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7T/ 7' v FPGA
2. Atom switch-based FPGA (AS-FPGA)

Atom switch (AS)

lon | OFF
Conductive bridge is formed in polymer solid electrolyte Ru
between inert Ru and active Cu electrodes. salkd 9 o° ] - |
Specification glectrolyte) . © E:} Cy o
retention time : > 10 years Cu -
resistances : ON/OFF ~ 2k/200M Q g\yitch capacitance : < 0.2 fF T+'-.r T-'u'

k# of rewriting times : >10° Principle of atom switch

SEU free in principle

Typical spec. of AS-FPGA
AS-FPGA —T—

LuT 33,792
AS was successfully applied in FPGA for its routing switch and Flip Flop 33,792
look-up tables [1,2]. AS FPGA was already irradiated with heavy BRAM /68
: : 1 SRAM size 1,536 kbit
ion and pulsed laser, and the SEU tolerance was confirmed [3].

Photographs rated vol. 1.1V
For the accelerator experiment, of AsFpGA  |Ovol. 1.8V

AS bit 50 Mbit

more studies with the higher radiation environment are needed. ocess  40nm
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NanoBridge FPGA

e Features

* Rad—hard (error rate < 1/100)
* Low power cohsumption ( < 1/10)

e Current status

* irradiation test with heavy ion and pulsed laser
e verification test on satellite

- In principle 0K for our purpose

We heed to confirm feasibility.

e tolerance to very high radiation level
e usability
°* etc. ..
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[rradiation tests
Neutron irradiation tests

Tandem accelerator @ Kobe Univ.

Beam : 3 MeV deuteron

Target : Be ( $20 mm)

Neutron energy : 2 MeV (£T MeV)

Flux : 4.9x10% Hz/cm? @ 10cm from . o
Tandem facility

target (beam current = 1 pA) 13mm

Reactor @ KUR o o ——
* Method : Pneumatic Tube b ot —"
* Rated thermal power : 5 MW . ﬂ
* Neutron energy . broad

* Flux : > 10" Hz/cm? ol el SRS
neutron

Packaged AS-FPGA

SEU and DDD measurements e target g




Neutroen

SEU counts were measured
with 4 types of chains.

NO SEUs were observed
in NB!

DUT type Scale

SRAM 2 kbit
NB 1 96 CLBs
NB2 368 CLBs
DFF+AS 468 CLBs

irradiation tests

TESTE é)
Chain Reset
Signal : !
generation ]‘%Di Syncl::tr;?ous H—SIGNAL
circuit i | i
P Chain | !
""""""" TMR MR T
start end
TESTEN
S|GNA|_ Nno error
{¥ SEU detected
sampling

Schematic view of evaluation circuit for SEU

Results of SEU counts

Neutron fluence(n/cm?2) SEU counts

1.6 x 10*1
3.6 x 10*!
1.7 x 10*1
1.5 x 10
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Neutren irradiation tests

Leakage current was measuted before/after irradiation.
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NO DDDs were observed!



Irradiation tests
gamma—ray irradiation tests

RI Center @ Tokyo
Institute of

Technolosy & QST

e Src : Co—60

* Dose rate : 500 Gy/h

e Total dose : 10 kGy

Experimental setup

TID measurements




gamma=ray irradiation tests

Leakage current were measured during irradiation.
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Leak current
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10
Total dose [kGy]

NO change was seen up to 6 kGy.

After 6 kGy, leakage current increased slightly due to
degradation in CMOQS.



gamma=Fay irradiation tests

Shmoo plot
before irradiation after 10 kGy irradiation

operation voltage[V]

vs1

operation clk period [ns] operation clk period [hs]

NO change in sighal delay was seen
after 10 kGy irradiation.
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Future works

[+ was found that NB-FPGA had potential to use for
our experiment.

e (Irradiation tests with higher level)
* Construction of evaluation board

*and more. ..
e usability
* speed
*etc...

Let me khow if you are interested in the development.
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