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1	 はじめに 

� Open-It7ǢƓ5AC˸ģ"E0�Dʹȥ^`j�Ʀʪ6

ŝ̌Ŗphl��V1�D[1-7]�ɾʋH˜�*˴Ƽ5AD

ʹȥƦʪǂʖ2̍Ʉ5ACï˲ĤɞŊ2(6ę˨̩ĳ5˓

ȴ%D£HɊɆ2#0Țó#0�D� 

� ǧǈɫ17Ǡã5 2016ŸŽ6 Open-It6ȚóĵĘHʩ�

̶ƩƄ ÜȽ̸Open-It �ˁ¨µ̷̸̹ (6Ɖ1°��.6z

�_OVlHɼ«%D� 

l Open-It 16 Application Specific Integrated Circuit 

(ASIC) ̍Ʉ5.�0̶ƩƄ Ū�̷ 

l J-PARC MLF t�` Muon ȧ5��Dȓȼ TDC

�Kalliope�6̍Ʉ2 µSRàÖĤ6ʯ½̶ƩƄ šŮ  ̷

l Open-It2˴Ƽ#*ǂʖȚó̶ƩƄ ̉ǥ̷ 

 

2	 2016年度 Open-It活動報告 

2.1	 Open-It 
 

� Open-It6�4Țó7°�6 �.1�D��

l ʡƤHś˒5#*ʹȥƦʪǂʖ 

l ˴Ƽ5ACʹȥʭʌ̍ɄHʩ�ÚĒɕɧ̍Ʉz�_O

Vl 

l ɕɧś˒à̅H˜�0ƛĵ¦ƹ%D*>6Ķ6ƸÁ 

 EB6Țó7�˔#*ǂʖ�˴Ƽz�W��24-0�

D�À�8̸ãŊʑ�ãȉɆ4ƦʪHb�n�1ʏƌ#̸

                                                   

̹ Open-It�ˁ¨µ7Țó5˙Ē#0�DǢƓ5ACǼƠ"EȚó

Üŗ@ǌĔƘ436ˏˋHʩ-0�D�ǼƠğ̶̼ ¥ų̷̤̼̂ Ě

ǩęŷ̶̐Ł̷̸ ̒́æƎ̶ȷɕƽɘ̷̸ ɔƐɅǘȖ̶ǬùŁ̷̸ Ü

ȽǛ�̶KEK̷̸ ɩɝæ̶§Ł̷̸ šŮÎ×(KEK)̸ǬĲ̨Ȗ̶�

Ł̷̸ ơǧˇ̶ ēŁ̷̸ ̋ĮžČ̶ ŻűŁ̷̸ ʞıĝé̶ KEK/̐Ł̷̸

ǒơʝƠ̶ǬŁ̷̸ Ƣō˕Ɓ̶º˗Ł̷̸ ŔĂȇ ̶KEK̷̸ �˧ȝ

ď(ǬùŁ) 

(6ɒˎH¿-0ŝ̌Ŗ6ƦʪɆ4ƾƻHć�4�BÚĒ

ɕɧ̍ɄHʩ�̸(6ʀǯHɕɧµ1ˏˋ%D 2�1�

D�°�1 2016ŸŽ6(E)E6Țó5.�0ĵĘ%D��

 

2.2	 技術教育 
 

� ˌʎƅƀ6ÕɬP�Vl�oV` DAQ b�n�2Œʏ

ƅƀ6l��o�WZ�`2ē®�*¤ɣ̭6Ʀʪǂʖz

�W��HƸÁ#0�D� 

� ÕɬP�Vl�oV` DAQ b�n�7ʭʌ̍ɄǦɿ̲

ʑHś˒2#*ˌʎƅƀ6Ʀʪb�n�1�C 2016Ÿ 9ǡ

5 KEK .�8T��t`1 5 ǐ̎6ǐɢ1̍Ð"E*�

l��o�WZ�`7ƦʪȎ5 ASIC/Field Programmable 

Gate Array(FPGA) /DAQ�m�NOK6 3ɣH̍Ð#0

�D�ASIC l��o�WZ�`7ēĉŤŁŊ1 3 ǐ̸̎

FPGA l��o�WZ�`7ēĉŤŁŊ̸�ŰŁŊ̸Ǵʨ

đɞŊɕɧƣ̸Ł̐ŁŊ RCNP̸ǬùŁŊ1(E)E 2ǐ

̸̎DAQ�m�NOK7 KEKǬȞT��t`1 3ǐ̎̍

Ð"E*�Đb�n�̸l��o�WZ�`6˂ɻ7Web

|�_HăȬ#0�*+�*�[8]� 

� b�n�2ź.�6l��o�WZ�`7ŁŊ̕6ƳǸ

2#0ʈɕŁ̸Ǭ§ŁŊ̸§̂ŁŊ̸Ł̐ŁŊ̸ēĉŤŁ

Ŋ̸ɯȘŁŊɮ1ÿ¸2#0˅>BE0�D�;*̸Ŋ́

ŊȺ1?ăï1�D61ʭʌ̍Ʉ5ʛĚHƮ.Ŋ́Ⱥ�ǒ

Ǥ5ŊʏHŅ>D 2�1�D�ÕɬP�Vl�oV`DAQ

b�n�17Ŋ́Ⱥ5ś%Dǎ˖ƾʂ?ʩ-0�D61Ț

ȼ#0�*+�*�� 

�  EB6ǂʖz�W��6ɺʹăïʑǅ7 2016ŸŽ;1

6 7Ÿ̎1 1,280ē24-*�Ÿŷį1ɷ 180ē1�D� 
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�

ĩ �� ǂʖz�W��ćˌʑǅŸŽƶɡ��

�

ĩ 1 5ćˌʑǅ6̍ÐŸŽƶɡHɚ%�ćˌʑđʹǅ7

2012ŸŽ5Ǡ̳Ì24C̸(6Ɖ7ȣŢ#0�D�2016Ÿ

Ž7 124 ē24-*�ȣŢÑĔ�ʅ�0�DĂĦ2#0ˌ

ʎÜŗ��˽á1�-*2?ʐ�BED�̸Đb�n�/

l��o�WZ�`6ćˌʑK�X�lĥɰʀǯ6ʿÃ7

ʝ�̸ȶǗȩ1ĂĦHÜŗ6˚2äǊ%D 271�4�

̶K�X�lʀǯ7Đb�n�/l��o�WZ�`6Web

|�_5Ʒ˦"E0�D �̷( 1̸ʛĚHƮ-0�Dŀ�

6ɕɧʑ�ƦʪHʏƌ#**≯ȎŸØEǟGDÉĺˉɢ

436ǋØȺǅ5˫/�0�D2ʐ�0�D�±5 6±

ő�ȇ#�61�E8ãȉɆ4Ʀʪǂʖ�ûàǙĄ#*2

ʸ�D61̸Open-It6ɊǾ��.˻'BE*2ʸ�D� 

°�6A�5ćˌʑǅ�ȣŢ#0�D61Ʀʪ6ǙĄǤ

�ɽ¡#*2<4#̸2017ŸŽ�Bȃ6ȍ̘1�D�˚6

Ĕ��9˵=¢ő1�D�ǋ*5ɿ̲ʑHś˒2#*Ʀʪ

Ɇ5˵I+ǂʖz�W��HŠØ# Đ̸b�n�/l��o

�WZ�`7˽á4ʳǿ1̍Ð%D�À�8̸ÕɬP�V

l�oV` DAQ b�n�7ćˌʑǅHè̔#4�A�5

ŀ¨ǅąŗĊʗ4Łʳǿ}��̶ KEK.�8T��t`š

Ǯ}��̷1̍Ð#0�*�̸šʳǿ4µĶ9Ľǝ%D�

 6Ľǝ5ACˌŴ6Ļ�ʓ�ĆC5��436Ġ̬Hƿ

ġ%D�"B5̸K�X�lʀǯHăʐ5ˌʎÜŗHĽǝ

%D�À�8̸Ǡã6ˌʎ1�DǺʱ́HƭÔ#0ª;1

Ǐɒ2<4#0ɍ�0�*Üŗ43Hˮï%D¢ő1�D�

l��o�WZ�`5.�07ȶȱʆƮHĴǧǌ̈2#̸

˴Ƽ5ADĭúÿ¸16ʃ�̍Ð̸̍Ð̫ŽH̙Ÿ5%D

436ˊǆHʩ��l��o�WZ�`̍Ð6ɊɆ7ʡƤ

6Ʀʪǂʖ1�D�̸ï�0̄ʱ4ɊɆ��D�(E7�

Ðȁ̏16Ʀʪʄƥ1�D�ź.�6�Ðȁ̏17³ȿ�

Bˌʎ;1ÿȳ1̍Ð#0�D� E7̸̍Ðȁ̏�ˌŴ

Hô>D 2�1�DƦʪíHÇƮ#̸ȁ̏Ü6ŊȺ43

6ʡƤ5ʄƥ#0�D 2HƜĚ#0�D� 6Ʀʪʄƥ

7̢ŵ5̄ʱ4£1�Cƒʱ4£1�D2 Open-It 7ʐ�

0�D61ăï¨ǅ5��GB&ªƉ?ʄʅ#0̍Ð%D� 

� °�6A�5ćˌʑǅȣŢH�ĴəƦʪʏƌ6ȁµHƸ

Á#* 21ûà5ǙĄ#**>�2ʕőɆ5Ʋ�ȚóH

˵>D� 

�

2.3	 BHqt�p 
 

� Open-It17ɾʋH˜�*˴Ƽ5ACɕɧ̍ɄH˵>0�

D� 6ÚĒɕɧ̍Ʉ6ɊɆ7¤.�D��.Ɋ7ɕɧ̍

Ʉ"E*ʼʹ˘ȻH Open-It ��s�̎1ÚǢ#ɕɧ̍Ʉ

Hòȵʝ�˵>D£1�D�¤.Ɋ7ŒˢɆǂʖ1�Cʭ

ʌ̍ɄãƑʑ�ɿ̲ʑ6ƦʪɆƾƻHƌ4�Bʘí1̍Ʉ

Hʩ�� 

� ª;1 82 6z�_OVl�˵>BE̸(6�, 49 6z

�_OVl�ɽ¡#*� EB6z�_OVl1̍Ʉ#0

�D̸;*7̍Ʉ"E*̸ʭʌ6Ł́à7Œ̚6Œ̲1¿

ȼ%D£�ɊɆ54-0�DŒˢɆ̍Ʉ1�D� 

Open-It1˵>BE0�DÚĒɕɧ̍Ʉ6ȶȱHɒD�.

6ƯǾ2#0̸ȯȷŊµ16 Open-It ̏˴Ʉʫǅ6ŸŽ˾

ɡHĩ 25ɚ%� 

�

ĩ �� ȯȷŊµ16Ʉʫǅ6ŸŽƶɡ��

�

Open-It̏˴Ʉʫ7ȯȷŊµ°Ŀ1?ʩGE0�D�  ̸6

W�x57Ė;E0�4�� 6Ʉʫǅ�B Open-It 6Ț

ó�ɖŒ5ï˲ĤɞŊ2(6ę˨̩ĳ5˓ȴ#0�D 2

�à�D�Țó̍ŅƉĸïÑĔ�ʅ�0�*�̸2016ŸŽ

7ȣŢÑĔ�˅>BE*� E7̸ɽ¡z�_OVlǅ6

ĸï�ĂĦ2ʐ�BED�Ǡ˫6ȯȷŊµ6ʭʌ̍Ʉ̏˴

ˌȨʑ6�5ŀ�6 Open-It z�_OVlýǸȺHʲ.�

D 2�1�D� 6Ʉʫǅ6ȣŢ7 O̸pen-It̍Ʉz�_O

Vl1ƦʪHʏƌ#Ʀʪƾƻ��ȼ54-*ʡƤ@Œ̲W

��z6ĸïHʫ#0�D6�?#E4�� 

�

2.4	 ;i 
 

� ĴəɞŊHƴȒ%DŒ̲Ŗ52-0ʭʌ7˺Û1�Cɕ

ɧś˒174�� 6£7ʭʌ̍Ʉ5��0æŕ̏Å�Ʉ

Ⱥ#5��à̅ÜĿ6þí̏ÅHɳ�@%�2ʐ�D 2

?1�D�#�#̸þí̏ÅHɳ��-��24Dɕɧµ
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7̸Œ̲à̅Ȏ5̍Ð"ED 2�ŀ�*>ɂ4Dà̅6

̍Ʉʑ�¦ț%Dȁµ7Ţ4��( 1̸ɂà̅6ʭʌ̍

Ʉʑ̎6¦țHÆ˵%DĶ2#0ʭʌ̍Ʉ5ȫȩHđG'

*ɕɧµH̍Ð#0�D�2016ŸŽ7ÀŸ̍Ð#0�D�ʡ

Ƥ6µɕɧµ�2�ʹȥ^`j�ɕɧµ�5ï�0�Ǵʨ

đ�ï˲ĤɞŊà̅đĒʹȥƦʪ��V^�hz�H̍Ð

#*� 

� ʡƤ6µɕɧµ7 Open-It ʡƤ6µ[9]��Ð%DʡƤH

ś˒5#*ɕɧµ1�D�ʡƤ6µ27ʭʌ̍ɄH˵>D

ʡƤ̎6˴ƼƃøHɊɆ5ʼɪ"E O̸pen-ItȚó6ĴɉH

ƃø%D̄ʱ4ƇɊHƩ-0�D�ʡƤ6<1˸ģ"E0

�Cɕɧµ43H³ȿ�BŒǍ;1Ù0Hɿ̲1�D˕̄

4Ķ24-0�D�˂ ɻ7ʡƤ6µ6ʻ£[10]HăȬ#0�

*+�*�� 

�

�

ĩ �� ʹȥ^`j�ɕɧµ�	�
��� ̍ÐǗ6̮ǚ��

�

ʹȥ^`j�ɕɧµ7ʹȥ^`j�5ȫȩHđG'*ɕ

ɧµ1�D�ǧŸŽ7 KEK ǬȞT��t`1 10 ǡ 13 ǐ

�B 2 ǐ̎̍Ð#*̶ĩ 3̷[11]�ˌȨǅ 31̸ăïʑǅ 84

ē1�-*�ăïʑ6Țóà̅7ɸǴŒ̲�ɷüǅ̸ȯƘ

ɶ� 1/4̸ȌC6 1/4 7ï˲Ĥ2³Ǹ6ǌ1�D�ăïʑ

6 1/4 �ŊȺ;*7Āĺɕɧğ1�CʡƤ6ȏȵ�̳�ɕ

ɧµ24-*�ˌȨÜŗ?ï˲Ĥèƍ̸ʹȥƦʪ̸ɸǴŒ

̲6k�eą̜Ʀʪ̸̜ɦĥˡƦʪ̸ǁŞʉʒƘ5̏%D

ĵĘ43ŀŨ5ĄI+�ăïʑ�B7 6A�4ɕɧµH

ȅ˪%DĻHŀǅ�*+�*� 

Ǵʨđ�ï˲ĤɞŊà̅đĒʹȥƦʪ��V^�hz7

ǴʨđɞŊɕɧƣ6ƾƻHƌ0ǴʨđɞŊɕɧƣ1 10 ǡ

28ǐ5̍Ð#̸Ǵʨđà̅2ï˲ĤɞŊà̅6̍Ʉ£Àɼ

«436ȶȱĵĘ2ǋ#�̍ɄƤȗ5.�0ˏˋ#*�ˌ

Ȩǅ 9̸ăïʑǅ 19ē6šʳǿɕɧµ1�C̸ăïʑ6Ț

óà̅7ɸǴŒ̲�ɷüǅ̸Ǵʨđ� 1/3 ƃ1�-*�ă

ïʑ6üǅ�ŊȺ;*7Āĺɕɧğ̸3 ì�ɕɧ�ǂʖɶ

ʔğ̸2 ì�Ʀʪɶʔğ24C̸ ,B6ɕɧµ?ʡƤ6

ȏȵ�Ł��4-0�D�ëü1b�\�̍Ʉ̸ȁĤ6ǁ

ŞʉƆ̸̥èƍ^`j�̸ˈ<ß#^`j�435.�0

ĵĘ�ʩGE̸Ɖü5r�mNOKHdxlNOKɆ5ʼ

ʹ%Dǋ#�̍ɄƤȗ6Ǵʨđ�ï˲ĤɞŊà̅96Ɣȼ

5.�06ˏˋ�ʩGE*� 

 EB6ɕɧµHȁµ5ɂ4Dà̅̎6˴Ƽ@ƛĵ¦ƹ

�Æ"E̸̍Ʉ�ACòǯɆ5˵= 21̏˴à̅6̍Ʉ

í�ƃø"ED 2HǤƈ#0�D�ªƉ?ʹȥƦʪ6ʴ

ȩ�Bɂà̅¦țHÆ˵%DɕɧµH³ȿ̍Ð%D¢ő1

�D� 

�

2.5	 ��め 
 

� Open-It6ǂʖȚó@ʭʌ̍Ʉ436ƠǯHɓǤ̎1ƌD

 27̟#�̸ʲ�Dƅ1ɚ% 27"B5ħ̟1�D�

ª;17Ź˸4 25ǂʖz�W��96ăïʑǅ@Ŋµ

16Ʉʫǅĸï5ACòǯHɚ% 2�1�*�#�#4

�B̸2016ŸŽ7(EB6ǅŇ�ȣŢÑĔ5ˤ$* 2�

ǔB�54-*�Open-It6Țó�Ơî%D2ƾƻHƒʱ2

%DʡƤ�ȣD*≯ǂʖz�W��6ǅŇ7ȣŢ%D�

ªƉ7Țó6Ơî5ACȣŢÑĔ54-0�D6�ĕ�H

ƞ̄5Ƿʺ#4�B˵>Dƒʱ��D2Ɲ$0�D�ȶǗ

ȩ17ĕőɆ4ʱɸHʲ.�D 2�1�4�61ǙĄǤ

�ɽ¡#*2<4#̸ǂʖz�W��6˚6Ĕ�HÆ˵%

D 21ï˲ĤɞŊ2(6ę˨̩ĳ5˓ȴ%D£HɊƯ%� 

Open-It6Țó5.�0Z��l@!Ɯʲ43��E8ǖ

̢ʓ�'0�*+�*��Open-It Web|�_6Z��l

ƨɥȁʗ@���431˴ʁ#0�*+�*�� 

� ǠƉ5 Open-It 6ȚóHȷʷ#ƾƻ#0�*+�0�D

ŀ�6ǌ�5Ɲˍ#*��Ȱ5̍Ʉz�_OVlHɦǹɆ

5˵>0�DʡƤ@ǂʖz�W��6ăïʑ O̸pen-It��

s�@Đà̅6ɇǽ5ȡ�Ɲˍ#*�� 

 6Țó7 KEK ï˲ɞŊʈđƾƻ£Ǹ6ƾƻHć�0

�D�̳Pp�U�ï˲ĤɕɧȁǼ6ȁǼ̋H7$>2%

D`ehx6ɇǽ5ȡ�Ɲˍ#*��ASIC̍ɄǂʖȚó7

Ǭ§ŁŊŁʳǿ̜ɦ^`j�ʼʹǂʖɕɧb�e�H˱#

ǐǧXMk�`ǳƀµɛ̸^qz^`ǳƀµɛ6þíHƌ

0ʩGE0�D� 

�

3	 26("$,w=�Open-Itに���ASIC
�p 
 

Open-It̍Ʉz�_OVl6��BASIC̍ɄHɵíɆ5

˵>0�D 2.6z�_OVlHɼ«%D� 

 

3.1 ?j8?��P�o!.6%#5$,6/$)
��p�LTARS�KEK vcq�rZNO�U[N
O�J�R�	
 

LTARS[12]7 Low-Temperature Analog Readout System 
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6Ɂɠ1̸Ó�7ȃ�¯6o��l�qƱó�̗ņŭĹŒ

̲5ȼ�DȠ»K�[� TPC(Time Projection Chamber)

ȼ6ˈ<ß#P�Vl�oV`6ǼɳHɊɆ2#0z�_O

Vl�`e�l#*�(6Ɖ̸f�V�e�ƴɹŒ̲5ȼ

�DS`ǷßĤ(µ-PIC) 6ˈ<ß#P�Vl�oV`2#

0?Țȼ1�D 2�BÚĒɕɧ6ʳǿ�ƭŁ#̸ȶĬ1

7ɜơŁŊ̸ũƤŁŊ̸ė̳ŝHĖ>*̍Ʉg��5Ʉť

#0�D� 

ëĥ;15ˀ½#*j`lghz7̸ĴǧɆ4ĥˡó½

�ɖ˅1�0�D?66̸Œ̚6ȯȷŒ̲57̝̤ȰƘ�

Ł�� 2�G�-**≯ªĥ7AC¹̝̤4Kn�W

ÈĎÞȷĥˡHɊƯ#0ˀ½Hʩ-*�P�Vl�oV`

5ʱȒ"EDƘʗ7̸YM��áCǟ�Ċʗ4 22¹̝

̤ȰƘ�¹ȟ˖̠í43�ư�BED�À�8̸šÈĎH

e�Yhl2%DĶđ̸ʱȒ"EDØí̠ʤ6fMn�h

V��_7 80 fC 5ś#0̝̤Ƙʗ7  2000 e− (ENC) �ʱ

Ȓ"ED��ǌ̸ŁÈĎ�e�Yhl6Ķđ7̸(6 20 Ë

6fMn�hV��_1�D 1600 fC HÈĎÞȷ%Dƒʱ

��C̸̝̤Ƙʗ2#07  6.25×104 e−°��ʱȒ"ED�

 �#*ʰ̝4ʱȒƘʗHÙ0Ȧ*%P�Vl�oV`H

c��B�Ʉ1̍Ʉ%D2��67ȶŒɆ174�*≯

ªĥ7̸5 mm ʶ6j`lghz6�5 2 ɣ̭6ÈĎÞȷ

K�TjVg�2 AD ĽƹĤ̸LVDS m�Ms�43HØ

E*ˀ½ghzHț#*�k]M�7 silterra ɛ6 0.18 µm 

CMOS z�b`Hȼ�0̸̂ ����^��1ó½Hɖ˅

#*6, �̸MKNlHʘà*,6Ƥ1̍ɄHʩ-*�2017 

Ÿ6 2 ǡ5k]M�H\y�hl#̸ļ̌�BƘʗʿÃH

Ņ>D¢ő1�D� 
 

3.2 
����	����	��	P���め�'3&7),3+
2dCLo!.6%167,#7-�~@�SliT
�KEKvcq�:VNO�JAXA�b<NO�	
 
� J-PARC 5��Dȃ�¯Muon̺Œ̲1�D g-2/EDM 1

7̸�ǽɗĶ�Hęĥ%D Muon 6ŭĹ̠ņ6̯ˠ�Ǘ̎

Hʹȥ%D*>5^�Z�`l�hzǷßĤHȼ�D 2

54-0�D�( 17 Muon ŭĹ�B6ʤ̠ɴņ6ØŞ

��l� 1 g��p��*C 3 MHz 2̳�*≯̯ˠH

òȵA�Ƿß%D*>5te��xJM�f�5��DZ

M�^k�`NM�mNH5~7 ns ɢŽ5ɓ�%Dƒʱ��

D� EHP�Vl�oV`96ʱȒƘʗ5ʸ�ƹ�D2̸

ɴņHǷß%DeM��W(Time-Walk) H 5 ns ɢŽ5Ƨ

�Dƒʱ��D2�� 254D�;* S/N H 10 °�5

ɖÇ#4�B?̸̳��lȹķ�1tM�KhzH̑�*

>5ÈĎÞȷ#*t�`ŶH100 ns ǦȦ54DA�5Șƅ

                                                   
̺ȋČɆȷȾ�B̸µɴņ7̸ɸǴɶ17����Q��ȯƘɶ1
7���Q��2ǐǧˆʫʻ"ED 2�ŀ��̸ǧĂɥ17̸
ʣˆʫʻMuonHȼ�D� 

ǆƅ%Dƒʱ��D� 

ëĥ;16ghz[13]17 È̸ĎÞȷĥˡ2#0�ʜɆ4

CR-RC {�`6ȘƅǆƅĥˡHȼ�0�*�̸�MKN

l6̏Å�̸Șƅǆƅĥˡ6ßí�BZ�t��e;16

˟̞�̋�4C (̸6ʀǯ Time-Walk �ƚø%D2�� 

2�G�-**≯ªĥ6ˀ½ghz57Ƌǫ6ˈ<ß#

ǌƀ27å5̸ǋ*5 Time-over-Threshold (ToT) 2ě8

EDÈĎÞȷK�TjVg�Hȼ�D 25#*� E7

ATLAS 6wVb�ǷßĤ5?ȼ�BE0�D?61̠ʤ

ĸŶĥˡ(CSA) 6ßíH�oK5ȣʬ"'*ßíHZ�t

��e5Øí%D 21̸̠ʤ̆HǗ̎Ŷ5ʉƅ5Ľƹ1

�D2 F5ȰƏ��D�"B5ʰ̝4ǆƅĥˡHƒʱ2

#4�*≯̠ʤĸŶĥˡ�BZ�t��e;16ȯȷɆ

4̃ʉ˟̞Hɓ�1�D*≯Time-Walk HȣB'D2�

�Ȳ���D� ,B?z�b`7 LTARS 2Ē$ 0.18 µm 

CMOS 6jVq�_�Hȼ�0̍ɄHʩ-*�ªĥ6̍Ʉ

173,B6z�_OVl?�MKNl;1#-�C2ʘ

à*,6Ƥ1ʩ-**≯ghz6�ˣ�y�hV~hV

`54B&̸ªƉ6̍Ʉ5��0?�Ûđ́à6Ƿʾ@Ƙ

ʗ6ƿġ43�ŗǕ51�DA�54D2Ǥƈ#0�D� 

�

4	 26("$,w=�J-PARC MLF04)
Muonkに���go TDC�Kalliope���
p� �SRDAL�|@�KEKleq8vc
q8}usO*� 
 
4.1	 Kalliope�は�  
ŁƃŽ̗ņï˲ĤǍʼ J-PARC6ȯ˚�ȺĜɞŊŒ̲Ǎ

ʼ MLF 17̸�ɀǠ̳ƃŽ[14]H˃Dt�` Muon ȧ2 3

ǧ6v���M� 4̸Rƣ6MuonŒ̲P�K̶ D1, D2, S1, 

U1A̷�ɤÒ#0�D�ŀ̄uhl�ǧ˚Ɇ5˿�D 2

6ßǫ4�t�`Muonv��1̸µeŭĹǗ̎`|Vl�

ȥő%D 2HɊɆ2#0 ü̸Š»ÖɸņMPPCHȼ�*

Ǘ̎ǷßĤ^`j�H̍Ʉ#̸Kalliope ̶KEK Advanced 

Linear and Logic-board Integrated Optical detenctor for 

Positron and Electrons̷2ē®�*��

ĩ 4 5 S1 Œ̲P�K5ʼʌ#* µSR̶Muon Spin Re-

laxtion à̷ÖĤHɚ%� 6àÖĤ7 ARTEMIS̶ Advanced 

Research Targeted Experimental Muon Instrument at 

S-line̷2ē®�BE̸KalliopeH 40ċƨØ#* 1280g�

�p�6 µSR àÖĤ1�D�D1 Œ̲P�K5?Ēİȁ6

µSRàÖĤHŵʼ#0̸S1/D12?MuonHȼ�*ȯƘɕ

ɧ5æȼ"E0�D��

28
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ĩ 4� S1 Œ̲P�K5ʼʌ"E* µSR àÖĤ�ARTEMIS�6Ƿ

ßĤ�ț́à�ǁŞȱ5ʼʌ"E*ǷßĤ�_���5 Kalliope

� 2 �ohlØ-0�0̸�ț��țÏ̸Đ�20 ċ&.¿-0�

D� 

�

4.2	 Kalliope�>f�e� 
 

Muonç˻Ǘ̎� 80 nsɢŽ6Ǘ̎àųŶHƮ-*t�`

ȱ1�D 2̸Muon 6ŷįŜĜ� 2.2 µs 1�D 2̸̹

v��t�`5  105 ∼ 106
Ê2��ŀǅ6Muon�Ė;E0

�0 (̸EB6µeŭĹǗ̎`|Vl�Hʹȥ%D 2�B̸

Kalliope6¬ǽ7̸ 

̶1̷�Ǘ̎àʷʗ7 1 ns1ûà� 

̶2̷�Ǘ̎ɨ7 64 µsɢŽƒʱ� 

̶3̷�ŀ̄uhl7ǠŁ 1000 hit/ch/pulse� 

̶4̷�uhlƉ6ÈĎ74D:�ǒ�ąǪ#0ȃ6uh

lHć�BED 2� 

̶5̷�ÈĎÞȷĥˡ2�»İ1̸àÖĤH��ey�5

ßǫD 2� 

1�D�µSR àÖĤ6Ǣòɪ»ʶ 20%H 1000 g��p�

5àì#*2#0? t̸�`�*C   105 ∼ 106×0.2÷1000 =20

�200Ê6̠ņ@̗̠ņ�ŷįŜĜ2.2 µs6Ǘ̎Ǽ˳HƮ-

0�D6+�B̸Ȱ5(4)7̄ʱ1̸Kalliope 6*>5ǋ*

5̍Ʉ#* ASIC H Vx10, Volume2011, Volume2012,�

Volume20135ʅ�0 5¯Ɋ6Volume20149KhzW��

m%D 21ã>0ʷȔ#*� 

� ĩ 5 5 Kalliope̹�ohl 32 g��p�6ÝɐHɚ%�

Kalliope 7̻.6ĥˡĴǭ�B4D̼Ų�B^�gy�h

V2MPPC6˦-*^�gĴǭ K̸�z2Ș̳àåHʩ�

ASIC̶ Volume2012;*7 Volume2014 6̷˦-*Kn�W

Ĵǭ̸TDC̸���̸k�eą̜ PC 96˱È2 ASIC 6

DACèƍHƩ� FPGA̶Xilinx Spartan-6 XC6SLX100T̷

6˦-*k_e�Ĵǭ1�D� 

 

�  
ĩ 5� Kalliope̹�ohl6Ýɐ�čĩ7^�gy�hV̶ÝɐŲ

6̵̷6ǗǼ˳�\MZ�ȱ6^�g��e6̜đ»1̸Ƶɑ

"E*Ș̋ĽƹxJMs6ɬ̣H 1.3mmʶ6MPPCÖǷßĤ�ʲ

˩I1�D��
  

� Kalliope6ĥˡ̠ȧ7̸;2>0+1.8V, +5V�2Hk_

e�Ĵǭ5ʂ̠#̸(6�,+5V7Kn�WĴǭ5˯BE

D�MPPC 96̳̠ī̶HV̷7Kn�WĴǭ�Ń6��

ZpVe5Áʂ%D�ï˲Ĥ�B6l�SÈĎ7 NIM�{

�1k_e�Ĵǭ6��ZpVe5��BE̸Kalliope 2

PC26˱È7 Ö̸;*7�e�6SFP Giga-bit Ethernet �

_���1ʩ��Kn�WĴǭ57̸Đg��p�6Șƅ

ÈĎHʵȥßǫDɬņ?ȼƜ"E0�D� 

�

4.3	  |@�� µSRDAL�}_nyY 
 

S1-ARTEMISàÖĤ7 2̸016Ÿ 3ǡ5ASICHVolume2012

�B Volume2014 5KhzW��m#̸ǷßĤkhmeM

�� 300 ns�B 50 ns92ŁŶ5ƿġ"E*̶ĩ 6 �̷ E

5AC̸˱ŵ\Ma̶16�16 mm̷6ˀǉ1�E8̸MLF

6 1 MW˸ˤ;1`|Vl�Ȋ<H˛ "4�ʹǅȵʒƘ

HƮ.5ʙ-*[15]�D1àÖĤ? 2016Ÿ 11ǡ5Ē$Kh

zW��mH#0̸3,B? 1 MWśƔ�Ŏ¡#*� 
  

ĩ 6� ̊6 µSR `|Vl��Ǘ̎Âň64�̸ŷB4`|Vl�

�Ǥƈ"ED��ǷßĤ6ƔɰǗ̎�Ǣ̔1�D*>�ǅ�ʦ2

#5ACȊ=̶�tp� �̷Ǘ̎`|Vl��Ċʗ4̔CŷB54

DA�5ǅ�ʦ2#ʮȇHʩ��(6t���e2#0ǷßĤkh

meM��ʲɦBED�Kn�WĴǭ6 ASIC� Volume20121

7 ̸=300 nsɢŽ1 �̸.ĥˡȾǫ6Ȋ<��-*� V̸olume2014

96KhzW��m1=50 ns5ƿġ#*̶�6tp� �̷ 

After correction τ=50ns

τ=300nsSpectrum distortion due to  
electronics origin.

Before correction Volume2014

Volume2012

29
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4.4	  Kalliope26("$,�Sa 
 

Kalliope7 ȁ̸ʗȎ5ȳɪ#*ĴǭH Z̸pVe;*7X�

y�1Ƶʅ%DǼ˳461̸ÈĎ¬ǽ"�Ȧ*'8̸ȥő

ɊɆ5Ɣ$0MPPC°Ŀ6ǷßĤ?ƵʅĊʗ1�D�ȼƜ

#*r�mNOK6è̔�B̸ȶȱ17Ǘ̎ƛĵ#�Ćƌ

ßǫ4��̸k�eą̜6ưó7 FPGA6xJ��NOK

HǞ�ƹ�D 25A-0̸ʘȾ5ʼʹßǫD�Œ̸̚Ł

̐żɪŁ6W��z2ÚĒ1̸^�gy�hV6¯GC5

˜¶Š�K�fǷßĤH¿-*�ƘņM��_�W5

KalliopeH¿�Ņ>*[16]�(6*>5 TDC6Ǘ̎ɨH 4.2 

sec ;1Ż�̶ 1 ns� 32 bit ̷̸ Đ t�`6 TOT 

(Time-Over-Threshold) �BȘ̳ƛĵHĆCß#̸Đuh

lƛĵH%�5k�eą̜ PC 5tXhlˤ˯%D FPGA

6xJ��NOK (DC-TOTȮ)2 ś̸Ɣ%Dk�eą̜d

xl(sitcp-dump)H̍Ʉ#*�Ē$xJ��NOK�k�e

ą̜dxl7Ł̐ŁŊ RCNP 6˴ʅv�� Muon Ǎʼ

MuSIC 1?¿GEŅ>0�D��ƘņM��_�Wɮ̸

Muon 2˼�Ǘ̎`X��HƮ.ȥő5 Kalliope H˽ȼ#

0Ʉʲ#* 27̸ASIC 5̏#0 �̸ȥőś˒5A-0̸

Ǡ˽6ĥˡ�ɂ4D�2�� 21�D�Volume2012 7̸

Muons ȥő17¿�5��Ǘőǅ̶~300 ns̷HƮ,̸µe

ŭĹ`|Vl�5Ȋ<Hɚ#�,+�̸��ɟ��Ƒ6�

Ƙņȥő57¿�Ǖ���ǌ̸Volume20147̸Muon ȥő

57Ŏȸ4˹ȤȰƘHɚ#*�̸���c�T��b�ĥ

ˡ5˛Ħ%D��ɟɢŽ6ǗőǅHƮ,̸=#F�Ƙņȥ

ő57¿�5�� 2̸��ȩ�ǔB�54-*�ASIC̍Ʉ

57Ƥ̎2�̇���D61̸ȰƘ5đ-*ȼ˰�Ʉʲß

ǫD2̍Ʉ6ñí�ĵGEDA�5ƗGED� 

Kalliope ̍Ʉ7 2010 Ÿ�BŅ;C̸2016 Ÿ5 S1/D1-ȓȼ

µSRàÖĤ6ɤÒ1ƅ54-*�ɭʑ5̏#07 �̸ASIC�

FPGA -0¼+F�̽�2���{��BŅ>*z�_O

Vl+-*�̸ǜ�C4C5?ǠƉ;1ç˻#*�(6˹

ɢH˱$0ð�0�E* O̸pen-It6ɵɜ�²̎*,5Ɲˍ

#*���

�

5	 教育活動w=: Open-It��]��教育活 
動 (IGTNO) 
 

5.1	 はじめに 
 

� ēĉŤŁŊ17, ŁŊ̕ȷŊɕɧɞɸɴņŋŐȯȷŊŝ

ǀ�̏Å%Dǂʖ�ɕɧz�W��[17, 18]5��0,�?6

/�Cǂʖ�HƷ�*ǽ�4ŒʏHʩ-0�D�(6�ȹ

2#0, Open-It2˴Ƽ#*�FPGAl��o�WZ�`�

(°�, �FPGAˌʏ�)2�ASICl��o�WZ�`�(°

�,�ASICˌʏ�)H(E)EŸ 1ĥ, 2012ŸŽ�B̍Ð#

0�*�Open-It6ƦʪǂʖȚó7, ɸɴņ�ĂņǴ�ŋŐ

ȯȷ (°�,�ɸǴŋ�) 6Œ̲�ʵȥà̅H�Ƒ5, Ʀʪ

6ǙĄHɊɆ2#0�D�ēĉŤŁŊ16̍Ð5��07, 

(6ɊɆ6?2�́ĭǌę˨5ăï#@%�ȁµHƸÁ%

D67?,FI6 2, ŁŊ̕ŒʏɞɊ2#06̍Ð2, ˌ

Ŵ̎6Ʀʪʑ¦ț5?șí#0�D� 

ŁŊ̕ŒʏɞɊ2#07, ȎŸʄʅɆ5̍Ð#0ÿ¸H

®�%Dƒʱ��D�űŊ@ȷˋà̅6ŊȺ6ćˌ�ŀ�, 

ˌŴ6ǌ�57ŀǽ4à̅�B6ćˌʑ5!śƔ̦�4�

B, ʿÃȼ���l6ˉ̬½Ơ2Ȣê5?!ðí̦�0�

D� 

� Ʀʪʑ¦ț2#07, ēĉŤŁŊ6Ʀʪʔğ5?ˌŴ2

#0!ăï̦�, ˌʏHOpen-It6Ʀʪʑ26¦țȁµ2#

0!Țȼ̦�0�D�ēĉŤŁŊ57ŁŊ6�?6/�C

ǈø�Hƾ�DƦʪʔğɾʋ��D�, ¨ğêȣ5AC¨

Ƥ�˞5̣#0�C, ȁ̏6Ʀʪʑ26¦ț7, ¨ǨʖƠ, 

Ʀʪ6ÚǢ�ʄƥ, Ʀʪ̍Ʉ�ɕɧ6˴Ƽ5ǢɈ1�D�

ˌʏ5��DƦʪʑ¦ț7, (EB6ɊɆ5ǢɈ5ȁʗ#

0�D� 

�  EB6șíȩHƖ̪5, ēĉŤŁŊ1 E;1̍Ð#

*�ˌʏHƱCˬC, ªƉ6ˉ̬HǷʺ#0, 2016ŸŽ6Ʀ

ʪǂʖȚóĵĘ6�ɬ2"'0̦�� 

 

5.2	 FPGA,59/7%&9) 
 

	  6ˌʏ7, FPGA ĥˡ̍Ʉ5�ĊȂ4̍Ʉi��6¿

�ǌH, Œ̚5 FPGA H¿�4�BŒʏ%D, Ǧɿ̲ʑĔ

�6¤ǐ̎ˌʏ1�D�̢ŵ5ʝ�jT`l�½Ơ"E0

�C, ȨʏĠ̬?ˑŘ1, ˌʏƉ6ȳŊȼ5ăʐǈȴ?ɼ«

"E0�D�°ë5�̂đ5ACˌʏ57ăï1�4�6

1, jT`l+�Ȅ#��2��ʱǣ��-*� (å6ȁµ

16ˌʏăïHö>*�), ̢ļĞ5#0��57÷»Ȫ�

2Ɨ-0�D�ǔƕ�.ÔŒ#*ˌʏÜŗ2Ƥ˥4Œʏȁ

Ǩ2Ɍ;-0, ȎŸńʿHƌ0�D� 

�  E;16ćˌʑǅ2(6ÜʽHĩ 4 5ɚ%�̍ÐãŸ

Ž5 17ē1�-*ćˌʑǅ7Ɗ�5ĸï#, 2016ŸŽ7 23

ē1�-*�ŒʏȁǨ6ˊ˻@Œʏ\��lHʐƟ%D2, 

20ēɢŽ�őğ2ʐ�D�̏Ǭ�B˫Ƀĭǌ5ȤDŻɲĨ

�B6ăï�ʲBE, �57ũƤɎ@̴×ūɎ�B7D8

Dăï"E*ǌ�?�*�ãŸŽ7ŊÜõ̜5̔ő#0̍

Ð#*�, ŊÜ̍Ð6æÄƘ@ź.�6ɕɧœ6z�_O

VlxO�a26đʚ5AC, ŊÜ̡ʱ�̳�-*�ɕɧ

2̏˴#*ŊÜ̡ʱ6ŀ�7¤ŸɊ;15Ȧ*"E*A�

1, �ŸɊ°̓6ŊÜ�B6ćˌʑǅ76ēëƉ1�C, 2-3

ē�ŁŊ̕ŒʏɞɊ2#0ćˌ%DŊȺ1�D�ŊĿ�B

6ćˌʑ7, ¤ŸɊ°̓ōőɆ5ĸï#, 2016ŸŽ7ćˌʑ

6 7 ìHā>0�D� 6ĸï7ćˌʑH˱$06ʿä5

AD?62ƗGED�, Õ˭6ǂʖ�ɕɧz�W��5Ƽ

GDǂğ5?, ĐɕɧZ��ojL96ęɒ5!þí̦�

30
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0�D�ćˌʑÙ»6 7 ìɢŽ�ŊȺ1�C, Ʀʪʔğ@

³Ǹ6ƦʪʑHĖ>*Ǣʔʑ�B?�ő6̡ʱ��D� 

ćˌʑ6ŝ̌à̅6ƶɡ?ĩ 75ɚ#*�ɸǴŋ6Œ̲�

ʵȥHŝ̌à̅2%Dćˌʑ6ìđ7, ¤ŸɊ°̓1ŷį5

ìƃ1�C, ŊĿ�B6ćˌʑ1ā>BE0�D�(6

6à̅2#07, ŊÜĿ5ƫB&, Ⱥȯ@øŊ, ǽ�4űŊ

à̅�ʲBED�ŁŊ̕ŒʏɞɊ2#0ćˌ#0�DŊÜ

ŊȺ57, ʛĚ5ACćˌ#0�Dȷˋà̅6ŊȺ?ʲB

ED� 

� ʫ 1 5ɚ#*A�5, 2015 ŸŽ;17ˌʏ6ÙʊHÜȽ

Ǜ�Ȑ (KEK IPNS) 5!ƩƄ̦�0�*�(6̎5ēĉŤ

ŁŊ6Ʀʪʔğ5? TA 2#0!ăï̦�, ʡƤ2#0ă

ï"E0�*´ʧĝ Ȑ (ēĉŤŁŊ ÙŊƦʪb�e�) 

� 2016ŸŽ�BˌŴHàƩ"E0�D�̩ ʏ5��DƦʪ

ʑ¦ț�, ¨ǨʖƠ2 Open-It5��D FPGA ĥˡƦʪ6

ÚǢ�ʄƥ5ǢɈ5ȁʗ#0�D� 
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����
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���(�&��) ���

 

ĩ 7� FPGA l��o�WZ�`@ēĉŤŁŊ6ćˌʑǅ6ƶɡ 

(Ų�), ćˌʑ6ŝ̌à̅6ƶɡ (č�), ˌʎ%D´ʧȐ2ʓ�Ø

DćˌȺ (Ų�), ǭǞ#4�BȭſHƺ�ÜȽȐ (č�)� 

 
5.3	  ASIC,59/7%&9) 
 

�  6ˌʏ7, ˌʎ5��0Kn�Wĥˡʼʹ, üŠ»z�

b`436ɒˎ5̱Ǳ<, ʹɱȁŒʏH˱$0ASIC̍Ʉ5

ƒʱ4Ĵəɒˎ2̍Ʉi��6¿ȼȗHʏƌ%D, ãƑʑ

Ĕ�6�ǐ̎ˌʏ1�D� 6ˌʏ6jT`l?�Ś5½

Ơ"E0�C, �4CˑŘ4ÜŗHʇʍ#0�D�(6ˑ

Ř4ÜŗH�ǐ̎1ȟø%D67ŗǕ174��, ɿ̲ˑ

Ř4ˌŴ̖5!śƔ̦�0�D� 

� ASICˌʏ17, ʝ�jT`l@ɿ̲ˑŘ4ˌŴ̖°Ŀ5, 

Œʏȼ CAD \�s�6ÇǢ2(6Ƶʅĥʉ˲Ž?̄ʱ2

4D�(EB7ȷŊɕɧɞ Nɕɧœ6ƾƻ5AC˸ȼ#0

�D�̍ÐãŸŽ7, Ȫʉ LANƵʅ6ĥʉ˲Ž�ʟ#�4

�, Œʏ6˶ʩ5ʢƑ#*�¤ŸɊ°̓7ˌʏµµĶHCAD

\�s�6ʼʌĶƣ®˫5#, ǢʉƵʅ (1 Gbps) 50ʝń

4ŒʏȹķHʆƮ#0�D� 

�  E;16ćˌʑǅ2(6ÜʽHĩ 8 5ɚ%�̍ÐãŸ

Ž5 20 ē+-*ćˌʑǅ7Ÿ�ȣŢ#,   2 Ÿ̎7 7-8

ē24-0�D�2014ŸŽ7̍Ð1�ǡë5KEK50ASIC

ˌʏ�̍Ð"E0�C, ŊĿ�B6̡ʱ�¹�-*�ˌʏ

6̍ÐǗǤ@˝Ǒ6Ƕ<à�5ȑH®�*��ŊÜ�B6

ćˌʑǅ6ƶɡ57FPGAˌʏ2Ēǽ6ÑĔ�ʲBED�, 

ŊĿ�B6ćˌʑǅ7 4 ēëƉ1àǃ#0�C, ĸïÑĔ

7ʲBE4��ASIC ̍Ʉ7 FPGA ĥˡ̍ɄACǇţ�̳

�, 2CG�Ƌ£#0�Dɕɧz�_OVl6xO�a5

Ɔ̥"ED2ƗGED�ŊÜ�B6ćˌʑ7, ŁŊ̕Œʏ

ɞɊ2#0ćˌ#0�DűŊ@ȷˋà̅6ŊȺ1ā>BE

0�C, ǁŞʉʹȥȼKn�WĥˡǺˋ6̄ʱƘ�̳�4-

0�D�ćˌʑ6Ƭȩĭĳ@Ǣʔʑ�B6̡ʱ5.�07

FPGAˌʏ2Ēǽ6ÑĔ�ʲBED� 

� ćˌʑ6ŝ̌à̅6ƶɡ?ĩ 8 5ɚ#*�¤ŸɊ°̓?

7ìƃ�ɸǴŋ6Œ̲�ʵȥà̅�B6ăï1�C, (6

6à̅�B6ăï7, ŁŊ̕ŒʏɞɊ2#0ćˌ#0�D
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ĩ8� ASICl��o�WZ�`@ēĉŤŁŊ6ćˌʑǅ6ƶɡ (Ų

�), ćˌʑ6ŝ̌à̅6ƶɡ (č�), ˌʎ%DʧȽȐ2ʓ�ØD

ćˌȺ (Ų�), Œʏ�5ȭ�ˏˋHŅ>DūŬȐ2Ƚ�Ȑ (č�)� 
  

 E;15ˌŴHƩƄ#0̦�*ǌ�Hʫ15ɚ%�ASIC

ˌʏ17ŒʏǗ5ɻ�4\��lHʱ%D*>, ŀ�6ˌ

Ŵ6ǌ�5!þí̦�0�*�2CG�, Ƚ�ɐ·Ȑ (KEK 

IPNS) 57Kn�WĥˡǺˋ2^����^��ŒʏH, ū

ŬǓ�Ȑ (KEK IPNS) 57^����^��Œʏ2(E5

ƒʱ4ʹɱȁȹķ6ʼőHʄʅɆ5!ƩƄ̦�, ASICˌʏ

6ǰɾ<HĪ>0̦�0�D�FPGA ˌʏ2Ēǽ5ēĉŤ

ŁŊ6Ʀʪʔğ5? TA @ˌŴ2#0!ăï̦�0�D�

ˌŴǅ6ŀ� 6ˌʏ17Ʀʪʑ¦ț?Æ"E, Ȥ́ˑĢ

Ȑ (ēĉŤŁŊ ÙŊƦʪb�e�), ´ʧĝ Ȑ, ˫̛Ł6

Ʀʪʔğ5AD ASIC6ˀ½ɕÉ?ʩGE*� 
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¨ǨʖƠ2 Open-It5��D ASIC̍ɄƦʪ6ÚǢ�ʄƥ, 

Ʀʪ̍Ʉ�ɕɧ6˴Ƽ6ʥʠ�ʲBE, ˌʏ�Ʀʪʑ¦ț

6ȁµ2#0ǢɈ5ȁʗ#0�D� 

 

5.4 � �に 
� ēĉŤŁŊ17, Open-It2˴Ƽ#*FPGAl��o�W

Z�`2ASICl��o�WZ�`H 5Ÿ5ȤC̍Ð#, �

́ĭǌ6<4B&, Żɲ4ĭĳ6ɕɧZ��ojL5ś%

DƦʪ6ǙĄ5˓ȴ#0�D�ēĉŤŁŊ6ŁŊ̕Ⱥ5ś

#0?ʛĚȡ�ÕɬƦʪ6ŒʏȁµHƸÁ#, ˌŴ̖6Ʀ

ʪʑ¦ț6ȁµ2#0?Țȼ#0̦�0�D�2CG�, Ł

Ŋ̕ŒʏɞɊ2#06̍Ð2Ʀʪʑ¦ț6ȁµ2#06Ț

ȼ57, ŁŊ�B6ōő#*ʄʅɆƾƻ5AD̍Ð�ǣ;

ED�ȶĬ7Ǘ̔®�ǂʖ�ɕɧz�W��6ǰɾ<1ƾ

ƻ"E0�C, şǫɆ4ʄʅƾƻ6ɖÇ�ªƉ6ˉ̬2ʐ
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