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Abstract
J-PARC Main Ring (MR) is a high intensity proton synchrotron which accelerates protons from 3 GeV to 30 GeV.

It have operated at a beam intensity of 400 kW and an upgrade toward the megawatt rating is scheduled. For higher
beam intensity, some of the accelerator components require more intelligent and complicated functions. Although there
are diverse accelerator components, some functions are common. To utilize such common functions, we developed
multi-purpose digital boards using a System-on-Chip (SoC) FPGA. In the SoC FPGA, a processor, memory controllers,
peripherals and FPGA are integrated in a single IC chip. Using the SoC FPGA, the FPGA block can be used for functions
specific to the accelerator components while an operating system can be executed in the processor for communication
from the components to a network. In this paper, we describe the details of our developed boards as well as two actual
applications for J-PARC MR.

1 . ͡Ίʹ
େڧཅࢠγϯΫϩτϩϯ J-PARC Main Ring (MR)

࠷େ 400 kWͷϏʔϜڧͰͷར༻ӡసΛ࣮͠ݱ
͍ͯΔɻ͔͠͠ɺجઢχϡʔτϦϊৼಈ࣮ݧ T2KͰ
ͷϨϓτϯCPରশੑͷഁΕͷൃײݟͷڝࡍࠃ૪ྗΛ
ҡ࣋͢ΔͨΊʹɺ͞ΒͳΔϏʔϜ૿͕ڧඞཁෆՄܽ
Ͱ͋Δɻ͜ͷΑ͏ͳཁٻΛຬͨͨ͢ΊϝΨϫοτڃͷ
ϏʔϜڧͷΞοϓάϨʔυܭը͕ਐߦதͰ͋Δɻ
ɹ্هͷཧ༝ͰߦݱϏʔϜڧґવͱͯ͠ेͰͳ
͍ҰํͰɺզʑ͜͜ͰܶతʹϏʔϜڧΛ্͛
Δ͜ͱʹޭ͍ͯ͠Δ [1]ɻߦݱͷϏʔϜڧΛୡ͢
ΔͨΊʹछʑͷثػͷੑ্͕ඞཁͰ͕͋ͬͨɺͦ
ΕΒͷ͏͍͔ͪͭ͘ʹؔͯ͠ɺΑΓෳࡶͳػΛػ
ɻྫ͑ɺओి࣓ͨ͠ݱΔ͜ͱʹΑ࣮ͬͯͤͨ࣋ʹث
ੴిݯͷ੍ޚγεςϜʹग़ྗిྲྀภࠩΛิਖ਼͢ΔͨΊ
ͷ੍ޚϧʔϓ͓Αͼิਖ਼ςʔϒϧΛ֨ೲ͢Δେ༰ྔ
ϝϞϦΛՃͨ͠ [2]ɻ͜ΕʹΑΓՃؒ࣌Λॖ͢Δ
ௐ͕γεςϚςΟοΫʹͳΓϏʔϜڧͷ૿ݙߩʹڧ
Ͱ͖ͨɻଞͷྫͱͯ͠ɺԣํͷϏʔϜෆ҆ఆ੍
ஔͷରΛόϯνॏ৺ͷৼಈ͔Βόϯνͷہॴత
ৼಈ·Ͱ֦େͨ͜͠ͱ͕͛ڍΒΕΔ [3]ɻ͜Εσδλ
ϧճ࿏ͷαϯϓϦϯάपΛ্͛Δ͜ͱͰ࣮ͨ͠ݱ
͕ɺ͜ͷΞοϓάϨʔυߦݱͷϏʔϜڧୡͷͨ
ΊʹඞཁෆՄܽͳͷͰ͋ͬͨɻߋޙࠓͳΔϏʔϜ૿
͢ࢦΛڧ J-PARCͰɺྨࣅͷੑ্͕কདྷతʹ
ඞཁͱ͞ΕΔ͜ͱ༰қʹ૾͕ͭ͘ɻ
ɹ͜ΕΒͷྫҰݟશ͘ҟͳΔ͕ɺσδλϧ IOϙʔτɺ
ϑΟʔυόοΫίϯτϩʔϧ෦͓Αͼ֎෦ثػͱͷ௨৴
ͳͲڞ௨͢Δଟ͘ɺ͜ΕΒͷڞ௨ͨ͠෦ͷϋʔυ
ΣΞΛ৴པͰ͖ΔϦιʔεͱͯ͠ J-PARCଆͰͭ࣋͜
ͱ͕Ͱ͖Εɺίετ໘͓Αͼཧ໘ͰΞυόϯςʔδ
େ͖͍ɻͦͷΑ͏ͳಈ͔ػΒզʑ System-on-Chip
(SoC) FPGAΛ༻͍ͨଟతͷσδλϧϘʔυͷ։ൃΛ
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ɻSoC͖ͨͯͬߦ FPGAͰɺϓϩοηοαɺϝϞϦί
ϯτϩʔϥɺपลثػʢΠʔαωοτɺγϦΞϧϙʔτ
ͳͲʣͱ FPGA͕Ұͭͷ ICνοϓʹ౷߹͞Ε͍ͯΔɻ
͜ͷ SoC FPGAΛ͑ɺFPGAϒϩοΫʹثػಛ༗
ͷػΛɺϓϩηοαʹOSΛ࣮͠ߦ֎෦ͱͷίϛϡ
χέʔγϣϯαʔόͱͯ͠ͷػΛɺͦΕͧΕͤͨ࣋
Δ͜ͱ͕ՄͰ͋Δɻ
ɹຊใࠂͰɺ2 .ষͰϘʔυͷৄࡉΛड़ͨ͋ͱɺ3 .
͓Αͼ 4 .ষͰ J-PARCͰͷຊϘʔυͷ༻ྫΛ͛ڍɺ
ʹޙ࠷ 5 .ষͰ·ͱΊͱ͢Δɻ

2 . SOC FPGAϘʔυͷৄࡉ
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Figure 1: Concetual block diagram of the developed board.

2.1 ֓ཁ

։ൃͨ͠ϘʔυͷϒϩοΫਤ͓ΑͼࣸਅΛͦΕͧΕ
Figure 1 ͱ Figure 2ʹࣔͨ͠ɻ1 .ষͰड़ͨΑ͏ʹɺ
ຊϘʔυͷߴػ ICͱͯ͠ɺϓϩοηοαɺϝϞϦ
ίϯτϩʔϥɺपลثػʢΠʔαωοτɺγϦΞϧϙʔ
τͳͲʣͱ FPGA͕Ұͭʹ౷߹͞Εͨ System-on-chip
(SoC) FPGAΛ࠾༻ͨ͠ʢޙࠓɺલͷϓϩηοαɺϝ
ϞϦίϯτϩʔϥ͓Αͼपลثػͷ෦·ͱΊͯϚ
Πίϯ෦ͱݺͿ͜ͱͱ͢Δʣɻબఆͨ͠ SoC FPGAͷ
ࡉৄ 2.2ষͰड़ΔɻຊϘʔυଟతͷଟͷσ
δλϧ IOϙʔτͱ 4chͷΞφϩάग़ྗΛ͠ࡌɺݸʑ
ͷ SoC FPGAͷઃఆ SDΧʔυ͘͠ΦϯϘʔυ
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Figure 2: Picture of the developed board.

ϑϥογϡϝϞϦ͔Βϩʔυ͞ΕΔɻ·ͨɺҰͭͷΪ
ΨϏοτΠʔαωοτϙʔτ͓ͯ͠ࡌΓɺωοτ
ϫʔΫܦ༝ͰͷίϛϡχέʔγϣϯՄͰ͋Δɻ

2.2 SoC FPGA

զʑ SoC FPGAͱͯ͠Ξϧςϥࣾͷ Cyclone V SX
SocϑΝϛϦͷ 5CSXC6Λ࠾༻ͨ͠ɻຊ ICͷ FPGA෦
ʹɺALM (active logic modules) ෦ϝϞϦ,ݸ41509
5570 KbɺՄมਫ਼ DSPϒϩοΫ Αͼ͓ݸ112 288ͷ
ଟత IOϙʔτ͕ɺϚΠίϯ෦ʹσϡΞϧϓϩηο
αίΞʢARC Cortex-A9 MPCoreʣ͓ΑͼϋʔυϝϞϦ
ίϯτϩʔϥ͕ͦΕͧΕ͞ࡌΕ͍ͯΔɻߋͳΔৄ
ΞϧςϥͷΣϒαΠτͰೖखՄͰ͋Δࡉ [4]ɻ

FPGA෦ FPGA෦ʹ֤ثػʹಛ༗ͷػ͕࣮͞
ΕΔ͜ͱΛఆ͓ͯ͠Γɺಛʹిޚ੍ݯɺϏʔϜҐஔ
ϑΟʔυόοΫ͓ΑͼϩʔϨϕϧ RFͳͲͷϦΞϧλΠ
Ϝ੍ޚʹద͍ͯ͠Δɻ͜ΕɺFPGA෦Ͱػϋʔ
υΣΞճ࿏ͱ࣮ͯ͠͞ΕɺεϧʔϓοτϨΠς
ϯγʔͳͲͷλΠϛϯάಛੑ͕͑ݟ͍͢͜ͱ͕ཧ༝
Ͱ͋Δɻ

ϚΠίϯ෦ ϚΠίϯ෦Ͱ LinuxΦϖʕϨʔςΟϯ
άγεςϜʢLinuxʣ࣮͢ߦΔ͜ͱΛఆ͓ͯ͠ΓɺϚ
Πίϯ෦ʹଓ͞ΕͨDDRʢDouble Data Rateʣ3ϝϞ
Ϧ͕ OS ల։༻ʹ༻͞ΕΔɻͦͷ OS ্Ͱίϛϡχ
έʔγϣϯαʔόΛͤ͞ࡏɺFPGA෦ʹ࣮͞Εͨ
Αͼঢ়ଶ͓ߋɺύϥϝλมྩࢦͳͲͷࢭಈఀىͷػ
ͷϞχλΛωοτϫʔΫܦ༝ͰՄʹ͢Δɻ

2.3 ϢʔβʔϝϞϦ

Ճ͑ͯɺຊϘʔυʹه্ 1GB DDR3ΛϢʔβʔϝ
ϞϦͱ͍ͯͯ͠͠ࡌΔɻJ-PARC MRͷΑ͏ͳൺֱత
͍܁Γฦ͠पظʢ࠷Ͱ 2.48ඵʣͷγϯΫϩτϩϯ
ՃثͰɺࣗ༝ʹ͑Δେ༰ྔͷϝϞϦྖҬඇৗ
ʹ༗༻Ͱ͋ΔɻγϯΫϩτϩϯՃثͰɺཻࢠՃ
ͷਐߦͱಉͯ͠ظɺछʑͷثػͷঢ়ଶΛมԽͤ͞Δඞ
ཁ͕͋Δɻྫ͑ɺภɺ͓ۃ࢛Αͼ࣓ۃੴͷΑ͏
ͳओి࣓ੴʹྲྀ͢ిྲྀཻࢠͷӡಈྔͱൺྫؔΛอ

ͭΑ͏ʹ੍͠ޚͳ͚ΕͳΒͳ͍ɻ͕ͨͬͯ͠ɺओి
࣓ੴిݯͷ੍ޚγεςϜ͕֨ೲ͠ͳ͚ΕͳΒͳ͍ి
४ҰͭͰͳ͘ͷςʔϒϧͱͳΔɻ͞Βʹɺجྲྀ
J-PARC MRͷΑ͏ͳେڧՃثͰΑΓߴਫ਼ͷి
Γฦ͠ิਖ਼͢Δ܁ΕΔͨΊిྲྀภࠩΛ͞ٻཁ͕ޚ੍ྲྀ
͜ͱʹͳΔ͕ɺ͜ͷิਖ਼ҰͭͰͳ͘ςʔϒϧͱ
ͳΔɻྫͱͯ͠ɺJ-PARC MRͷภ࣓ిੴిݯͰͷి
४ςʔϒϧ͓Αͼิਖ਼ςʔϒϧΛجྲྀ Figure 3aͱ 3b
ʹͦΕͧΕࣔͨ͠ɻిྲྀج४͓Αͼิਖ਼ղ
20 Ϗοτɺߋ৽Ϩʔτ 100 kSPs Ͱ࠷େ 6 ඵؒඞཁͰ
͋Γɺ֤ςʔϒϧ͋ͨΓ 1.5 MBͱͳΔɻҎ্͕େ༰ྔ
ϢʔβʔϝϞϦ͕༗༻ͳཧ༝Ͱ͋Δɻ

(a) The reference current of the power supply for bend-
ing magnets in J-PARC MR.

(b) The correction values of the power supply to elim-
inate the tracking error of the current to its reference.

Figure 3: The time-dependent values used for the power
supply in J-PARC MR.

3 . ΞϓϦέʔγϣϯྫ 1-Ճ్தͷϕʔλ
ؔଌఆ -

3.1 ଌఆͷಈػͱݪཧ

ϕʔλؔϦϯάதͷ֤ҐஔͷਫฏํͷϏʔϜ
αΠζΛܾΊΔॏཁͳͰɺϦϯάͷ࣓ۃ࢛ʹΑ
ΔऩଋྗͷͰܾఆ͞ΕΔɻJ-PARC MRͰɺՃ
ॳظʹ͓͚ΔϏʔϜϩε͕࠷େ͖͘ɺͦ͏͍ͬͨա
Ͱ͋ͬٸͷޫֶύϥϝʔλΛଌఆ͠ิਖ਼͢Δ͜ͱ͕ظ
ͨ [5]ɻγϯΫϩτϩϯʹ͓͚Δ୯ཻࢠͷઢܗਫฏํ
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ӡಈ xʢϕʔλτϩϯৼಈʣҎԼͷΑ͏ʹදͤΔɻ

x =
√
β(s)ϵ cos[φ(s) + φ0] (1)

͜͜ͰɺsϏʔϜ࣠ํͷҐஔɺφ(s)ϕʔλτϩϯ
Ґ૬, ϵͱ φ0ఆ,ͦͯ͠ β(s)ϕʔλؔͰ͋Δɻ
͜ͷࣜΑΓɺՃ్தͷҙͷࠁ࣌ʹϕʔλτϩϯৼ
ಈΛྭىͰ͖Ε β(s)Λநग़Ͱ͖Δ͜ͱ͕͔Δɻ

3.2 ηοτΞοϓݧ࣮

ຊ࣮ݧͷηοτΞοϓΛ Figure 4ʹࣔͨ͠ɻ͜ͷ࣮
ͰɺຊϘʔυΛҙͷλΠϛϯάɺৼ෯͓Αͼपݧ
ͷ৴߸ൃੜஔͱͯ͠ར༻ͨ͠ɻຊϘʔυͰൃੜ
ͨ͠৴߸ RFΞϯϓͰ૿෯͞ΕετϦοϓϥΠϯΩο
ΧʔʹૹΒΕΔɻͦͷΩοΧʔʹΑΔϏʔϜৼಈΛશ
पʹઃஔ͞ΕͨϏʔϜҐஔϞχλͰଌఆ͠ β(s)Λநग़
͢Δɻͳ͓ɺޮΑ͘ৼಈΛྭ͢ىΔͨΊʹ৴߸ͷप
ϕʔλτϩϯप·ͨͦͷߴௐͱಉ͡Ͱ
ͳ͚ΕͳΒͳ͍ͨΊɺຊϘʔυͷج४ΫϩοΫ RF
ΫϩοΫ ( 1.7MHz)Λ 64చഒʢ 109MHzʣͨ͠
ͷΛ༻ͨ͠ɻ·ͨɺຊϘʔυͷಛੑΛੜ͔͠ɺप
ɺৼ෯ɺ৴߸ൃੜ͓ΑͼఀࢭλΠϛϯάΛωοτϫʔ
Ϋܦ༝ͰมߋͰ͖ΔΑ͏ʹίϛϡχέʔγϣϯαʔό
Λߏஙͨ͠ɻ

3.3 Ռ݁ݧ࣮
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(a) The betatron oscillation measured turn by turn at
the one of the BPMs.

fractional tune
0 0.1 0.2 0.3 0.4 0.5

a
m

p
lit

u
d

e
(a

.u
.)

0

200

400

600

(b) The FFT amplitude of Fig. 5a.

Figure 5: The signals of one of the BPMs.

Figure 5aʹϏʔϜҐஔϞχλͰݕग़ͨ͠ϏʔϜҐஔ
ͷؒ࣌มԽʢϕʔλτϩϯৼಈʣΛࣔͨ͠ɻ͜ͷܗΛ
FFTม͠ɺͦͷεϖΫτϧʢFiugre 5bʣͷϕʔλτ
ϩϯपΛৼಈͷৼ෯ͱͨ͠ɻ·ͨɺEquation 1
͔Β͔ΔΑ͏ʹৼ෯ʹఆ ϵʹΑΔෆఆੑ͕͋Δ

ͷͰɺγϛϡϨʔγϣϯϞσϧΛ༻ͯ͠ҎԼͷΑ͏
Խͨ͠ɻ֨نʹ

∑NBPM

i=1 βi,model∑NBPM

i=1 βi,meas.

, (2)

͜͜Ͱ NBPM ϏʔϜҐஔϞχλͷ (189)ɺ
βi,model ͱ βi,meas. ͦΕͧΕϞσϧͱ࣮ଌͷ i ൪
ͷϏʔϜҐஔϞχλʹ͓͚ΔϕʔλؔͰ͋Δɻ͜ͷ
ΊͨՃ్தٻͯ͠ʹ༷ 8.2 GeV/c࣌ʢMR࠷େӡಈྔ
30.924 GeV/cʣͷશपͷϕʔλؔΛ Figure 6ʹࣔ͠
ͨɻحߦͷάϥϑܭଌͨ͠ϕʔλؔʢਫฏɺԖ
ํʣɺۮߦͦͷϞσϧ͔ΒͷͣΕΛࣔ͢ɻάϥ
ϑ͕ͦΕͧΕ 3ͭʹ͔Ε͍ͯΔͷɺJ-PARC MRͷ
Super Cycle Number͕ 3Ͱɺ3ͭͷάϥϑͷσβΠϯ
ಉ͔ͩ͡ΒͰ͋Δɻ͞Βʹɺ͜ͷଌఆ݁ՌΛ֤ۃ࢛
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Figure 6: The first, third and fifth plots shows measured
betatron amplitude functions of J-PARC MR. The second,
forth and sixth plots describe the fractional deviation of
the measurement values from the simulation model. The
circles correspond to horizontal betatron function and the
triangles corresponds to those of horizontal.

ి࣓ੴͷิਖ਼ྔΛύϥϝʔλͱͨ͠ϞσϧͰϑΟοςΟ
ϯάͨ͠ɻͦͯ͠ɺಘΒΕͨิਖ਼ྔΛ࣮ࡍʹద༻͠࠶
ଌఆΛͨͬߦɻͦͷ݁ՌΛ Figure 7ʹࣔͨ͠ɻϞσϧ
ͱ࣮ଌͷͣΕ͕େ෯ʹվળ͍ͯ͠Δ͜ͱ͕͔Δɻ͜
ͷଌఆʹΑΓՃ్தͷϏʔϜଛࣦର͕ࡦՄʹͳΓ
400 kWͷϏʔϜڧ࣮ͨ͠ݙߩʹݱɻ·ͨɺ͜ͷ༻
్ͷΑ͏ʹRF৴߸ͱಉͨ͠ظ৴߸Λग़ྗ͠ϏʔϜΛޮ
తʹྭىͰ͖ͨͱ͍͏࣮ࣄɺຊϘʔυͷ LLRFܥ
ϏʔϜෆ҆ఆ੍ાஔͷԠ༻ͷՄੑҙຯͯ͠
͍Δɻ
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……

BPMs

Used for the measurement

Figure 4: Experimental setup for the betatron amplitude function measurement in J-PARC MR.
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Figure 7: The first, third and fifth plots shows measured
betatron amplitude functions of J-PARC MR after beam
optics correction. The second, forth and sixth plots de-
scribe the fractional deviation of the measurement values
from the simulation model. The circles correspond to hor-
izontal betatron function and the triangles corresponds to
those of horizontal.

4 . ΞϓϦέʔγϣϯྫ ֨ೲྩࢦ༺ݯి-2
Ϙʔυ-

4.1 ಈػ

2.3ষͰड़ͨΑ͏ʹɺJ-PARC MRͰثػʹ༩͑
Δྩࢦิਖ਼ྔΛؒ࣌มԽ͢Δςʔϒϧʹ͠ͳ͚Ε

ͳΒͳ͍߹͕ଟ͍͕ɺ҆Ձʹͦͷత͕ୡͰ͖
Δ͕ثػଘ͠ࡏͳ͔ͬͨɻͦͷͨΊɺൢࢢͷϑΝϯΫ
γϣϯδΣωϨʔλͰ༻͢Δ͔ɺిݯϝʔΧʔ͔Β
ςʔϒϧ֨ೲϘʔυؚΊͯख͍ͯͨ͠ɻ͔͠͠ͳ
͕ΒɺલऀͷϑΝϯΫγϣϯδΣωϨʔλͷ߹҆Ձ
ͳͷग़ྗܗͷछྨ͞ʹݶք͕͋Γɺऀޙͷ
ͱͳΔ্ʹ༰қͳվमֹ͕ߴϝʔΧʔͷ߹ݯి
ΔɻຊϘʔυ͢ࡏͰ͋Δͱ͍͏͕ͦΕͧΕଘࠔ
ςʔϒϧ֨ೲ͓Αͼग़ྗʢΞφϩάɺσδλϧ྆ํʣ
͍͓ʹஈ֊͔Β೦಄ܭΔ͜ͱΛઃ͢༺ͱͯ͠ثػ
ͯ։ൃͨ͠ɻ͜ͷϘʔυిྲྀྩࢦςʔϒϧ֨ೲ͓
Αͼग़ྗϘʔυͱͯ͠ࠓՆΠϯετʔϧ༧ఆͷೖ
ࣹηϓλϜిݯ [6]ʹ͞ࡌΕɺ͞Βʹࠓ͔Β༧ࢉ
ાஔ͕։࢝͞Εͨ৽ओి࣓ੴిݯʹࡌ༧ఆͰ͋Δɻ

4.2 ϑΝʔϜΣΞ͓ΑͼιϑτΣΞߏͱੑ

Figure 8৽ओి࣓ੴిྩࢦྲྀిʹݯςʔϒϧ֨ೲ
͓Αͼग़ྗϘʔυͱͯ͠ຊϘʔυ͕༻͞ΕΔͱ͖ͷ
ϑΝʔϜΣΞ͓ΑͼιϑτΣΞߏΛࣔͨ͠ɻ͜
ͷߏͰɺߦݱओి࣓ੴిݯʹ͞ࡌΕ͍ͯΔϝʔ
ΧʔϘʔυͷػͰ͋Δσδλϧͷςʔϒϧ֨ೲ
͓Αͼग़ྗʹՃ͑ͯɺిݯγεςϜ͔Β࣮ిྲྀɺిѹɺ
ిྲྀภ͓ࠩΑͼ PWMྩࢦͳͲͷϞχλܗใΛ
σδλϧͰऔಘɺ֨ೲ͓Αͼ্ҐγεςϜసૹ͢
ΔػΛՃͨ͠ɻ͜ΕΛୡ͢ΔͨΊɺϢʔβʔϝ
ϞϦͱσʔλૹड৴෦ʹ 32bitϫʔυ 2048ͷ FIFO
όοϑΝɺ͓ΑͼϢʔβʔϝϞϦͱ OS༻ϝϞϦͷؒ
ʹDMA(Direct Memory Access)ίϯτϩʔϥΛઃ͚ͨɻ
ओిݯͷྩࢦग़ྗߋ৽Ϩʔτ 100 kHzͰ͋Δͨ
ΊɺFIFOϝϞϦ͕ۭʹͳΔ·Ͱͷ 20 msͷؒʹϞχ
λܗσʔλΛ OS༻ϝϞϦʹ DMAసૹ͢Δ͜ͱͰɺ
OS্ͷίϛϡχέʔγϣϯαʔόͰऔѻ͍ՄͱͳΔ
Α͏ʹͨ͠ɻ࠷Ͱ 10 kSPs 32bitͷϞχλσʔλ͕
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Figure 8: The firmware and software configuration by which the reference current values are stored and transfered to
their power supplies.

10ඵऔಘՄͳ͜ͱΛ֬ೝͨ͠ʢओిݯͷΑ͏ͳ
͍ԠͷిݯͰϞχλܗσʔλ 10 kSPsͰॆ
Ͱ͋Δʣɻ

5 . ·ͱΊ
J-PARC MRͰϏʔϜ૿ڧͷͨΊɺޙࠓछʑͷػ

ػͰثը͞Ε͍ͯΔɻՃܭͷΞοϓάϨʔυ͕ث
ͷҟͳΔ͞·͟·ͳ͕ثػଘ͢ࡏΔ͕ڞ௨෦ଟ
͍ɻզʑͦͷΑ͏ͳڞ௨෦ͷΈΛ J-PARCMRͰ
൚༻Խ͢ΔͨΊʹ SoC FPGAΛ৺ଁ෦ͷ ICͱͯ͠
ଟతͷσδλϧͨ͠ࡌ IOϘʔυͷ։ൃΛͨͬߦɻ࣮
ຊϘʔυʹࡍ J-PARCMRͷੑӡ༻্ٸͰ͋ͬͨ
Ճ్தͷϕʔλؔଌఆͷͨΊͷϕʔλτϩϯৼಈ
ɻ·ͨɺͨ͠ݙߩେ͖͘ʹڧΕϏʔϜ૿͞༺ʹ༺ىྭ
શ͘ผͷ༻్Ͱ͋Δిྲྀྩࢦ֨ೲ͓Αͼग़ྗϘʔυ
ͱͯ͠ೖࣹηϓλϜిݯʹ͞ࡌΕɺࠓ͔Β༧ࢉ
ાஔ͕։࢝͞Εͨ৽ओి࣓ੴిݯʹࡌ༧ఆͰ͋Δɻ

ँࣙ

Ճ్தϕʔλؔଌఆʹ͋ͨΓଜՂࢯޛɺࠤ౻
༸Ұࢯɺాݪ೭ࢯɺ֎ࢯؽࢁɺेޒཛྷਐࢯɺٱอߒ
ʹͰଟ͍ݴଌఆ४උσʔλऔಘ͓Αͼॿʹࢯޭ
͓ੈʹͳΓ·ͨ͠ɻ͜͜ʹँײͷҙΛද͠·͢ɻ͞Β
ʹՃ్தϕʔλؔଌఆ MEXT Պݚඅ 26105518
৽ֶज़ྖҬڀݚʮχϡʔτϦϊϑϩϯςΟΞͷ༥߹ͱ
ਐԽʯٴͼಛผڀݚһྭඅͷॿΛड͚ͨͷͰ͢ɻ
·ͨɺϘʔυ։ൃʹ͓͚ΔϢχόʔαϧΤϯδχΞϦ
ϯάࠤོࢯͷ։ൃิॿʹँײͷҙΛද͠·͢ɻ
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