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Development of Core Technologies for a Wireless Communication Chipset with Radiation Tolerance
(Baseband Circuit Development)
(Contract Research)
— FY2024 Nuclear Energy Science & Technology and Human Resource Development Project —

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

High Energy Accelerator Research Organization
(Received March 3, 2026)

The Collaborative Laboratories for Advanced Decommissioning Science (CLADS), Japan Atomic Energy
Agency (JAEA), has been conducting the Nuclear Energy Science & Technology and Human Resource
Development Project (hereafter referred to “the Project”) from FY2019.

The Project aims to contribute to solving problems in the nuclear energy field represented by the
decommissioning of the Fukushima Daiichi Nuclear Power Station (1F), 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 FY2024, this report summarizes the research results of the “Development
of core technologies for a wireless communication chipset with radiation tolerance (baseband circuit
development)” conducted in FY2024.

The present study aims to develop a wireless communication system operable within the reactor of 1F,
focusing on radiation-hardened circuit technologies. The project is divided into two sub-themes: “High-
frequency analog circuit development” and “Baseband circuit development.” This study is responsible for
the baseband circuit development, designing analog components such as variable gain amplifiers, data
converters, phase-locked loops, and clock generators. It also involves designing digital components for error
correction, encoding, and radiation-hardened RAM. To validate circuit performance, we will build a
software/hardware co-design environment. Additionally, we will develop low-power, high-stability
piezoelectric oscillators and measure their radiation tolerance. The ultimate goal is to prototype a wireless
communication chipset capable of 2.5 Mbps or higher data rates and withstanding radiation doses exceeding
1 MGy.

Keywords: Rad-hard, Wireless Communication, Baseband, CMOS, Amplifier, RAM, Crystal Oscillator

This work was performed by High Energy Accelerator Research Organization under contract with Japan
Atomic Energy Agency.
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YOO EWMIZ A 5% & 72 o7z, 7238, EWIERAE SNTAE 5 OB R E) D OFT A
ETHIEET, BRI a s AT L=y g VAT 77 A ETHERR Y VRANLE &
EEOZEL VARNMIBOM DAY MLOREEEZRL TS, EW BRI WA
ZAE T U ARNAPHB R ENDRES TN TNDLTD, fRolca AT L—3a VikAg
U NMIGHEINAHERNELS Y R L LU TBit Error Rate (B> FgAV = LLIF. BER)
LV ,) AT S, EVM & BER IFAHAICEE L TEH Y, 66 b EFEE S XA T LD M
BHEiHli T 272 DICEERBETCH L, AEEALTLY I 2 b—y g U KOENA B
2L D, FEREMTTO/ER Y AT AOBE L HRERIZ 2 KD MR T L2 ZENARETH DL Z
EDRMERTE T, AR T AR, ¥ 3. 1-3 12”3 & 912, RF SoC[8] % #4# L 7= FPGA FEAfi R
— RIZIER S AT D REL, V—T Ny 7RBREITVN— Ry =7 & L CIEFICHRE

LEMERR LTZ D 2 C, KBK TYERT % ADC KON DAC DFHIERE DIl 2 D 5 FETH D,

RX
mcs = 7, 64-QAM
Input I/Q after after Input I/Q after after HT/VHT Input I/Q after HT/VHT
OFDM demodulation Channel Est and Equalize CPE Est and Correction
» e S} oA NN E W
"'w:..:: ’ —;;"‘:-:-’Gﬁr'ﬁ M R M ow ow A W W
;::::h\w # Q-;-ib:r-r-ub‘:!'- T w s s B
. pd e d N P t. L2 B T R
’ ::"iﬁ-‘::’* :’4—*‘.“*‘-‘ & a'"‘rwn’r-wl?é:.
:::-—-#i‘ wof G 4 ow o o 88 R S R S
NENIE ki " '-;'s."-i"'"""'""‘.ﬁ?_ PRI SR W
- G N W KN MmE o pF e
Pea * W, B @ W W = o= = "’
Input I/Q after frame Input 1/Q after data
format controller recovery
S oap N A R W W SN N
A T I N AR x A A w a4 w W
L T N ) L A
o L I B N i LA A R
£ ‘h"ﬁ- b w.r - l‘:'z:, £ o R ® oW B A
os] Wk W o g S R W LA B N A N Y
F I N S Bt T o A W A
EF Pt ESCOE A A K

‘sEVM = 4.75%
3.1-2 WLAN HDL Toolbox IZE&FN TWAEZEE 2 —LDVIa b — g UFER
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1IQ data ﬁ\
data / |
B |
>

i

serial [ |,

RFADC

C— s/

T — S
IQdata lQdata ———-—" 7
P s

X 3.1-3 FPGA /R— R~ EIHETEX

WAz, TEEE 802. 11n DftEEZ FA L L, RF7Fu ZEK T 0 v 7 T V& )L~— 2N
Y REK Ty 7 T 0EbEEITV., Tl R—=2 3 Rl a v iR—3x 2 FOER
AR 2 E LTz, &7 8 7/ _X—2 30 REIKOBLZITERIL, LTFTO LB THD,

> ADC : 43fi#BE 10 bit, ¥ 7Y 7 80 MS/s
DAC : 43f#RE 12 bit, Y 7V 7 HFE 160 MS/s
VGA : 1§ =248 20 MHz, AIZ5F)£ME 0~40 dB. Spurious—Free Dynamic Range > 60 dB
PLL : 27 v 7 JAP L 40 MHz, HA )R %L 320 MHz
X0 : FEHRJE L 40 MHz

YV V V VY

ZENZNDOEAEOBRIUZ SN THHRIZE L DD, ADC DY 7Y v T, _—AN
REIRE T D8 FH70s 20 Mz THHZ Enh, ADC O F A F X MNEMEH (EFZEIELL
HHTX 5 ERERE) ICH LT 2HORBE L > TH T Y U T EITHT2DIT 80 MS/s &
LTV, DAC DY 7Y » FHEILT N—F v — RN E SR T HOEE T K51
160 MS/s & LT3,

ADC & TR DAC OSREEIT . T ¥ X L_— 2Ny REIKICEIT A3V ETIERTOE B Mg L L
T, 64-QAM Z WG5S I BERKI0 2+t &2 & - Tl /=¥ 5 &£ 9 72 SNR>27 dB 22
YEZIRIE LTV D, il 2 1E ADC OFZNIIAREEN 9 bit FIXY TH 7284, ADC 1T THELN
HIRD SNR (X656 dBHHY TH D, EBEOEH TIIANv 747 L L TAC BZITHNET
FuZ ANBERHOENRETHLETHE, 2256 dB FADHZ &I/ D ., ADC D
SNR /X 50 dB & 72 %, BER DFEM/HRFE S 27 dBIZKLT23 dB KE<MBEITHD L HIZ
LU LD E LILRWD, BERKBICEWTIEIERMEENMREIND Z 2B ET
BHE. VAT AWRBS DT ADC TIER D N EHARRECABR T RMIZLTE

3-3
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T2 10 bit ELTWA, HEEHOBEISE 10 bit, 80 MS/s @ ADC 138 mW T
ERTEX D720, VAT LDNRT A EBER 72, DAC DAEREIL ADC IZHERTES IS
{TELTD, ADCDGREEL D & 2 bit M ESHETWD,

VGA O A ZZFIFFIEIZ DU TIL, RF [BIEHIC & FIFSFREEREE N & 5 Z & ADC |2 SNR OB
T20 BBRREO~—YURNHDHT D, AIEFEEIX 0~40 dB & L7z, ZHUZ XY ADC
EVGA T BBREEDEA T I v I LTk OZ &7 5, Spurious—Free Dynamic Range
(AT TR L THAET D ARER ATV T ARy DR HKAE : LT, TSFDR) £\ 9H,) 1T
W, BT 25K SNRIZHT L TRE BN TRVWE ST 60 dBITERE L TV 5,

PLL O A%, ADC, DAC D> 7 o FHE DR fE T D 320 Mz ([ZERE LT,
F 72, TEEE 802. 11n IZJR< WL TWAHRHAEY v 7 JEIR ST 40 Mz TH H 72, X0 D
FEIEE W ENL 40 MHz & LTV 5,

B 6L, ZOHERE b L ICHIEEEEE 21TV B L~V TR RIS MR A i 7T
T EEMERR L, FEEMEOHEMIL Y EELZ O TWVWEIE T vy 7 R0 Lz, 72,
—E AT LT A T U M EITo T2, ENENORIRBUZONWTELE D D,

X 3. 1-4 2R ZED TS ADC D7 v v 7 XERT, ADC DEMRT —%7 7 Fx L L
T, KIEEBHENE L B ENEE W3 S W 25 72 OB R B (LLF, TIP SAR| &\
9.) B AN, —MARBR A (LLIF, TSAR] &5 ,) ADC[9]IX, —2D7T F 1
TH TV T LT AT RS F TS, EENEZ Vbit @ ADC THhiuiE Val
MELL LT, B2 IE, kD 10 bit @ SAR ADC Tl, 1 BIOEBENEL K 2 HT-DIT
R EROEEEZ 10 YA I NVGITHOMERNSH D, Yo7V o7y ho#ifzENz s &
12V A I NDETOMENRD D0, BEZ v v 7 B> 7 ) T3 ED 1275 &7
STLE S, AHFZETHEE L+ AW 80 MS/s ZZEWNCEN T - 0I2i1X, F v 7 DM
BRIEOL &, HRELHABET 5 LEFIRETIT 100 MS/s FREE E TIEM 2 645 XL 9
WCAEDMEN DD, ZOBSEID 100 MS/s TOEMEE FEHEICE 2 7255A . KD SAR ADC
TIL 100 MHzX12=1.2 GHz OENMEY v 7 EEENMLEL72>TLE D, ZOMITASEE
4% 65 nm CMOS 7' 2 & A CIIHIGATRETIE S D b O D, ISR EIC X 0 [A]#E o 3 E K
TWAELDZ &2 E LTEGAR L ENRENELZRIETE 720,

Z T, AWFFETHWD TP SAR ADC TlE, BMEBREA RS T L2 EE LT
JEDHEEMETHEEE Y FOEHEITH Z L & Uiz, BARIICIE., AIDOEHT 4 bit D
Hax4TH, 2mH, 3EHOEBRTIIZTNENORIBI OB TRAET HREEEMIET D120
DODULEEYy hE LTI bit Z&iIT5, ZOEHEGFATIE, 4bit (1EIE) +3 bit (2[FIH)
+3bit 3EIE) L7420, 3EOEWT 10 bit DEMREKZ DL H12T 5, 2D LHIcT 5
LT, TUANMNERSLETICHERY A I AT T TEELED T 4 BlE
T TX 5, fEkD 12\ &g L 1/3 IS TR Y, 100 MS/s (ZHER 7 v v 7 JF
WA 1.2 GHz 2>5 0.4 GHz £ TIRIT 2 Z LM alEL 7o 7z, ZOEMEHKTHIUE, K
FRBEEZ TG AETHL IR~ —YrE b o L 0 BE L-EMERHIFFTE B,

[ 3.1-5 IZ%EF L7= IP SAR ADC D2 = bL—3 g UiEER AR, o 7Y o 73T
100 MS/s, ADCIZ AT 57 Fr ZE5EHEIL 10 Miz & L, ADC b hicT V4L
T2 L TRl 7 — Y = (LUF, TFFT) & D,) T A2 1T o 72, FFT fRHT OFER
J U SNR. SFDR, Signal to Noise and Distortion Ratio (LA ., ISNDR] &\ 9, ). Effective
Number Of Bit (CHZhAfERE : LR, TENOB) &\v9,) ZHH L7z, SNR=58 dB, SFDR=68 dB,
SNDR=57.7 dB, ENOB=9.3 bit &72 0, HAEMREA - L=,

[X] 3. 1-6 {Z IP SAR ADC D L A 7 7 MM Z7~3, ADC BAROIEFHEIL 0. 073 mm*, 10 PAD %
EhF v TEET L m* Th D, SR TEEICTF Y FRIEZITV, ADC RO PERERE A4 %
fEd 5 TETHD,
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bit

Vine O— CADC 4Eit SAR 10 bit
Vinn 4bit Logic

DOUT

3.1-4 10 bit, 80 MS/s TEIff9 % IP SAR ADC ® kv L~y 7 a v 7 K

-10
-20
-30
-40
-50
-60
-70
-80
-90
-100
0 10 20 30 40 50
Frequency [MHz]

Normalized Power [dB]

SNR=58 dB. SFDR=68 dB. SNDR=57.7 dB. ENOB=9.3 bit
3.1-5 IP SAR ADC OH A I ATIRED ADC ZEHaT — & O FFT #ik
(B> 7V o FHEEE 100 MS/s. 10 MHz {22 A1)

3.1-6 10 bit, 80 MS/s TH#EIfEd 2 IP SAR ADC DL A 77 KX (ADC : 0. 073 mm?)

3-5
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3. I-TIZBHZ 2D TS 12 bit, 160 MS/s DAC D > 7 VI IERIZEIT 527 a v
7K %RT, O DAC 1L, BT AL ML A F YRR E DT A 7Y > RAERKHT DAC
TN STV D, B A MUTERE CTH A NIENKE <, A F UV EITmEN /NS
WDSIEEE MR, ZOFKEHTIR, TNENDOE Yy MMIAENT AL ES L, B E &/
FEEEHLTWD, HPIDAC Z VD Z L OFEE LTiE, B DAC L3RR Rail-
toRail HOERBIZEOND ZERXA T I v I A v E— X U AR —EIR B
TWRERH D,

3. 1-8 12 DAC Doy FEE AR (LLUF, IDNL) &9 ,) KO FEEME (BLF, TINL)
EWV9,) DRI I 2 b—a UiEREZRT, I ab—3Ta UREE, DAC % 200 MS/s T
ESE TR, HEHENIT4 oW TH S, DNL, INLIE 12 bit #H T+0.5 LSBIZILE -
TBO., +oeBEE2MAE L TS, LLEIZ XY DAC © BEEMRE A T-3 2 L MR CTE 1=,

3.1-9 IT DAC DL AT U FXERT, LA T U M TEEESH IR E LD, mfE
1%0.042 mn* & 72 o7z, B TR T v TRIEZ TV DAC HURDMERERFAM 2 Skt~ 5 T
ETHD,

R . Vout

e ih o owthom et o oA 0 S S 11°
s .3 3 33 23R

B
RN NNY WYY,

Binary Segment
[ Db[5:0] [Ds[62:0]
Decoder
Din[11:0]

3.1-7 12 bit, 160 MS/s TEMET 4B DAC D7 a2 v 7 [¥]

1.5 ——DNL
—INL

-0.5

-1.5

DNL, INL (LSB)
o

0 512 1024 1536 2048 2560 3072 3584 4096
Input Code

3.1-8 12 bit, 160 MS/s TEMET DKt/ DAC @ DNL, INL H¢ik

3-6
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B3.1-9 12 bit, 160 MS/s TEMET Z2EHR DAC O LA 7 & R (0. 042 mm?)

AT, VGA DRRFHIRILICOWTIR AR D, VA [TA4T v 7 & i B & # A ot CTHERR
IND, AEARIICIIK 3. 1-10 1R T & B0 | KEEHEIERRD 7 1 — RNy 78T £ & /2K
L LTI ZiET 5, ZoRBBORE 61X, X7 7 ORG & A+ am T iix
G—R/B & LTRTZENTED, —BINERBIEOFR ORI EIXE W= (HfE
\ARTET D 05842 0. 01~ 1%FREE) | AT U FORENEE L 2D, ZO7=05F 6 FFE I
FT T ORE BT T,

B 3. 1-11 (AT T ORI Z RS, HEFEAD OM0S AJJ &35 2 &L TEIFREE
OB O 7 4 — VT v RAAAa— Rl L7325 TEY | kD CMOS AN D 7 +—1TF
v Rl 23— REEK L g U CEAZERN 2 EFRERE < 2> Tnd [10],

X 3. 1-12 1A X7 U I FIEGOER B EZ R, 20 Ial—ya r ClIANEE
IpF & LT\ 5%, DCHIFFIEA) 80 dB R CTE TV, +omWFliEZiER TE TS, =
=T 4 A VJEBES FISR 1 285K TH U HEIER & L THREE L7e < 72 5 B3 %
#£9) 1. 450 MHz 25N TV 5,

Bkt 72 VGA OfERL L LT, X 3. 1-10 @ VA D EEARERR % 3 BEitkeBaiilc LT 0~40 dB
ZERLEISELTEBY, 1BHTDORKRFFFE 14 BREEICRD, K 3.1-13 12 V6A D
FEARERROFEE 14 dBIZRE L. 10 Mz OV A a2 AT LIZBEOH N AT v T L%
Y, 10 Mz DEAPLAKI-6 dB, KD mEFHIKIZ-87.4 dB £ 72> TV, SFDR (34J 81.4 dB
Lo TWS, ZOMEIZAETH S SEDR>60 dB LV & +2cm <. AR L TWnD =
L xR Lz,

PLEIC LY ARBFZED VA IS ATRE/R AT » T O 252 T Lz, ZThiabilic, &
THEEIZLAT U MROTF » 7 BIEZITU, VA BAROMRER 2 i 5 TE Th 5.

VGm
Vin

R; R

X 3.1-10 VGA OFAMERL (> 7 /v AN HFEFD)
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s o
oo g ———
Fina
3.1-11 VGAIZHWW B AT o el s ik
100 —
80.0 —
60.0 —
2 00
T
200
0.0 —
200 _: [ [ [[””.[.[ T [[.[.”.”[ T .[.[”.[”[ [ [[””.[.[ T f[‘[‘”‘”[ TT .”.”.”|
10° 10* 10° 108 107 10° 10°
freq (Hz)
3.1-12 AT U TR JE B AR R
0.0 : C : ] : h
20,0 é ]ﬁ‘lml ..... é
500 5 x:10.0MHz dy:81.36829d 5:8.136820udB/Hz
-80.0
& 100.0
-120.0
221400 2 i i de L
-160.0 11— i || |I | | .....
1800 [l i‘ N L MI (il ||‘ ‘|| Iy ‘Mdh ]
el i AR

[T
00 100 200 300 400 500 600 YO0 BOO  90.0 100
freq (MHz)

3.1-13 VGA A O I AT NF A (10 MHz YA AT, 14 dB FFE)
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BT PLL & O X0 OF%FHRILIZ DWW Tk ~<%, PLL, X0 D b v 7' L~yLd7 v v 7 K%
X 3. 1-14 127”89, PLL 1X Y > 7 B4R O EIE I IR VCO, A7 AH & £tk Hies PFD, &
¥ —U R EEE CP, m—/RA T % LPF, 4384 DIV TSt n 7 7 PLL & L
7oo XO [ IEVH B BB ) | CARME S FetE ﬁnn:/7)f/&Jw:»t//M%%u%uu
E LT, XombHhans Eﬁﬁm/ﬁRmcmwﬂ&ﬁi«)mzPuﬁ%mﬁéh@
7 v 7 CLK_OUT |4 320 MHz & 725 K 9 IR G 21T - 72,

3. 1-15 IZPLL ¥ R 2 b— 3 UREREZTRT, v =2 b—3 a3 VRBRERRZIX, VCO @
HIEEEE 125 0 V o728, CLK_OUT D /A E MRV KRB G BRA S 5, IpfHIRGE 1 &
72 WHIEIE r%ﬂiﬂbTM%\@ﬁhCMﬁM@ﬁﬁﬂﬁﬁﬁE%@%OWﬁﬁﬁd
CEOIZPLL BRI SN D, BEZ 4 ps ¥ 5 LHIEEE KA EFIRBICEDE S, &
E LT 320 MHz OJFEEENE LN TR, AERE T 2 LB EER T,

_mg®v47? N A X 3. 1-16 (2”9, PLL OAEIE 0. 009 mm* (B —/ 327 ¢ L& (%

F o THMTER T W), X0 OfEFEIE 0. 013 mm® & 72577,
X0 o0 | [ CP, | | . CLK_ouT
: PFD LPF v, vCo 320MHz
REF_CLK
40MHz |—
DIV
1/8
......................................................... PLL 3

¥ 3.1-14 X0 X PLLO7 wa v 27X

REF CLK
(40MHz) §

CLK OUT

»nn 0
300.0
Ve E
? 140.0
-20.0
400.0 }

CLK OUT
Frequency

fJH 02 04 06 08 1.0 1.2 14 16 1.8 2.0 22 24 28 3.0 32 34 36 3 42 44 4.6 48 50
time

[3.1-15 PLLO¥ I 2 b— a3 ViR
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I N
A= AFER=i TERT "

X0 (0.013 mm?)
X 3.1-16 PLL: X0ODLv AT 7 MY

3.1.2 Fi®

AT MATLAB, Simulink & Of Toolbox FEZE AL, @LAMICE D2 N—RU =T b s
SEOHEAEREREZ S LT, WLAN Toolbox ICEENDAEZEEY 2a— LA HNTI AT
LI al—yg UBRERERZ, £, ZOEZEEY 2 — 5 HIL 24 L. RTL ©
V3al—yarbFELE, ZHITEY FPGA ~D— R = 7 RO U H - 7=,

WAz, IEEE 802. 11n OfLEEZ AL L, RE 7 7 a v 7 J T VK )L~_"— AR
Y RERZ vy 7 LT 0EbEEITY, THa s X—2 0 REKa R —3 2 NOER
Btk AR E L, UTFTD X 51T L7z,

ADC : 43 fRRE 10 bit, Yo7V 7 HEE 80 MS/s
DAC : Zyfi#EE 12 bit, B 7V 7B 160 MS/s

VGA : 185458 20 MHz, PIZEFIf5HE 0~40 dB, Spurious—Free Dynamic Range > 60 dB
PLL : JE¥E7 v v 7 JEH L 40 Mz, HJE %% 320 MHz
X0 : FEIRJE P E 40 MHz

YV V V VYV V

F 7o, ZOMEREE FRICEIEEREE 21TV, B L)L TR MERR 2T 729 2 & 2 iR
L7m, 512, HBITFTLTVA 2R BB TIEL AT Y NETEMB L., SF 7 FEED ASIC #Y
EZIA TR 2 D T2, ZDO XD FETELIMAEEOETEFEML, 58T S
7,
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3.2 BBk, MVFTEST ¥ ¥ UG 5ALPREIEE & SRAM OBi% (FFZFEE LK)

3.2.1 Ak, BV ETIE%T 2% )UE BAFEIK & SRAM OB

ARFZETI1T D BRSO Z P E L, MATLAB BTV 7 b v = 7 HE# o0 BB HE 2%
MY Ial—raryTExnL92, V7 by 7 BEMREEREE (K 3. 2-1) OMELEIT 72,

FILRFE T, V7 bU = 7 IERGERRBE O RE(H 2 T T, MATLAB O — VA8 A L
7o BARRYIZIZ, MATLAB, Simulink, Communications Toolbox, DSP HDL Toolbox, DSP System
Toolbox, Fixed—Point Designer., Signal Processing Toolbox, Wireless HDL Toolbox,
WLAN Toolbox. HDL Coder, HDL Verifier., MATLAB Coder. SoC Blockset Zi& A L. Linux
T —J AT —3 a3 vy BT — VARSI, BRGEE ORI OV T, BIfEO L 2 A
K F— L OBFRIE A BNHFZER EICh D 2 LD MRS TIREER T2 R E L, £ D
— R = 7ALIZE D 1A, VHDL DA E THEME 2 72, IR & L Cix, MATLABIZ X %
ESRGEEREE THWH TV D 32 bit HEICHIETE D L), TUXNMEERHEERE & L
T 32 bit LA FOEE/INEAEE Z SRAM & LTid 4 bit /SAHE, 32 U— Ri%E LT, 5.
K F—LOBHFEIRIZ 20 T, ERIEEA LV BEUICEF LT, 7272 L, MATLAB (2 X
%Y 7 by T EHRGEREEIL, T 0 OHAREEIZ TSR 2 Z L TE, T
BEE TR,

28
fm
B
4
=
TP
4
g
o

Bw

......

CFTMCerToduznan

N

Fisshiapbisciate

[X3.2-1 MATLAB Y 7 k7 = 7 MR ZEER 55

WIZ, MATLAB @Y 7 F 7 = 7 B OBREE N E KT 2 HDL 22— RIZE F 5 8 E/ NS IR

BSRE DT B LD —BE & LT, MATLAB 75 B 7 [ /NS B = — R & ) &+,
ZOHARITH 2 BT, MMBE L DR 21T o 72, TSMC O 65 nm 7' 11 2% FIVWT, 32 bit
(¥ 3.2-2). 16 bit (¥ 3.2-3). 8 bit (4 3.2-4) DM HREE NI EEEELEZFR
R Lz, B A XN EH 1941.6 pn, 956.88 pm’, 464.4 pm’ T DH, LLEIC
L0 BEMERTH D 32 bit LA FOREE/NURERE B2 B Lz, S 7 F X VLS 7
v FhRBIEL, TEPERRICOWTEME L TV FETH D,

3-11
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3.2-3 16 bit MR B/ NS EE L (956. 88 um?)

3.2-4 8 bit MR EE/ N ESTEF L (464. 4 pm?)

3-12
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F7o, EHURE L TME L 22 DR SRAM OB R 21 7=, 40 6 R IX, B
EICEAE L= AF Y B A X, 4 bit 2SRAIE. 32 U — RO SRAM 2383+ L7~ [ 3.2-5
WZZEDLAT U bR, URIZKD, AFEEERTH S 4 bit /N AIE, 32 U — KD SRAM O
At ESET L, A THEEISITTF v 72 olfE L, I BRIERRIC OV TRHiZ LT < T
ETHD, o, LKL G ATV BLVORFHZIT) TETH D,

ZOMOITEE LT, T v T OREIAEH 27HEA— (X 3.2-6) DOBAFE1T-
72o AR — RIZiE Cyclone V FPGA A FEEEIN TRV | 208 pin D VLSI F v FETRI/0 B
VORI, B=2 Y T RARETH D, FIS, M TFEEORIET » 7 OFHEIIER LT <,

3.2-5 4 bit /NAME, 32 U— ROt SRAM /L (3684. 24 pm?)

BEBRLELAL AL
A hr .

AURUR R

LT T
PREE D PR TP aeiett. . . . sle . b

Ilil
B .
SEdEREEAE R

EEEE dEEe NN
EEEE FENE NEEN

3.2-6 65 nm 71 AT~ 7 O EEAR
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3.2.2 E&®

B 6 DI TIEL, MHLEIE OHARAZ R E L, MATLAB ECTY 7 b U = 7 DKL
AHERERMRN T I 2L —arTEH L9510V 7 bY = 7 BRGSO R 21T - 12,

VATLAB @Y 7 b 7 = 7 R OBRBEN AR T 5 HDL 22— R 5 £ 5 B E /NS
BEREDM b D—BR & LC, MATLAB 7> bffiHi e[ @/ MEmER o — R &8, %
DHARIZH DT, MBI L ORF A T o 72, Fio, BHLBEITE L7 AE Y $ 14 X 4 bit
NAME, 32 U — RO E#R SRAM 2 5%5t L7z, AT, §liAR— Fosat - i ExET L
oo TOEIIT, BF6FEOMAHEEOETEREML, 58T ¥,

3-14
7487



JAEA-Review 2026-006

3.3 KMBENIRE) -2 AW UEY o v 7 R ERIEO% (B : Piezo Studio)
3.3.1 [RWMEEBHIED 2R\ EYEY o v 7 FAERKOBFE
EIEE ENIRE T2 FZBR T 572010, {EROKEIT R TELEIRE AR5 3~4 5K
U CTGS JE & HifE bl 2 W 72 CTGS HRE T DB 21T > 7=, A lalfiiH L7z CTGS J& & Hifk i
[ 3.3-1 l[ZRT,

4 3.3-1 CIGS EEH M (3 A T

Piezo Studio H CTGS #EEh 1~ DEEFRLL T X%, X 3.3-2 (28T XK H123.2 mmX 2. 5 mm
YA X ThH D, BB X DIRE) 1O S 2/ NS < 572012, BEFRELD 3.2 mmX
2.5 mm YA X CTGS #EE) 1-% 2.5 mmX 2. 0 mm LA FIZ/VEUE U CTHREWMEFME 2 1)@ « 54 L 7=,
AE L 7= CTGS R 7 0 JE I Ee el 2 (X 3. 3-3 127797, 40 MHz yrf8 I SR E I N FEN TE
V. 40 MHz TORIENARETH S, F7-. ZOROILERIZ 10 QU TFRELNTEY .,
KR TORIREED T CTE 5,

RE
=

===}
Hm

R EEB RS

X 3.3-2 3.2 mmX2.5 mm Y%A XD CTGS IE&) T

1000000
100000
g 10000
g |
\
S5 1000 "’///,
ze]
2 100
E
10
1 |
39.5 40.0 40.5
Frequency (MHz)
%] 3.3-3  FREFEAME L 7= CTGS R~ & i e ke
(A7 E: CL=9 pF. =RiE 25 CIZI81T 5 JE I 5 oo iH1fE)
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CTGS #RE) 1D HAEfARZ K 3. 3-1 HRFNZ, KRBV ORFFMER R AL 3.3-1 HAIZE
NENRT, AFRERE 40 Mz, AWAEE9 pF. EIEIRE0 C~+50 COLREEL Tz
T, +8 ppm~+26 ppm D E W ERZAENF BTz, ZHUT BHE & 5 8 EEF AW 72+ 50 ppm
W Lo ha <, BAEEEZ 2Tl T2 CTGS IREN -2 BA% 425 Z L N T& 7=, CTGS F
o T O/ OSSR, IREh T O/ TEIEE 3.3-1 No. 5 T LUK 3. 3-4 (1277 & 9
(2, 2.0 mmX1.6 mm VA XF /ML TEZ, BEOHMNEHELY —FV /SN ETI v
IRy =N CTICS F v T+ p 2 L TEl,

7% 3.3-1 CTGS #REh 1~ B ARtk & Al

No. I H AL ERERRER REPRERR | R
1| AR Fnom | 40 MHz 40 MHz O
2 | AMA = CL |9 pF 9 pF O
3 | BRI - | +0 C~+50 C +0 ‘C~+50 C O
4 | JERBEFARRA | - | =50 ppm +8 ppm ~+26 ppm | O
5 | AMETIE = 2.5 mmX2.0 mm YA ALLF [ 2.0 mmX 1.6 mm O

3.3-4 PBHFEL7-2.0 mmX 1.6 mm ¥ A XD CTGCS IEHF

3.3.2 F£&®

S0 6 FEFEIX, CTGS IREh /ML 2 et L7 fE S, AL L QW -8ifRREREICE
T BRI RAEATEET 5 2.0 mmX1.6 mm YA XD CTGS B 2% L., 2Dk
T, D6 EEDOFREADETCEFE L, 587 SH=,
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3.4 WRFEHEE
PIFDERBY, BEEMIETH S EAME T u ZREER% & AR CTHEE-ITA T4 TD
WFgeHEtE s 2 55 hE U, FEHaFEES M OMIFIE I D38 b 2 1R & 72 78 HIFIE & #EdE L 7=,

YV V V V

FhtE H
SF6410 H 6 H
AF164E10 A 21 A
BRMTHE1LATH
BRMTHE1TAIH
SMTHE3IH 13 H

JAEA-Review 2026-006

ESviaka
X I AT I—T 4 T @FEFRFRT
IRy —rvayF@eya v —HiE
IF 22 e OESS iR 238 @ 1F, CLADS
Hi 7 + v —@KEK
6 FER RS HEQ A T A

3-17
-51 -



JAEA-Review 2026-006

4. fE5

B 6 FEIX, FFBRMBHIFEE L WS Z e b d D | BIRBREEEE & IR O E & Hl A
FeritEDT-,

KEK. [Tk, MATLAB, Simulink KON Toolbox BEAE AL, S AKICL H N —FRD =
TR S EED HEVAE R BREE 2 RS U 72, WLAN Toolbox & ENDHEZEEY 2 — LA HNTY
AT AV Ialb—ra VBRIEZEZ SOICEZEEY2—A0D DL 24/ L, RILDO Y =
L—a b FEM LT, 2T XY FPGA ~D— R = 7 FIEDOHEfF & K - 7=,

WIZ, IEEE 802. 1ln OfARZFAL L, 7 u 7 RXR—=AN REIE T T v 7 JROT VX L
— ANV REIET 7y 7 OFBK[OHEREZRE Lz, £/o, ZOH#kE b IR E LA
7 h %% L, KEK Tl ADC, DAC, VGA, PLL & ONX0 OBE¥Z . [ ClREE MOSEE 2L
(32 bit, 16 bit, 8 bit) MK ONMEAEHR SRAM DBRFE Z21T - 72, LN DI T BIEELEE 25
R D LR L=, F7=. Piezo Studio I% CTGS #EE D/ ML & Efi L, HIEEE LTz
EYVEIREEHPH IR B AP AR AEZ AT 25 2.0 mmX 1.6 mm ¥4 XD CTGS #EHE)1- DB %
RS L7z,

LEDO XS, RF6FEICTELIZAETOHEEZMHY 72<, £/o, —HILEEL LoER %
LTWb, HF1 7THEIL, T E TSR LR E2RE L, BEEEEZHZ L TWDH I & DOk
AT AE DFRERIZ DWW TEM L T FETH Y, L0 BERNRENLAIHED
AR TS5,
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