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— An erroneous output signal from a circuit that can be corrected by performing
one or more normal functions of the (e.g. retrying operation, rewriting data, power
cycling, etc.) Synonymous with SEU.

-BE1T, BEZAH, EROBRAFZFTIIETEAEIEBEMNODIZ—H . SEU
ERIE
e SEU: Single Event Upset

— An error in a circuit that is not permanent (i.e. not a hard error) caused
by the change in state of a latch, flop, memory cell from a single
energetic particle strike.
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iPhone3s 8 2000 4
Blackberry 11 2000 6

[Y. Chen, “Cosmic Ray Effects on Personal Entertainment Applications for Smartphones”, REDW (2013)]
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— Decode mp4 video in an infinite loop

— Compute multiplication of 32bit x 32bit random integers
— Browsing (G=E[fFiR{E)
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Spallation Neutron
Beam ~10%x Acc.

HDMI to USB Thumb Drive Recoding Box
Raspberry Pi 3 (From raspberrpi.org ) (From www.century.co.jp)
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HDMI to USB Thumb g
Drive Recoding Box
(From

www.century.co.jp)

Display, Keyboard, Mouse
HDMI recorder

Beam opening, FPGA/ Raspberry Pi
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“Management of radiation oncology patients with a pacemaker or ICD: A new
comprehensive practical guideline in The Netherlands”, Radiation Oncology volume 7,
Article number: 198 (2012)
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 Modern CIEDs contain Complementary Metal Oxide

Semiconductor (CMQOS) technology. The CMOS

technology developed in the early nineties was more
radiosensitive than the previously used bipolar transistors

(TTL technology). However, CMOS technology has rapidly

developed and currently is much more radioresistant. It is

for example routinely used for aerospace applications
requiring a tolerance up to several thousand Grays.
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“Cancer-radiotherapy equipment as a cause of soft errors in electronic

equipment”, J. D. Wilkinson (Medtronic) et.al, IEEE Transactions on Device and
Materials Reliability, 2005

LINAC (Linear Accelerator) % £ - 7- ISR B CRET 22RFHEFICL D EF
a0y 7 h 17—
« ZCTOYVIRIS—ZER LB % F(~25eV)
- B F(XIOBE A RER(EXEER) NS
« COMXTHEHOLNTLSLSIFIRERMAEL, BN ZLEEND
BPSG (Borophosphosilicate glass)%{s& FH
- 2005FFF R TOLINACZEE o=/ B L TILEEEHL L TULV .
 INEDRIEFHIRTIIIFEFEFEHLN TULVEUOEOEE R

« 2L, &I EERK M CTHEUIBAEEIC

Device
Exposure Condition Minutes Errors

50 em, no shielding 30 3
50 cm, EMI shielding (sealed

steel box) 10 1

50 cm, Thermal neutron shielding

(2 cm dry boric acid) 20 0

10 m, outside treatment room 20 0

SRAMD Y 7 h T 77—
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“Runaway Pacemaker During High-Energy Neutron Radiation Therapy,”

CHEST, 1994

RPN TF EE S T RRBE TOR—IA X —HDRE

e With the incorporation of complementary metal—oxide semiconductor (CMOS)
integrated circuit technology, pulse generators have become more sensitive to
injury from therapeutic ionizing radiation.

— CMOSERBRIBDFEAIZELY, (R—AA—HD)/INILRAFEER/IEBEICLDMETERIZ
Bz~ T-.

* The lowest radiation dose at which pacemaker dysfunction has been reported
is 10 gray (Gy), and current guidelines mandate that pacemakers near or within
a radiation field be shielded such that total exposure be limited to 2 Gy.

- 10Gy CHEREPES . 2GyAIREDHART1Y

* This damage can be caused by a single particle, and result in resetting of
CMOS integrated circuits.
- CMOSEFRBEIEMN Y EINR—RA—H—NEE

* In our patient we chose to move the pulse generator to a position further
away from the radiation field
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https://cccc-sc.jp/info/info2.html
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FZ 7 5900cm

Particle :Cé

Energy : 300~400 MeV/u
(3000~4000 MeV)

Flux :10° pps

Time :few minutes
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~ 10 MeV

—"~ 1000 MeV

Fluence [neutorons/60Gy-RBE]
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