Kµn¶Q· � é {H} ����� ) óH¸ �K¹�º c ` ��k 5

ë 5.5: » �¼%$&$��!4M"N�UHV½W � �+æ?¾ �¿%�&2��!�M�N�U2V½W�ñOúÀ5n&2��M2¡ �H�D¢ î
ï (1) æ2!��ur ��!aî�ï (2) æ$í�N,��r ��!�î�ï (3)

5.4.4 LED Á�ÂÄÃ�Å�ÆÈÇÊÉ,Ë Ì�ÍÏÎ
sxÐ é(\4]*c ` LED

é(ÑxÒ � + 200 nsec mu�$h ��� )Hk =$è(æ<¬ ö,+ NIM Ó*Ô4Õ V� é
Desciriminator

+0j4k$)
10 nsec ù c ��y �u=(5 LED `�r � ��Ö c(×�6 ¬Dm �D: ÷ )
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30keV (LED 10nsec)
30keV (LED 50nsec)
30keV (LED 200nsec)
130keV (LED 10nsec)
130keV (LED 50nsec)
130keV (LED 200nsec)
436keV (LED 10nsec)

ë 5.6: �2ï��|V�� ��� 8 3 	������ �|V�� 5�� � LED
Ñ�Ò � 10 nsec æ�� � LED

ÑDÒ �
50 nesc æ�� � LED

Ñ�Ò � 200 nsec

�
	�� +�
 T )�� µ \4] +d^
� =(5 \�]�eHf +�� 5.6 ��� 8 5 � 5.6
+�� 3 m�� LED ����2� �L� + �Äy�� )Hk y�¬ m���: �!� 105 cts/s �#" c ��µ�¶Q·$�&%(' �H)�k y�¬�m)%�³� 3d5 30 keV *�+���� + APD ��,.-/�d=�¤2¥0� 106 cts/s ��,.-$1AV324��5$� ).6 �L�

2�1�V32 ` 70 % � � µ�7 + �8�9�"�Hs�� eHf m ¦2§,3*m;:.<
�_µn¶0·=�9%L{H}�~?> )Lk
3d5�¬�� � µ#7x`��A@ 5.1.1 t c ��B �A= � µ#70�DC(E�F�� ��� �HG k 50IH=D��,.-Ä~J>
3��K��LL� �NM V#%AO�~ k�¹ %D�,:N�9µn¶0·=�&%(P ��k ¬Dm)% �H���;QSR�Y >UT&V
c `��AW�X LED ��,.Y Ñ�Ò �0Z0�
y?���[��\�LL� � M V]Z�O�~$y#�9^ ¹ %?µz¶Q·8��%
P � y � T(� � V��A_ ��,.Y�~?>�T)LL� �
M�` �Sa � \ � µ�~?>�T�1 ` 2b%c' � \U��Ied
fNg m��)\.��h=iur0jAh���k�lK%�m7¶ � >nT�V�o�tn��p k \<¬���q�rn�(s k \�t�uUZwv
x T&V
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5.5
� �

5.5.1 �������	� Á�

���������
h[i�r�j(hD%ck#l8�9\ k T|p��NZ��8�Ly��$§S^�V������ � 5.7 » `���h[i�r�j�h�� �"!
%n1 ` 24Z�"$#�\ k y&%Dmc�('Li/�*) x \ k T*m�¬,+DZ.-z¶A^0/��"132ST�V

�
5.7: 4Dj65H¡ ���4¢87 Y (1) �Ah i�r�j�h 7 Y (2) �69;:Nj�r�j�h 7 Y (3) V ��� � � 


� 
 ~�Z<',¶�=N�A� 1 ` 2?>8@.Z<A,B«~DCK^(V
¬�� � 5.7 » Z � \ R Txm&�.h i�rKj(hFEHG0��lLh�µ (2.8 µsec) mA��>naN�I/KJ k l�h

µ ( µ 10 µsec) � 2 �4³0%;L"M/�&\"N
TSaUd � R ¶�T&V
I.^D�<¬�� 2 �D³0�;'POe�RQ.S��
pUa(�HTVU(WYX 2[Z,\#F]2�^8�^1$2ST�_a`)% QSRHb >nT�V�_(� 1 ` 2?cK�Ap�NS\��(,�Y
1 ` 2 �w5"d�T 6fe j8291 ` 2 �Ig]h�ie�jS0kIlVm�n0o(\,N�p;N�%���_��(@ 2 qHr�%6Z;\
F 0 �(s"t � ifuIv$w�1]T.xHy$13S�� LED %,z;{ ��\0/�hei}|Kj�h�%(~��$��p,N���sKI
���"�[��\n��I � \,N]T$`KN$d._$`�%Fr$�KT (

�
5.7 � ) V�9;:NjF|0j�h#��sHN�\�S��&T3�

�(�a� ` h"1F�R� Z � T(C[� h[i^|�j�h 7 Y�`j9;:NjF|�j�h.� 7 YK% 1 5 1 5&~0�(sSI[�
h[i^|Sj�hD%F!0@&�,9;:]jF|�j�hP/K!���`}N � ^0a dJ�,p � \&N]T(�R1��69;:Nj |�j�hD%
g�h<ie�)� f]g �RS"p � \"N3p;N�`?mVh0� >UT�V�@ 5.1.1 �a1F�H�K^$4.j;5"� �"����� 


1 ` 2�qHrS%(gfh�ie��Z&�Ho<n]_S�9\&N]Tj�,�N�csHN�\R>D%��.�R� �R� �6��% J��&\P/}�
�&\a/ch i^|�j�h��wk#l$S nfo�\,N]T��R1�� � 5.7 Z � T(C[�D1HS;���I�Vp  ,¡VS n0o�\
N3p&NY` mfh0�;>UT)V
_��Ka dJ��h[i^|Sj�hD%�k#l
Z�n]_�� \n��I � ^ ¢�£�`.� \HS���h[iD|�j�h¤`j9;:
jF|
j�h.�,cR¥6g0%I¦§��¨RO�©�\,N]T$`?mVha� >nT�VV4Dj65"�(�"� � � ��� � � 10 � 50 � 200

nsec �]`(o��.h i}|�j(h 7 YK�H9&:Nj6|0j(h 7 Y�Z;ª 5.8 «<¬Hd�V
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ª 5.8: � � 10 nsec ����� � 50 nsec � � � 200 nsec Vf4Dj65"� �R��� 7 Y (1) � h[i^|�j�h
7 Y (2) � 9,: j6|Kj(h 7 Y (3)

3 s��"ªSZ	��
�dUTP` � 4Dj;5�� ���3���F�"� � � 50 nsec � 200 nsec � ��� � LED �
c � ��`�heiK|]j�h
���au������$S,�������f«	���&\8l������"�(pH©�\"N T)V0^�> � 10

nsec � �"�0SR| �����81 LED ���NZ �a©�\RNNT!�"1 �#"%$�&�' �Iq�r�(!)a©�\*�,+�©�\
N
T(^ x � ���-�.(#���,�<pH©�\"N3p&N�` mfhV�/�UT&V
k�\ �
021.3%4 �65 ` 1V/,4.j;5"� �"�����F�"� � � � s�+7� LED �8�&�P«SaF©�\.h
iD|Sjch9��~���(6'3O,©�\�o(\2��+ed f0g «cs�N.\�mah�\ R T9V%+(= � LED �(�,� � �:(
10 nsec � ��� � ��(;) ' ��\=<&q�k>�K^ APD �6Z�?aS 10 nsec 1��au;�
(7� � 2.8 µsec

1��$u6�9(]T �"�V«RpST&V]_;�¤`(o � 9;: jF|Kj�h@�,cR¥6gVS<g 10 nsec `.p�T!�"1 � h
i}|�j(h9� 7 YA��lV` w]m�Z,B8C�`:�9\ b � 7 d _$`D(�13o�T�V�s�+E� � g 10 nsec F:G
1;) ' �&\3oA^ 3%4 �65 `IH �@�9+9+	J*K�_3`,(�13o@KP`}N/d._8`I«,p�K,L.o0« LED �
�"� � �@( 200 nsec `*J3N;�H� � h i^|Kj�h:�%�Pu	�
(M�}S 200 nsec ` 9;: j6|Kj�h:�
c,¥6g aN�</}J���p,©�O*�D+"©!O,NNKDL0_	��^ x 9;:
jF|�j�hHS � h[i^|�j�h 7QP ��R%S
r��j�!B8CY`:�TO b � 7 d _$`T(�1$o,p,N=L#s�+7� � 30 keV UWV � 3�4 �X5#Y�182
K Z
[ 7 k.�A\ LED �PS �=] S8^X�`_aoFN 3�4 �X5�Y H a ©=ORN@O � |�b!c�1ed�r�k.�*KP`
o"« f	�&kg�8Oh�,+RN � 30 keV UWV «;iVh�ORNIKF>$@�j�k
KP`KNml�_3`I«Rp�KTL
n �@�P_3`K��� � cEo^|
b;c9�#�$u	�@(E��(�p�q6bF|�b;c9�;c,¥6gr^N�Qs,tAu �P� � )

' �TO$o%\�v�Z=w�xN� 3�4 �X5#Y H ���:+:+;��� � `:�TO b �,y dY_$`T(@j$o�Ka`gz]h
�{�WK,L�k���« � 200 nsec �¤`Io=�	|8(;Z%vA�=}@( 10 nsec �(�"�h^X�Qs,_0o;~:\�� � c
o}|8b�c�(=tY�(«T��� H n�_8�DOr�,+Ml�_3`,(����Ij8o@KDL
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5.5.2 ����������	�
��
���������
�
n �@�;z��@(�� �g~�` dWK3` � � 200 nsec �f`<oa` 0 �Pp 3=4 �I5;Y@���%b��R�(�,� �

H
LED ���;z6{$c � � H 10 nsec «6��O APD «T) ' �D\ �"�V«�� � �R� � �@( 200 nsec

�Rc ` 0 �]« 105 cts/s F9G j9cMo}|8b!c:(	���M���X�
KP`.zfhV�/�2K,L n! j"� ��#�3
4 �65#Y;w�x8( APD « ) ' ��\FxHy H%$!& ��\('") H+* ©%\;L

,"-/.1032

��b4�"�(�R� � � H 10 nsec `9� �!3%4 �I5!Y 436 keV UXV � LED � H APD «,) ' �
\�`(o%��5,g�'")A��637 H ª 5.6 «<¬�d;L

ª 5.9: � � �!8�c � � � �
��c!L���b4�"�I�R����y P (1) � cEo^|
b;c@y P (2) � p#q6bF|
b!c
y P (3) L"9 �;: ��� � (;) P kg�8O�~3p#~Y`;_�<�j9c7o}|8b!c9(4=?>?@M�DO*�T+�©
O�~IKTL
A�B �C'")V«�D@~@O � ) '
E Y : ( 105 cts/s F�G j	��� H nIH8�,Oh�T+�©%O%~
\�Laª

5.6
H i:O [ KKJ � 104 cts/s L�M jIg¤h%NPO;O=~AK?H"J�((r8��K�L,ª 5.9 � � �:�QJ<o��SR

� �(�P� Y@c�j(T$©�\�ª�j
k:K;( � cEo�|�b;c�(Q�
� H nQH���O*��+R©�O%~NK}�:x�(=i@O
b �WKDL�U�+E� � cro^|�b;c9�Q�
�a«�^ ©�O �WVYX3Z![ �]\�^A((_:� � cro^|�b;c�«C`�a
�R� � (�< 1 O*�D+R©�\bHKJ<«�^(©!O � 6�7Rg]h%NQO!O%~NK?HKJD(;�=�Nj3o:KDL¤k���« #
E Y : «,p,©�Of�!KcJ � HQ�Ig]hdNQO
^N�QsecEoD|�b;c��Q�
�����,�;KKg]h.i7�D�Ce"�8(
_0oa��p�©�Oh�D+H©%O�~IKcJgzfha�/� � �@�]6?7 � g�h<iM��(=< 1 O�~IKcJgf!h�j$o@KDL
n �X^I� � cEo^|�b;c�(&�"�jiWK F9G � #kE Y : � s��,�+�!_ 3%4 �I5!Y�) 'cl «�� �jm
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� b : j��:KW5����c�%cEo���b;c�(�	�
E��O���
 B�� iXK!+�j�«���� J��.�6K l���� ^��
O������.�8Oh�,+%~��46� 105 cts/s F@G j��"!$#M�,(�%&�:K J.z�!'
/�2KDL

5.6
( ) * + , - . / 0 1 2 3 4 5 6 7 8 9 : ; <

=?>A@�BDC jAE�hF�g��G+5A���IH#i�JEs'KML * ~N��ODP � APD QIRNS�TAU �ev�V#w
x
W�X L * !�GY�YZ\[]L * l_^
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`
5.10:

=?>\@�B�C � DNu�GYa#x�JbV�x�H�c�d�U'e�T �$f i�G APD �gf i�G =�>\@�B�C
H�h�i"5��?� ( j ` ) Jlknm�R&oqprcNd�Use�T ( t ` ) ^Dh�i�u�����v�JDw�xDy?oYz�{�L$|
}�~

APD HY�N�D��J (0.096 cm2) �'K��'����� [9] ^
`

5.10 � v =D>�@\B�C ���I� GMVA�D�$��� ~ a��?H��\�A���?H�c�d�Une�T ��f\� G =D>
@NBDC HYu\���&L�hAi\��������� APD �IH�k?mDR�o]p�c\d\U&eYT�Hg��L�� � ^A�]!$#��
H��n��v��� l�I¡���H$¢�£ �N¤ K¥��u����\¦D§DH�¨�©��$v APD � ����� ~�ª G��D��HYk
m�R'o]prc�d�U'e�TF�«�DH����\���IH�uA�D� ��¬�­ � ~\} G�^�®�¯�V\� ��° }�~A± !�GM^
`

5.10 t"LY² ~�³ Gn�M��´Dc�d�Use�T�µ�¶n·�HY¸D¹NkImDRsoqp_c\d�U&e�T�v 30 keV ·��
º �&v����?c�d�UseATD» 30 keV ¼�½'H"�Y¾A· ¤ G�^ º H�¿�H�h\iDu\�?�nv � �g� ∼104

cts/s ·N� ` 5.6 ��K º H"À�TÁp �\Â � ~�Ã !�#��gLgÄ�¯ � uN¦n·?¾DG'� ± !s
���G�^�Å
� aY�IH�Æ�Ç ��° }�~�± !NG�^ 400 keV È C H�c�d\UneYT�L$k?m�R�o"p � GYHNvA�����Dc
dNU�e�T�» 0.5 MeV∼4.0 MeV H�¿D· ¤ G�^ ` 5.11 v =?>�@�BIC H�aA�nH�J�w�x�y�o�z
{YwAÉ�L���� ~ � KÊ� º H ` �'K 0.5 MeV È C H$J�wsxNyDo$z�{�vg¸�¹ 4×104 cts/s/cm2

·�� 4.0 MeV È C HgJDwsx�y?o�zA{�v�¸�¹ 5×103 cts/s/cm2 · ¤ G�^��Y� ~ APD H����
��J (3.5 mmφ) L ±\Ë � Gn�M� 0.5 MeV∼4.0 MeV H�ÌnÍ�·DH�u Ã?Î v 3.4×103 cts/s �
Ï ®nG�^ º H�u Ã?Î v ` 5.6 Ðg�ÒÑ�� ~N} G 10 nsec · 436 keV Ó�Ô\H LED ��LYÕA�Ö�
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�\¿�H Ã������ GIÀ�T p (2×103 ∼ 2×104 cts/s) ��Ð ¤ GM^��	��
 0.5 MeV È
��H�c�d\U
eYT�L$k?m�Rno"p � GYaY�'Ð ° }�~ v	
�h�i�u Ã�Î » 103 cts/s È
�"����� ~ � K�
 ` 5.6
��� ¨�©�Ð�u ÃDÎ Lg¦D§�·?¾�G�� ±�� ��� GM^
���'H�O��nv���V����I» 10 nsec ¼N½&H\¿
��· APD Ð�c�d�U&e�TnL �"! � G
#�H����
~A±$��~ ¾��N»%
�O�PIÐ\v&�DV��I�nv 1 nsec È'��H�¿(�N·&�)! � GM^+*�O��n·�v�O��+,
- Ð�.0/I» ¤ K1
 LED L 1 nsec È"�D·�2	3�ÑbÄ]G º �M»N·�¾�� � ����^�#��0# 1nsec �
}5476�} ¿%�\·��'L�2&3�Ñ Ä�G º ��»\·�¾ �'8 
�9I·&:%;D� Ã$���$�=<�Ã$� > ����»@?�A
Ñ � 
�¨�©��Yu ÃDÎ ¦D§�»N·?¾�Gn� ±�� �B� G�^

`
5.11: C'aED(F�G�Ð �&� G�a��'H =I>\@�B�C HgJ�w�xDy?o�zA{�^\j ` v 0.5 MeV È C

HgJDw�xNyIo�z�{?LIH �J
�t ` v 4.0 MeV È C H$JDw�x�yIoYz�{?L�H � [10] ^

5.7
K L

APD QIRNS�T�U�H�M�o�NPO�¡�· ¤ G��DV��D� WNX ·�v	
 30 keV È
��H�´Dc�d\UseYTYµ
¶n®\·�u\¦�L�QSR"�N� ~�} G�^�T�UnH�V0W?·�v�
 º H�c�d\U&eYTYµ�¶&Ð f � ~ 10 nsec H
X'Y%Z ·��+[ÒÑ ��\ 106 cts/s #E]"À�T p�Ð f � ~ 
 70 % ¼�½^]�u Ã
_ [�»E`^a"Ñ � �&b
c(d � \ �e
��(f��D�I» APD Ð���� � \=g ½�h ±�� �^8 
 1 nsec È
�
] 6�} ¿+�N·0f��
hIikjl� � � ±l� �m�$\ ]\·�
�n"� \ Ã�� > �e]@?�A�»�G%oFÑ �$\ b�®\��
�p(q	r�s(t�·
u
v Ð��+f��D�)]�u Ã�Î h�¦N§�·�¾ \�� ²&wx#yjeh=z^�Y��� º	{ 
 f\� ° }�~ v	
�|�}Yu
ÃDÎ h$¦�§�·�¾ \ º �M»g©%~n·I¾��&b(���&Ð ° }�~ v	
 0.5 MeV∼4.0 MeV ]@���%�y�0�
h$k?m%�Io"p � \ Æ�Ç&Ð � }�~�Ã��e�$��~ �«® 4��	_�� » ¤ \ b]� � �J
 º � #g®\�E�+f
�D�?» 1 nsec È
�+] 6�} ¿+�\·���h APD Ð > � � º ��h ±l� \ �e
 Ã����$� hI� º Ñb¯
Ð�¨A©"Ðgu ÃDÎ h$¦�§D·�¾ \ � ±$� ����\ b
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6
� �

[1] �������
	���
����������������
4 ° ]?xNy�� p
�\k������sÐ! Ò� ~#"�$ f�%�&
��h=zy�A�Eb�f(')���^]+*+f�,&v�¨�-?Ð. �m� ��b�®���
=f/'��#� �$�1032�\�4 ��5�v76 Z 20 mV 
98�: Ã 100 µsec ¼�½�·�
/;(<
=�> V	WnÐ º ]7?A@ 4 �A5�»�� jCB�D�EYÆNÇ'
�f�''f#,AF�G�H�I�J (PSRR)

���
0.1 mV

¼N½&Ð�®\·LK�M�Ñ �$\ º ��»LN � ���Eb�O���P������sÐ °�Q�R�S 
)TVU'¡XW�Ð! �Y[Z9\+]
R ]�G
i�»#^A-nÐ`_ _�a \Ab�c`d/e ~gfih#\@bj;�< =�> ����Ð(k QAR)S#l�mon
p � m(q
[sÐ7 a \/r3s ;�t r (A225) u�[)
�v#�gt/;it r 
gT�t pXw �jP�u�[$h(x'N = m TI� r

f��)y)P��zZJ
`] R ]�uI[ d+{�|g4 �)5DÐ`}�# �$\�b)c ��~ 
!^�-?Ð�G%i�Z R�Q \�bAc h
e ~[Z9\Eb����'Ð	
/U����#���g�`������� R�Q \ DC-DC T�tV�
��P@] q [+f�,��! a \

u�[
f�,�]L��� � h e ~�Z9\&b��!������f�,��)�g�+� Q�R ��� ����� ]+��� d)��� \ d �
AD648 8 jS]/���^] p ��¡ �jP%h+F
n a \Ab�c ��¢lj£�/��¤ �¥��� ]/����h 0.3 % ¦�§
��¨)^ a \�b�cVd fih�\Eb

[2]APD ©LªA��«�¬V­�®�¯����
APD ]+° Z�± S/²�³ �L ´Z R F#µ[Z R ZV¶X· b�¸�¹�ºi»�¼�f S b+½�¾L¿ hVÀ�Á aÃÂ�Ä
~Å� ²�³ F�µ��+ ´Z R¥Æ`Ç)È �`É R Â ¢�· APD

½�Ê+Ë f#,�h+U�� T�t H8 fÃÌÅG�Í#Î a
ÂÐÏ Ì ½ Í�Î�Ñ m�lAÒ h eiÓ Z9\+ÔL&�Õ S7Ö�×�ØgÙ�� � n ��O	������Ú Ø)Q�R z � \+Ô(Û
²#Ü Ú ØAQ�R �+ÝiÞ�ß�àAá)f#âgã � � Â ²�³�äjå (−20 æ ∼40 æ ) f ²�³�ç�è¥é�ê Ú�ë �

\/Ô b/½ c h ½ ²�³Aì t ç u7í�� DAC î¥ï�tVð ê ��ñ3Zóò ADC îjï�t`ð ê Ú Windows
ô ÑAt�Ú Ø)õ ò)Ñ sÐö ê�÷�ø ¢¥ù£ú�û�ü ½#ý#þ Ú`ë ��ÿ Ô���Õ ½���� � −20 æ ∼30 æ ½

ä¥å f�� ²�³ �	��
�� ÿ ��
�� uLí d(þ � � ÿ Ô 30 æ)¦�á�f�� ADC
½�� è������+égw

t���Ú�� ã/ò��ó¶�· d �`ß�à�á�f�ñ ½ ¢g·�� bAcód�� h ÿ�� ¹ �#�/v è tVÍ(ÎÃÚVë"!#� õ
¢�·Ð�$� ÿ Ô
Ù��`è�n&% ú ê�'�( �)���9ò*��� ²#³�ì t ç ½	+ ! ù9��,�-�. È µ#
0/ÃÚ Ø)õ ò Ê!Ë 


�)Í#Î���ÕgÚ`ë ��ÿ Ô þ � � ÿ��#� ���21�3z� ��ò õ Â 1.5 V(1 ch)
½�4*5 §��76j¶ � ò
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� ù � ÊLË Í�Î Ñ m�l�Ò �����i����� a Â bAc`dLe ���g� � ÿ Ô

[3] 	�

�������
���������������
Cute-1.7APD % � �+û ê ½ ��� Ñ"!$# ½ 1 %"���
&'�)(�*��'+¥�(�-, Â�. 
�/�0 ½)12'3 � Â Ô-4 ½ &��5(�*���+ 3
657 ��� Â 106 cts/sec

½�1)8 ± Ú APD % ���7û ê:9 ���; 1 2<3:= Â/�?> · � ��ÕgÚ`ë ��ÿ Ô��)Õ � � # � ÒA@�êAç ��� 1 cts/s∼1 cts/s
½CB ûD ÚFE ùHG��9� LED I¥Ú APD JAK
* � ÿ Ô��)Õ ��� �#� ø'L ½#Ó á´ùNM�OAÚ 10 nsec P

� ÿ P = J(� 1.2×106 cts/s
½RQ * B û D J)� �óò 70 %

½
8×105 cts/s Ú5SUT
# DWV Â 4

P 9 3:= ÿ ÔX Y Z-3 �5[ Ä òC42� � ��ÿ 9 �5\�ò ½ �iÕ Ú5]�ã ÿ APD % ���+û ê ÚF^`_�a`b c
Cute-1.7 ÝAÞ �)d 1 e 29 fgJih�j-k�l'mAn)o�piÑ �5q #)r �Hd JAXA MV-8 L � Ù�s�è Dt
u B û�Ñv!F#�JRw�x�� ÿ Ô�ñ �Vò�d 2 e 22 fzy�{ 6 M 30 |'}�d�~-�+á:��JF��� � ÿ��

�
6.1: Cute-1.7 � M-V 8 L � ç � u èC� û�� �
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A

A.1 APD � � � �

�
A.1: � I����*�
	-,<����
�� ý ù��U, ÿ APD

�

APD J��A&��5(�* =�+ � . 
5/ 0�|����������:P õ������+� !�#�� ÿ � J5d APD � I� J Al ��� �! �"Hd$#�%�J�& ��' %i�AI)(��*�,+�-/.�0�J !�1�243 3,576 ��8*0:9)1;� �
" ' "Hd�<>=CJ@?�\ � IA��B*C�.vP = ��D)E4F4G�H�I$x$E>J 8 10 V J@KL" 8 nA

3$M �
� J@KL"/9�d>N:m
KPO J�QR"Hd
I$xSE�JT� '$U4V 1:W�XZY)D)E�F:��[P\7��B*C�.T]�^)_Ad
100 nA `�a �:E
FZb:F��Z. � ^!�7H�d�& �P' %��:ced �,(���a�_��
.S0)Y M �7]gfihA%
��d APD j � �/k � ��
A�ml�dn� U �/K4	��!B;C:. (

�
A.1)
� ��
ZH 0.1 mm o �mp�q<�rts/u)v$w ] 1 mm o �
xSyiz�{`�Z|!} ' %�~��L#g�$��� �4�S� APD �)H�0��P��^$]m�

"!. � � c � H � �;� � � 3.5 mmφ ] V C)941A� � ^A����
*�,l�d�� U .:W�XZY � c4��)������� ��B�C). �

A.1.1 �������
�7� c<�,�
�
�$�$H�� 3.8 × 1026 [W] Y M � � ^/�*�@�������-�)�,  �:¡i¢ .Rd ���
�
�;��£�¤P¥T�A]/� 1.37 × 103 [W/m2] ] V � � APD � � c ��¡ H 3.5 mmφ Y M �)��Y��
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APD ���4�P¥ �m���;�7H 13.2[mW/3.5mmφ] ] V ��� ^���� � ��¤���# �A.����;�A�)����
	 � APD ���>�S¥��:.S0���� LED � 800 mW Y>c�%
� �P^$],�$�:C)9�� � c �$'
% 5 mm ����� ' %��:�R#/� 24.4 [mW/3.5mmφ] ���4�S�7����d���" .��i^��i]����,cSb��� " V 1�� � ����� �����70�9�� APD �,c*���:��"!.��$D)E4F���[S\7�4H! #"�E�F�$
(keithley237) ��%S1P9,B�C).��

A.1.2 &(' )+*-,

 0.1

 1

 10

 100

 50  100  150  200  250  300  350  400

D
ar

k 
C

ur
re

nt
 [n

A
]

Voltage [V]

irradiation of 648nm LED
absolute light blocking

.
A.2: ?���/Pc10�BAC).�243 ( 5 ) ] LED c60��:��"!.�2�3 ( 7 ) �4I�8$E>J�G���K
¥:9

D)E
F
G4�
�P�4;�< 0 . A.2 ��=�¥���?
��/Pc10�BiC).�2�3��?>�@$9 LED c60��>��" .T]?�A��B
b)D�E4FC�mGAH�D
��E �@c�(4FC��G�HZbJI %
F�9K� " ' " �@E4F)GAH�I�8SE>Ji�mKL" 9 ML dNMODt" 9)1C9�Pi��H�I %
F V 1O�)Y4� j#Q ' %SR d �#T�U�cSb�M�VT#WF$9)1�9��)Y�HV E ��XAYC��Z Q ':[]\^[ ' �?_$Y,(4F��#T
Y`��.:cSb�D�E4F`�?MODZ�?D
�CE]G�H60ba
c
d 94169Z]gf�h [ Fe9b�

APD 0fM�VAg 50 Y�hO%
¥i9?jS� 'SU 9�I�8SE:J1��D
�CkmH!l 370 V `�a Y M 9K�A^?�m � ?4�A/�c d . m �>D�E4FC��DC�CkmH�l 4 nA � LED �:� m �)H�l 17 nA Y M 9K� APD

�>E�n1��o�p���q4¥r9 m#sOt 1 nsec u$��Y+v#9�w$b�x [ F�y�z69b��{���|�n1o�p m`s 0
1 nsec ]�¥e9Z] � 1 keV ��}A~��6� v��#� b`vA��� m � APD ������¥i9f|4� t 2.2 µA ]� 9K��u4�`�7^$]K� [ �,c��OFC��G�H7b�� d I [ F+��b4���A�6�����10 APD ��l�d ���
9�^$]��S���Ay
���`}�~��6� v�� Y��O�O�?�J�:0��4�*���1�4Y+�O97]gfih [ F:9b�
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A.2 � � � � � � � � � 	

 ����
�� � ��y d L ��������� t�� �1���6�������! m�s�" D
��E$#�%���yAz
9'&��

 m�s�(ft ��)�� � M#VOo!* " ��������0$+-,/.i9����$0Oq � m�s � 
 ('1 vO9'& 
 �2�
 m�s 0 τ

( d y���)��6��3OD!4�5/6�7 t 
 F8�9�?��y�: L ��y d L 
;&���)��<�9�?��yt �! m�s9= �fR?> d �A@�BDCFEG�' �7 " v�9�H�I (J��K 
 1 � zLHMI "2N ��.i9'&!OAP
0 �9Q2R ��S P:0UT �9Q2R ( zV
 (

.
A.3) & 
 F [ t�� �`zXWJYZEG��[�z�y�\ ( T<]_^ "`baf� z "?� �A m#s �dcDeM.:9df�g�h (=1/τ)

��i 1Ot D6��Ekj � �AyeE�9'&

.
A.3: T �lQAR ( m )

( �lQAR
( n ) I!�A mOsAo�p �/&

A.2.1 qsrVt
�D)$� 1 $�h 1 �#9�I t �- m`s τ ��u�H�vCz m`s�s/w�1 R�> d yeE�9�@�BxCyE 1 v
9�&��� mOs τ �8uGv+z m#s4s�w�1�z >�{ " �L)d�<��R/>�.:9}|+g t-�

P =

∫

∞

τ

I(t)dt (A.1)

(d1�~ 9d& 
/
 1 I(t)
t R/>�@�B�C�E�I m`s�s�w 0��-h ( .:9-#�h 1 v`9�&4�D)$���!@

B<CFE " `�a 9J|`g t��?�8� C��/���U�s
;&
v�� m�s t I s ��� ` d �A@-B<CFE�h<� x
(

d � (�~A� @?BXCVE " ��)�kk���'|+g Px(t) �������$& ε ���D)d�DI��L)���� � n �d�DI� >FWJY�E ( .D� (}���Os t ����h������U����IA@-B<CVE�h t εnt
( � ��&�u���I 
 ( ��

Px(t)
t2�

(A.2)
(k� � ��&

Px(t) =
(εnt)xexp[−εnt]

x!
(A.2)  � x = 0 I (�~!� P0(t)

t-�`s
t ¡ 1 @-BXCyE "-¢L~ � z!|l�L�M£V¤by�zL��w "�¥ �

��&l¡�� dt
s � ¢L~ �M@�B<CVE�h t εndt

1 £�. 
 ('"?1l~ ��&<���JyA�! ��s �8uGv`z
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�Os4s?w/1 � >�.<�M@-B<CVE "!N ��.<�}|�� t��
P =

∫

∞

τ

P0(t)εndt (A.3)

=

∫

∞

τ

εn exp[−εnt]dt (A.4)

= exp[−εnτ ] (A.5)

( � �d& 
 I 
 ( � ����� ¤K��W}Y E � m
( .���� �

m = εn exp[−εnτ ] (A.6)

( � �d&

A.2.2 ��qsrVt
T�� Q�R I
	�� � �! ��
 τ

= �f�8)��<� � >V¤ �A@�BDCFEG�����-4y¤ ��� & K 
 1 �
 ��
 τ

= ��� ` ¤��A@�B<CyE�h�I������ Nmiss �U�L���'& ��
 τ I 
 � x �A@�B<CFE "
� ` .��J|9��� ��� ( A.10) �l�����! L� � �<��&

Nmiss =

∞
∑

x=0

xPx(τ) (A.7)

=

∞
∑

x=0

x
(εnτ)x exp[−εnτ ]

x!
(A.8)

=

∞
∑

x=0

(εnτ)x−1 exp[−εnτ ]

(x − 1)!
(A.9)

= εnτ (A.10)

�8I � >FWkY E"� ��� ���#�A@�BDCFE (J��K I2@�B<CbEG�9���$� `�a �!�! ��
9= �&%8)
��� � ���A@-B�CVE�I�' 1  8� � �<�!I 1��

εn = m + mNmiss = m + mεnτ (A.11)

")(+* .D��& 
 ���-,�,/.<� ('�
m =

εn

1 + εnτ
(A.12)(&. �d&
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A.3 � � � � � � ��� 	 � 
 � � 
 � �
A.3.1 �������
����� � ����� @ E o�p� �!#" �%$b¤��'&�7)(-@+*  �,� �.- 
�O��0/21 . &-7 1 I !" I43�5A|�6<�0-+����&#7'8 �,9#: I<;�Y,=  �4>@?BADC��$.D�)�,E ����� @ E o�p� �!" �GF��+C . � �)E?��H ����� @ E o�pH �!�"�(JI%K�.ML , : ��� @ E o-p� �!#" � : �
�4- ����& �)�+NMO �'P,Q�I'R�u 1�S �0T

1.
�#UDV#W<X)W4U# IY3�5 �)�

2. Z�W�[ X]\^ `_ W_B  I)aMb�|�6 ���
3. cHdecHfgahb+iM|�6 �,�
����� �Mj�k�l<m��#neo�p)qh-��$�4T'&�r,(<s+*  �Yt � p2uJv � � S �0w�&Hx<� : �
�h- �$�4T �,�<y{z}|��]~}�)� S �)�)E'�%c�� �,� �0-�� �)E�u#� A.4 i��D� . &�r)(<s
*  qM-����4T'&�r)(�s+*  i'�H� �<�,uJ� ��� � � ���@�}u'�G&�r��H�D� 10deg/h qh-� � ��9�� �J&�rDu . ��� � 1.5

� 
 w�&<x N l+iH&<r<�h� 9 u�¤-� � � ��9 �J- ���YT� � � � ��� u��$�!�<�4w�&�x�i'&�r � APD �+���Y�  i'&�rD� K ¤ ~ � � ��� | q��
�.T��x¤��4��&#r@u ��� � �,9 �.- � �0�,�,��u 40 �@u . ��� � APD ���<�%�  �Jw�&
x � �}�{� aD¤ �YT����@uh&<rD� 40 �Du�¤ ��i����Hw�&�x@i� M¡ � iY¢,£8�'¤]¥-�eE#qS �0T

� A.4: c<� �,� �G- ��� � �Hi'&<r,�<��iM/,¦�T
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A.3.2 ���������	��
���
���� ����
���� �����
����� �"!��#�%$'&%(')+*�,.-0/�13254
�<�,� q�� APD 6#7 UgV#W%!�" u985:%;'<��>=@? � u#7 UDV#W9ACB 6%5 � a ��D i �E �#F)Z�GIH  Z�6 :CJ5K T � i#F,Z�GLH  Z5M<� NIM �+���h�  i Gate Generator u
� � H  Z�i.N �PO �Q6SR@E��<� NIM-TTL ��T E K i0U.7.F#V)�XWh�X69Y E �ZH  Z�i[�\ 6 L+] E �.7 U�V#WJ!�" u>F,Z�G^H  ZC6S_+� K T �#�,� q :0J'K w�&Hx�i4&�r)(<s
*  (30 � →40 � →20 � → 0 � → −20 � →40 � ) iM�Dua` X�V Z@bG�Cc�q>d+e E K F
ZfGLH  Z��5g#sQha7ihacJ�jb+h9Hlk �@W#i,a4b5m%nQ6#� A.5∼ � A.10 u%� � T 30 �@uo J"p i#q'F)ZfGIH  Z�iZH  Z�i [r\ |Zs 20 mV

�9t5u p�JwvZK EH�%F)ZfGLH  Z�ux u p.J@v%y s0z | { $���u |+� ~~}@� v T E � E �M�+�i�a�ei+gHsjhZ7�h>cG�H� E p b
h�H�k}�XW#a%b+u��5� | a p�J t J �)� ��� y s"z�i��'�@M �#�2q)� v ��� |>�e� v T �
iZ�#r�q5M�� p'��� k��%��i.F,Z�G^H���ZC6��5� K T � i�kP�+��q5M y s"z5M {'� �)u �pwD3� \ ~ �5g#sQha7ihZcG��� E p b+hSHlkB�@W<ahb5m%n | � pwD ��� J u9� u p�Jjv T\ � u A �e� B ��u'M ��� k��5�@i#F�ZfG�H'�2ZX69�,b E p%J�v | �<�+���#��i X,W'U
��6� +¡ E p q v � �a¢#�2u oX£ v�¤ M+¥ u K ~ t Ja¦ � ¥ � �a¢#��i §5¨ ¤ M t JjD i�ª© �j� � v�¦C«5¬ i ��� �r� � −20 � ∼40 �Du o@£ v 7�­Q®�¯�°�j"±5²XMa��rC³�sj´
�iµ�q D3¶0· u�¸C¹ E p�Jwv �e� |a��� v3¦
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� A.5: A � ( � ) � B � ( � ) i 30 �Du o@£ v 7.­j®+¯��"¯ ­#� ¦ F���GLH+��� (1) �+g#s
ha7ihac (2) �jb+h9Hlk}�wW (3)

¦

� A.6: A � ( � ) � B � ( � ) i 40 �Du o@£ v 7.­j®+¯��"¯ ­#� ¦ F���GLH+��� (1) �+g#s
ha7ihac (2) �jb+h9Hlk}�wW (3)

¦

� A.7: A � ( � ) � B � ( � ) i 20 �Du o@£ v 7.­j®+¯��"¯ ­#� ¦ F���GLH+��� (1) �+g#s
ha7ihac (2) �jb+h9Hlk}�wW (3)

¦
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� A.8: A � ( � ) � B � ( � ) i 0 �Du oj£ v 7+­�®�¯ �0¯>­�� ¦ F��fGIH'��� (1) �'g�s
ha7ihac (2) �jb+h9Hlk}�wW (3)

¦

� A.9: A � ( � ) � B � ( � ) i −20 �Du o@£ v 7#­�®#¯ �"¯Z­.� ¦ F��fGLH+� � (1) �'g
s�ha7Xh>c (2) �jb+h9H k �@W (3)

¦

� A.10: A � ( � ) � B � ( � ) i 40 �gu ow£ v 7#­Q®�¯ �0¯>­#� ¦ F��fGIH'��� (1) �5g
s�ha7Xh>c (2) �jb+h9H k �@W (3)

¦
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����� !��P$�� �
	 $���
+)%*�,#-0/�132'4

� A.11: �Hr�u � �jv �Qk�� ��� ����k �+� ¦ � ¬�� b��@h�� 0x30 � � ¬�� b��Xh�� 0x32 �
�@µ � b��jh�� 0x31 � �@µ � b��jh�� 0x33

¦

7.­w®#¯��! +iib�h�H�k}�XW�u�" � v �Qk#� �$� ����kP�+�2iZ�Hr��#�@u � J5p iM¢�%
6#� A.11 u%� �Z¦ �#�C�#��i���6 } p q v � �#�<r | [ ~ t v u � � p ��k�� �&� �'�
kP�%� |)( n�u�*�+ E p�J@v ��� |-, q � � v3¦ � �XM#�/.�021Z�!3�4�57698;:�< E p�Jv � © �@� � v3¦ .�021Z�73�4�576wM�= � �73 T[K] > � E p7?A@ (A.13) B�C \ � v3¦ R0

M)D�E;.�0�F�B ? α M [Ω/K] B�C \ � vAG#H B ?JI 1 G#H M)KML�>ON u p#P t v3¦

R(T ) = R0 + αT (A.13)

@
(A.13) N�Q ? = � �7321�RTS9: HVU E p .�0TF R(T ) M-R#W9XY> ¬7Z E p�J�[ ¦ ��k7�

�\� ���3kP�%�;]#^jM 4.1 V 1 ��_;]#^`> � E p .�0 �Ta 6�b u p ]#^�FQ69R$c p�J@v 1
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B ?��&[ 1).�0j6�� J5K�� 8a�73$> ��� v �Qk!� �`� ��� ]#^�F�1��
	���
Z|���� U © �� � v ( � 2.4 ��� )
¦

� �������������� +� �T $B;1 �"!T� �&� � �#! �'�M]7^;F 1a��3$��	�� U�? 20 %\>oX£ v ��!#� �$� ��� ]#^�F (SHD)
?�&"'~p �(�#�)�*�+ ����! 2B�1���!�� �$� ��� ]#^

F�,�C A.1 >.- � ¦ C N Q ? 2 /O1��� J1 �0!7� ��� �'�1!��5�21)F >2
�3'�98�4�5�B6�v�¦ �7���18:9+¯ IC ; Q 1).�0:
 2 /Y1-�� `> � '=<0���?> 1@,1A�� ' ?�B / �Q� �.�
>�C$D < �FE#1�B ?$I 1735�G
�.;0$1?HI�2J?KGL�K91�M ¤�B � [ E > 1�B�N@E U ©PO �
��E ¦
Q <�?!@

(A.13) ,SR <+T E U/? ��3$�+	`> ��� E�.�0�F$1?�+	G
 G#H α >�4;5 '1< �
E IYU 8 � B E ¦ /C¥�Q ?'�w�VU2W9? 65¹G,YX$/!.�0F,�����Z � ?�& 1Z�73�4�576:
 � <
[ '7[ ? �����)�*�2 ����7 >�/(� <�> C A.1 >�- Q � < ��E ��!#� �`� ���1!P�%�21Z�
3$�+	@� U���\ CZ��3�]76�8�^`_ ��E U ©GO _ ��E ¦«'¬ 1 IYU1B _ ? �(�Y�)�*�
 ����7 $> ��� E ��!!� �`� ���=!P�%�21>�73�4�5!6P,Y-
' Z @�Ua& �G,�b+c+�:d�KO>�e(f ' Z @ ,�C A.2 >�- � ¦$I �g_/1 @@B _ ?1h@i
j�k0¬ >
N�E h�i 1a�T30,.l�E IOU 8;B����:m ? 5 /O17b�c'�Gd?Kn!?9
o�,SR7p > E I2U 8�Bq� ?¶r' �2s2tF,�bvu I9U 8�B6�$E U ©FO _��PE ¦

w �:9�� �+	$� [mV/deg]  2x �a¯�� FM[mV] FM[mV]

0x30 −0.0708 232 219

0x31 −0.2784 659 633

0x32 −2.0012 2350 2080

0x33 −1.9769 2353 2095

C A.1: �0!�� ��� ���#!��5��1Z�T3$�+	@� U ]#^;F ¦

y
z@y�{6|(}

]7~9]#^P�A_ >S/�� < 1S��%P,+� A.12 >.- � ¦ ]7~O]7^F�A_ >�� £ E(���@�$
 ?(� �
® � w K$��B , T2� ESZMc#12�X®YK$��1 H >
��Q 8�N7D?Z�1TB ?1�+��� B�
�R:E IMU 8�B
�
C B D7ZS�$� A.12 ,�RGE U ? 5 V

?
−5 V

?
12 V

&7���7�2��� 3$>.� '=<S�MG�' Z$��_
8�C Q �6< �:E IYU 8�4�5�B6� ? Q _�> � ]?~��Y1������1��
?R�_ � C B D?Z�1TB ? −20

% ∼40 %�1 � 3(���M>��$� < ]7~O]!^��A_:
���� Q � Z��
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w�� 9r� � 3 t[deg] >�� � E�]!^�F V [mV]
� 3 t[deg] >�� � E.b2c � d�K E[keV]

0x30 V = −0.0708t + 220.416 E = −0.0029t + 9.24

0x31 V = −0.2784t + 638.568 E = −0.0114t + 26.17

0x32 V = −2.0012t + 2120.02 E = −0.0899t + 85.36

0x33 V = −1.9769t + 2134.54 E = −0.0809t + 85.97

C A.2:
� 3 t[deg] >�� � E��0!������ � �1!
	 � ]7^;F [mV]

U e�f$b2c � d?K [keV] �

���������2 ����
 >�/�� <�>���\ > ? ]7~9]!^F�A_P,�RGE � 3��2��� � ��� ,�b�� ?
� ]7~q�6
����9>��)_ Q ��< �:E IOU 8�4 B cP_ � Z [2] �

� A.12:
� 3 >�� � E�]7~O]7^P�A_���� � 5V ]7~ ?���� � −5V ]7~ ?� � 12V ]7~

A.4
! " # $ %'& ( ) * + , - . / 0 132 4 5 6 7 8 9 6

APD ��o�:SK � 
 AD590
B _<;$�A_0, � � w 9 H8 =>; ADC ,.�@� <+��? �+	�,<@

l 'BA DAC CON$QEDGFO]#^0,�� O E U �`uIH�JLK�C�MON0,�PFD < �:EY�RQ�SLC ��?UT �
	 '=< ��EWVYXLZ >�AY��?R[ 9���;�\O]�^ T ∆T _R`�;��?	aZ�N � m A D�F�bdc�;GMdNF

PUe � 3 A�& ;Yf(
�g�h+� T 3 �6<0'Wi u�� ��?R[ 9���CGj�k Q � E<\O]R^q
 A �Yl�K �
xg��� T(B�B _�C
�Lf�CS3 � E�gLh�� ∆G

T b(c � d
K�\Y]�^mC�npo�qYr�s B _
tYu Q
� E#�
N�E�b�c � d�K E ;7�O	I9 �v;��RwGx � 
�g�h�y",�zqD <�A ∆E ;�{ ? Z�t�| Q � E#�

ADC C�}�~ Q � E>��wdx � !�	 � , V
A gahdy�ZO�R�R����Z��Lw�x ��� 	 ��� v ��q
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Ea� A
V = Gv (A.14)

�.CqE#�>g�h�� T ∆G � � Z�� A b�c � d7K�\Y]�^mC�npodq�r�s � M��������R�
	���

C�t�u�q��#� ∆V ��� (A.14) ��� A

(

∆V

V

)2

∼=

(

∆G

G

)2

+

(

∆v

v

)2

(A.15)

����� A�� |�� � ���! �#"�$ \d]R^�C�g�h%�L;�&(' T nUo�qOr�s�� A bdc �)�! �#"�$
;�*�+ T-,�. Z0/1�12L�435� A

(

∆E

E

)2

=

(

∆V

V

)2

(A.16)

∼=

(

∆v

v

)2

+

(

∆G

G

)2

(A.17)

�)61� � �1� APD Z 55Fe ; X
, �

0 7LZ � | �98 ��: A�;(< K����! �#"�$ \O]�^�� 12

% Z0/��Y�=� � 8�g�h(� ∆G C>3@?A	!�( �B"4$ \�]�^ T 12.5 %
i Z�C��Rq���2�� ��D

E q��U� A
(

∆G

G

)2

∼=

(

∆E

E

)2

−

(

∆v

v

)2

(A.18)

∼= 12.52
− 122[%2] (A.19)

(

∆G

G

)

∼= 3.5[%] (A.20)

���0�#� ��? &O� C03(�Wg�h(�L;4� � � 5.2%
i Z D E � � 	(FG�#� ��?=� |�;�\�]R^G�

� (2.2) 35� A
∆T ∼= 1.35[K] (A.21)

T�H j ���>�#� ��?�� |L;�{ ? �JI�KaK�C A ADC ;�L(��MONUZ�P i �#� � | ��? �:���
−45 7 ∼30 7UZ0/1���Q� A
��? � 1.35[K] 3B�SRAFO\�]�^�Z � |�q���80T>C�� A ADC �
7 L���M _�UL;GV�;YZ0/�� H j T /1�Y�

A.5 H8
W XZY [ -

_�`�C H8
��\�]�^ C�Q!_ �`8�a���w�b%c ��d q��
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iodefine.h

struct st_sam { /* struct DMAC */

void *MAR; /* MAR */

unsigned int ETCR; /* ETCR */

unsigned char IOAR; /* IOAR */

union { /* DTCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char DTE :1; /* DTE */

unsigned char DTSZ:1; /* DTSZ */

unsigned char DTID:1; /* DTID */

unsigned char RPE :1; /* RPE */

unsigned char DTIE:1; /* DTIE */

unsigned char DTS :3; /* DTS */

} BIT;

} DTCR;

};

struct st_fam { /* struct DMAC */

void *MARA; /* MARA */

unsigned int ETCRA; /* ETCRA */

char wk1;

union { /* DTCRA */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char DTE :1; /* DTE */

unsigned char DTSZ :1; /* DTSZ */

unsigned char SAID :1; /* SAID */

unsigned char SAIDE:1; /* SAIDE */

unsigned char DTIE :1; /* DTIE */

unsigned char DTS :3; /* DTS */

} BIT;

} DTCRA;

void *MARB; /* MARB */

unsigned int ETCRB; /* ETCRB */

char wk2;

union { /* DTCRB */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char DTME :1; /* DTME */

unsigned char :1; /* */

unsigned char DAID :1; /* DAID */

unsigned char DAIDE:1; /* DAIDE */

unsigned char TMS :1; /* TMS */

unsigned char DTS :3; /* DTS */

} BIT;

} DTCRB;

};

struct st_flash { /* struct FLASH */

union { /* FLMCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char VPP :1; /* VPP */

unsigned char VPPE:1; /* VPPE */

unsigned char :2; /* */

unsigned char EV :1; /* EV */

unsigned char PV :1; /* PV */

unsigned char E :1; /* E */

unsigned char P :1; /* P */

} BIT;

} FLMCR;

char wk1;

union { /* EBR1 */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char LB7:1; /* LB7 */

unsigned char LB6:1; /* LB6 */

unsigned char LB5:1; /* LB5 */

unsigned char LB4:1; /* LB4 */

unsigned char LB3:1; /* LB3 */

unsigned char LB2:1; /* LB2 */

unsigned char LB1:1; /* LB1 */

unsigned char LB0:1; /* LB0 */

} BIT;

} EBR1;

union { /* EBR2 */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char SB7:1; /* SB7 */

unsigned char SB6:1; /* SB6 */

unsigned char SB5:1; /* SB5 */

unsigned char SB4:1; /* SB4 */

unsigned char SB3:1; /* SB3 */

unsigned char SB2:1; /* SB2 */

unsigned char SB1:1; /* SB1 */

unsigned char SB0:1; /* SB0 */

} BIT;

} EBR2;

char wk2[4];

union { /* RAMCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char FLER:1; /* FLER */

unsigned char :3; /* */

unsigned char RAMS:1; /* RAMS */

unsigned char RAM :3; /* RAM */

} BIT;

} RAMCR;

};

struct st_itu { /* struct ITU */

union { /* TSTR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :3; /* */

unsigned char STR4:1; /* STR4 */

unsigned char STR3:1; /* STR3 */

unsigned char STR2:1; /* STR2 */

unsigned char STR1:1; /* STR1 */

unsigned char STR0:1; /* STR0 */

} BIT;

} TSTR;

union { /* TSNC */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :3; /* */

unsigned char SYNC4:1; /* SYNC4 */

unsigned char SYNC3:1; /* SYNC3 */

unsigned char SYNC2:1; /* SYNC2 */

unsigned char SYNC1:1; /* SYNC1 */

unsigned char SYNC0:1; /* SYNC0 */

} BIT;

} TSNC;

union { /* TMDR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :1; /* */

unsigned char MDF :1; /* MDF */

unsigned char FDIR:1; /* FDIR */

unsigned char PWM4:1; /* PWM4 */

unsigned char PWM3:1; /* PWM3 */

unsigned char PWM2:1; /* PWM2 */

unsigned char PWM1:1; /* PWM1 */

unsigned char PWM0:1; /* PWM0 */

} BIT;

} TMDR;

union { /* TFCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :2; /* */

unsigned char CMD :2; /* CMD */

unsigned char BFB4:1; /* BFB4 */

unsigned char BFA4:1; /* BFA4 */

unsigned char BFB3:1; /* BFB3 */

unsigned char BFA3:1; /* BFA3 */

} BIT;

} TFCR;

char wk[44];

union { /* TOER */

unsigned char BYTE; /* Byte Access */
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struct { /* Bit Access */

unsigned char :2; /* */

unsigned char EXB4:1; /* EXB4 */

unsigned char EXA4:1; /* EXA4 */

unsigned char EB3 :1; /* EB3 */

unsigned char EB4 :1; /* EB4 */

unsigned char EA4 :1; /* EA4 */

unsigned char EA3 :1; /* EA3 */

} BIT;

} TOER;

union { /* TOCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :3; /* */

unsigned char XTGD:1; /* XTGD */

unsigned char :2; /* */

unsigned char OLS4:1; /* OLS4 */

unsigned char OLS3:1; /* OLS3 */

} BIT;

} TOCR;

};

struct st_itu0 { /* struct ITU0 */

union { /* TCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :1; /* */

unsigned char CCLR:2; /* CCLR */

unsigned char CKEG:2; /* CKEG */

unsigned char TPSC:3; /* TPSC */

} BIT;

} TCR;

union { /* TIOR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :1; /* */

unsigned char IOB:3; /* IOB */

unsigned char :1; /* */

unsigned char IOA:3; /* IOA */

} BIT;

} TIOR;

union { /* TIER */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :5; /* */

unsigned char OVIE :1; /* OVIE */

unsigned char IMIEB:1; /* IMIEB */

unsigned char IMIEA:1; /* IMIEA */

} BIT;

} TIER;

union { /* TSR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :5; /* */

unsigned char OVF :1; /* OVF */

unsigned char IMFB:1; /* IMFB */

unsigned char IMFA:1; /* IMFA */

} BIT;

} TSR;

unsigned int TCNT; /* TCNT */

unsigned int GRA; /* GRA */

unsigned int GRB; /* GRB */

}; /* */

struct st_itu3 { /* struct ITU3 */

union { /* TCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :1; /* */

unsigned char CCLR:2; /* CCLR */

unsigned char CKEG:2; /* CKEG */

unsigned char TPSC:3; /* TPSC */

} BIT;

} TCR;

union { /* TIOR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :1; /* */

unsigned char IOB:3; /* IOB */

unsigned char :1; /* */

unsigned char IOA:3; /* IOA */

} BIT;

} TIOR;

union { /* TIER */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :5; /* */

unsigned char OVIE :1; /* OVIE */

unsigned char IMIEB:1; /* IMIEB */

unsigned char IMIEA:1; /* IMIEA */

} BIT;

} TIER;

union { /* TSR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :5; /* */

unsigned char OVF :1; /* OVF */

unsigned char IMFB:1; /* IMFB */

unsigned char IMFA:1; /* IMFA */

} BIT;

} TSR;

unsigned int TCNT; /* TCNT */

unsigned int GRA; /* GRA */

unsigned int GRB; /* GRB */

unsigned int BRA; /* BRA */

unsigned int BRB; /* BRB */

};

struct st_tpc { /* struct TPC */

union { /* TPMR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :4;

unsigned char G3NOV:1; /* G3NOV */

unsigned char G2NOV:1; /* G2NOV */

unsigned char G1NOV:1; /* G1NOV */

unsigned char G0NOV:1; /* G0NOV */

} BIT;

} TPMR;

union { /* TPCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char G3CMS:2; /* G3CMS */

unsigned char G2CMS:2; /* G2CMS */

unsigned char G1CMS:2; /* G1CMS */

unsigned char G0CMS:2; /* G0CMS */

} BIT;

} TPCR;

union { /* NDERB */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char B15:1; /* NDER15 */

unsigned char B14:1; /* NDER14 */

unsigned char B13:1; /* NDER13 */

unsigned char B12:1; /* NDER12 */

unsigned char B11:1; /* NDER11 */

unsigned char B10:1; /* NDER10 */

unsigned char B9 :1; /* NDER9 */

unsigned char B8 :1; /* NDER8 */

} BIT;

} NDERB;

union { /* NDERA */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char B7:1; /* NDER7 */

unsigned char B6:1; /* NDER6 */

unsigned char B5:1; /* NDER5 */

unsigned char B4:1; /* NDER4 */

unsigned char B3:1; /* NDER3 */

unsigned char B2:1; /* NDER2 */

unsigned char B1:1; /* NDER1 */

unsigned char B0:1; /* NDER0 */

} BIT;

71



} NDERA;

union { /* NDRB (H’A4) */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char B15:1; /* NDR15 */

unsigned char B14:1; /* NDR14 */

unsigned char B13:1; /* NDR13 */

unsigned char B12:1; /* NDR12 */

unsigned char B11:1; /* NDR11 */

unsigned char B10:1; /* NDR10 */

unsigned char B9 :1; /* NDR9 */

unsigned char B8 :1; /* NDR8 */

} BIT;

} NDRB1;

union { /* NDRA (H’A5) */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char B7:1; /* NDR7 */

unsigned char B6:1; /* NDR6 */

unsigned char B5:1; /* NDR5 */

unsigned char B4:1; /* NDR4 */

unsigned char B3:1; /* NDR3 */

unsigned char B2:1; /* NDR2 */

unsigned char B1:1; /* NDR1 */

unsigned char B0:1; /* NDR0 */

} BIT;

} NDRA1;

union { /* NDRB (H’A6) */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :4; /* */

unsigned char B11:1; /* NDR11 */

unsigned char B10:1; /* NDR10 */

unsigned char B9 :1; /* NDR9 */

unsigned char B8 :1; /* NDR8 */

} BIT;

} NDRB2;

union { /* NDRA (H’A7) */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :4;

unsigned char B3:1; /* NDR3 */

unsigned char B2:1; /* NDR2 */

unsigned char B1:1; /* NDR1 */

unsigned char B0:1; /* NDR0 */

} BIT;

} NDRA2;

};

union un_wdt { /* union WDT */

struct { /* Read Access */

union { /* TCSR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char OVF :1; /* OVF */

unsigned char WTIT:1; /* WT/IT */

unsigned char TME :1; /* TME */

unsigned char :2; /* */

unsigned char CKS :3; /* CKS */

} BIT;

} TCSR;

unsigned char TCNT; /* TCNT */

char wk;

union { /* RSTCSR */

unsigned char BYTE; /* Byte Access */

struct {

unsigned char WRST :1; /* WSRT */

unsigned char RSTOE:1; /* RSTOE */

} BIT;

} RSTCSR;

} READ;

struct { /* Write Access */

unsigned int TCSR; /* TCSR/TCNT */

unsigned int RSTCSR; /* RSTCSR */

} WRITE;

};

struct st_rfshc { /* struct RFSHC */

union { /* RFSHCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char SRFMD :1; /* SRFMD */

unsigned char PSRAME:1; /* PSRAME */

unsigned char DRAME :1; /* DRAME */

unsigned char CASWE :1; /* CASWE */

unsigned char M9M8 :1; /* M9M8 */

unsigned char RFSHE :1; /* RFSHE */

unsigned char :1; /* */

unsigned char RCYCE :1; /* RCYCE */

} BIT;

} RFSHCR;

union { /* RTMCSR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char CMF :1; /* CMF */

unsigned char CMIE:1; /* CMIE */

unsigned char CKS :3; /* CKS */

} BIT;

} RTMCSR;

unsigned char RTCNT; /* RTCNT */

unsigned char RTCOR; /* RTCOR */

};

struct st_sci0 { /* struct SCI0 */

union { /* SMR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char CA :1; /* C/A */

unsigned char CHR :1; /* CHR */

unsigned char PE :1; /* PE */

unsigned char OE :1; /* O/E */

unsigned char STOP:1; /* STOP */

unsigned char MP :1; /* MP */

unsigned char CKS :2; /* CKS */

} BIT;

} SMR;

unsigned char BRR; /* BRR */

union { /* SCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char TIE :1; /* TIE */

unsigned char RIE :1; /* RIE */

unsigned char TE :1; /* TE */

unsigned char RE :1; /* RE */

unsigned char MPIE:1; /* MPIE */

unsigned char TEIE:1; /* TEIE */

unsigned char CKE :2; /* CKE */

} BIT;

} SCR;

unsigned char TDR; /* TDR */

union { /* SSR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char TDRE:1; /* TDRE */

unsigned char RDRF:1; /* RDRF */

unsigned char ORER:1; /* ORER */

unsigned char FER :1; /* FER */

unsigned char PER :1; /* PER */

unsigned char TEND:1; /* TEND */

unsigned char MPB :1; /* MPB */

unsigned char MPBT:1; /* MPBT */

} BIT;

} SSR;

unsigned char RDR; /* RDR */

union { /* SCMR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :4; /* */

unsigned char SDIR:1; /* SDIR */

unsigned char SINV:1; /* SINV */

unsigned char :1; /* */

unsigned char SMIF:1; /* SMIF */

} BIT;
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} SCMR;

};

struct st_sci1 { /* struct SCI1 */

union { /* SMR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char CA :1; /* C/A */

unsigned char CHR :1; /* CHR */

unsigned char PE :1; /* PE */

unsigned char OE :1; /* O/E */

unsigned char STOP:1; /* STOP */

unsigned char MP :1; /* MP */

unsigned char CKS :2; /* CKS */

} BIT;

} SMR;

unsigned char BRR; /* BRR */

union { /* SCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char TIE :1; /* TIE */

unsigned char RIE :1; /* RIE */

unsigned char TE :1; /* TE */

unsigned char RE :1; /* RE */

unsigned char MPIE:1; /* MPIE */

unsigned char TEIE:1; /* TEIE */

unsigned char CKE :2; /* CKE */

} BIT;

} SCR;

unsigned char TDR; /* TDR */

union { /* SSR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char TDRE:1; /* TDRE */

unsigned char RDRF:1; /* RDRF */

unsigned char ORER:1; /* ORER */

unsigned char FER :1; /* FER */

unsigned char PER :1; /* PER */

unsigned char TEND:1; /* TEND */

unsigned char MPB :1; /* MPB */

unsigned char MPBT:1; /* MPBT */

} BIT;

} SSR;

unsigned char RDR; /* RDR */

};

struct st_smci { /* struct SMCI */

union { /* SMR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char GM :1; /* GM */

unsigned char CHR :1; /* CHR */

unsigned char PE :1; /* PE */

unsigned char OE :1; /* O/E */

unsigned char STOP:1; /* STOP */

unsigned char MP :1; /* MP */

unsigned char CKS :2; /* CKS */

} BIT;

} SMR;

unsigned char BRR; /* BRR */

union { /* SCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char TIE :1; /* TIE */

unsigned char RIE :1; /* RIE */

unsigned char TE :1; /* TE */

unsigned char RE :1; /* RE */

unsigned char MPIE:1; /* MPIE */

unsigned char TEIE:1; /* TEIE */

unsigned char CKE :2; /* CKE */

} BIT;

} SCR;

unsigned char TDR; /* TDR */

union { /* SSR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char TDRE:1; /* TDRE */

unsigned char RDRF:1; /* RDRF */

unsigned char ORER:1; /* ORER */

unsigned char ERS :1; /* ERS */

unsigned char PER :1; /* PER */

unsigned char TEND:1; /* TEND */

unsigned char MPB :1; /* MPB */

unsigned char MPBT:1; /* MPBT */

} BIT;

} SSR;

unsigned char RDR; /* RDR */

union { /* SCMR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :4; /* */

unsigned char SDIR:1; /* SDIR */

unsigned char SINV:1; /* SINV */

unsigned char :1; /* */

unsigned char SMIF:1; /* SMIF */

} BIT;

} SCMR;

};

struct st_p1 { /* struct P1 */

unsigned char DDR; /* P1DDR */

char wk;

union { /* P1DR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char B7:1; /* Bit 7 */

unsigned char B6:1; /* Bit 6 */

unsigned char B5:1; /* Bit 5 */

unsigned char B4:1; /* Bit 4 */

unsigned char B3:1; /* Bit 3 */

unsigned char B2:1; /* Bit 2 */

unsigned char B1:1; /* Bit 1 */

unsigned char B0:1; /* Bit 0 */

} BIT;

} DR;

};

struct st_p2 { /* struct P2 */

unsigned char DDR; /* P2DDR */

char wk1;

union { /* P2DR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char B7:1; /* Bit 7 */

unsigned char B6:1; /* Bit 6 */

unsigned char B5:1; /* Bit 5 */

unsigned char B4:1; /* Bit 4 */

unsigned char B3:1; /* Bit 3 */

unsigned char B2:1; /* Bit 2 */

unsigned char B1:1; /* Bit 1 */

unsigned char B0:1; /* Bit 0 */

} BIT;

} DR;

char wk2[20];

union { /* P2PCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char B7:1; /* Bit 7 */

unsigned char B6:1; /* Bit 6 */

unsigned char B5:1; /* Bit 5 */

unsigned char B4:1; /* Bit 4 */

unsigned char B3:1; /* Bit 3 */

unsigned char B2:1; /* Bit 2 */

unsigned char B1:1; /* Bit 1 */

unsigned char B0:1; /* Bit 0 */

} BIT;

} PCR;

};

struct st_p3 { /* struct P3 */

unsigned char DDR; /* P3DDR */

char wk; /* */

union { /* P3DR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */
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unsigned char B7:1; /* Bit 7 */

unsigned char B6:1; /* Bit 6 */

unsigned char B5:1; /* Bit 5 */

unsigned char B4:1; /* Bit 4 */

unsigned char B3:1; /* Bit 3 */

unsigned char B2:1; /* Bit 2 */

unsigned char B1:1; /* Bit 1 */

unsigned char B0:1; /* Bit 0 */

} BIT;

} DR;

};

struct st_p4 { /* struct P4 */

unsigned char DDR; /* P4DDR */

char wk1;

union { /* P4DR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char B7:1; /* Bit 7 */

unsigned char B6:1; /* Bit 6 */

unsigned char B5:1; /* Bit 5 */

unsigned char B4:1; /* Bit 4 */

unsigned char B3:1; /* Bit 3 */

unsigned char B2:1; /* Bit 2 */

unsigned char B1:1; /* Bit 1 */

unsigned char B0:1; /* Bit 0 */

} BIT;

} DR;

char wk2[18];

union { /* P4PCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char B7:1; /* Bit 7 */

unsigned char B6:1; /* Bit 6 */

unsigned char B5:1; /* Bit 5 */

unsigned char B4:1; /* Bit 4 */

unsigned char B3:1; /* Bit 3 */

unsigned char B2:1; /* Bit 2 */

unsigned char B1:1; /* Bit 1 */

unsigned char B0:1; /* Bit 0 */

} BIT;

} PCR;

};

struct st_p5 { /* struct P5 */

unsigned char DDR; /* P5DDR */

char wk1;

union { /* P5DR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :4; /* */

unsigned char B3:1; /* Bit 3 */

unsigned char B2:1; /* Bit 2 */

unsigned char B1:1; /* Bit 1 */

unsigned char B0:1; /* Bit 0 */

} BIT;

} DR;

char wk2[16];

union { /* P5PCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :4; /* */

unsigned char B3:1; /* Bit 3 */

unsigned char B2:1; /* Bit 2 */

unsigned char B1:1; /* Bit 1 */

unsigned char B0:1; /* Bit 0 */

} BIT;

} PCR;

};

struct st_p6 { /* struct P6 */

unsigned char DDR; /* P6DDR */

char wk;

union { /* P6DR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :1; /* */

unsigned char B6:1; /* Bit 6 */

unsigned char B5:1; /* Bit 5 */

unsigned char B4:1; /* Bit 4 */

unsigned char B3:1; /* Bit 3 */

unsigned char B2:1; /* Bit 2 */

unsigned char B1:1; /* Bit 1 */

unsigned char B0:1; /* Bit 0 */

} BIT;

} DR;

};

struct st_p7 { /* struct P7 */

union { /* P7DR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char B7:1; /* Bit 7 */

unsigned char B6:1; /* Bit 6 */

unsigned char B5:1; /* Bit 5 */

unsigned char B4:1; /* Bit 4 */

unsigned char B3:1; /* Bit 3 */

unsigned char B2:1; /* Bit 2 */

unsigned char B1:1; /* Bit 1 */

unsigned char B0:1; /* Bit 0 */

} BIT;

} DR;

};

struct st_p8 { /* struct P8 */

unsigned char DDR; /* P8DDR */

char wk;

union { /* P8DR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :3; /* */

unsigned char B4:1; /* Bit 4 */

unsigned char B3:1; /* Bit 3 */

unsigned char B2:1; /* Bit 2 */

unsigned char B1:1; /* Bit 1 */

unsigned char B0:1; /* Bit 0 */

} BIT;

} DR;

};

struct st_p9 { /* struct P9 */

unsigned char DDR; /* P9DDR */

char wk;

union { /* P9DR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :2; /* */

unsigned char B5:1; /* Bit 5 */

unsigned char B4:1; /* Bit 4 */

unsigned char B3:1; /* Bit 3 */

unsigned char B2:1; /* Bit 2 */

unsigned char B1:1; /* Bit 1 */

unsigned char B0:1; /* Bit 0 */

} BIT;

} DR;

};

struct st_pa { /* struct PA */

unsigned char DDR; /* PADDR */

char wk;

union { /* PADR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char B7:1; /* Bit 7 */

unsigned char B6:1; /* Bit 6 */

unsigned char B5:1; /* Bit 5 */

unsigned char B4:1; /* Bit 4 */

unsigned char B3:1; /* Bit 3 */

unsigned char B2:1; /* Bit 2 */

unsigned char B1:1; /* Bit 1 */

unsigned char B0:1; /* Bit 0 */

} BIT;

} DR;

};

struct st_pb { /* struct PB */

unsigned char DDR; /* PBDDR */

char wk;
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union { /* PBDR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char B7:1; /* Bit 7 */

unsigned char B6:1; /* Bit 6 */

unsigned char B5:1; /* Bit 5 */

unsigned char B4:1; /* Bit 4 */

unsigned char B3:1; /* Bit 3 */

unsigned char B2:1; /* Bit 2 */

unsigned char B1:1; /* Bit 1 */

unsigned char B0:1; /* Bit 0 */

} BIT;

} DR;

};

struct st_da { /* struct D/A */

union { /* DASTCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :7; /* */

unsigned char DASTE:1; /* DASTE */

} BIT;

} DASTCR;

char wk[127];

unsigned char DADR0; /* DADR0 */

unsigned char DADR1; /* DADR1 */

union { /* DACR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char DAOE1:1; /* DAOE1 */

unsigned char DAOE0:1; /* DAOE0 */

unsigned char DAE :1; /* DAE */

} BIT;

} DACR;

};

struct st_ad { /* struct A/D */

unsigned int ADDRA; /* ADDRA */

unsigned int ADDRB; /* ADDRB */

unsigned int ADDRC; /* ADDRC */

unsigned int ADDRD; /* ADDRD */

union { /* ADCSR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char ADF :1; /* ADF */

unsigned char ADIE:1; /* ADIE */

unsigned char ADST:1; /* ADST */

unsigned char SCAN:1; /* SCAN */

unsigned char CKS :1; /* CKS */

unsigned char CH :3; /* CH */

} BIT;

} ADCSR;

union { /* ADCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char TRGE:1; /* TRGE */

} BIT;

} ADCR;

};

struct st_bsc { /* struct BSC */

union { /* CSCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char CS7E:1; /* CS7E */

unsigned char CS6E:1; /* CS6E */

unsigned char CS5E:1; /* CS5E */

unsigned char CS4E:1; /* CS4E */

} BIT;

} CSCR;

char wk1[140];

union { /* ABWCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char ABW7:1; /* ABW7 */

unsigned char ABW6:1; /* ABW6 */

unsigned char ABW5:1; /* ABW5 */

unsigned char ABW4:1; /* ABW4 */

unsigned char ABW3:1; /* ABW3 */

unsigned char ABW2:1; /* ABW2 */

unsigned char ABW1:1; /* ABW1 */

unsigned char ABW0:1; /* ABW0 */

} BIT;

} ABWCR;

union { /* ASTCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char AST7:1; /* AST7 */

unsigned char AST6:1; /* AST6 */

unsigned char AST5:1; /* AST5 */

unsigned char AST4:1; /* AST4 */

unsigned char AST3:1; /* AST3 */

unsigned char AST2:1; /* AST2 */

unsigned char AST1:1; /* AST1 */

unsigned char AST0:1; /* AST0 */

} BIT;

} ASTCR;

union { /* WCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :4; /* */

unsigned char WMS:2; /* WMS */

unsigned char WC :2; /* WC */

} BIT;

} WCR;

union { /* WCER */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char WCE7:1; /* WCE7 */

unsigned char WCE6:1; /* WCE6 */

unsigned char WCE5:1; /* WCE5 */

unsigned char WCE4:1; /* WCE4 */

unsigned char WCE3:1; /* WCE3 */

unsigned char WCE2:1; /* WCE2 */

unsigned char WCE1:1; /* WCE1 */

unsigned char WCE0:1; /* WCE0 */

} BIT;

} WCER;

char wk2[3];

union { /* BRCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char A23E:1; /* A23E */

unsigned char A22E:1; /* A22E */

unsigned char A21E:1; /* A21E */

unsigned char :4; /* */

unsigned char BRLE:1; /* BRLE */

} BIT;

} BRCR;

};

union un_divcr { /* union DIVCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :6;

unsigned char DIV:2; /* DIV */

} BIT;

};

union un_mstcr { /* union MSTCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char PSTOP :1; /* PSTOP */

unsigned char :1;

unsigned char _ITU :1; /* MSTOP5 */

unsigned char _SCI0 :1; /* MSTOP4 */

unsigned char _SCI1 :1; /* MSTOP3 */

unsigned char _DMAC :1; /* MSTOP2 */

unsigned char _RFSHC:1; /* MSTOP1 */

unsigned char _AD :1; /* MSTOP0 */

} BIT;

};

union un_mdcr { /* union MDCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */
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unsigned char :5;

unsigned char MDS:3; /* MDS */

} BIT;

};

union un_syscr { /* union SYSCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char SSBY :1; /* SSBY */

unsigned char STS :3; /* STS */

unsigned char UE :1; /* UE */

unsigned char NMIEG:1; /* NMIEG */

unsigned char :1; /* */

unsigned char RAME :1; /* RAME */

} BIT;

};

struct st_intc { /* struct INTC */

union { /* ISCR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :2; /* */

unsigned char IRQ5SC:1; /* IRQ5SC */

unsigned char IRQ4SC:1; /* IRQ4SC */

unsigned char IRQ3SC:1; /* IRQ3SC */

unsigned char IRQ2SC:1; /* IRQ2SC */

unsigned char IRQ1SC:1; /* IRQ1SC */

unsigned char IRQ0SC:1; /* IRQ0SC */

} BIT;

} ISCR;

union { /* IER */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :2; /* */

unsigned char IRQ5E:1; /* IRQ5E */

unsigned char IRQ4E:1; /* IRQ4E */

unsigned char IRQ3E:1; /* IRQ3E */

unsigned char IRQ2E:1; /* IRQ2E */

unsigned char IRQ1E:1; /* IRQ1E */

unsigned char IRQ0E:1; /* IRQ0E */

} BIT;

} IER;

union { /* ISR */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char :2; /* */

unsigned char IRQ5F:1; /* IRQ5F */

unsigned char IRQ4F:1; /* IRQ4F */

unsigned char IRQ3F:1; /* IRQ3F */

unsigned char IRQ2F:1; /* IRQ2F */

unsigned char IRQ1F:1; /* IRQ1F */

unsigned char IRQ0F:1; /* IRQ0F */

} BIT;

} ISR;

char wk;

union { /* IPRA */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char _IRQ0 :1; /* IRQ0 */

unsigned char _IRQ1 :1; /* IRQ1 */

unsigned char _IRQ23:1; /* IRQ2,IRQ3 */

unsigned char _IRQ45:1; /* IRQ4,IRQ5 */

unsigned char _WDT :1; /* WDT,RFSHC */

unsigned char _ITU0 :1; /* ITU0 */

unsigned char _ITU1 :1; /* ITU1 */

unsigned char _ITU2 :1; /* ITU2 */

} BIT;

} IPRA;

union { /* IPRB */

unsigned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsigned char _ITU3:1; /* ITU3 */

unsigned char _ITU4:1; /* ITU4 */

unsigned char _DMAC:1; /* DMAC */

unsigned char :1; /* */

unsigned char _SCI0:1; /* SCI0 */

unsigned char _SCI1:1; /* SCI1 */

unsigned char _AD :1; /* A/D */

} BIT;

} IPRB;

}; /* */

#define DMAC0A (*(volatile struct st_sam *)0xFFFF20) /* DMAC 0A Addr */

#define DMAC0B (*(volatile struct st_sam *)0xFFFF28) /* DMAC 0B Addr */

#define DMAC1A (*(volatile struct st_sam *)0xFFFF30) /* DMAC 1A Addr */

#define DMAC1B (*(volatile struct st_sam *)0xFFFF38) /* DMAC 1B Addr */

#define DMAC0 (*(volatile struct st_fam *)0xFFFF20) /* DMAC 0 Addr */

#define DMAC1 (*(volatile struct st_fam *)0xFFFF30) /* DMAC 1 Addr */

#define ITU (*(volatile struct st_itu *)0xFFFF60) /* ITU Address*/

#define ITU0 (*(volatile struct st_itu0 *)0xFFFF64) /* ITU0 Address*/

#define ITU1 (*(volatile struct st_itu0 *)0xFFFF6E) /* ITU1 Address*/

#define ITU2 (*(volatile struct st_itu0 *)0xFFFF78) /* ITU2 Address*/

#define ITU3 (*(volatile struct st_itu3 *)0xFFFF82) /* ITU3 Address*/

#define ITU4 (*(volatile struct st_itu3 *)0xFFFF92) /* ITU4 Address*/

#define TPC (*(volatile struct st_tpc *)0xFFFFA0) /* TPC Address*/

#define WDT (*(volatile union un_wdt *)0xFFFFA8) /* WDT Address*/

#define RFSHC (*(volatile struct st_rfshc *)0xFFFFAC) /* RFSHC Address*/

#define SCI0 (*(volatile struct st_sci0 *)0xFFFFB0) /* SCI0 Address*/

#define SCI1 (*(volatile struct st_sci1 *)0xFFFFB8) /* SCI1 Address*/

#define SMCI0 (*(volatile struct st_smci *)0xFFFFB0) /* SMCI0 Address*/

#define P1 (*(volatile struct st_p1 *)0xFFFFC0) /* P1 Address*/

#define P2 (*(volatile struct st_p2 *)0xFFFFC1) /* P2 Address*/

#define P3 (*(volatile struct st_p3 *)0xFFFFC4) /* P3 Address*/

#define P4 (*(volatile struct st_p4 *)0xFFFFC5) /* P4 Address*/

#define P5 (*(volatile struct st_p5 *)0xFFFFC8) /* P5 Address*/

#define P6 (*(volatile struct st_p6 *)0xFFFFC9) /* P6 Address*/

#define P7 (*(volatile struct st_p7 *)0xFFFFCE) /* P7 Address*/

#define P8 (*(volatile struct st_p8 *)0xFFFFCD) /* P8 Address*/

#define P9 (*(volatile struct st_p9 *)0xFFFFD0) /* P9 Address*/

#define PA (*(volatile struct st_pa *)0xFFFFD1) /* PA Address*/

#define PB (*(volatile struct st_pb *)0xFFFFD4) /* PB Address*/

#define DA (*(volatile struct st_da *)0xFFFF5C) /* D/A Address*/

#define AD (*(volatile struct st_ad *)0xFFFFE0) /* A/D Address*/

#define BSC (*(volatile struct st_bsc *)0xFFFF5F) /* BSC Address*/

#define FLASH (*(volatile struct st_flash *)0xFFFF40) /* FLASH Address*/

#define DIVCR (*(volatile union un_divcr *)0xFFFF5D) /* DIVCR Address*/

#define MSTCR (*(volatile union un_mstcr *)0xFFFF5E) /* MSTCR Address*/

#define MDCR (*(volatile union un_mdcr *)0xFFFFF1) /* MDCR Address*/

#define SYSCR (*(volatile union un_syscr *)0xFFFFF2) /* SYSCR Address*/

#define INTC (*(volatile struct st_intc *)0xFFFFF4) /* INTC Address*/

sbrk.h

/* size of area managed by sbrk */

#define HEAPSIZE 0x420

stacksct.h

#pragma stacksize 0x200 /* Do not modify this line. */

usbio.h

#ifndef __USBIO_H__

#define __USBIO_H__

/*

AKI-H8-USB IORg[

2002.4 (C)C.I.M

AKI-H8-USBM[‘BfoCXhCoMB
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Oobt@Busbstart()TCY

wBAAKI-H8-USB{256oCg

AxB

A’\0’IB’\0’USBMB

MAXbhsB

^COB

*/

/*---------------------------------------------------------

USBXbhJn

int buffsize USBMobt@TCY

int timer Xbh[v^C}[(ms)

USBpoB

obt@AUSBMXbhJnB

sA-1B

AUSBXbhdNB

VXenOAbv

-------------------------------------------------------*/

extern int usbstart(int buffsize,int timer);

/*---------------------------------------------------------

USBXbhI

USBXbh~AnhN[YB

---------------------------------------------------------*/

extern void stopusb(void);

/*---------------------------------------------------------

USBXbh

l 0 = XbhN

1 = XbhN

2 = Xbh~

-------------------------------------------------------*/

extern int getusbactive(void);

/*---------------------------------------------------------

USB2

l bit0 ... XbhN

bit1 ... 1 (\)

bit2 ... 1=READ Handle Open

bit3 ... 1=WRITE Handle Open

NA0xfA

USBA0x3

-------------------------------------------------------*/

extern int getusbstat(void);

/*---------------------------------------------------------

USBXbhJE^

[vJEgAbvB‘FbNpB

---------------------------------------------------------*/

extern int getusbcount(void);

/*---------------------------------------------------------

f[^M

char *buff Mf[^|C^

int size f[^TCY

l MTCY

USBTCYf[^MB

--------------------------------------------------------*/

extern int write_buff(char *buff,int size);

/*----------------------------------------------------------

f[^M

char *buff obt@

int size obt@TCY

l MTCY

USBMAMobt@f[^B

---------------------------------------------------------*/

extern int read_buff(char *buff,int size);

/*---------------------------------------------------------

Mf[^TCY

l MTCY

USBMobt@cTCYB

-------------------------------------------------------*/

extern int get_inbufflen(void);

/*---------------------------------------------------------

Mobt@f[^TCY

l Mobt@cTCY

Mobt@USBMf[^TCYB

---------------------------------------------------------*/

extern int get_outbufflen(void);

extern int usbreadcnt;

extern int usbwritecnt;

#endif

USBN9602.H

/*===========================================================

N9604 Address

============================================================*/

#define USB9602R (*(volatile unsigned char *)0x400003)

#define USB9602D (*(volatile unsigned char *)0x400001)

/*===========================================================

N9604 Define

===========================================================*/

#define USB_CLKDIV 0x04

/* CLKOUT = 48MHz/4 = 12MHz */

/* USB1.0NGXg */

#define USB_GET_STATUS 0

#define USB_CLEAR_FEATURE 1

#define USB_SET_FEATURE 3

#define USB_SET_ADDRESS 5

#define USB_GET_DESCRIPTOR 6

#define USB_SET_DESCRIPTOR 7

#define USB_GET_CONFIGURATION 8

#define USB_SET_CONFIGURATION 9

#define USB_GET_INTERFACE 10

#define USB_SET_INTERFACE 11

#define USB_SYNCH_FRAME 12

/* fBXNv^ */

#define USB_DEVICE 1

#define USB_CONFIGURATION 2

#define USB_XSTRING 3

#define USB_INTERFACE 4

#define USB_ENDPOINT 5

#define USB_HID 0x21

#define USB_HIDREPORT 0x22

#define USB_HIDPHYSICAL 0x23

/* HIDNGXg */

#define USB_GET_REPORT 0x01

#define USB_GET_IDLE 0x02

#define USB_GET_PROTOCOL 0x03

#define USB_SET_REPORT 0x09
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#define USB_SET_IDLE 0x0A

#define USB_SET_PROTOCOL 0x0B

/*=====================================================

N9604 Register

=====================================================*/

#define USB_MCNTRL 0x00 /*Main control register*/

#define USB_CCONF 0x01 /*Clk. config. register*/

#define USB_TCR 0x02 /*Xcvr config. register*/

#define USB_RID 0x03 /*Rev. ID register*/

#define USB_FAR 0x04 /*Func address register*/

#define USB_NFSR 0x05 /*Node func st register*/

#define USB_MAEV 0x06 /*Main event register*/

#define USB_MAMSK 0x07 /*Main mask register*/

#define USB_ALTEV 0x08 /*Alt. event register*/

#define USB_ALTMSK 0x09 /*ALT mask register*/

#define USB_TXEV 0x0A /*TX event register*/

#define USB_TXMSK 0x0B /*TX mask register*/

#define USB_RXEV 0x0C /*RX event register*/

#define USB_RXMSK 0x0D /*RX mask register*/

#define USB_NAKEV 0x0E /*NAK event register*/

#define USB_NAKMSK 0x0F /*NAK mask register*/

#define USB_FWEV 0x10 /*FIFO warning register*/

#define USB_FWMSK 0x11 /*FIFO warning mask*/

#define USB_FNH 0x12 /*Frame nbr hi register*/

#define USB_FNL 0x13 /*Frame nbr lo register*/

#define USB_DMACNTRL 0x14 /*DMA control register*/

#define USB_EPC0 0x20 /*Endpoint0 register*/

#define USB_TXD0 0x21 /*TX data register 0 */

#define USB_TXS0 0x22 /*TX status register 0*/

#define USB_TXC0 0x23 /*TX command register0*/

#define USB_RXD0 0x25 /*RX data register 0*/

#define USB_RXS0 0x26 /*RX status register 0*/

#define USB_RXC0 0x27 /*RX command register 0*/

#define USB_EPC1 0x28 /*Endpoint1 register */

#define USB_TXD1 0x29 /*TX data register 1 */

#define USB_TXS1 0x2A /*TX status register 1 */

#define USB_TXC1 0x2B /*TX command register 1 */

#define USB_EPC2 0x2C /*Endpoint2 register */

#define USB_RXD1 0x2D /*RX data register 1 */

#define USB_RXS1 0x2E /*RX status register 1 */

#define USB_RXC1 0x2F /*RX command register 1 */

#define USB_EPC3 0x30 /*Endpoint3 register */

#define USB_TXD2 0x31 /*TX data register 2 */

#define USB_TXS2 0x32 /*TX status register 2 */

#define USB_TXC2 0x33 /*TX command register 2 */

#define USB_EPC4 0x34 /*Endpoint4 register */

#define USB_RXD2 0x35 /*RX data register 2 */

#define USB_RXS2 0x36 /*RX status register 2 */

#define USB_RXC2 0x37 /*RX command register 2 */

#define USB_EPC5 0x38 /*Endpoint5 register */

#define USB_TXD3 0x39 /*TX data register 3 */

#define USB_TXS3 0x3A /*TX status register 3 */

#define USB_TXC3 0x3B /*TX command register 3 */

#define USB_EPC6 0x3C /*Endpoint6 register */

#define USB_RXD3 0x3D /*RX data register 3 */

#define USB_RXS3 0x3E /*RX status register 3 */

#define USB_RXC3 0x3F /*RX command register 3 */

/*---------- MCNTRL bits -------------*/

#define USB_SRST 0x01 /*software reset */

#define USB_DBG 0x02 /*debug mode */

#define USB_VGE 0x04 /*voltage regulator enable*/

#define USB_NAT 0x08 /*node attached */

#define USB_INT_DIS 0x00 /*interrupts disabled */

#define USB_INT_L_O 0x40 /*act lo ints, open drain*/

#define USB_INT_H_P 0x80 /*act hi ints, push pull */

#define USB_INT_L_P 0xC0 /*act lo ints, push pull */

/*------------ FAR bits --------------*/

#define USB_AD_EN 0x80 /*address enable */

/*------------ NFSR bits -------------*/

#define USB_RST_ST 0x00 /*reset state */

#define USB_RSM_ST 0x01 /*resume state */

#define USB_OPR_ST 0x02 /*operational state */

#define USB_SUS_ST 0x03 /*suspend state */

/*-------- MAEV, MAMSK bits ----------*/

#define USB_WARN 0x01 /*warning bit has been set*/

#define USB_ALT 0x02 /*alternate event */

#define USB_TX_EV 0x04 /*transmit event */

#define USB_FRAME 0x08 /*SOF packet received */

#define USB_NAK 0x10 /*NAK event */

#define USB_ULD 0x20 /*unlock locked detected */

#define USB_RX_EV 0x40 /*receive event */

#define USB_INTR_E 0x80 /*master interrupt enable */

/*-------- ALTEV, ALTMSK bits --------*/

#define USB_EOP 0x08 /*end of packet */

#define USB_SD3 0x10 /*3 ms suspend */

#define USB_SD5 0x20 /*5 ms suspend */

#define USB_RESET_A 0x40 /*reset detected */

#define USB_RESUME_A 0x80 /*resume detected */

/*--------- TXEV, TXMSK bits ---------*/

#define USB_TXFIFO0 0x01 /*TX_DONE, FIFO 0 */

#define USB_TXFIFO1 0x02 /*TX_DONE, FIFO 1 */

#define USB_TXFIFO2 0x04 /*TX_DONE, FIFO 2 */

#define USB_TXFIFO3 0x08 /*TX_DONE, FIFO 3 */

#define USB_TXUDRN0 0x10 /*TX_URUN, FIFO 0 */

#define USB_TXUDRN1 0x20 /*TX_URUN, FIFO 1 */

#define USB_TXUDRN2 0x40 /*TX_URUN, FIFO 2 */

#define USB_TXUDRN3 0x80 /*TX_URUN, FIFO 3 */

/*--------- RXEV, RXMSK bits ---------*/

#define USB_RXFIFO0 0x01 /*RX_DONE, FIFO 0 */

#define USB_RXFIFO1 0x02 /*RX_DONE, FIFO 1 */

#define USB_RXFIFO2 0x04 /*RX_DONE, FIFO 2 */

#define USB_RXFIFO3 0x08 /*RX_DONE, FIFO 3 */

#define USB_RXOVRN0 0x10 /*RX_OVRN, FIFO 0 */

#define USB_RXOVRN1 0x20 /*RX_OVRN, FIFO 1 */

#define USB_RXOVRN2 0x40 /*RX_OVRN, FIFO 2 */

#define USB_RXOVRN3 0x80 /*RX_OVRN, FIFO 3 */

/*------- NAKEV, NAKMSK bits ---------*/

#define USB_NAK_I0 0x01 /*IN NAK, FIFO 0 */

#define USB_NAK_I1 0x02 /*IN NAK, FIFO 1 */

#define USB_NAK_I2 0x04 /*IN NAK, FIFO 2 */

#define USB_NAK_I3 0x08 /*IN NAK, FIFO 3 */

#define USB_NAK_O0 0x10 /*OUT NAK, FIFO 0 */

#define USB_NAK_O1 0x20 /*OUT NAK, FIFO 1 */

#define USB_NAK_O2 0x40 /*OUT NAK, FIFO 2 */

#define USB_NAK_O3 0x80 /*OUT NAK, FIFO 3 */

/*--------- EPCX bits ----------------*/

#define USB_EP_EN 0x10 /*enables endpt. (1-6) */

#define USB_ISO 0x20 /*set for isochr. (1-6) */

#define USB_DEF 0x40 /*force def. adr (0 only) */

#define USB_STALL 0x80 /*force stall handshakes */

/*---------- TXCx bits ---------------*/

#define USB_TX_EN 0x01 /*transmit enable */

#define USB_TX_LAST 0x02 /*last data in FIFO */

#define USB_TX_TOGL 0x04 /*specifies PID used */

#define USB_FLUSH 0x08 /*flushes all FIFO data */

#define USB_IGNIOS 0x80 /* */

/*----------- TXSx bits --------------*/

#define USB_TX_DONE 0x20 /*transmit done */

#define USB_ACK_STAT 0x40 /*ack status of xmission*/

/*------------ RXCx bits -------------*/

#define USB_RX_EN 0x01 /*receive enable */

#define USB_IGN_OUT 0x02 /*ignore out tokens */

#define USB_IGN_SETUP 0x04 /*ignore setup tokens*/

/*------------- RXS0 bits ------------*/

#define USB_RX_LAST 0x10 /*indicates RCOUNT valid */
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#define USB_RX_TOGL 0x20 /*last pkt was DATA1 PID */

#define USB_SETUP_RX 0x40 /*setup packet received */

#define USB_RX_ERR 0x80 /*last packet had an error*/

cute.c

#ifdef __cplusplus

extern "C" {

#endif

void abort(void);

#ifdef __cplusplus

}

#endif

#include <machine.h>

#include "iodefine.h"

#include "USB.C"

void send_SCI0(unsigned char data);

void send_SCI0_modC0(unsigned char data);

void send_SCI1(unsigned char data);

unsigned char receive_SCI0(void);

unsigned char receive_SCI1(void);

int write_buff2(char *p,int size);

void sci0_init(void);

void sci1_init(void);

void itu0_init(void);

void itu1_init(void);

void itu2_init(void);

void itu3_init(void);

void led_init(void);

void da1_init();

void P1_init(void);

void P2_init(void);

void P4_init(void);

void P5_init(void);

void counter_init(void);

void counter_ICclear(void);

void send_data(void);

void send_data_viaUSB(void);

void data_request(void);

void request_HK(void);

void request_CounterAa(void);

void request_CounterAb(void);

void request_CounterBa(void);

void request_CounterBb(void);

void request_All(void);

void request_All_viaUSB(void);

void request_AllwithGain(void);

void request_AllwithGain_viaUSB(void);

void hv_set(unsigned char data);

void gradual_hv_set_ON(unsigned char setValue);

void gradual_hv_set_OFF();

void gradual_hv_set_core(unsigned char setValue);

void gradual_hv_set_org(unsigned char setValue);

void wati_a_minite (int i);

void eth_set(unsigned char setValue);

unsigned char get_temperature();

void show_temperature();

void gain_set_30(void);

void gain_set_50(void);

void tmp_cont(void);

float ADvaluetoTemp(unsigned char advalue);

float TemptoHVno156and158Square(float temp,unsigned char gain);

float TemptoHVno156and158Cube(float temp,unsigned char gain);

float TemptoHV(float temp,float gain);

unsigned char HVtoADvalue(float hv);

float spl3252_gain_HV_m40 (float g);

float spl3252_gain_HV_m30 (float g);

float spl3252_gain_HV_m20 (float g);

float spl3252_gain_HV_m10 (float g);

float spl3252_gain_HV_0 (float g);

float spl3252_gain_HV_10 (float g);

float spl3252_gain_HV_20 (float g);

float spl3252_gain_HV_30 (float g);

float spl3252_gain_HV_40 (float g);

void tmp_cont_on(void);

void tmp_cont_off(void);

void apd_on_a(void);

void apd_on_b(void);

unsigned int value_of_counterA(void);

unsigned int value_of_counterB(void);

void reset_counterA(void);

void reset_counterB(void);

void reset_counterAll(void);

void USB_init(void);

void H8init(void);

void toUSBofficeAdministrator (char buff[64]);

void PA_init(void);

void CheckPort(void);

void visual_scaler_START(void);

void visual_scaler_STOP(void);

void visual_scaler_RESET(void);

void KEK_send_data(void);

void KEK_reset(void);

void KEK_start(void);

void tmp_log(void);

void tmp_log_on(void);

void tmp_log_off(void);

unsigned int i;

unsigned int iTemp;

unsigned int iHV;

unsigned char tmp_cont_isOn;

unsigned char counter1_IC;

unsigned char counter2_IC;

unsigned int counter1_ovf;

unsigned int counter2_ovf;

unsigned char hv_value_atnow;

unsigned char temperature_atnow;

unsigned char threshold_atnow;

unsigned char selAPD_atnow;

unsigned char counter1_IC_atnow;

unsigned int counter1_atnow;

unsigned int counter1_ovf_atnow;

unsigned char counter2_IC_atnow;

unsigned int counter2_atnow;

unsigned int counter2_ovf_atnow;

unsigned char gain_atnow;

float volMax = 396.5;

float AVref = 2.973;

unsigned char expected_hvValue;

unsigned char gradual_hv_set_isOn;

unsigned char tmp_log_isON;

void main(void)

{

int cnt;

static char buff[64];

gain_atnow = 30;

H8init();

sci0_init();

itu0_init();

itu3_init();

led_init();

da1_init();
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P5_init();

P2_init();

counter_init();

USB_init();

while (1) {

if( get_inbufflen() )

{

cnt = read_buff(buff,64);

toUSBofficeAdministrator(buff);

}

;

}

}

void send_SCI0(unsigned char data)

{

while (SCI0.SSR.BIT.TDRE==0) {} //TDR

SCI0.TDR = data;

SCI0.SSR.BIT.TDRE = 0; //tONAAMJn

}

void send_SCI0_modC0(unsigned char data)

{

if (0xc0==data) {

send_SCI0(0xdb);send_SCI0(0xdc);

} else if (0xdb==data) {

send_SCI0(0xdb);send_SCI0(0xdd);

} else {

send_SCI0(data);

}

}

void send_SCI1(unsigned char data)

{

while (SCI1.SSR.BIT.TDRE==0) {} //TDR

SCI1.TDR = data;

SCI1.SSR.BIT.TDRE = 0; //tONAAMJn

}

unsigned char receive_SCI0(void)

{

unsigned char data;

while (SCI0.SSR.BIT.RDRF == 0) {}//RDRf[^

data = SCI0.RDR;//Mf[^WX^dataRs[

SCI0.SSR.BIT.RDRF = 0;//MIARDRNA

return data;

}

unsigned char receive_SCI1(void)

{

unsigned char data;

while (SCI1.SSR.BIT.RDRF == 0) {}//RDRf[^

data = SCI1.RDR;//Mf[^WX^dataRs[

SCI1.SSR.BIT.RDRF = 0;//MIARDRNA

return data;

}

int write_buff2(char *p,int size)

{

int i;

i = write_buff(p,size);

SendTX1();

return(i);

}

void sci0_init(void)

{

int i;

SCI0.SCR.BYTE = 0x00;

SCI0.SMR.BYTE = 0x00;

SCI0.BRR = 51; //9600bps

for (i=0;i<1000;i++) {}

SCI0.SCR.BYTE = 0x70; //Tx,RxLAML

SCI0.SSR.BYTE &= 0x80; // G[tONA

}

void sci1_init(void)

{

int i;

SCI1.SCR.BYTE = 0x00;

SCI1.SMR.BYTE = 0x00;

SCI1.BRR = 51; //9600bps

for (i=0;i<1000;i++) {}

SCI1.SCR.BYTE = 0x70; //Tx,RxLAML

SCI1.SSR.BYTE &= 0x80; // G[tONA

}

void itu0_init(void)

{

ITU0.TCR.BYTE = 0xa3; //GRA compare match, phi/8

ITU0.GRA = 50000; // 25ms

ITU0.TIER.BIT.IMIEA = 1;//IMFA

ITU.TSTR.BIT.STR0 = 1; //TCNT0JE^ON

}

void itu1_init(void)

{

counter1_ovf = 0;

ITU1.TCR.BYTE = 0xac; //GRA compare match, TCLKAJEg

ITU1.GRA = 0xffff; //

ITU1.TIER.BIT.IMIEA = 1;//IMFA

ITU1.TIER.BIT.OVIE = 1; //OVF

ITU.TSTR.BIT.STR1 = 1; //TCNT1JE^ON

}

void itu2_init(void)

{

counter2_ovf = 0;

ITU2.TCR.BYTE = 0xad; //GRA compare match, TCLKBJEg

ITU2.GRA = 0xffff; //

ITU2.TIER.BIT.IMIEA = 1;//IMFA

ITU2.TIER.BIT.OVIE = 1; //OVF

ITU.TSTR.BIT.STR2 = 1; //TCNT2JE^ON

}

void itu3_init(void)

{

ITU3.TCR.BYTE = 0xa3; //GRA compare match, phi/8

ITU3.GRA = 50000; // 25ms

ITU3.TIER.BIT.IMIEA = 1;//IMFA

ITU.TSTR.BIT.STR3 = 1; //TCNT3JE^ON

}

void led_init(void)

{

PB.DDR = 0xff; // ledopJ

}

void da1_init(void)

{

DA.DACR.BYTE = 0x9f;//‘lPDA

}

void P1_init(void)

{

P1.DDR = 0xff; // P1opJ

}

void P2_init(void)

{

P2.DDR = 0x00; // P2pJ

}

void P4_init(void)

{

P4.DDR = 0xff; // P4opJ

}

void P5_init(void)
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{

P5.DDR = 0xff; // P5opJ

}

void PA_init(void)

{

PA.DDR = 0x00; // PApJ

}

void counter_init(void)

{

P2_init();

P4_init();

PB.DR.BIT.B3 = 1; // RSTA become High

PB.DR.BIT.B4 = 1; // RSTB become High

itu1_init();

itu2_init();

}

void counter_ICclear(void)

{

PB.DR.BIT.B3 = 0; // RSTA become High

PB.DR.BIT.B4 = 0; // RSTB become High

}

void send_data(void)

{

int countA, countB;

countA = value_of_counterA();

countB = value_of_counterB();

send_SCI0_modC0(counter1_ovf>>8);

send_SCI0_modC0(counter1_ovf);

send_SCI0_modC0(countA>>8);

send_SCI0_modC0(countA);

send_SCI0_modC0(counter1_IC);

send_SCI0_modC0(counter2_ovf>>8);

send_SCI0_modC0(counter2_ovf);

send_SCI0_modC0(countB>>8);

send_SCI0_modC0(countB);

send_SCI0_modC0(counter2_IC);

}

void send_data_viaUSB(void)

{

int countA, countB;

unsigned char buff[10];

countA = value_of_counterA();

countB = value_of_counterB();

buff[0] = counter1_ovf>>8;

buff[1] = counter1_ovf;

buff[2] = countA>>8;

buff[3] = countA;

buff[4] = counter1_IC;

buff[5] = counter2_ovf>>8;

buff[6] = counter2_ovf;

buff[7] = countB>>8;

buff[8] = countB;

buff[9] = counter2_IC;

write_buff2(buff,64); /* USBo */

}

void data_request(void)

{

get_temperature();

counter1_atnow = value_of_counterA();

counter1_IC_atnow = counter1_IC;

counter1_ovf_atnow = counter1_ovf;

counter2_atnow = value_of_counterB();

counter2_IC_atnow = counter2_IC;

counter2_ovf_atnow = counter2_ovf;

send_SCI0(0xc0);send_SCI0(0x03);

send_SCI0(1);

send_SCI0(0xc0);

}

void request_HK(void)

{

unsigned char lastTerm

= tmp_cont_isOn + 2*threshold_atnow + 8*selAPD_atnow;

send_SCI0(0xc0);send_SCI0(0x03);

send_SCI0(1);

send_SCI0_modC0(temperature_atnow);

send_SCI0_modC0(hv_value_atnow);

send_SCI0_modC0(lastTerm);

send_SCI0(0xc0);

}

void request_HK_viaUSB(void)

{

unsigned char buff[4];

char lastTerm

= tmp_cont_isOn + 2*threshold_atnow + 8*selAPD_atnow;

buff[0] = 1;

buff[1] = temperature_atnow;

buff[2] = hv_value_atnow;

buff[3] = lastTerm;

write_buff2(buff,64); /* USBo */

}

void request_CounterAa(void)

{

send_SCI0(0xc0);send_SCI0(0x03);

send_SCI0(1);

send_SCI0_modC0(counter1_ovf_atnow>>8);

send_SCI0_modC0(counter1_ovf_atnow);

send_SCI0_modC0(counter1_atnow>>8);

send_SCI0(0xc0);

}

void request_CounterAa_viaUSB(void)

{

unsigned char buff[4];

buff[0] = 1;

buff[1] = counter1_ovf_atnow>>8;

buff[2] = counter1_ovf_atnow;

buff[3] = counter1_atnow>>8;

write_buff2(buff,64); /* USBo */

}

void request_CounterAb(void)

{

send_SCI0(0xc0);send_SCI0(0x03);

send_SCI0(1);

send_SCI0_modC0(counter1_atnow);

send_SCI0_modC0(counter1_IC_atnow);

send_SCI0(0xc0);

}

void request_CounterAb_viaUSB(void)

{

unsigned char buff[3];

buff[0] = 1;

buff[1] = counter1_atnow;

buff[2] = counter1_IC_atnow;

write_buff2(buff,64); /* USBo */

}

void request_CounterBa(void)

{

send_SCI0(0xc0);send_SCI0(0x03);
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send_SCI0(1);

send_SCI0_modC0(counter2_ovf_atnow>>8);

send_SCI0_modC0(counter2_ovf_atnow);

send_SCI0_modC0(counter2_atnow>>8);

send_SCI0(0xc0);

}

void request_CounterBa_viaUSB(void)

{

unsigned char buff[4];

buff[0] = 1;

buff[1] = counter2_ovf_atnow>>8;

buff[2] = counter2_ovf_atnow;

buff[3] = counter2_atnow>>8;

write_buff2(buff,64); /* USBo */

}

void request_CounterBb(void)

{

send_SCI0(0xc0);send_SCI0(0x03);

send_SCI0(1);

send_SCI0_modC0(counter2_atnow);

send_SCI0_modC0(counter2_IC_atnow);

send_SCI0(0xc0);

}

void request_CounterBb_viaUSB(void)

{

unsigned char buff[3];

buff[0] = 1;

buff[1] = counter2_atnow;

buff[2] = counter2_IC_atnow;

write_buff2(buff,64); /* USBo */

}

void request_All(void)

{

get_temperature();

send_SCI0(0xc0);send_SCI0(0x03);

send_SCI0_modC0(1);

send_SCI0_modC0(temperature_atnow);

send_SCI0_modC0(hv_value_atnow);

send_SCI0_modC0(tmp_cont_isOn);

send_SCI0_modC0(threshold_atnow);

send_SCI0_modC0(selAPD_atnow);

send_data();

send_SCI0(0xc0);

}

void request_All_viaUSB(void)

{

unsigned char buff[16];

data_request();

buff[0] = 1;

buff[1] = temperature_atnow;

buff[2] = hv_value_atnow;

buff[3] = tmp_cont_isOn;

buff[4] = threshold_atnow;

buff[5] = selAPD_atnow;

buff[6] = counter1_ovf_atnow>>8;

buff[7] = counter1_ovf_atnow;

buff[8] = counter1_atnow>>8;

buff[9] = counter1_atnow;

buff[10] = counter1_IC_atnow;

buff[11] = counter2_ovf_atnow>>8;

buff[12] = counter2_ovf_atnow;

buff[13] = counter2_atnow>>8;

buff[14] = counter2_atnow;

buff[15] = counter2_IC_atnow;

write_buff2(buff,64); /* USBo */

}

void request_AllwithGain(void)

{

get_temperature();

send_SCI0(0xc0);send_SCI0(0x03);

send_SCI0_modC0(1);

send_SCI0_modC0(temperature_atnow);

send_SCI0_modC0(hv_value_atnow);

send_SCI0_modC0(tmp_cont_isOn);

send_SCI0_modC0(threshold_atnow);

send_SCI0_modC0(selAPD_atnow);

send_data();

send_SCI0_modC0(gain_atnow);

send_SCI0(0xc0);

}

void request_AllwithGain_viaUSB(void)

{

unsigned char buff[17];

data_request();

buff[0] = 1;

buff[1] = temperature_atnow;

buff[2] = hv_value_atnow;

buff[3] = tmp_cont_isOn;

buff[4] = threshold_atnow;

buff[5] = selAPD_atnow;

buff[6] = counter1_ovf_atnow>>8;

buff[7] = counter1_ovf_atnow;

buff[8] = counter1_atnow>>8;

buff[9] = counter1_atnow;

buff[10] = counter1_IC_atnow;

buff[11] = counter2_ovf_atnow>>8;

buff[12] = counter2_ovf_atnow;

buff[13] = counter2_atnow>>8;

buff[14] = counter2_atnow;

buff[15] = counter2_IC_atnow;

buff[16] = gain_atnow;

write_buff2(buff,64); /* USBo */

}

void hv_set(unsigned char data)

{

DA.DADR1 = data; //HVl5V*data/256

hv_value_atnow = data;

send_SCI0(0xc0);send_SCI0(0x03);

send_SCI0(1);

send_SCI0_modC0(data);

send_SCI0(0xc0);

}

void gradual_hv_set_ON(unsigned char setValue) {

gradual_hv_set_isOn = 1;

expected_hvValue = setValue;

send_SCI0(0xc0);send_SCI0(0x03);send_SCI0(1);send_SCI0(0xc0);

}

void gradual_hv_set_OFF() {

gradual_hv_set_isOn = 0;

send_SCI0(0xc0);send_SCI0(0x03);send_SCI0(1);send_SCI0(0xc0);

}

void gradual_hv_set_core(unsigned char setValue)

{

unsigned char i;

unsigned char hvValue;

send_SCI0(hv_value_atnow);

hvValue = hv_value_atnow;

if (setValue>hvValue) {

if (0xff!=hvValue) hv_set(hvValue+1);

} else if (setValue==hvValue) {

gradual_hv_set_OFF();

} else {

if (0x00!=hvValue) hv_set(hvValue-1);

}

}

void gradual_hv_set_org(unsigned char setValue)
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{

unsigned char i;

unsigned char hvValue;

send_SCI0(hv_value_atnow);

hvValue = hv_value_atnow;

if (setValue>hvValue) {

for (i=hvValue;i<=setValue;i++) {

hv_set(i);

wati_a_minite(40);

if (i==0xff) break;

}

} else {

for (i=hvValue;i>=setValue;i--) {

hv_set(i);

wati_a_minite(40);

if (i==0x00) break;

}

}

}

void wati_a_minite (int i)

{

int j,k;

for (j=0;j<i;j++) {

for (k=0;k<0xffff;k++) {}

}

}

void eth_set(unsigned char setValue)

{

send_SCI0(0xc0);send_SCI0(0x03);

send_SCI0(1);send_SCI0(setValue);//for debug

send_SCI0(0xc0);

if (0x30==setValue) {

PB.DR.BIT.B0 = 0;

PB.DR.BIT.B1 = 0;

threshold_atnow = 0x30;

} else if (0x31==setValue) {

PB.DR.BIT.B0 = 1;

PB.DR.BIT.B1 = 0;

threshold_atnow = 0x31;

} else if (0x32==setValue) {

PB.DR.BIT.B0 = 0;

PB.DR.BIT.B1 = 1;

threshold_atnow = 0x32;

} else if (0x33==setValue) {

PB.DR.BIT.B0 = 1;

PB.DR.BIT.B1 = 1;

threshold_atnow = 0x33;

}

}

unsigned char get_temperature()

{

unsigned char advalue;

AD.ADCSR.BYTE = 0x28; //AN0 P[h

while (AD.ADCSR.BIT.ADF==0) {}//ADI

advalue = AD.ADDRA >> 8;// ADMadvaluei[

temperature_atnow = advalue;

return advalue;

}

void show_temperature()

{

send_SCI0(0xc0);send_SCI0(0x03);

send_SCI0_modC0(get_temperature());

send_SCI0(0xc0);

}

void gain_set_30()

{

gain_atnow = 30;

send_SCI0(0xc0);send_SCI0(0x03);send_SCI0(1);send_SCI0(0xc0);

}

void gain_set_50()

{

gain_atnow = 50;

send_SCI0(0xc0);send_SCI0(0x03);send_SCI0(1);send_SCI0(0xc0);

}

void tmp_cont(void)

{

unsigned char advalue;

unsigned char set_value;

float hv,temp;

unsigned char gain;

AD.ADCSR.BYTE = 0x28; //AN0 P[h

while (AD.ADCSR.BIT.ADF==0) {}//ADI

advalue = AD.ADDRA >> 8;// ADMadvaluei[

gain = gain_atnow; //QCX\

send_SCI0(advalue);

temp = ADvaluetoTemp(advalue);

//hv = TemptoHV(temp,gain);

if (0==selAPD_atnow) {

hv = TemptoHVno156and158Cube(temp,gain);

} else if (1==selAPD_atnow) {

hv = TemptoHVno156and158Cube(temp,gain);

} else {

}

send_SCI0(hv); //for debug

if (hv>volMax) {

set_value = 255;

} else {

set_value = HVtoADvalue(hv);

}

send_SCI0(set_value); //for debug

gradual_hv_set_ON(set_value);

}

float ADvaluetoTemp(unsigned char advalue) {

float vcc, voltage, temperature;

voltage = AVref*advalue/255.;

temperature = 26.64*voltage -50.06;

return temperature;

}

float TemptoHVno156and158Square(float temp,unsigned char gain) {

float a,b,c;

if (30==gain) {

a = 0.000538331030088785;

b = 0.822084459400044;

c = 358.574658065267;

} else if (50==gain) {

a = 0.00129006950996322;

b = 0.855832896884502;

c = 381.75799253569;

}

return (a*temp*temp + b*temp + c);

}

float TemptoHVno156and158Cube(float temp,unsigned char gain) {

float a,b,c,d;

if (30==gain) {

a = 6.32991458881554e-05;

b = 0.00221138086702532;

c = 0.793148134673951;

d = 358.219729722205;

} else if (50==gain) {

a = 0.000106110429459764;

b = 0.00416349348841085;

c = 0.813957164388571;

d = 381.346230494575;

}

return (a*temp*temp*temp + b*temp*temp + c*temp + d);

}
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float TemptoHV(float temp,float gain) {

float facA,facB;

if (40<=temp) {

} else if (30<=temp && temp <40) {

facB = (temp-30)/10.;

facA = (40-temp)/10.;

return

(facA*spl3252_gain_HV_30(gain) + facB*spl3252_gain_HV_40(gain));

} else if (20<=temp && temp <30) {

facB = (temp-20)/10.;

facA = (30-temp)/10.;

return

(facA*spl3252_gain_HV_20(gain) + facB*spl3252_gain_HV_30(gain));

} else if (10<=temp && temp <20) {

facB = (temp-10)/10.;

facA = (20-temp)/10.;

return

(facA*spl3252_gain_HV_10(gain) + facB*spl3252_gain_HV_20(gain));

} else if (0<=temp && temp <10) {

facB = (temp-0)/10.;

facA = (10-temp)/10.;

return

(facA*spl3252_gain_HV_0(gain) + facB*spl3252_gain_HV_10(gain));

} else if (-10<=temp && temp <0) {

facB = (temp-(-10))/10.;

facA = (0-temp)/10.;

return

(facA*spl3252_gain_HV_m10(gain) + facB*spl3252_gain_HV_0(gain));

} else if (-20<=temp && temp <-10) {

facB = (temp-(-20))/10.;

facA = (-10-temp)/10.;

return

(facA*spl3252_gain_HV_m20(gain) + facB*spl3252_gain_HV_m10(gain));

} else if (-30<=temp && temp <-20) {

facB = (temp-(-30))/10.;

facA = (-20-temp)/10.;

return

(facA*spl3252_gain_HV_m30(gain) + facB*spl3252_gain_HV_m20(gain));

} else if (-40<=temp && temp <-30) {

facB = (temp-(-40))/10.;

facA = (-30-temp)/10.;

return

(facA*spl3252_gain_HV_m40(gain) + facB*spl3252_gain_HV_m30(gain));

} else if (temp < -40) {

} else {

}

}

unsigned char HVtoADvalue(float hv) {

return (255.*hv/volMax);

}

float spl3252_gain_HV_m40 (float g) {

return (10.3946*g*g*g -93.5907*g*g +322.044*g -130.031);

}

float spl3252_gain_HV_m30 (float g) {

return (20.1367*g*g*g -150.939*g*g +432.398*g -163.054);

}

float spl3252_gain_HV_m20 (float g) {

return (16.3257*g*g*g -136.618*g*g +421.263*g -129.814);

}

float spl3252_gain_HV_m10 (float g) {

return (40.0891*g*g*g -256.881*g*g +613.734*g -191.697);

}

float spl3252_gain_HV_0 (float g) {

return (72.4753*g*g*g -388.269*g*g +785.809*g -229.786);

}

float spl3252_gain_HV_10 (float g) {

return (110.885*g*g*g -511.824*g*g +915.251*g -239.177);

}

float spl3252_gain_HV_20 (float g) {

return (252.616*g*g*g -912.847*g*g +1289.92*g -317.87);

}

float spl3252_gain_HV_30 (float g) {

return (195.301*g*g*g -829.402*g*g +1287.4*g -296.657);

}

float spl3252_gain_HV_40 (float g) {

return (250.777*g*g*g -980.164*g*g +1440.53*g -302.337);

}

void tmp_cont_on(void) {

send_SCI0(0xff);//for debug

tmp_cont_isOn = 1;

send_SCI0(0xc0);send_SCI0(0x03);send_SCI0(1);send_SCI0(0xc0);

}

void tmp_cont_off(void)

{

send_SCI0(0x00);//for debug

tmp_cont_isOn = 0;

send_SCI0(0xc0);send_SCI0(0x03);send_SCI0(1);send_SCI0(0xc0);

}

void apd_on_a(void)

{

send_SCI0(0x0a);//for debug

PB.DR.BIT.B2 = 0;

selAPD_atnow = 0;

send_SCI0(0xc0);send_SCI0(0x03);send_SCI0(1);send_SCI0(0xc0);

}

void apd_on_b(void)

{

send_SCI0(0x0b);//for debug

PB.DR.BIT.B2 = 1;

selAPD_atnow = 1;

send_SCI0(0xc0);send_SCI0(0x03);send_SCI0(1);send_SCI0(0xc0);

}

unsigned int value_of_counterA(void)

{

unsigned int countVal;

unsigned int upperVal;

unsigned char lowerVal;

unsigned char q1,q2,q3,q4;

q1 = P8.DR.BIT.B0;

q2 = P8.DR.BIT.B1;

q3 = P8.DR.BIT.B3;

q4 = P8.DR.BIT.B4;

upperVal = ITU1.TCNT;

lowerVal = q1 + 2*q2 + 4*q3 + 8*q4;

countVal = upperVal;

counter1_IC = lowerVal;

return countVal;

}

unsigned int value_of_counterB(void)

{

unsigned int countVal;

unsigned int upperVal;

unsigned char lowerVal;

unsigned char q1,q2,q3,q4;

upperVal = ITU2.TCNT;

q1 = PA.DR.BIT.B2;

q2 = PA.DR.BIT.B3;

q3 = PA.DR.BIT.B4;

q4 = PA.DR.BIT.B5;

lowerVal = q1 + 2*q2 + 4*q3 + 8*q4;

countVal = upperVal;

counter2_IC = lowerVal;

return countVal;

}
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void reset_counterA(void)

{

send_SCI0(0x00);//for debug

PB.DR.BIT.B3 = 0; // RSTA become Low

wati_a_minite(1);

PB.DR.BIT.B3 = 1; // RSTA become High

counter1_IC = 0;

ITU1.TCNT = 0;

counter1_ovf = 0;

send_SCI0(0xc0);send_SCI0(0x03);

send_SCI0(1);

send_SCI0(0xc0);

}

void reset_counterB(void)

{

send_SCI0(0x00);//for debug

PB.DR.BIT.B4 = 0; // RSTB become Low

wati_a_minite(1);

PB.DR.BIT.B4 = 1; // RSTB become High

counter2_IC = 0;

ITU2.TCNT = 0;

counter2_ovf = 0;

send_SCI0(0xc0);send_SCI0(0x03);

send_SCI0(1);

send_SCI0(0xc0);

}

void reset_counterAll(void)

{

reset_counterA();

reset_counterB();

}

void USB_init(void)

{

InitUSB();

INTC.ISCR.BYTE &= (-1^0x20);

INTC.IER.BYTE |= 0x20;

set_imask_ccr(0);

}

void H8init(void)

{

BSC.ABWCR.BYTE = 0x06; /* 8bit BUS MODE */

P1.DDR = 0xff; /* all OUT*/

P6.DDR = 0xff; /* all OUT*/

P8.DDR = 0x04; /* IN except P82 */

PB.DDR = 0xff; /* all OUT*/

P5.DDR = 0xff;

AD.ADCSR.BYTE = 0x33; /*auto scan mode*/

PA.DDR = 0x00;

}

void toUSBofficeAdministrator (char buff[64])

{

unsigned char data;

unsigned char redundantCommand;

unsigned char value;

char answer[64];

int k;

for (k=0;k<64;k++) {

answer[k] = 0;

}

answer[0] = 1;

data = buff[0];

if (data==0x99) {

PB.DR.BYTE = 0x00; //LED all ON

write_buff2(answer,64);/* USBo */

} else if (data==0x31) {

PB.DR.BYTE = 0xff; //LED all OFF

send_SCI0(1);

write_buff2(answer,64);/* USBo */

} else if (0x32==data) {

redundantCommand = buff[1];

if (0x32==redundantCommand) {

value = buff[2];

hv_set(value);

write_buff2(answer,64);/* USBo */

}

} else if (0x33==data) {

redundantCommand = buff[1];

if (0x33==redundantCommand) {

value = buff[2];

gradual_hv_set_ON(value);

write_buff2(answer,64);/* USBo */

}

} else if (0x34==data) {

tmp_cont_on();

write_buff2(answer,64);/* USBo */

} else if (0x35==data) {

tmp_cont_off();

write_buff2(answer,64);/* USBo */

} else if (0x36==data) {

apd_on_a();

write_buff2(answer,64);/* USBo */

} else if (0x37==data) {

apd_on_b();

write_buff2(answer,64);/* USBo */

} else if (0x38==data) {

value = buff[1];

eth_set(value);

write_buff2(answer,64);/* USBo */

} else if (0x39==data) {

reset_counterA();

write_buff2(answer,64);/* USBo */

} else if (0x3a==data) {

reset_counterB();

write_buff2(answer,64);/* USBo */

} else if (0x3b==data) {

reset_counterAll();

write_buff2(answer,64);/* USBo */

} else if (0x40==data) {

data_request();

} else if (0x41==data) {

request_HK();

request_HK_viaUSB();

} else if (0x42==data) {

request_CounterAa();

request_CounterAa_viaUSB();

} else if (0x43==data) {

request_CounterAb();

request_CounterAb_viaUSB();

} else if (0x44==data) {

request_CounterBa();

request_CounterBa_viaUSB();

} else if (0x45==data) {

request_CounterBb();

request_CounterBb_viaUSB();

} else if (0x46==data) {

gain_set_30();

write_buff2(answer,64);/* USBo */

} else if (0x47==data) {

gain_set_50();

write_buff2(answer,64);/* USBo */

} else if (0x50==data) {

request_All();

request_All_viaUSB();

} else if (0x51==data) {

request_AllwithGain();

request_AllwithGain_viaUSB();

} else if (0x70==data) {

send_SCI0(0xc0);send_SCI0(0x03);

send_data();

send_SCI0(0xc0);
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send_data_viaUSB();

write_buff2(answer,64);/* USBo */

} else if (0x90==data) {

gradual_hv_set_OFF();

write_buff2(answer,64);/* USBo */

} else if (0xa0==data) {

tmp_log_on();

write_buff(answer,64);/* USBo */

} else if (0xa1==data) {

tmp_log_off();

write_buff(answer,64);/* USBo */

}

}

void CheckPort(void) {

char q1,q2,q3,q4,q5,q6,q7,q8;

q1 = P8.DR.BIT.B0;

q2 = P8.DR.BIT.B1;

q3 = P8.DR.BIT.B3;

q4 = P8.DR.BIT.B4;

q5 = PA.DR.BIT.B2;

q6 = PA.DR.BIT.B3;

q7 = PA.DR.BIT.B4;

q8 = PA.DR.BIT.B5;

send_SCI0(q1);

send_SCI0(q2);

send_SCI0(q3);

send_SCI0(q4);

send_SCI0(q5);

send_SCI0(q6);

send_SCI0(q7);

send_SCI0(q8);

}

void visual_scaler_START(void) {

PB.DR.BIT.B5 = 0;

PB.DR.BIT.B5 = 1;

PB.DR.BIT.B5 = 0;

send_SCI0(1);

}

void visual_scaler_STOP(void) {

PB.DR.BIT.B6 = 0;

PB.DR.BIT.B6 = 1;

PB.DR.BIT.B6 = 0;

send_SCI0(1);

}

void visual_scaler_RESET(void) {

PB.DR.BIT.B7 = 0;

PB.DR.BIT.B7 = 1;

PB.DR.BIT.B7 = 0;

send_SCI0(1);

}

void KEK_send_data(void) {

send_data();

visual_scaler_STOP();

}

void KEK_reset(void) {

reset_counterAll();

visual_scaler_RESET();

}

void KEK_start(void) {

reset_counterAll();

visual_scaler_START();

}

void tmp_log(void) {

request_All();

request_All_viaUSB();

}

void tmp_log_on(void) {

tmp_log_isON = 1;

}

void tmp_log_off(void) {

tmp_log_isON = 0;

}

void abort(void)

{

send_SCI0(0);

}

intprg.c

extern unsigned int i;

extern unsigned int iTemp;

extern unsigned int iHV;

extern unsigned char tmp_cont_isOn;

extern unsigned char gradual_hv_set_isOn;

extern char expected_hvValue;

extern unsigned int counter1_ovf;

extern unsigned int counter2_ovf;

extern unsigned char tmp_log_isON;

#include "iodefine.h"

#include <machine.h>

#pragma section IntPRG

__interrupt(vect=7) void INT_NMI(void) {/* sleep(); */}

__interrupt(vect=8) void INT_TRAP1(void) {/* sleep(); */}

__interrupt(vect=9) void INT_TRAP2(void) {/* sleep(); */}

__interrupt(vect=10) void INT_TRAP3(void) {/* sleep(); */}

__interrupt(vect=11) void INT_TRAP4(void) {/* sleep(); */}

__interrupt(vect=12) void INT_IRQ0(void) {/* sleep(); */}

__interrupt(vect=13) void INT_IRQ1(void) {/* sleep(); */}

__interrupt(vect=14) void INT_IRQ2(void) {/* sleep(); */}

__interrupt(vect=15) void INT_IRQ3(void) {/* sleep(); */}

__interrupt(vect=16) void INT_IRQ4(void) {/* sleep(); */}

__interrupt(vect=17) void INT_IRQ5(void) {

usb_int();

}

__interrupt(vect=20) void INT_WOVI(void) {/* sleep(); */}

__interrupt(vect=21) void INT_CMI(void) {/* sleep(); */}

__interrupt(vect=24) void INT_IMIA0(void) {

if (0 == (iTemp%50)) {

if (1==tmp_cont_isOn) tmp_cont();

if (1==tmp_log_isON) tmp_log();

}

ITU0.TSR.BIT.IMFA = 0;//IMFAtONA

iTemp++;

}

__interrupt(vect=25) void INT_IMIB0(void) {/* sleep(); */}

__interrupt(vect=26) void INT_OVI0(void) {

; //do nothing. OVF interution is not permitted.

}

__interrupt(vect=28) void INT_IMIA1(void) {

ITU1.TSR.BIT.IMFA = 0;//IMFAtONA

}

__interrupt(vect=29) void INT_IMIB1(void) {/* sleep(); */}

__interrupt(vect=30) void INT_OVI1(void) {

ITU1.TSR.BIT.OVF = 0;//OVFtONA

counter1_ovf++;

}
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__interrupt(vect=32) void INT_IMIA2(void) {

ITU2.TSR.BIT.IMFA = 0;//IMFAtONA

}

// vector 33 IMIB2

__interrupt(vect=33) void INT_IMIB2(void) {/* sleep(); */}

// vector 34 OVI2

__interrupt(vect=34) void INT_OVI2(void) {

ITU2.TSR.BIT.OVF = 0;//OVFtONA

counter2_ovf++;

}

__interrupt(vect=36) void INT_IMIA3(void) {

if (0 == (iHV%100)) {

if (1==gradual_hv_set_isOn)

gradual_hv_set_core(expected_hvValue);

}

ITU3.TSR.BIT.IMFA = 0;//IMFAtONA

iHV++;

}

__interrupt(vect=37) void INT_IMIB3(void) {/* sleep(); */}

__interrupt(vect=38) void INT_OVI3(void) {/* sleep(); */}

__interrupt(vect=40) void INT_IMIA4(void) {/* sleep(); */}

__interrupt(vect=41) void INT_IMIB4(void) {/* sleep(); */}

__interrupt(vect=42) void INT_OVI4(void) {/* sleep(); */}

__interrupt(vect=44) void INT_DEND0A(void) {/* sleep(); */}

__interrupt(vect=45) void INT_DEND0B(void) {/* sleep(); */}

__interrupt(vect=46) void INT_DEND1A(void) {/* sleep(); */}

__interrupt(vect=47) void INT_DEND1B(void) {/* sleep(); */}

__interrupt(vect=52) void INT_ERI0(void) {

SCI0.SSR.BYTE &= 0xc7; // clear error flag

}

__interrupt(vect=53) void INT_RXI0(void) {

unsigned char data;

unsigned char redundantCommand;

unsigned char value;

data = receive_SCI0();

if (data==0x30) {

PB.DR.BYTE = 0x00; //LED all ON

} else if (data==0x31) {

PB.DR.BYTE = 0xff; //LED all OFF

} else if (0x32==data) {

redundantCommand = receive_SCI0();

if (0x32==redundantCommand) {

value = receive_SCI0();

hv_set(value);

} else {

value = receive_SCI0();

}

} else if (0x33==data) {

redundantCommand = receive_SCI0();

if (0x33==redundantCommand) {

value = receive_SCI0();

gradual_hv_set_ON(value);

} else {

value = receive_SCI0();

}

} else if (0x34==data) {

tmp_cont_on();

} else if (0x35==data) {

tmp_cont_off();

} else if (0x36==data) {

apd_on_a();

} else if (0x37==data) {

apd_on_b();

} else if (0x38==data) {

value = receive_SCI0();

eth_set(value);

} else if (0x39==data) {

reset_counterA();

} else if (0x3a==data) {

reset_counterB();

} else if (0x3b==data) {

reset_counterAll();

} else if (0x40==data) {

data_request();

} else if (0x41==data) {

request_HK();

} else if (0x42==data) {

request_CounterAa();

} else if (0x43==data) {

request_CounterAb();

} else if (0x44==data) {

request_CounterBa();

} else if (0x45==data) {

request_CounterBb();

} else if (0x46==data) {

gain_set_30();

} else if (0x47==data) {

gain_set_50();

} else if (0x50==data) {

request_All();

}else if (0x51==data) {

request_AllwithGain();

} else if (0x60==data) {

show_temperature();

} else if (0x70==data) {

send_SCI0(0xc0);send_SCI0(0x03);

send_data();

send_SCI0(0xc0);

} else if (0x80==data) {

send_SCI0(0xc0);send_SCI0(0x03);

CheckPort();

send_SCI0(0xc0);

} else if (0x90==data) {

gradual_hv_set_OFF();

} else if (0x81==data) {

send_SCI0(0xc0);send_SCI0(0x03);

KEK_send_data();

send_SCI0(0xc0);

} else if (0x82==data) {

send_SCI0(0xc0);send_SCI0(0x03);

KEK_reset();

send_SCI0(0xc0);

} else if (0x83==data) {

send_SCI0(0xc0);send_SCI0(0x03);

KEK_start();

send_SCI0(0xc0);

} else if (0x84==data) {

send_SCI0(0xc0);send_SCI0(0x03);

visual_scaler_START();

send_SCI0(0xc0);

} else if (0x85==data) {

send_SCI0(0xc0);send_SCI0(0x03);

visual_scaler_STOP();

send_SCI0(0xc0);

} else if (0x86==data) {

send_SCI0(0xc0);send_SCI0(0x03);

visual_scaler_RESET();

send_SCI0(0xc0);

} else if (0xa0==data) {

send_SCI0(0xc0);send_SCI0(0x03);

tmp_log_on();

send_SCI0(0xc0);

} else if (0xa1==data) {

send_SCI0(0xc0);send_SCI0(0x03);

tmp_log_off();

send_SCI0(0xc0);

}

}

__interrupt(vect=54) void INT_TXI0(void) {/* sleep(); */}

__interrupt(vect=55) void INT_TEI0(void) {/* sleep(); */}

__interrupt(vect=56) void INT_ERI1(void) {

SCI1.SSR.BYTE &= 0xc7; // clear error flag

}

__interrupt(vect=57) void INT_RXI1(void) {}

__interrupt(vect=58) void INT_TXI1(void) {/* sleep(); */}

__interrupt(vect=59) void INT_TEI1(void) {/* sleep(); */}

__interrupt(vect=60) void INT_ADI(void) {/* sleep(); */}
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dbsct.c

#pragma section $DSEC

static const struct {

char *rom_s;

/* Start address of the initialized data section in ROM */

char *rom_e;

/* End address of the initialized data section in ROM */

char *ram_s;

/* Start address of the initialized data section in RAM */

}DTBL[]= {

{__sectop("D"), __secend("D"), __sectop("R")},

};

#pragma section $BSEC

static const struct {

char *b_s;

/* Start address of non-initialized data section */

char *b_e;

/* End address of non-initialized data section */

}BTBL[]= {

{__sectop("B"), __secend("B")},

};

sbrk.c

#include <stdio.h>

#include "sbrk.h"

#pragma pack 2

static union {

short dummy ;

char heap[HEAPSIZE]; /* sbrk */

}heap_area ;

#pragma unpack

static char *brk=(char *)&heap_area;

/**********************************************************/

/* sbrk:f[^o */

/* ^[lFtAhXij */

/* -1 isj */

/**********************************************************/

extern char *sbrk(int size) /* tTCY */

{

char *p ;

if (brk+size>heap_area.heap+HEAPSIZE)

*/ ‘FbN */

return (char *)-1 ;

p=brk ; /* t */

brk += size ; /* IAhXXV */

return p ;

}

resetprg.c

#include <machine.h>

#include <_h_c_lib.h>

#include "stacksct.h"

extern void main(void);

#pragma section ResetPRG

__entry(vect=0) void PowerON_Reset(void)

{

set_imask_ccr(0);

_INITSCT();

set_imask_ccr(0);

main();

sleep();

}

USB.C

#include <stdio.h>

#include <string.h>

#include "usbn9602.h"

static void RegisterSet();

static void ResetUSB();

static void WakeupUSB();

static void rx0();

static void rx1();

static void tx0();

static void tx1();

static void nako0();

static void nako1();

static void naki0();

static void naki1();

static void clrfeature();

static void setfeature();

static void getdescriptor();

static void send_desc_sub(void *ptr,int size);

static void send_desc();

static void getstatus();

static void setconfiguration();

static void SetStallUSB(int adr);

static void ClearStallUSB(int adr);

static void FlushRXC(int no);

static void FlushTXC(int no);

static void TxTogle(int no);

static void WriteUSB(int adr,int data);

static unsigned char ReadUSB(int adr);

static int ReadUSBBurst(int adr,int adr2,char *buff,int cnt);

static int WriteUSBBurst(int adr,int adr2,char *buff,int cnt);

/*---------------------------------*/

static int SendTX1();

/*---------------------------------*/

int get_inbufflen(void);

void init_usbbuff(void);

int write_inbuff(char *p,int size);

int get_outbufflen(void);

int write_buff(char *p,int size);

int read_outbuff(char *p,int size);

/*---------------------------------*/

void IRQ5_disable();

void IRQ5_enable();

static unsigned char usbevent;

/* USBCxg*/

static unsigned char SETADDR;

/* AhXZbg*/

static unsigned char configno;
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/* RtBO[VNO*/

static unsigned char usbbuff[64];

/* obt@*/

static unsigned char rx1buff[64];

static unsigned char rx2buff[64];

static unsigned char STALLD;

/* ECP*/

static unsigned char DATA0_1;

/* USB_TXTGLtO*/

static char senddesc;

/* 1 = fBXNv^M */

static int desc_size;

/* fBXNv^MTCY */

static char *desc_ptr;

/* fBXNv^|C^ */

static const unsigned char

epctbl[8] =

{USB_EPC0,USB_EPC1,USB_EPC2,USB_EPC3,USB_EPC4,USB_EPC5,USB_EPC6,USB_EPC0};

static int txcreg[4] = {USB_TXC0,USB_TXC1,USB_TXC2,USB_TXC3};

static int rxcreg[4] = {USB_RXC0,USB_RXC1,USB_RXC2,USB_RXC3};

/*------------------------------------------------------------*/

/*------------------------------------------------------------*/

static const unsigned char dev_desc[] = {

0x12, /* length of this desc.*/

0x01, /* foCXEfBXNv^ 1*/

0x00,0x01, /* USB Version 1.0*/

0x00, /* device class NX*/

0x00, /* device subclass*/

0x00, /* device protocol*/

0x08, /* EP0pPbgTCY*/

0xfe,0xff, /* vendor ID Tv*/

0x10,0x00, /* product ID*/

0x01,0x00, /* revision ID*/

0x01, /* index of manuf. string*/

0x01, /* index of prod. string*/

0x02, /* index of ser. # string*/

0x01 /* bNumConfigurations*/

};

/* RtBO[VfBXNv^ */

static const unsigned char cfg_desc[] = {

0x09, /* length of this desc.*/

0x02, /* RtBO[VEfBXNv^*/

9+9+7*3,

/* C^[tF[X^

Gh|CgfBXNv^v CFG + IF + EP*3 */

0x00, /**/

0x01, /* C^[tF[X 1*/

0x01, /* RtBO[V 1*/

0x00, /* index of config. string*/

0x80, /* attr.: self powered D6=d*/

300, /* ;max power (100 mA)*/

0x09, /* length of this desc.*/

0x04, /* INTERFACE descriptor*/

0x00, /* interface number*/

0x00, /* alternate setting*/

0x03, /* # of (non 0) endpoints*/

0x00, /* interface class*/

0x00, /* interface subclass*/

0x00, /* interface protocol*/

0x03, /* index of intf. string*/

/*static const unsigned char endp_desc[] = {*/

/* pipe 0 */

7, /* length of this desc.*/

5, /* ENDPOINT descriptor */

0x81, /* address (IN)*/

0x02, /* attributes (BULK)*/

0x40,0x00, /* max packet size (64)*/

255, /* interval (ms)*/

7, /* length of this desc.*/

5, /* ENDPOINT descriptor*/

0x02, /* address (OUT)*/

0x02, /* attributes (BULK)*/

0x40,0x00, /* max packet size (64)*/

255, /* interval (ms)*/

7, /* length of this desc.*/

5, /* ENDPOINT descriptor*/

0x83, /* address (IN)*/

0x02, /* attributes (BULK)*/

0x40,0x00, /* max packet size (64)*/

255, /* interval (ms)*/

};

static const char lang_data[] = {

4,3,9,4 /* LANGID (English)*/

};

static const char mfg_str[] = {

18,3,

’U’,0,’S’,0,’B’,0,

’ ’,0,’T’,0,’E’,0,’S’,0,’T’,0,

};

static const char nbr_str[] = {

8,3,

’1’,0,’.’,0,’0’,0,

};

static const char int_str[] = {

34,3,

’U’,0,’S’,0,’B’,0,’ ’,0,

’T’,0,’E’,0,’S’,0,’T’,0,

’ ’,0,’P’,0,’R’,0,’O’,0,’G’,0,’R’,0,’A’,0,’M’,0,

};

static void wait(int c)

{

int i,j;

for(j=0;j<c;j++)

{

for(i=0;i<0x682;i++)

{

}

}

}

/*-----------------------------------------------*/

/* USB */

void InitUSB()

{

init_usbbuff();

ResetUSB();

RegisterSet();

WakeupUSB();

}

static void RegisterSet()

{

STALLD = 0;

senddesc = 0;

DATA0_1 = 0;

SETADDR = 0;

WriteUSB(USB_FAR,USB_AD_EN+0); /* AhX */

WriteUSB(USB_EPC0,USB_EP_EN); /* EP0 ����� */

WriteUSB(USB_NAKMSK,USB_NAK_O0); /* NAK MASK � */

WriteUSB(USB_TXMSK,USB_TXFIFO0+USB_TXFIFO1+USB_TXFIFO2+USB_TXFIFO3);

/* TX MASK � */

WriteUSB(USB_RXMSK,USB_RXFIFO0+USB_RXFIFO1+USB_RXFIFO2+USB_RXFIFO3);

/* RX MASK � */

WriteUSB(USB_ALTMSK,USB_SD3+USB_RESET_A); /* ALT MASK � */

WriteUSB(USB_MAMSK,USB_INTR_E+USB_RX_EV+USB_NAK+USB_TX_EV+USB_ALT);

/* MAIN MASK � */

FlushTXC(0);
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FlushRXC(1);

FlushTXC(1);

WriteUSB(USB_TXC1,0);

WriteUSB(USB_RXC1,0);

WriteUSB(USB_RXC0,USB_RX_EN); /* RX0 ��� � */

}

static void ResetUSB()

{

WriteUSB(USB_MCNTRL,USB_SRST+USB_VGE); /* USBZbg 3.3V */

wait(100); /* 100msec */

WriteUSB(USB_MCNTRL,USB_INT_L_P+USB_VGE);

/* active low push pull */

WriteUSB(USB_CCONF,USB_CLKDIV-1); /* 48MHz/4 = 12MHz */

}

static void WakeupUSB()

{

WriteUSB(USB_NFSR,USB_OPR_ST); /* */

WriteUSB(USB_MCNTRL,USB_INT_L_P+USB_NAT+USB_VGE);

/* USB
���

*/

}

/* USB|[gf[^\ */

/* [hAXe[^XWX^ */

/*------------------------------------------------------------*/

/* USB */

#ifdef __GNUC__

void usb_int() __attribute__ ((interrupt_handler));

#endif

void usb_int()

{

unsigned char nakevent,rxevent,txevent,altevent;

char reg;

usbevent = ReadUSB(USB_MAEV);

if( usbevent & USB_NAK )

{

nakevent = ReadUSB(USB_NAKEV);

if( nakevent & USB_NAK_O0 )

{

nako0();

}

if( nakevent & USB_NAK_O1 )

{

nako1();

}

else if( nakevent & USB_NAK_I0 )

{

naki0();

}

else if( nakevent & USB_NAK_I1 )

{

naki1();

}

}

else if( usbevent & USB_RX_EV )

{

rxevent = ReadUSB(USB_RXEV);

if( rxevent & USB_RXFIFO0 )

{

rx0();

}

else if( rxevent & USB_RXFIFO1 )

{

rx1();

}

}

else if( usbevent & USB_TX_EV )

{

txevent = ReadUSB(USB_TXEV);

if( txevent & USB_TXFIFO0 )

{

tx0();

}

else if( txevent & USB_TXFIFO1 )

{

tx1();

}

}

else if( usbevent & USB_ALT )

{

altevent = ReadUSB(USB_ALTEV);

if( altevent & USB_RESET_A )

{

/* Zbg */

RegisterSet();

WakeupUSB();

}

else if( altevent & USB_SD3 )

{

/* TXyh */

WriteUSB(USB_ALTMSK,USB_RESUME_A+USB_RESET_A);

/* ALTMSK � */

WriteUSB(USB_NFSR,USB_SUS_ST);

/* ������	�
�� */

}

else if( altevent & USB_RESUME_A )

{

/* W[ */

WriteUSB(USB_ALTMSK,USB_SD3+USB_RESET_A);

/* ALTMSK � */

WriteUSB(USB_NFSR,USB_OPR_ST);

/* ��� \*/

}

}

}

/*=======================================================

RXCxg

========================================================*/

/* RX0(system) */

/*

NGXgR[h

0 byte

D7 ... f[^ 0=zXg->foCX , 1=foCX->zXg

D6-D5 ... ^Cv

0:W , 1:NX , 2:x_ , 3:\

D4-D0 ... M

0:foCX , 1:C^[tFCX , 2:Gh|Cg , 3:

1 byte

NGXg

2 byte

value

2 byte

index

2 byte

length

*/

static void rx0()

{

unsigned char rxstat;

rxstat = ReadUSB(USB_RXS0);

if( rxstat & USB_SETUP_RX )

{

ReadUSBBurst(USB_RXD0,USB_RXS0,(char*)usbbuff,8);

FlushRXC(0);

FlushTXC(0);

ClearStallUSB(USB_EPC0);

if( (usbbuff[0] & 0x60) == 0 )

{

/* WNGXg */
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switch( usbbuff[1] )

{

case USB_CLEAR_FEATURE :

clrfeature();

break;

case USB_GET_CONFIGURATION :

WriteUSB(USB_TXD0,configno);

break;

case USB_GET_DESCRIPTOR :

getdescriptor();

break;

case USB_GET_STATUS :

getstatus();

break;

case USB_GET_INTERFACE :

WriteUSB(USB_TXD0,0);

break;

case USB_SET_ADDRESS :

WriteUSB(USB_EPC0,USB_DEF);

SETADDR = usbbuff[2]|USB_AD_EN;

WriteUSB(USB_FAR,SETADDR);

break;

case USB_SET_CONFIGURATION :

setconfiguration();

break;

case USB_SET_FEATURE :

setfeature();

break;

case USB_SET_INTERFACE :

if( usbbuff[2] != 0 )

SetStallUSB(USB_EPC0);

break;

default :

/* ‘ */

SetStallUSB(USB_EPC0);

break;

}

}

else if( (usbbuff[0] &0x60 ) == 0x20 )

{

/* NXNGXg */

SetStallUSB(USB_EPC0);

}

else if( (usbbuff[0] &0x60 ) == 0x40 )

{

/* x_NGXg */

SetStallUSB(USB_EPC0);

}

else

{

/* ‘ */

SetStallUSB(USB_EPC0);

}

DATA0_1 |= 1;

/* SETUP ��� LWDATA1M */

TxTogle(0);

}

else

{

if( senddesc )

{

senddesc = 0;

}

FlushTXC(0);

WriteUSB(USB_RXC0,USB_RX_EN);

}

}

/*-----------------------------------------------------*/

/* RX1 M */

static void rx1()

{

int cnt;

unsigned char rxstat;

rxstat = ReadUSB(USB_RXS1);/* RX1Xe[^X */

if( !(rxstat & (USB_SETUP_RX|USB_RX_ERR)) )

/* SETUP,ERRORpPbg */

{

/* zXgf[^M */

cnt = ReadUSBBurst(USB_RXD1,USB_RXS1,(char*)rx1buff,64);

/* FIFOf[^ */

write_inbuff((char*)rx1buff,cnt);

/* Oobt@ */

}

FlushRXC(1); /* obt@tbV */

WriteUSB(USB_RXC1,USB_RX_EN); /* M */

}

/*---------------------------------------------------------*/

/* RX2 M(not use) */

static void rx2()

{

unsigned char rxstat;

rxstat = ReadUSB(USB_RXS2);

}

/*===========================================================

TXCxg

===========================================================*/

/* TX0 MI */

static void tx0()

{

unsigned char txstat;

txstat = ReadUSB(USB_TXS0);

if( (txstat & USB_ACK_STAT) && (txstat & USB_TX_DONE) )

{

/* ok */

FlushTXC(0);

if( senddesc )

{

send_desc();

TxTogle(0); /* TX0M */

}

else

{

WriteUSB(USB_RXC0,USB_RX_EN); /* RX0M */

}

}

}

/*-------------------------------------------------------*/

/* TX1MI */

static void tx1()

{

unsigned char txstat;

txstat = ReadUSB(USB_TXS1);

if( (txstat & USB_ACK_STAT) && (txstat & USB_TX_DONE) )

{

/*

MIMf[^M

Mf[^AHOST0oCg

*/

}

else

{

/*

TCYsA

*/

}

}

/*=========================================================

NAKCxg

=========================================================*/

/*
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NAKCxgAG[M

NAK0ENABLEAO

*/

static void nako0()

{

}

static void nako1()

{

}

static void naki0()

{

}

static void naki1()

{

}

/*=========================================================

WNGXg

==========================================================*/

/* I@ */

static void clrfeature()

{

if( (usbbuff[0] & 3) == 2 )

{

/* Gh|Cgf[^ */

if((usbbuff[3]&7) != 0 )

ClearStallUSB(epctbl[usbbuff[3]&7]);

STALLD &= -1 ^ (1<<(usbbuff[3]&7));

}

}

static void setfeature()

{

if( (usbbuff[0]&3) == 2 ) /* ENDPOINT */

{

/* Gh|Cgf[^ */

if((usbbuff[3]&7) != 0 )

SetStallUSB(epctbl[usbbuff[3]&7]);

STALLD |= (1<<(usbbuff[3]&7));

}

}

/*---------------------------------------------------------*/

/* fBXNv^ */

static void getdescriptor()

{

DATA0_1 &= 0xfe;

switch( usbbuff[3] )

{

case USB_DEVICE :

send_desc_sub((void*)dev_desc,dev_desc[0]);

break;

case USB_CONFIGURATION :

{

send_desc_sub((void *)cfg_desc,cfg_desc[2]);

break;

}

case USB_XSTRING :

{

switch( usbbuff[2] )

{

case 0 :

send_desc_sub((void *)lang_data,lang_data[0]);

break;

case 1 :

send_desc_sub((void *)mfg_str,mfg_str[0]);

break;

case 2 :

send_desc_sub((void *)nbr_str,nbr_str[0]);

break;

case 3 :

send_desc_sub((void *)int_str,int_str[0]);

break;

}

break;

}

default :

{

}

}

}

static void send_desc_sub(void *ptr,int size)

{

desc_size = (usbbuff[7] << 8) + usbbuff[6];

if( desc_size > size ) desc_size = size;

/* Mvobt@f[^ */

desc_ptr = ptr;

senddesc = 1; /* fBXNv^MtO */

send_desc();

}

static void send_desc()

{

int sz;

sz = 8;

if( desc_size == 0 ) return;

if( desc_size <= 8 ) sz = desc_size;

sz = WriteUSBBurst(USB_TXD0,USB_TXS0,desc_ptr,sz);

desc_size -= sz;

desc_ptr += sz;

if( desc_size == 0 ) senddesc = 0;

}

/*-------------------------------------------------------*/

/* Xe[^X */

static void getstatus()

{

int data,ep;

data = usbbuff[0]&3;

if( (data == 0) || (data == 1) ) /* DEVICE,INTERFACE */

{

WriteUSB(USB_TXD0,0);

WriteUSB(USB_TXD0,0);

}

else if( data== 2) /* Gh|Cg */

{

ep = usbbuff[3]&7;

/* epSTALLM */

if( STALLD & (1<<ep) ) WriteUSB(USB_TXD0,1);

else WriteUSB(USB_TXD0,0);

}

else

{

WriteUSB(USB_TXD0,0);

}

}

/*-------------------------------------------------------*/

static void setconfiguration()

{

configno = usbbuff[2];

if( configno == 0 )

{

WriteUSB(USB_EPC1,0); /* EPC1gps */

WriteUSB(USB_EPC2,0); /* EPC2gps */

WriteUSB(USB_EPC3,0); /* EPC3gps */

WriteUSB(USB_EPC4,0); /* EPC4gps */

WriteUSB(USB_EPC5,0); /* EPC5gps */

WriteUSB(USB_EPC6,0); /* EPC6gps */

}

else

{

STALLD = 0;

FlushTXC(1);

WriteUSB(USB_EPC1,USB_EP_EN+01);

/* EPC1 ����� 1 ��� � */

WriteUSB(USB_TXC1,USB_TX_EN|USB_TX_LAST);

/* TX1M */
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FlushRXC(1);

WriteUSB(USB_EPC2,USB_EP_EN+02);

/* EPC2 ��� � 2 � ��� */

WriteUSB(USB_RXC1,USB_RX_EN); /* RX1M */

/*

USB_TX_LASTAREADXg[B

Af[^OREAD0byteB

hostNGXgsA

NGXgXg[B

*/

}

}

/*==========================================================

p[‘

===========================================================*/

/* STALLZbgNA */

static void SetStallUSB(int adr)

{

WriteUSB(adr,ReadUSB(adr) | 0x80);

}

static void ClearStallUSB(int adr)

{

WriteUSB(adr,ReadUSB(adr)&0x7f);

}

/* FIFOtbV */

static void FlushRXC(int no)

{

WriteUSB(rxcreg[no],USB_FLUSH);

}

static void FlushTXC(int no)

{

int d;

d = ReadUSB(txcreg[no]);

d |= USB_FLUSH;

WriteUSB(txcreg[no],d);

}

/* MItOZbg */

/* reg = USB_TXC0‘6 */

static void TxTogle(int no)

{

unsigned char d;

d = USB_TX_EN;

if( DATA0_1 & (1<<no) ) d |= USB_TX_TOGL;

else d &= ~USB_TX_TOGL;

d |= USB_TX_LAST;

WriteUSB(txcreg[no],d);

DATA0_1 ^= (1<<no);

}

/*---------------------------------------------------*/

/* USBAhX */

static unsigned char ReadUSB(int adr)

{

USB9602R = (unsigned char)adr;

return( USB9602D );

}

/* USBAhX */

static void WriteUSB(int adr,int data)

{

USB9602R = (unsigned char)adr;

USB9602D = (unsigned char)data;

}

/* o[Xgg] */

static int ReadUSBBurst(int adr,int adr2,char *buff,int cnt)

{

int i;

int rcnt;

USB9602R = (unsigned char)adr;

for(rcnt=0,i=0;i<cnt;i++)

{

if( (ReadUSB(adr2) & 0xf) == 0 ) break;

USB9602R = (unsigned char)adr;

*buff = USB9602D;

buff++;

rcnt++;

}

return(rcnt);

}

static int WriteUSBBurst(int adr,int adr2,char *buff,int cnt)

{

int i,scnt;

for(scnt=0,i=0;i<cnt;i++)

{

if( (ReadUSB(adr2) & 0x1f) == 0 ) break;

USB9602R = (unsigned char)adr;

USB9602D = *buff;

buff++;

scnt++;

}

return(scnt);

}

/*=========================================================

TvvO

=========================================================*/

/* TX1M[‘ */

/*

USBIMAA

TX1MIobt@(outbuff)f[^MB

AHOSTIREADsB

O^C~OEPC1FIFOobt@TCYB

*/

static int SendTX1()

{

int c,cnt,sz,i;

cnt = 0;

sz = read_outbuff((char*)rx2buff,64); /* FIFO64byte */

FlushTXC(1); /* Mobt@tbV */

if( sz != 0 )

{

cnt = WriteUSBBurst(USB_TXD1,USB_TXS1,(char*)rx2buff,sz);

/* o[Xg] */

}

TxTogle(1); /* MI */

return( cnt ); /* Mf[^ sz==cnt */

}

/*------------------------------------------------------------*/

/*

Mobt@

inbuffHOSTf[^obt@

outbuffHOSTf[^p

TvOobt@B

A256oCgmBobt@

CB

*/

#define USBBUFFLEN 256 /* obt@TCY */

static int inpos,inlen; /* obt@uATCY */

static int outpos,outlen; /* oobt@uATCY */

static char inbuff[USBBUFFLEN]; /* Oobt@ */

static char outbuff[USBBUFFLEN]; /* oOobt@ */

/*------------------------------------------------------------*/

/* obt@*/

/*------------------------------------------------------------*/

void init_usbbuff()

{
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inpos = inlen = 0;

outpos = outlen = 0;

}

/*------------------------------------------------------------*/

/* HOSTMobt@ */

/* char *p obt@|C^ */

/* int size TCY */

/* l TCY */

/*--------------------------------------------------------------*/

int write_inbuff(char *p,int size)

{

int i;

IRQ5_disable();

for(i=0;i<size;i++)

{

if( inlen >= USBBUFFLEN ) break;

inbuff[inpos] = *p;

inpos = (inpos + 1)%USBBUFFLEN;

inlen++;

p++;

}

IRQ5_enable();

return(i);

}

/*---------------------------------------------------------*/

/* Mobt@ */

/* char *p obt@|C^ */

/* int size TCY */

/* l TCY */

/*---------------------------------------------------------*/

int write_buff(char *p,int size)

{

int i;

//INTC.IER &= (-1^0x20); /* IRQ5 Disable */

IRQ5_disable();

for(i=0;i<size;i++)

{

if( outlen >= USBBUFFLEN ) break;

outbuff[outpos%USBBUFFLEN] = *p;

outpos = (outpos + 1)%USBBUFFLEN;

outlen++;

p++;

}

//INTC.IER |= 0x20; /* IRQ5 Enable */

IRQ5_enable();

return(i);

}

/*---------------------------------------------------------*/

/* Mobt@*/

/* char *p obt@|C^ */

/* int size obt@TCY */

/* l TCY */

/*---------------------------------------------------------*/

int read_outbuff(char *p,int size)

{

int i;

IRQ5_disable();

for(i=0;outlen>0;i++)

{

if( i >= size ) break;

p[i] = outbuff[ (USBBUFFLEN+outpos-outlen)%USBBUFFLEN ];

outlen--;

}

IRQ5_enable();

return(i);

}

/*------------------------------------------------------*/

/* Mobt@*/

/* char *p obt@|C^ */

/* int size obt@TCY */

/* l TCY */

/*------------------------------------------------------*/

int read_buff(char *p,int size)

{

int i;

//INTC.IER &= (-1^0x20); /* IRQ5 Disable */

IRQ5_disable();

for(i=0;inlen>0;i++)

{

if( i >= size ) break;

p[i] = inbuff[ (USBBUFFLEN+inpos-inlen)%USBBUFFLEN ];

inlen--;

}

//INTC.IER |= 0x20; /* IRQ5 Enable */

IRQ5_enable();

return(i);

}

/*------------------------------------------------------*/

/* Mobt@TCY*/

/*------------------------------------------------------*/

int get_inbufflen()

{

return( inlen%USBBUFFLEN );

}

/*------------------------------------------------------*/

/* Mobt@TCY*/

/*------------------------------------------------------*/

int get_outbufflen()

{

return( outlen%USBBUFFLEN );

}

void IRQ5_disable()

{

INTC.IER.BIT.IRQ5E = 0;/* IRQ5 Disable */

}

void IRQ5_enable()

{

INTC.IER.BIT.IRQ5E = 1;/* IRQ5 Enable */

}
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