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Beyond 5G is an important social infrastructure for realizing a cyber-physical society. The
Advanced ICT Device Laboratory functions as an open platform focusing on device research and
development through industry-academia-government collaboration, and supports research and
development of the device technologies to realize Beyond 5G. In order to realize the cyber-physical
society, it is necessary to construct a Tbps-class high-capacity transmission system that uses all
kinds of “wave” states, such as light waves and mmW / THz waves, in a sophisticated and precise
manner. Here, we will introduce “all-band communication technology,” which achieves high capac-
ity by efficiently combining transmission media such as light and radio waves with transmission
methods such as optical fiber and space. In addition, as one of the Beyond 5G technologies being
discussed in the Advanced ICT Device Laboratory, “all-band integrated device technology,” which
aims to generate and process optical and radio waves on a single chip, will be explained.

Al ERAH, 78— FIVERE

Beyond 5G ##:& 4 » 75 L $ A REAESTIEIED @ felEibrr LT Wik, NMENEFEO KRB ZE/H O
L) BRMREPIER > T D, TNaiGd 52 L
WeRss D itz R 72D EETH L, TD
— DD Society 5.0 & F =7 — K& F 5 1 /¥— ® B - R NE R DTNV A 28D
TA DIV EORETH L, HL B NEDT

D2, b L IREE it 2 DS 72 WAL A FRRER R D 726012, k7
BIZIEH 1 D &) RN T 7)) r—3a a3z © HAN—ZEHOYRHEMA~DF —N=L 112X
515 [1]-3]o % PRI FE K

O BENEEEZZECHTEESRETEE L To (@ IoT (Internet of Things) \ZRIE L 72 =& E - &

IN—=VFIVEEY) T4

Iri. B

rsuauaRy b

HRPAFEIZFGTT LT N —aRy hov A

BERHIREO R WP EREIC L L2 )R

FERE© o — BRI & 2 BRIR IR
@ EARERIV—F VL) T OEEREELE S ® MWiEwO7 v 7a—F, SHTRLE, SRR E L



4 Beyond 5GBTSy b7+ —L

Cyber space (Multi-layers)

Data center  Cyber city loT Sensor
network lﬂ?* aA\gtar ignals
g Information ‘.
boards w

Cyber space

Mind Uploading
Brain emulation
External storage

™
BR BN Instance Replicating f

% % \‘\\ ‘ city structure | |
- = Digital twin of city a

Digital twin & Simulation

S

Al assistant e
» S,
5 . ’i‘ ‘\ Satellite lz L \)
3
- ‘ «*
o . ‘s , High-capacity link .® Seee HAPS Dron‘e//
N - ‘ * * e e T
. ., %y e,
Micro-DC / % . mmW/THz/ ° s ® .
. * « * Optical /
Edge . * Optical antenna ¢ ey 0 .
u “'P” “'7““‘ Py “"F“‘ N ip - “ﬁ“ Py ‘“ﬁ‘ RF media
) M g I ) Y )
B = e, X Y =4, X0
Photonic 3 '- - - * B “ B . * .
core network . “ * “ "
g .
< B 2 = 2 o D o Pl
g & a ‘N ;4 =
j,, v N SioN) =" Y Y fg?gf % - ‘T,
Y7 e\ i ) kM —
mmW / THz / Optical . - ¥ Iz h ¥ i g
wireless small cell Telemedicine, Personal Holographic Remote Robot xR & Sensor  Consciousness Plant factory CAV High-speed Rural drea
Remote care, and  mobility image (Physical real-avatar, Metaverse P

Personalized
medical care

Physical space Micro-robot)

Physical space (Multi-layers)

X1

& LTOW A /N—2Z2fF]H
AR T3 ° BB T A N — 22
o AT FH

INSDOT ) — a3 IE A OERR,
WERE) (BRRD) . S ST RBRIC O %235 2 &
PR SN Z 2, CORLBMO TEELRTEY AT A
P HEET 512
TV ETHESINIEREMEEH S5
[P AN=T A ANV AT AIDBVETHL, D
HEHOEEREHREICKFET S EEZ LN, 1
IN—ZER EHZER 2 XD BICEER T A, D F 1) EA
B HEERE T A 72 0IITKE R - BEET, »omEmwn
V7N A LVERELE) 263 2155 A~ 7 728
WEE R Do F2, HLICHRT TG RMET
BEEEEI2FE D[ DT HICE | IBSSHFHET 5
ZEMD, T T ANEE L ERBEORMANERE L
) G L B2 BRI T 500 - A A b
T—=7 42T IPWNIEE A [2]3]e Z1Lid Beyond 5G
HoOMZEIE T2 ) —2oD K Th b, - H
BREDOT—ZIEEBEEDO L Y P b, VR
Z7o8y MUEBZ LT — 9@L%i#ﬁ b
[218]c D2 &1EmmW / THz 5 0 5 & I M R0
WWOFH, E5ICHT7ANEY =L LA n‘%EF‘EJ
%%ﬁT%%774ﬂﬁﬁ&t@%?k/Fﬁﬁ
WA LRk Y AT A B 2 E 2 ERRL T
Wb, CORBEEIEEIAT L%, ﬁ%@?—&ky
FRILy VELENA VIR EOM TEILT S
T T TR RN S S ERLX A A Lf%$<t7?

©)

122 TEHRBSAZHIBRAZTIRE Vol.70 No.1 (2024)

Cybernetic avatar, or

ZEfH Y

I, WHZHTAER I NS REDNHEHRE

mobility
|

All band integrated device

“Massively integrated device with
convergence optical and radio waves”

BAN=T 4 IAILYRT LDI=HD Beyond 5G: ¥ - ERRIESHAIT

ARy VT =TI ZREDT =% 2 WWET LLEND
bo FERELELT, 77 ANWHOEIZT FTDOED &
IO TEBDAE— NPT ESNL Z LIk
HEHEINDL, ZOL) RiEHRERFAY bT—2 %
WS4 572012, mmW % THz . ik &S0k
EERXT A T ENT 7 A NP2/ 7 & DS Rk 7 {535 A
vy FEMAE DY REREBGEERE - A — N
PRI 2= a VAT ANLELLRY, T2,
a7 vFy 7T - FEHTEA L) %t - &
WA TN, A =F — )Ny RERBT N, AR F—F
WA RELRBEEZONL,
WINZHNERTNA AP MR Z —ESE2 L
BHhHo F—IINY FERTINWNA ABZENII DB L)
DiE. BREETIIHRFICEE v, Ll A4 N—
TADINEEETZ L7204 7 T %Al -
T5ETHEELRF—FNA AD—2|27% 5 L I3HED
Thbo el 754 AT OWFZER 58 % HEe 3 5
72OWE, Tz R TN A ARRRED SR,
Y7 754 AREEIC L B RRBEORN I FEBL. S 5128
BREMRLIANEZEZEE LY ATFEY 714 % L,
INVHIRDSLETH D, D72, T8N ZADHZER
BTIE, ZLOHMRERDL 204 oo
DIECHL L, HEER RO OIS L Z &8
HEERD, ZOLH) REFROT, NICT TldF v L
¥V TR T TN A A SEBERA OWF SRR 5 & i
S 2 72012 560 ICT 784 25 K] ZRkIL L <
B, FINAAGTHIZBILIEFEEDOF—T 1)
—Ta iEe LTHEREL TWh SEImICT 73 A



42 TINAZARA—T TS5 b7+ —LTKZ%Beyond 56l ~MAZRRFEG: 4 —IL/I\> K70/ 0T —IL K BRFEEDEH~

AT RTE L CEFAD [ 751 ZAF:M | OFFZER %A
FEh SN TH Y . Beyond 5G DN KD IEHME 1 >~
TINOILHIEL bA AL EERFERHSERLZ ED
B HMOBIEICHET 222D LT,

s BRRIAICKBA—IVI\VF

Q 7'7/I:I/—

21 A=\ R A7 LEG
T AN=T 4 VHNVHETEBRT LHD0121E, Jik
DFRIZ, A N=EHE T 1 DHNVERED AKF O
:‘1“#—yaymﬁ%i ZN S DM OTEREE
EORESIIIEET L, 2F ) KEEEEITENE
H3\1~7 /a/gﬂﬁéhﬁMM%&<?ik
NCTED, FAN—T 4 VHNAETIR T DTHICE
CE/ B2y T =7 ISR ARG 2 LD
kb, FOLOICIE, - BkEEAL T, AH
V=V L TENDLBEAT A T E2HEVGIT A, D

L MR T2 2 EDIHFELE 2 5. #HERIIZ,

& O W L P ECT IR O BRI & 3R CTEERGEAE IR
FTOMAEE LT[ =Ny FIDFEE LGNS,
21—\ Fa3azhr—2aryYATL0DA

DUV  Visible

A=V ERT, REEEEONYy 7 K- LTHh
T AND Y FT =B, TR (R 10~ 15
370U BRSNS, F72. Beyond 5G FERIZ
RENDT Ty MROBEMENO KRR TIX
mmW / THz #% (100 ~ 300 GHz #538) O F i A3 AT X
Nb, S5, TA4Y L ABETIOEEZFM LG
47 (Optical Wireless Communication: OWC & L <

1% Free-space optics: FSO) & K7 &= 1HHGHE O FEfH &
75 [4H8le A — Ny FHEA Tl Wi K R n s A

OFEF & IS LT, ﬁ@%&&tmﬁLx747
R, RN T 7 AN EOIEHEA Yy R FERICE
NERZHZETTIE Y MUOKRE %ﬁ%ﬁ%#%
CEEHIBT LI A, G- BERMAE L LIZL
F— Ny FAI 2=/ —a v AT AREEST S
EEITIE H2ITRY &) 12k A 2 EAT T, e KK
OMEZEWPLEEL ) . ZO720N L Bk L0k
DIRREZ NS B 720D - BIEAE 7 /31 A
N¥—gr/ay—=t7%5b,

22 A=V FERT /N1 AH
T 7y MLOREREBEHREE DAY 7 o 721
Raz -k %, 100 GHz #DE 5 % HHEZFH T 5

170GHz  110GHz 90GHz

I | I
300GHz 110 GHz 75 GHz 60 GHz

Infrared T!ﬁ D W E

[

INCOERLKHEBZREG U CTHR I DIERBEERIM

Optical, mmW/THz

Cascaded Link

mmW)/THz cell

Photonic LAN

mmWI/THz

== Optical wireless

Optical and mmWI/THz,
Hybrid Link

o
3
.

g
-----
...................

......

Q
-
S

g
......
__________
...................

All-optical Link

B2 FA—IUN\YRIZ1ZI5—y3VIRFTLAOBRR

123



4 Beyond 5GH#EITZ Y T+ —L

bWz 5L FPHEIN, O — VN FaIa=
F—2arI AT AERET LH0ICIEE KON -

WHAEER TN, ZPLEE D, Ld L\
mmW / THz H O&EEHIEZ T EEICIRkZ 5 €/
TR, A MVEEOHEECH ML <HEL.
ST 5 kﬁﬁ(%ﬁb“(t“lﬁ‘b:?ﬁi“(bi5o ll?)!
728, RN RN EWR S B 7-0121F 12
DINE T F v THTHEE (ﬁ%%«bkf@?%%?&ﬁ%
o 2FN. HOLWBLREBEBOER T T v TN
TS 20 - BIAE T NA A =F — Ny NEFE
TONA AT EE 72 Do R 3ITF— Ny FERET
INA ZAD—Bl%RT 9 F+— Ny FERETINA A

Radio-wave block

R20 conv. block
O2R conv. block

Optical block

Optical IO

" Optical gain block
- neCm

¢ P optical fiber

(Multi-core/Multi-mode)

3 ANV REBRTNA R O - BERIET/INA R) DERA X—

&, O RF (Radio Frequency) A 71 R — k., @ RF [A]
Bray . @AM R—= M @OkRETO Y 7,
G714 r7uy 710, ®F - BEEHR 7O v o
(Optical to Radio converter : O2R) [11]. @& - 6
Z54a7 1 7 (Radio to Optical converter : R20) [12]
DTEFZOHE Ty 7 THERINDL, BRI
A R S, BIZIERF R 70y 7 Tl
Si % SiGe & IV [ PBB8 A3 LB CTH O, T 1 ~
70y 7 TEInP %O LV AL L 7 b, &
D12 ZNENOME QR % i RRIZE D L 72 527
MEERE, 2T ATy o7 AERBHEMPEELE 2
Bo B4 =Ny NEIETINA AREBD 720 D4
ALEAT O MM E2 7R3 (18] FK. 6 - EHERA %
HigE L7236, e B Z2RHTZ E08EZ S
N5, TOHT, M4 d Material A & Material B ®

HIZHEBILICHE L 2B ofMlA G b d il
Material D & Material Y @ & 9 (23 & 22 VbR D
TET %o Mg LT SRELICHE L 72MESRICE D,
HOHWREEE LT/ ) vy 2 BTN A% HEE
L, TNOERMAEDLELI L TATOY =T X4
HT WA ADER SN EEZ bNL, £ L TR
FHZ X D BB SN2 ZEEL E£HT 5T, ot - B
B ZTREE $ 54 — Ny RERETNA AHET
HEMFEEND,

F =N RERTNA ZO—F %X 5 127RF [13],

Massively integrated device with convergence optical and radio waves :
all-band integrated device

™

Heterogeneous Integrated Device

/

N

Monolithic Integrated

124

Monolithic Integrated

Monolithic Integrated

Device A Device B Device Z
A A A A A A
Material Material Material Material Material Material
A B C D Y Z
A A A A

Able to integrate

TEHRBSAZHIBRAZTIRE Vol.70 No.1 (2024)

4 FINA ZERE DS EE

Difficult to integrate




42 FTINAARARA—T >V TSy b7+ —LTXZ % Beyond 56T

~HRZERARB A —IVINY F 70/ O — I K B RIBEEDESH~

Optical 1/O:
High baud-rate optical signal
generation

Time (10 ps/div)

Radio-wave |/O:
High speed electrical

Radio to Optical (R20)
conversion block
Optical modulator

using thin film LN

Optical gain block
Semiconductor optical amplifier
using InP semicunductor

signal input
Optical circuit block
Wavelength selectable optical filter
using Silicon photonics
B5 AFOY=7RERLEIMICEDH—ILNY RERT/NA 2O
f1 f2 f3
o @ o
29 2 g 2z
& te te
5D SG. SG” 4G .126 .156 CE?D 3G 6G HQG. .126 156G E;[I SG.” EG SG. .WZG 149G
Frequency Frequency Frequency
e A \ f
] Original Signal
o spectrum
o o
= 3
o’ o
Frequency Frequency

6 Wave Aggregation [C&k2F—IESANRT MVOEIEESE]

125



4 Beyond 5GH#EITS Y b T+ —L

CDOFNA AT, BT A 7 ay 712 InP Rk
7 o7, KR T Ty 212 T U AIREENR R X
L) v 7 IERE R T 4 )V % [14], R20 70 v 7
2R LINDO, 12 X 58 E a3t L iz« A G b7
LOTHbH, NI IR T v —=NE LT
HeRE L. AMEB & A Sz 2 40 Ghps BAIES
(RFE7) 27— & 57104 - ZEICKILTw
bo HAERET T 7 3B A RRRICAEN L 2E
Iy ZERETNAATH), ANTaT =7 AMIE
MUCEBERICEI) P v y— N L TOEWIEREN
ERBELTWLZ bbb, TIT, KiE7ay o
DI X D HEREIN EASTRECH 2 flk, A7 EY =
T AERFMOAY) v N THHZ L BN T S, OF
D, BZIEHT 7T 7ay 72 oMESR THER SR
2L ERREEDTNA ZAEHWL 2 ENTEIULE, &
KOERETINA 2 & L TOMRRIZIN E$ 2 2 &3 lifs
aNnb,

F =Ny FERBTNA ATIE, BRBRLED S
WD REEBEAMET A EEABEICANTWS, L
L—/C. ¥ICRFE5ICH L CITEA L mis b %
W5 2 &I 2 BREDSE S 200 LIV,

Power (dBm)
-50

-60
}

=70
I

-0

B 9G
Frequency (Hz)

o 3G

126G

Power (dEm)
-50

-B0
}

B
}

a0

120G

GG 9G
Frequency (Hz)

‘0 3G

F1+f2+f3

f1+f3

ot vl

159G

il

136G

% 213 300 GHz B DL i 5 5 & SR ICEL - A
s bz erE2EXIT, 1ODORERTINA AT
[RGB JFEHTELZDN? L) T EEWIZEZS
VEERD Lo ZDFRZ5—2DWEEME LT Wave
aggregation FEMi A (T S 15 [15]0 X6 12 F DI %
NS o NS A O BRI E L. Eh
TNOFIHTOREET H. bW LR TEIES
BEBDOTINA A% T LVICEE L., EWIES
L - FH AT FETH S, il e LTidphn
7510 Gbps 25 1CFA3 5 Wave aggregation 347 O s
Hyialb—2a  yB%7I12R7, 10 Gbps 55D
JEWEA 7 NV fl, 2, 3 D 3 D OHRFI 5 E L,
ZN5 2l 2 OFFRFIRCEHZF AT LR E LT o
CNEZEMT, fl +2 +3 &£ T XCTOJE R DS
MESNLERTOLHIZTAROPEHRM S, —F

THHBOBHEIET AR 0 =A%k d, 2O
YIalb =Y a3 i3y u e E - REO

BITIE D B 2% JLHIBE 5 %2737 LIOVAYIZALER - (5%
T5HZEIFESBRULEILRLEEZ LN, TIUTTINA
AHARANDOAFTORBIZ DD %, SHIZ, TDEH
B T & DEFWMIIEF — Ny RERET NS, 2D

E E
o ]
o o
(] (]
E E
=2 - o
w w
o o
E E
o =

— =

5™ Xl

=

2E E

] o )

B &

IE,N (]

< E E
[=E 5 + o
=) =)
(] (]
E E
(=5 o
[i=] [i=]
E E
o4 =]
w w
- 1] 0s 1 -

Time (bit period)
1] 0s 1
1 i 1

E E
27 2

-

=:l.n u

L)

L)

g

L
E E
o ]
[= [=
=+ =+

1] 05 1
Time (bit period)

7 Wave Aggregation [CKZBEHDY I 2 L—2 3 ViER

126 TEHRBSAZHIBRAZTIRE Vol.70 No.1 (2024)



42 TINAZARA—T TS5 b7+ —LTKZ%Beyond 56l ~MAZRRFEG: 4 —IL/I\> K70/ 0T —IL K BRFEEDEH~

FEMEBSGUDPR L, W E O T T v 7 % i
5 C & TR R N BALIC T 59 A 2 L IfE S
N5,

23 A—=IVN\VFF/09—-DRKROEHESR
F—NWNY RF7uy— %R b A
FIZOoWT, ZOHMEEK8IIRT F— NNV K
Ia2=h—3aryYATATIEZ. BRERHICENR
727 b=tk NI —rrdhie LT, KEE -
THAMEICEN/Z mmW / THz - B A Y T — 28
AE— VR VORI ERINLEEZONL, ZDL
Tt¥ ) T 1 tEomESEFa sy Ca—71 07
DAy T =742 BRT L2000 Ay NI —72
DEHELEZONDL. TNHLDI LS, 74V
Zef & A N BB IR A 72012, =106
mmW / THz %O 4 Tol ] % FAmIC A L TlEHR
WEAY NI =7 2T 52—V N Fa3 a2
= arvP—o0 Kl kb, T, FOLH R
HOWLW AR EEIIFHT L7202, BEATATE
LCO¥ | 2 HEICENREIT L2 LTOATAT
MOBERE 730 BERMAET/NA A=4— LN
Y REETNA XA OF & L TEEIZR D,
DL BREREOMRE LT, MSIIRT L) 2ffx
e IBEHAT OB AR D SN L, BIZIE KT 7
A N2y VT =7 ORERALDIODO~VFaT /=
VFE— N7 7 A fmekdifl, 3k 10~16 371
YA (T, O, E, S, C, L-band) G H$ A<V F /N
RRAEHEFANT [16]. 67 7 4 NEME & M mE ()
EfE) # Y — AL AZO K - BERIE D200

mmW / THz 467 7 A 7N G AR AT A3k o &
Nb, &HIZ, ZTNHORFERGHMEZ TN AL
NV T Z BiBEAN - B AR O R .
AR G - BB OEWE SRS 2. L EE%
)T VERTNA AOEEEEEIZL DT
DT ARRBEEAERAN . EMXE OB AR FEHRT
% 729D mmW / THz i @& E W 77354 A5l w5
i B ComEAE AR LW U ST B /N R
FHRLEIM B T 2552 X B LRI B L S,
DIZHAN BRI T NA A% /8T Lk 5 2 &
2 & B IR IS —FEALEEH AT - Wave aggregation Fffr 2%
HELMAEMBEERERV B L, =Ny FaeFd—
J—=FE L7, TS ZHOEREEMA. KED
Beyond 5GHHR D A v b7 — 7K E(HEGT 5
EEZLND,

TINA AR BRITOMERES—T >

€ 5vr74—4

3.1 7INA RABYE - 51f

FAN—T 4 VA NVAEE L 2 S Beyond 5G A v
T =7 A7 5 %FERT LI, SR E IR
L7z ) BELRME - 730 A2 LEE$ 5, B
B - TN AFAT ORI kA T ) —
voa v EEG, —RICIZEEDEE L < B2 WAE
T >TLESTWAHIR A XIT S, LAL, TN
A RAEHDA 7T LT, HEEBELERIELTOIC
WIHGRE ) ThH DB, I TINA AWER LA 7
O —O— Bl % R$ o HFHmRgELEREM LICBE T 57

® Optical and Radio convergence network
® Radio over fiber (RoF)
® Frequency Distribution
» ® Multi-core and Multi-modes
optical fiber network

Quantum

Photonic I
[ ]

OE/EO Quantum
interface ICT

Data processor/
memory

® Optical wireless network
® Power over Fiber (PoF)

Time &
? Frequency
standard

IoT sensor/

interface Actuator/ Display

All band integrated device

(Optical and Radio
convergence device)

Monolithic and Heterogeneous integrated device
» ® High-speed OE/EO conversion

® High accuracy frequency (comb) generation

® Wave aggregation

® On chip atomic clock

8 All-band communication system & All-band integrated device D7z sh DEEE: i

127



4 Beyond 5GH#RRIT S Y b7+ —L

- EREIRT/ -+ XCAD

| BHFRS =1L —%

L BREIZaL—4 RE

FeIRICTZ /A XS

~\8

A @

eERM  FERHOR (eERm

~.|

NRITLAENEE
2Ny IERERE

BRETYFORE ma;:77

TATAT I
HAEAR ST s¥aT « (AR
v AU ng- >
v SIEiE-I
v HER=-X MELETE
cAr - DI/\
F)\A 2
AR o)L
ISP

ETRBT RN
BEERAS MR
S - BRI 2

HREFHOT O REEZ EH
ZE - b RBEEHECER

A-=T>2TS5Y RIA—LEULT

NICTRS DR ENER

9 FNARAFEFERDOILIET O—DHE

INA R = TAT AT e EDRERLTI LD, &T
DEIMGIZH Do TIIEAF) TF) 74 REEELR Y
DOFMAI 2T NIN 2 FEESFREE R #E T A b,
REEEAN 70 EORFIHE L LB R b, TN A -
TAFAT R HIZTFNA ARETER L ) B LT 555
HEREIHERP A Y I 2L —F I X 2% R &N 5D,
B Z X, SCEREREEOREILD 7O DB T I 2
L — % Tl A B # 45 By [H 58 380 i (Finite Difference
Time Domain Method: FDTD) # Fi\2 720, T34 A
NOBEG - F ¥ ) THMREMEY 32— ar%k
R CHET D LI BYNTF T4V v I A -2 3 a
L= R FHEN T D, T3 AEED D 5 FE
FEREET A &, MR 70t X D@ E 2T\, B
FERRFME DT INA ZNER ) Ny & L HITTNA
ADGERT Do T D%, HHEYERFMEEE G - B)E
WEHlEEE 7 2 FW D 2 & TTFNA AMEREASEHI &
h%h~@®FN41ﬁWT%%®ﬁ%%%%h%:
EIIHTHY . TDX) BTN REEY A 7OV AT
BELMELMEY KT ET, TN ADKREIZEEAL
ENde BROZERDS, MEREYELTH LD
TATATHEY)OWEBIZELZNZELH), VbW
LIBBANIERDTATATIEE V. ZD0k
B - ToNA AWREIIMOWIZE 5 B & B L TRV GESE
WM A2ZES 22 ERMoN TV A,

FNA AR - BT A 7V EEEICEST I LT,
TINAR = TATA T ORBEDOHGEEE FDH Z &A%
TE, TR REEL B L 2o mEftcizz
DT NA ABFEAY — P2 BB R D 5hth, NICT

128 TEHRBSAZHIBRAZTIRE Vol.70 No.1 (2024)

e ICT 7N AT KRIE, 2D LX) T3 AL
M8 ERLZAE L TWh, NICT NifZEEIEd b A
Aon REFRAZEL EOYVERITGEE 0524 7 & H8IE < F)
HACTEBRBREELLTCAH—FTVTIY b7+ —LDFT
EEEIToTBY, LD OSDWH LWTN
AR -TATFATEIRTWERLL B LTELZ L
Mo, ZFDOTA T4 TEIFICERL TV, M101E5
RO )= V=L NTH5DH, 7T 410000 & 100(A
IO—)V—25) 2 HFLTBY) ., ZONEBITIZPEAHE
AR ET RO, A NVEER NITA Ty T 7
B, Ny — = v THOERMERZEES L —
B ELR EDPEMEINTWAE, T/ 6370y
YA ZONEAK - FFEART NA AOI LA EETH D |
Flk DA — NNy FEETINA Al EOfRIEHO TN
A AWGERFE 70 Y = 7 S 0SS, FIRREAT CHEE S
NTwhb,

F— Ny FEFET /N A Tld, Beyond 5G Eto
TI7EYy MERKEREREEZFEBTL7-01206%
mmW / THz#i 7% EOBE R 2 WIS 2 2 LAk 5
Nbo TD2H, HREBWIHIE LIZAXRT PV T
FIA YR O R a—TEOEEHNEER, KA
BT = IMREDIZODY T TN 2 AL —F R T —
L= T AZ =% DAy N7 — 7 5HNEESLEE
bho FRTEHINGEHIEEELZEMLTBY., 7K
WTRFE L7273 A0 - BEUFEZ 5 1 21) — 12
BT A EDPMRETH S INHDEEIZOWVWTD
=T TIy N T+ —LD—>DL LT, NICT Wt
OWFZEE 12 )N < FI &4, Beyond 5G (Z[Al} 72 7/54



42 TINAZARA—T TS5 b7+ —LTKZ%Beyond 56l ~MAZRRFEG: 4 —IL/I\> K70/ 0T —IL K BRFEEDEH~

N\
2, X\ N

10 et ICT /N

RREE

ZASRDTINA ARABEFERE

K11 %&HICT FNARSK ASKRL—YavI—F4v7

AR 70 Y 2 7 P OWHEIZES L TWwh,

32 ASARLb—v3v

Beyond 5G ~® R & FlE 2 72734 AWF5ER ST
X, TNNA ZAOEARN LR LIZDEAADZ &,
ek U7zA — Ny FEETINA ZDORRIZIER 5 8 3
EEEICMHT LI EISROONG, COL) LEE
THHFHI % TN AR HEAET 2720121, Frlw
TAT AT ORIMARO S, ZD72DIZIEFEE D
FLVHIROA Ty MPLETH DL, TDLEH %

FOL &, B ICT 75 AT K TIL T K CTHZEIGE)
o TCwaAifEICE 25K —varI—F+
YT RFERLTWA, KILIZEDI =T 1 ¥ 7Dl
ZRT DN HERET N A, BREEET TN A, 28
T—IL 7 MO ATINA A BIRET N A, BB
EOQO R ~—=T/1A4 A, &1 T/5 A, Fid Bz &
Kex e B OME - TN ARFRE D — IS L2
ARV I ONG, =TT Ty N T+ — L TIE,
FNA ABFZEBRSS L & L CHE R R S s O se RS &
922 EDPEHTH 5D, Beyond 5G HilF O

129



4 Beyond 5GH#RRIT S Y b7+ —L

o) BERVE T ATICAIZEE DA RRAESE L. 7 A
TATEHRLE) ZENEETHLEEZ T D,

Q FLH

AFETlE. Beyond 5G D7 /3N AWFZERSE* X 2 A
F—F T N T — kL TOEICT 731 A
T RIZDOWTHA L 720 Beyond 5G FHiffix - 1 /35—
T4 PHNWVHEEEET L0004 v 773 e
LT &N, ZOHhO Y A7 AHHiilio—>o & LT,
e mmW / THz 72 KD & & W 5 BRI % (557% A
FTATELTHEHLTT Iy MRBEEER EH
FTLF— NNy RaAIa=r—2ary P AT AIZO0N
THEEZ Rz, T2, FOE) BV AT L E2HET
B72DIITOW L BW AR L CHEER T L2 L8
EETHAHI LS, TOL ) G- BIROWE % FEH
TAHF =N FERETINA 22DV Tih 7z, Wi3E
FDOTINA RN T HH LT A T4 7 2 W2 H L
BHLL., ZOMEEZ HO SN L »BHAMT OS2
BYLN, A—T07F9 T+ —L0ThAMNmICT
TINA AT ROFAEE, ZOWSERFED A ¥ — KA L
WCRECHGLTWE EWRET 5, NS HRTINA AN
e 238, LOHLEPGHREZEL LD
TELEELTBY., K ICT 731 AT KDL ZD
L9 BHEITNA ADBIHENLZ L ZH-> TWh,

WFFEBAZE D T AIMEIC D W Cifiam & W 72 72 W 72 AR
K W F0K, b8 IR AR TR RS
Y OFOHK, FILFER KRSy SR 2K NICT
HA FHEIK R #E—IR AR ZUR, R RERK.
e #h . WM #f K. Chih-Hsien Cheng IX.
Paikun Zhu X, # & {8t [k, Pham Tien Dat X,
Zu-Kai Weng K. fifite B =UG, FHH &R, 815 sEK.
Sl ICT 775 AT R A8 v 7 HERICE# 72 L E 9

(BE3z#k]

1 #8753, Beyond 5G #EEMIRIRNEIES
https://www.soumu.go.jp/main_content/000696612.pdf

2 BREESHEEERD A ~X—/¥—, “Beyond 5G / 6G RT A h—
JS—." https://www2.nict.go.jp/idi/

3 LUSPEHF, “Beyond 5G B§LD R v D —T 'Y 3 >—2030 FICEITFTZ
P—FFIF v ETUV—IR)—EMORH—" EFBERBEFZRHN
5% B, vol. J104-B, no.3 pp.315-336, 2020.

4 P.T. Datetal, “3 x 3 MIMO Fiber-Wireless System in W-Band with WDM/
PDM RoF Transmission Capability,” Journal of Lightwave Technology,
v0l.39, n0.24 pp.7794-7803, 2021.

5 P. T Datetal., “Transparent Relay and Switching of THz-Wave Signals in
285-GHz Band Using Photonic Technology,” Proc. Optical Fiber
Communication Conference Th4A.6 , 2023.

6 P.T.Datetal., “151.5-GHz Sub-THz Signal Reception and Downconversion

130 TEHRBSAZHIBRAZTIRE Vol.70 No.1 (2024)

©

13

15

16

Using All-Optical Technology,” Proc. Optical Fiber Communication
Conference, Th3F.1., 2024.

Zu-Kai Weng et al., “Demonstration of Robust Mobile Free Space Optical
System using High-speed Beam Tracking and 2D-PDA-based Spatial-
Diversity Reception,” Proc. Optical Fiber Communication Conference,
M3z.2 , 2024.

Zu-Kai Weng et al., “40-Gbit/s Mobile FSO with High-speed Beam
Stabilizer and 2D-PDA-based Diversity Receiver for Support Robots,”
Proc. Optical Fiber Communication Conference , Tu2K.6, 2024.
WA, LAER, “KEFRE TS Y M T —L0," BB EHREET
724k vol.64, no.2 , 2018.

N. Yamamoto et al., “Characterization of Wavelength-Tunable Quantum
Dot External Cavity Laser for 1.3-um-Waveband Coherent Light Sources,”
Jpn. J. Appl. Phys. vol.51, p.02BG08, 2012.

T. Umezawa et al., “Large Submillimeter High-Speed Photodetector for
Large Aperture FSO Receiver,” J. Select. Topics in Quantum Electronics
vol.28, Issue 2, 3801709, 2022.

Y. Yamaguchi et al., “Thin-Film Lithium Niobate Modulator for a Flat
Frequency-Response over 110 GHz Bandwidth with Integrated Electro-
Optic Frequency-Domain Equalizer,” Proc. Optical Communications
Conference, M3K.4, 2024.

A. Matsumoto and N. Yamamoto, “Advanced Monolithic and
Heterogenious Photonic Integration Technology,” Handbook of Radio
and Optical Networks Convergence, Springer, 2023.

T. Kita et al., “Tunable Dual-Wavelength Heterogeneous Quantum Dot
Laser Diode with a Silicon External Cavity,” Journal of Lightwave
Technology vol.36, no.2 , pp.219-224, 2018.

N. Yamamoto et al., “Cooperative Opto-electrical Operation of Parallel
Photonic Devices for Broadening Optical Transport Capacity,” Abstract of
Progress in Electromagnetics Research Symposium, p.1375, 2014.

N. Yamamoto et al., “Quantum Dot Optical Frequency Comb Laser with
Mode-Selection Technique for 1-um Waveband Photonic Transport
System,” Jpn. J. Appl. Phys. vol.49, p.04DG03, 2010.

LU BFE (pxbe B3HD)

*v NO—TWHEMR

T v I ICTHREYI—
BffRtEYY—R/

v MO —TWHEMR

5 ICT FINA AR

SRk

#t (T2

RS /L BEMBEELTNA R,
¥ - BREE

(REE]
2024 £
2021 &

NEEE

BETERBEEFE: BEVYAIT«
Fa—bhUT7ILHXE

ITU Kaleidoscope Academic
Conference 2015, REFHYXE

20154


https://www.soumu.go.jp/main_content/000696612.pdf
https://www2.nict.go.jp/idi/

