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Radiation Tolerant Rapid Criticality Monitoring with Radiation-hardened FPGAs
(Contract Research)

— FY2020 Nuclear Energy Science & Technology and Human Resource Development Project —

Collaborative Laboratories for Advanced Decommissioning Science,
Fukushima Research Institute, Sector of Fukushima Research and Development
Japan Atomic Energy Agency
Tomioka-machi, Futaba-gun, Fukushima-ken

Okayama University

(Received May 2, 2022)

The Collaborative Laboratories for Advanced Decommissioning Science (CLADS), Japan Atomic Energy
Agency (JAEA), had been conducting the Nuclear Energy Science & Technology and Human Resource
Development Project (hereafter referred to “the Project”) in FY2020.

The Project aims to contribute to solving problems in the nuclear energy field represented by the
decommissioning of the Fukushima Daiichi Nuclear Power Station, Tokyo Electric Power Company
Holdings, Inc. (TEPCO). For this purpose, intelligence was collected from all over the world, and basic
research and human resource development were promoted by closely integrating/collaborating knowledge
and experiences in various fields beyond the barrier of conventional organizations and research fields.

The sponsor of the Project was moved from the Ministry of Education, Culture, Sports, Science and
Technology to JAEA since the newly adopted proposals in FY2018. On this occasion, JAEA constructed a
new research system where JAEA-academia collaboration is reinforced and medium-to-long term
research/development and human resource development contributing to the decommissioning are stably and
consecutively implemented.

Among the adopted proposals in FY2019, this report summarizes the research results of the “Radiation
tolerant rapid criticality monitoring with radiation-hardened FPGAs” conducted in FY2020.

This research is developing a radiation-hardened optoelectronic FPGA with a 1 Grad total-ionizing-dose
tolerance on which optical technologies are introduced onto a semiconductor technology and a radiation
hardened FPGA with a 200 Mrad total-ionizing-dose tolerance not using any optical component. Moreover,
Japanese research group will support hardware acceleration on FPGAs used for neutron-detection system
developed by UK team. Finally, we will provide our radiation-hardened FPGA for the UK neutron-detection

system.

Keywords: Radiation-hardened Device, Field Programmable Gate Array, Programmable Device, Scintillator,
Total-dose Tolerance

This work was performed by Okayama University under contract with Japan Atomic Energy Agency.
(Contract with Shizuoka University until FY2020, and with Okayama University from FY2021).
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: Ring Oscillator (U v 74 L—#)

NOT [Bli#% 2 & 8B D721 T, B D7) % B D AT R H KR,

: Look-Up Table OVL> 7 7 w5 —T )

AEVD1FE, T—AEEE TR ST CREETE D,

,19,

: Complex Programmable Logic Device (Zu /' I~<=71my vy 75,34 )
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s

WHRENFR—NVT 4 v 7 ARKESHEEE 1 EF (LT, T1IF) &3, ) DB
FOBEMEITT 7 U AT OBEFRRE N T — 2 R — 2 TlE 1000 Sv/h ¥ <12 b9 5 mlgetk
WD EEHERMLTWD, SH%OBEFEEIZI VT, 1000 Sv/h & O @O #EREE T C
HoTHEWY—VRRMEHND Z LR ZEMICEMETE DHABAR T AT ARME L7
Do FRIZ, BURTIXy MBI TH O | vy BRUTER OISR ARFA A F2 o AT B3R D B
Do
LU, BEfFOEMEI A TH Y. h—2 /0 R—XMiEiX 1 Mrad (10 kGy)
W E D, 2T 1000 Sv/h OBLS#R T Cik 10 Kefi] TH M & 725, Micro Electro
Mechanical Systems (LLF, [MEMS] EH&d, ) RSICETHIUXL Y &V F—F /L F—XTiif
HENREHTX DN, ErE2/ L, £ T2MRIIRERECHY, FOa L Ea—
BUAT KRBT DH T EITE LV,

ARFZE CIIEERE RIS A A L, 1 Grad (10 MGy) @ h—Z L F— Xt A2
M A R EEE - FPGA & e &2 W3 ICBEAF O SEAE R S LT D 7+ T 200 Mrad (2 MGy) @
k— & )L F— Xt 2 FEEL D MG # FPGA O 1 FE T 5 U =7 5 7 )L FPGA D 2 S DR %
179,

AN 2 AR CIXMHBER R E T FPGA OBRICB W T, Al I L AF), L—FT LA D
k=% v F— XM, BRSO Y 7 b= 7 —tEikB 2 £ L, £/, Mgk
U7 770 FPGA OFIFIZERBWTIX,  DeWldIREkE ) & TEKM ML) OB O
RO VLST Fv 7 a R ELTZ, £ LT, Y7 b7 —0ithEaBr, ~—% /L F— Xt %
Sl L7z,

T, WRERDIMEIERA AR ST ARAEVICT 4 b~ A7 5 RIEEE R Z ek L.
M FC S RS EE 7 FPGA (2[RI B4 2 35 AT MRGE A 1T - 72,

Vi
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XL ®IT

IF OFEFE OREMZEIET 7 U AT O RRRE N T — A k77— A TlE 1000 Sv/h < I bEd
DHEREMED S D Z & AR L T\ D, SBOBEFIEREIZIB VLTI, 1000 Sv/h & OEWHUE#R
BRETFTCTHoTHEWVWY—/L RMZHWD Z LR BERICEIETE DHBIAHR Y AT LI
P, FRZ, BURTIZy A XEMTH Y .y BRICTRODT G B A A T2 o AT B3R
HiLh,

LU, BEfFOEMEIBIIBHBRICHEES TH Y. b—% /L R—XTiEIL 1 Mrad (10 kGy) (2
BME 25D, ZHTIX 1000 Sv/h OFEHFR T TlE 10 B CTHm & 72 D, MEMS X° SiC Z&ThiE &
DEW h—& L R—=XMEREBLICE 508, 2/ L, £ 25tk 7E& Eich
D, BfFEOa L Ea—X I AT AEFEBTHZ LT LW,

AAFFECITAERE R BT LB 2B A L, 1 Grad (10 MGy) @ ~—% /L F— Xt % FF>
it H S AR JE 7 - FPGA & | JEEEiT & - W I BEAF O RSB BE BT O 4 C 200 Mrad (2 MGy) @ k
— X )b R— Rt %2 FZE T D MR Y =7 Z 70 FPGA @ 2 DD Z1TH ., HARDWZETF
— DX SR FPGA & N— R D=7 « 77 %7 L — a3 VOl CREOHETF— L% KT L,
KEDOMRET — DI ZOHAROXEEZT, @A~ ERE T CEMATX, B mof %
TR A BRI SRR FTRE 72 FPGA 2 HWeH e =2 YV VU AT A EFEBT 5, REW
W2, ZOHFEFBRE=F T 7 RAT LE HAROMKSGTHR FPGA & fHAEbE ., FEERFTO
o R RIS T & D MR FPGA & AT A& FEHT 5 2 ERAIZEO A TH 5.

1-1
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2.1 ZKEHH
REHOBRGTHREZ R 2. 1-1 ITRT,
#2.1-1 2REHmFR
s PR e S 2 R AR 3 R
PHETF 4T 2 — DB 7?MA¢I7®%%:
SEE A A D 2 — L WTF 4724 —0OM| it v 7 ho=7 kL
o o g o paoy| Bon ) n 0 R X”“Z FeE 7
EHh D | A Ak | gy hET
> >le >
®%% Ke Tl TAAEY L 1— ARTTEATY & l— —#7v4®mm%ﬁ

OIEFER OB #RAL

QLR ER O
Mk

(DI A FR kR
(GOCO\ 2‘“Am\ 2520F)

@) M w Y ~7 7 7
JL FPGA O BH%E

O] % BA &

O RRFRBR
(GOCO\ 241Am\ 252Cf)

(3) M S R AS 72 2775 2
A& Y OBA%E
(FF&FESE - AL
THEmAFFIER)

BT LA Ot AL D
T5E « R r—DBRR

WL -

| g

W7 LA OIS LD
Ry lr—VBR%

LW - Ny r—

i

<

LT T
FPGA OOt i

-

»

<

| g

MRS ARG EE 7 FPGA T
/7 %fnitﬁz

o
»

o
l »

IR SRR G HE - FPGA -
7 h R

< »

KR T HAEY & L—
T LA OB
<

»

<«

P

o
»

wxu T AAEY LV
— VT LA DT R
AR

a
A 4

A=A AN S .
— T LA DT R
AR

»

M ) 7 7 T
FPGA DF%ET

-
<

<

N | o
»

o
»

DN SIRERL R & TES
53 B A BIAE L 72 4 Bl
1] OBF OHREZ R
F v Tl

WA W TR T
7 &I

<

VLSI O h—=Z )L K=K
Y7 k=T iR

[

ol
»

VLSI O h—H )L K—X -
V7 kT —IitERER

»i

M B e 7 5 R
TUHL—PHFE R
T LDBRA%E

R T T HBAEY ~O[E]| IS ”

IS RO EROE | 7 7 L AT VIS DE

i XA A ENE
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2.2 FEHERH]
AR O FHIARR 2 X 2. 2-1 127,

(=E:NED)
REEOMYELY : BEBR (TT7+—F: 20%
|
| |
(2) WBEHRURTSTNL (1) WERNRARTF FrcA OMR
FPGA DR |
BERE (WPFHIIRS
EEIINEEEDY EEDEEED FHPIER)
V7 k= . e (3) WBHWKDTS L
5 — i VLSI g% 3 > e AEYDOR
Pl wE
VLSLBH  Am, o FRREE  RABX
=of ( K¥ME ) moy (| KERE ) ITA—h:10%
b—ZN k—%
I — i k— X
T4 21
©Co ®Co
thiE e b
v, dERHT
Y XA

&d 7NV AT G R OB HET S
[%ﬁ“] :ﬁa TNAY XL, F=F VT VAT A

[ 182 kDI Y F &8 : Michael Aspinall (T74—Fk: 10%)

|

(4) BESMOPEFREZ ) TLEALICHATELSHBHNBRE=S2 IV I AT L

Andrew Parker, PDRA, Lancaster University:
oL@/ ULADHBRMSYTILEA L
ICHRSBROBRERETH7ILIVXL

X 2.2-1 FEhEAH X

2.2-1
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2.3 N2 FEORER O BB K O O 1A

CNETOENS ., MHHRREEF FPGA TIEFEH B, B b—# L R — X(EN EH T
%é:&ﬁﬁﬂofwé#\WWW@)AT77»FWALOwTi\%T@%&@Vfi;
NETRARE L E 2 5N T X MBS RIERE~DOPRE TH 0 | Wl Bk TE - iFge 2 ik
DTHRBTDAEENGWZ EN TSN, 202 &m%Aﬁmﬁf@ﬁw B\
e FIRERE ) & TR B FIE U7kl O RT7 OBEE % RO U # Y6  FPGA

BREF LTS, M BRIEEE 7 FPGA (2 X7 Z 7V FPGA DIERMERE 2 1B N4 25 = &
T, RIZ )«777»F%A@%W% ENHHFIC LD fHEICHEI N T LE 272 LT,
MR G EE - FPGA DREREIC L 0 77— 7 LA OFMEZRMERF L. U X7 F 7L FPGA fll DAL
B @W%@%@%m%&aﬁﬂ%kﬁéi9_mﬁbto%%5A Z DOMIT DRERE A
omm%ﬁtﬁ%ww XV MR T FPGA OFHMRER b Eliti CX 5, Z OXFHEE
ER—ZRZLTHM 2 FEOWRELLT O L 9 IZEM LT,

(1) MR K 7B 1 FPGA DB
OIE=EEB O AL
AT AAEVIR LT, 1 Grad (10 MGy) &£ TOH b —% /)b F—XMHEOFHE 217 9
L—HEICB LTk, o L—Hicxt LT, BRIt 5 V-1 85k, 3T —ZhR O 5
2TV, L=V OMEZHFRETHEMICEL Y EORED b —% /L F— XMt _E AN FTEED
600 Mrad (6 MGy) & CIAS#REDFAGAZTT 9,

QHEFE AT RE 5B O i iR b
M BREE T FPGA O BT~ 7 &3 fEL. F—% /v F—XTME, V7 F = F —iif
PEDOME ) HAMI 21T 9,

QI R aER  (°Co, *Am, °Cf)
Aa I LAY, L—HFT LA VLSI F v ZE5IZ “Co & v 72 b — % L K — X3k %
179, Fiz, "MAm, ¥CF |2 X DMHAESHREE T FPGA ~D Y 7 h =7 —itEikER 217 5,

() TSR Y X7 Z 7V FPGA DBA%E
OFEAE]A] K B 76
e FIRERLEE ] O HRR G 1 FPGA OERERIFEICH B 2. eIk )
& BNt FIE L7kl ) O G OREZFi>T v 7l ET %, M SREEAn SR
ATV, MESE AT A R T 5,

@R (“Co, *"'Am, **Cf)
QOTHAMELETF v 7ITx LT, “ox W72 b —# 0 F— XM ER . *'An
Pt AW Y 7 b g —ERBREZITV, Y7 b2 T —MMEEH L NICT 5,

@) M rA e 72 A 2T U OIS (FBEFEL « w7 T3 HH 7%

&w&m“%ﬁﬂ%%“f7jva?ﬂE®E%%$%£ﬁthDﬁ7bf%)%W
WD, R TH MFA A= RT LA DD RDIMEERREE T FPGA (2, fERI L=k u /o
LAEY D6 ORI WO NE XA L DA ELE _owfwﬁﬁ%ﬁoo

(4) g Hate

%ﬁ%%®??%ﬁ%@ﬁ%@%@K%W%ﬁﬁ%ﬁﬁﬁ%ﬁy&*‘@M%)\ﬁﬁ@
W52 FLOEHFELZEICILTIEZED 5, iz, MHEERGIEZHEST L 720 0iTE
ﬁ%%%%%%%?éo

2.3-1
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3. RN 2 AEE O E N A & OHUR:
3.1 (MR EE T FPGA D BR%S
3. 1.1 YR OIh  RAL

(a) MIlOF 7T AEY (b) 1 Grad (10 MGy) F—H%/L R—XD
RN =7 VNG =)
3. 1.1-1 SRR CTHW-RAe I AXEY ODFE

(@) WO Fa 75 AATY (b) 1 Grad (10 MGy) h—# /L K—ZXD
PN 7NN )|
X3.1.1-2 FAa T LAFYNLOEIFNNE—1

HRIE Co ZHNT, Ar I A AEYMN1 Grad (10 MGy) O h—Z L F—XIZfif2 5 Z &
ZIFEL7-[1][2], B 3. 1L 1-1(a) ICHSEHTOAR e 77 L AE T | X 3.1.1-1(b)IZ 1
Grad (10 MGy) ® h—# NV F—X% 5.27-FR0 75 AAE Y OFEEFNFILET, ma s
T AATY BT T ARUIFBEICEA L TWARKRa ST AAE Y ZDHEDIIRERE
xRN TWRY, Vo7 T 0= 0BT 220 i-ilBbitoTRBY, /T T0
=TT AEFEZIR, HEOHITL VDR TED, K31 1-2 () ISR IB S T O
077 AAEYNLOEPHE (2T FA MRZ— \EAZ—) K 3.1.1-2(0)I2 1
Grad (10 MGy) ® h—Z NV R—X % H21-Ra 75 LAAEY NLOEIFEE RS, FEEI
KFLTWDHEDD LT XA MRE = EN R LNRNT E DR TE ., JEHEMRE
F— b7 A (LLF. TORGA] EWET . ) ITHAAA, BERSEHTE D Z L 2R LT,

3.1.1-1
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7o, IBEHOLE T FPGA O L—H7T LA O b —2 /1 F—XMERABRZ 600 Mrad (6
MGy) F£CTHEMEL7-, B A BET 5810 L — R0 RS B 4223, 1. 1-1 12, 600 Mrad

(6 MGy) MRIE#%O L —HEPEOFRMEEZE 3.1.1-2 | TR"T, BEETL—FF 14— FD
R I RERE S AU TR LY,

#3.1.1-1 HERETO v—P R o FHHE

L—¥ g — N5 T i
LD1 2.60 pW 1.851 V 1.49 mA
LD2 1.88 uW 1.849 V 1.55 mA
LD3 2.08 pW 1.851 V 1.61 mA
LD4 1.80 uW 1.852 V 1.61 mA

#3.1.1-2 600 Mrad (6 MGy) FR&EE D L —HRpdk o 3HIE

L NT— NE5 1 A it
LD1 1. 47 pW 1.852 V 1.79 mA
LD2 1.56 pW 1.847 V 1.78 mA
LD3 1.52 pW 1.849 V 1.79 mA
LD4 .51 pW 1.854 V 1.80 mA

3.1.1-2
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3. 1.2 SEMRIBKE DM
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N7
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lll|'|l|l!!"?!l!Q!i‘!!!!5!!!!!t!?i!ltl‘ll!!!tllll!!
33 T TITILL L. ARRRE

|Mmmmmmmmmmmmmmmmm

‘@)

e ——

X 3.1.2-1 StEA FPGA RIEF 7

T4 NEAF— ROPENEa br—LT5Y 7y valgm, Ty 2Pk T 5
7O HT 2 ) vy MEBZ2KRIBIZILREAL « 500 L7 $6 3 7 FPGA Ok R T v 7
ZRME LT, TSR ET FPGA WO U 7Ly v =255, Uty MEBWHITE 2L 72
% ET T OWRMNRAREIZ /20 | M BROETE T FPGA O TORIEZ KD Z LIz b,
B LD AR 7 FPGA TlX Z OBME L R b EE 2 ZNETNIARIZILEIL L, FELE,
BBENAE UV RIBICE CTHE L7-, 20 9 RIZFERL LG AE THREAKE S 2D, 0
FALICHEE L 2 D B VFEIT B2 TCH AX LFREF LT, Fv 7HBIIERD L O L 1RIFED
BV, ZOYEF FPGA BET v 7 OEEZK 3.1.2-1 |T77T, TNETICAT v 7Dk
AREMEDTER Z K2 TN D, HEHRRBROFE RICOWTIE 3. 1. 2. 1 HIZRE#HT 5,

3.1.2-1
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3.1.2.1 (MG

M SRR G B+ FPGA [6] 1) ORGA VLST O k— % L K — Xt ik Bk % 326 L 7=, ORGA DA
Hrymy 7zl A r—% (LUF, RO LWET, ) ZFEEL, TOBERK
AT 52 L THIESWEFAI L7-, ROIEM 3. 1. 22 ITRT LI ITA v —F %8

R L CEESH, BERIET S, K1 2 /3—H# (% Look-Up Table (LAF. TLUT) &
M4, ) NICEESN D,

3.1.2-2 RO ORERL ]

ASEIOFHBITIX 1 BD RO 23FIEL., ZORIEFE K% Mixed Signal Oscilloscope

(MS09254A : Agilent Technologies) THHHIL7z, RODEKEBE T T AAEYNRE—2 av
THXA NG = EBENE, M3.1.2-3, 3. 1.2-4 1277,

X]3.1.2-3 RODFB T T AAFY NE—

3.1.2-2
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3.1.2-4 ROD=Z T FHFAINZ—

. S\ sl
: iy

KBRS —FTLA Vs B

. N o 1 2 — TH7/ s ?’ E NI
B 6328 nm PRI // @ D*v ’
S 7 g - ,,' < / J \_‘ - ‘ LY {

HA:20mw
W B

oA

e 4

"= W
|

= =

- —-

W

3.1.2-5 7B F FPGA O FMEER Y F R D B HE

3.1.2-3
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Fio. BN FREK 3.1.2-5 (IR T, ENBIEIZ, HeNe L—H, 2 XA—%_ iy
Lo R KL ZEREE#E T (L3B00Z-G84G « & A =1—= Y L k&34t) . ORGA VLSI T
&%, ORGA VLSI [LiRALZEMIYEAEFFHE T2 5 150 mm OALEIZHE L CTh 5, KnZEmEE
R OMMEEIL 1,920X 1,080 7 AL THY, KT AT A XLT7.0 ymX7.0 um TH
b ZOWRZERNEHZTICK 3.1.2-3 OFRBR T T LRE— o 2RE L, RBRICHEAL
7= ORGA VLST OftAE#A 3 3. 1. 2-1 IZ/”" T, Z ™ 0. 18 pum CMOS 7" = & Z ORGA VLSI (T 8, 832
D7+ NFAA— FNEEINTND, 74 M AF— ROKREZ1T4.40 pmX4. 45 pm
Thbd, ZO7F MEA A — RIFHD 30. 08 um, €AY 30. 24 pm O CRUE ST 5,
T T LA OEEITEEFOFPGA L[RICTH Y, Gl v v 7 BN 512M0, A vTF U~
FUZ ZA8576 ], AHSIE Y h2336 bit BIHEINTWD, LUT LRI 0 v 712 2 fH%
EINTEBY, F—% 1024 HITH D, BEMAEHOT LY ZALEEITBWNT, Z0
LT 2+ CThdreEZOND, ZORBRY AT LE AW THFBRICHT S h—Z LK
— R RFAM 2 520 L7,

#£3.1.2-1 ORGA VLSI O F v FtkE

A= S/ s BV 0.18 pm standard five metal CMOS process
Fo T A X 5.0 mmX5.0 mm
=T LA g B 4.1 mmy HE: 2.2 mm
AR L Core 1.8 V, 1/0 3.3V
7+ MEA A — ROKREL 8, 832
74 MFEAFT— KA X 4.40 pmXx4.45 pm
Tx MEA A — RO FE ¢ 30.08 pm. fE : 30.24 um
WML 1y 7 D 512 &
LUT %% 1,024 {i
AA v Fr T ) v T 2D 576 {#
ALHR T ¥ 2V 8 A
I/0 DE v MK 36 bit

3.1.2-4
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X 3.1.2-6 JE 1 FPGA (2[R % G234 U 7 IR HE C D il R 55k O£k 1

X3.1.2-7 7Tbit¥ 7 FLTYAZETEDOR) ZFEE LR VT L4 —

3.1.2-5
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X3.1.2-8 7 bitT 7 FLIRZLTEDOROD AT FRA K —1

A EIOFERTIL 30 TBq @ “Co >~z H L, HKHRESR 2.98~2.99 kGy/h 28
T VLST 7 7PV ENE L 72 R BB TR AR 2 B L. TG R IRHE C O MM AU el 2 920 L 72,
[ 3. 1. 2-6 |2 FE 1 FPGA DG FEIRRE T OHUR BN B O+ 2 =3 [3] [4], ZFHT80.0
Mrad (800 kGy) ZHR&F L7z, HHBLIZERE SIL TV D D2 0RGA VLST TH Y . FRiCITY
0y 755 2 AT DK BIREIEE A E N TV D, Z O/KERFER R X Rt 2
L. 300 Mrad (300 kGy) ##z2 5 h—% /L R—X[itlE&HT %, ORGAIZIX 7 bit D7 k
LVUAZE TEROR ZFEEL, BMESE-F E THIEBRERE L=, 7 bitOY 7 LY
AFETEORO DA THAMEREEFORO S T LRNE— %K 3.1.2-TIIR"T, 2D
R T T b — ATEMNERFE RS, K 3.1.2-8 1T, ZERINAEFE 1D
DEFTE, DEV AL THRAMRE = ZRT, ZOEBRIECMOS I A T Thog i, &
I, Z0arTXF A MRY =N — T LA RiZFEIND,

B 1 JE R B T O R R BT 03 B 1 146. 72819 MHz., A 103. 15789 MHz. ¥ 126. 44669
MHz C., HREHL 23R 142. 16422 Mz, #AK 100. 86496 MHz, F-¥5123.87621 MHz T&H -7,
F KB T 0 7 OBEERF R R AT 23 /)N 3. 407661473 ns, fx K 4. 846938998
ns, ¥4 3.969716580 ns T, ML/ 3. 517059356 ns, K 4.957122870 ns, P
4.051761595 ns Tho7z, FOmEl7 v v 7 &, BEREHZ X CTEMERE MK T L Tuv
L0, BENDRBUTIZE Ty, LT, 7TbitdDY 7 ML Y AKXE TEDROIES80.0
Mrad (800 kGy) M4 &MEAREEL TWAH Z & 2MHR LTS, RO OBEMEREREIE
11.52 MHz 726 11. 35 MHz IZDO TR T L TW AR, FEFHNE 5% 5, fEE. M
BRICEE - FPGA T 7 O R ERRIZIER 1@ 2 E N EFES L, 2 O F F T I
29D ENMEERTE I, W, R OEETSH < £ THHEMRIBKE TR AE L, £
[B] 1 2 5 i 70> & A 2 B AR S | S O R D B2 X — 004 U722,

WIZ, o THD 4 MBq @ *Am % 2 DHW= Y 7 b= T —itE SR O R 5 &2 7R
T, AL “Am oA X 3.1.2-9 12”7, ORGA CTIXE EnbHIcLb a7 A b
NE— VT ORERH Y Fy T OE EICRZEE TS Z &N TE R, 207k
. K31 2-10 1R T~ U Z AN TRED BTG a0 AST 2 X 912 L Cht#R
R AT, o IIARAICHE Y BEINT, HlfO 2 BTOT 7 7 X —DHRZBETN
IXEVY, 4 MBg @ *'Am 2% 2 MAEFERIEET > 580 3 cm OFEBECE 2L TR Y . EREEIFKIZA
FH 5 BALRERIMS 72 0 O a R OEUTHY 17700 A /s L R DD,

3.1.2-6
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3.1.2-9 4 MBq @ *""Am o« #R % 3.1.2-10 28D M am ZEEL -~ 2

Laser Diode

"!"'I‘hin

,
/

Optlcally reconfugurable gate array VLSI

< Bt
pY

¥ 3.1.2-11

o FRERBRIA 1T ORGA DI F R G E

3.1.2-7
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2000 pixels

——
2000 pixels

2 bit REBDKOZ T AAEY €3.1.2-13 HKaFZ I ARAEY 7 4 LA
INK— DEH

3.1.2-14 2 bit EHIFOEIPTH/ X —

3.1.2-8
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0s-92SNSO_ |
)

VRS

onfigurable gate

‘-"\\ VNS
\
-

X 3.1.2-15 T ¥/ —H—NTONEF FPCA DRER DI+

o BEEBR 1T D ORGA DY R %K 3. 1. 2-11 1279, Z @ ORGA 13 650 nm, 5 mW @
YKL —4 (DL-3247-165; SANYO Electric Co., Ltd. Semiconductor Company) & 7knR
TIET 4N R T7+ h~A 2 7 42 UnnoGiken Co., Ltd.) . #L Tu—LAtt
0.18 um 7' & A TRIEZ 4172 ORGA VLST THERK S D, Z OFHIEERICIL 2 bit FHELZ
R L7, ZORRIEBORIKIZEMEHTLHE0 7T L AEY O/ —20F 2000 X 2000 £
JBNLTHER I, RIS THESNE, 20Ra 7T AA2AE ) NZ - %K
3.1.2-121Z7~9, £ LT, 5080 dpi DFFMRIEE CTERIE 7 4 /L 2ZHEE L7 H DM 3. 1. 2-13
WCRTHAER T TARAEY T AN THD, ZOFROTTAAEY 7 4 LA EN
722 bit FELOEITIE Y — %K 3. 1. 2-14 TR T, PEKL—WFhn s L8740
AE, 77U VT L—AT 3 iORAT vy B TE—ZEREZAT — (0SMS26-50 (XYZ) ;
SIGMAKOKI Co., Ltd.) IZEESNTHY, UE— N CTOMERELATEICLTND, Pl

KL—HLARnr T A7 VLD S cn, AT 2T L7 4L L ORGA VLST Ol
6.5 cm & L7z,

3.1.2-9
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AR TIL o BROZ N X —DOEEZ < BMO=D, X 3.1.2-15 [IRTT v 7r—H
— (SSVD-450; AS ONE Corporation) & ifI[RI#REZ24R 7" (AVRI-60; AS ONE Corporation)
AR L. BEZDRREZ P L CiBR 21T - 72 (5], o FRIRSTEABRIF D ORGA DR EH %
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