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Study on Relay Transceivers Using Wireless Power Transfer for Extending Millimeter-Wave
Communication Coverage
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Abstract

In this study, we aimed to realize millimeter-wave relay transceivers that can be installed in any location by
researching and developing a wireless power transfer type relay system. We fabricated a 256-element phased-array
transceiver by integrating antenna elements with a custom-developed transceiver IC manufactured using Si CMOS
technology. The developed transceiver achieved performance levels that significantly exceeded our final targets,
including a beamforming range of +45° and a DC power generation of 128 mW via wireless power transfer.
Furthermore, we evaluated the communication performance using actual 28 GHz band 5GNR signals and
successfully demonstrated high-precision wireless communication up to 256 QAM.

1. FAHLE FAMAEEEDH LT, Fiksmr@EfESE L7200 EIE
AWFFEO BT, & 5P DIGFTICELE FIRE72 I Y RIZT TR VBN EMET S Z L 2 Y EEERE

e ERTHZ LT, S UEHREZY TE2IEKL, AR (F) ICE#BL, E—LAT7 43—V IER

Fox OAETRIZI VS HBEARESEHLZLETHAS, TR LB B B & KIEICARR T & 5, & BT

WS —E 2D S 7z 56 BEMAIEE T, 1EkD DR CIERBRIEEZ2BRETEDD . HT

7 6GHz HCN x, X UK 28GHz #5 % FAV N 72 = s 5 23 ZSOBE LN o T B A — T LTl - TR SRS XD

s Tns, IV EEEHWS Z & T, 10Gbps & T HREZR DT B RIRE L 72 D,

R DEHGREMNARE L 72D, Lav L, BRI, I U kEr

56 XIS OEERMAE R o T2 E LThH, 3 VS ORE 2. HRABRUVRR

HWEOBREICHTNEZENTEE Y TITHEFICHR (1) Z¥BE

SN TW5, AUFFEORAE BT, IV IR R 56 ik 2R %
RVIEREBEOT ) TIEROME L 72> TWD O, EBTHZLTHD, BABNZREEE LT, Tread&E L

R0 kAR O E T DR, EIA R TH D, 720

U B HSERIE ik, B OEEMEA L | it EIic X s o HEEEIEIT. BAEI VI 5G TR ERTWVWS

BV T7HEESTLED, £DD, 7 6GHz Hr & I 26.5GHz 75 29.5GHz (25t

LT, ZVBEOE, DML, Pk o 1 v U7 HizY OHINIEIL 400MHz

BRIEDRMLETH D, Lol HigHy/NLO 7 = A MLk ® kIR EAERKT D 266 BV = — X T LA Z1ERK

HBLHRIROBRETH T 74 3%y b T — 7 O L. OTA (Over The Air) HIEFFfi 24TV, £45°

REFOBIEE LASLETH Y, REBFTNR S, HE DE—h7+—3 I HEREE TR

JARMBLEBRLTLE D, ® T MRIKIZOVT, 256 F 2T 128mW @
INFETHL T 7 A RRERELE L THRENES BT S & ARk

RPN & LT A2~ T U 7 & DT RS
SNTWD, KM ez 25 2 & THEMFE G st

VPRI R AR 5 2 L ARTE B, Sy ST RO Gy, o n i D
i B 1 (E B 2T 5 2 LB TEAL, E1, B LYy 2als
DHENE WS FEERA T R 7 8 OMERU & il S8 T 2T [
B % kT B RIS T L AT E AR, P
ARBFSETIE, X U WA ) (0 B8 2 BF 2R 56 -
F5H 2 ETHT 7 A AREIE LT LT 5D % B .y > |
R TR, 15 B RIS 4 o kR A T B () o] \
1), APREE, BEROT 7 7 4 TRIO NI MEZ D E i TR

— LT 4= I 7R L OE SRR R DR D —
ERAECEERRETH 5, BB NELE WPT) & ik B 1 AHFZEDERE LR ks A% e

R EE IR R EET 2 (SCOPE)
44 8 FEERAF RS (2026 )



® 250D 26 FEF T =—ART LA MWL r—7 1
BEfor L. HfEER 2 MRk

® 7MY x TEHMBIEEDAERENEHNT, B
M7 7B LOHIEA~ A =2 O8hEL FH

o kiR OTA MIERE 21TV, 2 U 5G R 5%
ANWTHF oY BT v 7Y v 7 Ol :
T 7= 4 T-31dB L F D EVM % 3ERE

(2) BRBENHEEEDRIBROERK
kR, TERER T 0 v 7 TH DR I %
. BHEEE, W7 TR EN D, BRI
I, 2 OOREEZ D, IHRE(E I BVTIE 28GHz D JF
WEex AGHz O FEH S~ & RF-IF Z# L, MHRE)
BIEICEBWTIE 24GHz DE S HEREZ D 13
RF-DC B#i%z1T 5, BMHZRL. TSSO —L 7 53—
VIUHEREOEBUIKLEDO T vy 7 THY, 360° ONLFAE
mvy/%\%u@A%% T 45° DR fERE
TEILEEDRZET A FE—T DL ULk A A o —
WX LT 10dB L FETCTFIFD2 2 L2 BB LTz, F7=.
BASHIE N 2 WEE L Xy U7 BRI Ui, 57
7, PREREICER SN BE RS OMIEE, &
TV I BEOT Y DEL LD AR LT
HIT9, o, BEOHEEEDBELIY ., 1 2OXFGMT
VO EEINL 32mW UL FEEEL THREZIT- 72,

@) BIEAERE 1 TRT/ N REMAV= 256 RFEREN

ok B chfR 2R
212 GaAs XA A— RZIZ LD ETDHHRDOT 4 A

\16-paths TX&RX block

7 U — ML Z W T, KRR - KE/bE BE L7 256
F WPT B kRR O & /R 9™, ARHPHERRCIX, IO
THRA A HND Z LT D ITHERP ATEETH D |
FEREHOHENZAHEL LTS, —DDT T Tkt
LTCT—2® GaAs ¥ A A — F"&Tﬁﬁb BRR LOVE
EWENMEEAT D, E-BRMBOBENT 1bit OBAHIEZ 7
FH52LT E—A T+ —3I B HEEL LTS, A
MM TIE. 7 o7y FN5.3mm & 72> TEY 5.3mm
AT, L < OIS A FF O R fRIE OB g & KL 2 DI
W¥EETH D, Lo L, AT 256 BT L BT ENAZ N
72, KFE LD 1bit OMWALFEHIENC L 2N 2R &
LCEBLEN FERE L THABREDOD L —L T+ —3I
7 EBARETH D,

K 312, 1 RZfmOiEMeRIEKEZRL, WPT BLO
UK BGIEZFOFRNERT, XA 4 — R AR cik
VAR S AL TR Y | I CERTE ) & AR L 72
O, XAF—FIFHELTHLEEL, ZERIZIT
28GHz @ 5G 25 & 24GHz ® WPTE B4 RE T 5 = &
T. 4GHz #7FE TR ER AT 5, #EREX. 4GHz
DIFFEREE WPTEENRAA A —RKDOT J— RBLXUOD
V= RENZIUCAT ST, [AERICRE Z i, 28GHz #f
FTREET v T ar "= g VTS, (BERIE D
TL1 BL O TL2 1Z, ThTh 24GHz B L 4GHz 1
BT 1/4 R L2 X IR L, SEEEKICBWT
RFC(Radio Frequency Choke coi) & L T55 %95, 180
FED 1bit BAEZRIL. 737 & DPDT(Double Pole Double
Throw) A A v F TR L, ZEIEEDOEAZ ANEZ D
Z L ERIESE TV D

\ Stacked Generated DC DCO
& : 2
] —_— i]16:1 lFlOlG s 2 vy 7 WPT
5G NR T PC | IFIOs ¥ 24GHz
28GHz Rect. ._" M / 1
. iy g
. ! 4GH M
HlP et |16-blocks 0. P& som
WPT R - Y \ IFIO, | } 28GHz
K K —
24GHz r —  } i|16:1| | IFIO; 16:1)} e -
L PC o PC TRX A1 4
7 Rect. i
* e Qen| =
N ! r
L <] Controller [ sp| ¢SPIT

KR DI
X 2 256 RTEREBEHGEREFRBOS 2 v F AT

Rectifier / Mixer

180° phase shifter

MA4E1317

Pl

WPT & 5G NR
24GHz — 28GHz

% 4GHz 4GHz
) o
GaAs diode I Vee Ve =

[ 1|

To PC

X

achzl 4
24GHz/4 T
L v
=

Ref

DPDT switch

X 38 1RTFHOFFMEIRKKE X CEEDODA

R EE IR R EET 2 (SCOPE)
45 o 8 FEERAF RS (2026 )



X 4 FRAIEL7- 256 RTERE N ERBPRES

X 4 2R T LD 266 /BADT VAT T FEHFD
WPT 2 ks 2 /B L 72, EARIEL Megtron6 #4 % v C.
GaAs A 4 — F%, HROT 4 A7 U — ML &2 3L
TWb, 77 FHE, Aay & ARD 2 & TREmRL%
FEHLTW5D, APfkistd OTA BRELI CHIEZFHM ATV,
WPT OFETIE, 1 £ TH72Y 54%DE S LM H % £
L. AJ1ET 3dBm D& % 128 1D fasDOAFE
1L 56mW Tho7z (B 5), IHicKkEx7 WPTEN%
256 FFBRIZ A TENIE IW LLEDOH J18E S D3RR
ARECTH D, ZIUL, w0 ERE R PRkER & LTl
fEsR- e XxiIcb+aERENTHD, £2 5GNR @
155 % F\ T, EVM(Error Vector Magnitude) Dl & %17
VB IR 64QAM E TEEMNFIRETH 5 Z L 2R
776

4) WHEME 2 hRALEAFELIz NS Fv TERAL:
256 RFEBREHInER hirEs

Al U 72 BFZER R 1 T, il O T3, 2% vz 7z
B, IR S I IR A W T D Z N TE N, T o
A7 Y — MM EHAN TS0 EBHEEEY LT &N
TET, R - WIEOI T, REEEE T LN TE
RIS R oT-, F 2T, Si CMOS a2 &2 HWTH
AHNIC BB L, & BREO Rk E B LT,

FERF T, ABFERRIIRE R (BT & NEEE R R
1] THY Prepublication iR Y 2 —DEILR TR HE R
ERTIENTERON  BRRAREELER LTSI &%
TR LTz, kSR A2 256 B+ 7 =— X RKT7 LA %
PERR L. OTA JUEFHM 217V, +£45° # K& < kRS E—
LT F— IR EER Lz, £7-. EREMEEICS
W, 256 BT 128ml 2 k& < ERIAETE D24
A LTI LT, 29D 256 EF T2 — X RT LA
Rtk A r— 7 VB L, PikEs AR L. 0 ) 2 THE
BB IR DAERE N Z2 AT WHFm T > 738 LU
F~A a0z B Lz, PHkER OTA JIEFEM 24T
W, SV EE G EEEFAVWTE LY LI BRI v
U7 ORI 2R L2 THED-31dB LLF o
EW % #Epk L7,

3. SHROMRERDEM

ABIFFEBHFE D RR T b 2 MR T Rk B Pk 3, 5 4%

FERRZ 7 0 — )V REFEEBRZITOERIZmT TR%R %
To T, RO FEED 1 2O E LT, IV
W A2 RO EEESRT 78 A (FWA) V—E 2 &KX ¥

46

Power generation (mW)

X 60 200
g e PCE 16-arrays

§50 4 | A PCE 64-arrays .o‘“'k 160
.g X Py, 16-arrays o

& 40 - |O P, 64-arrays *

5 i . - 120
S 30 o

8 2

2 ¥ A
S 7 Ao X

< [ ] xx

S 10 - * 5 x4
o .qf.‘ o xx X

2 0 welaplocs o
Q

-4 -2 0 2 4 6 8 10
Received power at antenna (dBm)

X 5 EERESIMEEOYE AR R
Y7ReNyZ—Lifl L CIRIEL TV ZEEHELT
W5, FIA —E X Z2ZK LW LR, H 5 WIHE
FIZBW T, ISV EFoOEEBEICT 7AW REL 5,
PR BV T, T CICMER LAN SR ATRETH D
B, 2L OBA PR BEEREZRETE TVD EIEE
#u, Fo, HARIZBW TN 7 A NEFEEIZFNTL
%L, BURREETIZZARWA, EFEOBEENE < 7l
W0, WB LT I Tl R TRy NU—2 207
TIEIMEI A R & D, ELIC IRENBRIZL - T,
kR 721 Cld e < B OE Y O LR TEE ) DKW E
(LB ~DE IS Z FIRRICT 5 2 & T fx OA&ERY &
D BN B MERIBE B L OMERE Y — B X DRt a2
FHT D,

F7-. 2N E TICHE < DERRE s LA P ikEs DR FE
BREIT->TEY ., HENRERE VWIS TH, £ DOF
REEA L TWA (X 6), AWFFTIE, 24GHz 7 O R
Jifrik & 28GHz # D 5G I U PIE(E 2 40E LT\ 2y, &
BREIMGEE 5. T0Hz (2T 5 2 & T, X0 EEEE>KE
NEED ZENFREE D, £z, BFAMNEE D-band
ERWDZ T, L0 EERBREE A FE T D 2 Eava]
RETH D,

4. LIV

R R O I U S P RkER OWFSEBI T 21T\ 5
BRIZ 256 T DT =—X T LA THER I D PikERO
ARVEREM 21T > 7o, AFFETRR L= B2 F AT 2 &

BRI Ban(EHER AT (SCOPE)
T8 HEERRFER S (2026 )



1\C 24GHz WPT % B\ 7= Rk as
M. Idu otal., VLSI2021[2]

*ﬂﬁ QHH%F

GaAs# A #— F{EA SWERAWTEAAYSRE %!i]CMOS Switching Rect.

M. Ide etal. IMSZDEA[S] M. Ide et al., VLSI2022[11]

ﬂ%‘hﬁﬂ L2k

8:1PC+GaAs¥iias

M. Kikuchi et al.,
LASCAS2025[T]

—ZAVTIHRSE

Yuasa et al.. IMS2023[8]

NE7
K.

AREE F 5 —

K. Yuasa et al., EuMC2024[8]

X 6

EBIRE LB LT H 5 DT
e X VPR S EBFRE CTh D, AT Ek%za’:;éﬁ/\
L:%F‘aﬁ LTV Z&T, IVEBEOI ALy VK, &

7:}1«
TRRE

T Y7 7 A N RE

1892 J8 A IO A 20 F|
50

WWHBERT 2 Z e nifrsh

[EHfTERE L RRRX]

[1] Sena Kato, Keito Yuasa, Michihiro Ide, Kenichi
Okada, and Atsushi Shirane, "Millimeter-Wave
Wirelessly-Powered Phased-Array Relay
Transceiver Utilizing CMOS Switching Rectifier-
Type Mixer," IEICE Transactions on Electronics, Vol.
E108-C, No. 10, pp. 545-554, Oct. 2025.

[2] Michihiro Ide, Keito Yuasa, Sena Kato, Shu Date,
Takashi Tomura, Kenichi Okada, and Atsushi
Shirane, "A 122GHz Wirelessly Powered Active
Reflector for D-band Communications," IEEE Solid-
State Circuits Letters (SSC-L), Vol. 8, pp. 97-100,
2025.

[3] Michihiro Ide, Keito Yuasa, Sena Kato, Takashi
Tomura, Kenichi Okada, and Atsushi Shirane, "A
256-Element Phased-Array Relay Transceiver for
5G Network Using 24-GHz Wireless Power Transfer
With Discrete ICs," IEEE Microwave and Wireless
Technology Letters (MWTL), Vol. 34, No. 6, pp. 793-
796, June 2024.

[ZotDFE EHRR]

[1] AR B, TERENBXEBEOMAICL DIV
Hkes ), iERRER S, BIE Y A =7 4~ T, No.
74, Fk5, 2025.

[ESTEOmEABRA]

[1] Shu Date, Atsuya Hirayama, Sena Kato, Keito Yuasa,

Michihiro Ide, Masayuki Kikuchi, Takashi Tomura,
Jill Mayeda, Atsushi Shirane, “A 256-Element
28GHz 5G NR Wirelessly-Powered Active Relay
Transceiver with TDD Synchronization Free
Bidirectional Amplifiers,” IEEE Radio Frequency
Integrated Circuits Symposium (RFIC), Boston, MT,

1BiR%E

| “ -3

47

P
WAL

D-band WPT
M. Ide et al., SSCL2025[5]

Rk

5. Kato et al., ESSCIRC2022[6]
SHMTL’.

.1GHzIZ L TSHM{b
Kato et al., VLSI2024[4]
I!

WPT %

SW: Switch
PC: Power Combiner
SHM: Sub-Harmonic Mixer

22 E AN ey
S. Date et al., APMC2024[10]

EARE St R EP%%%%@EWEERE’E & BRI BR

June 2026. (Accepted)

[2] Masayuki Kikuchi, Michihiro Ide, Jill Mayeda, Sena

Kato, Keito Yuasa, Atsushi Shirane, “A GaAs HEMT

Rectifier-Type Mixer for Battery-Less Wirelessly

Powered Relay Transceivers,” IEEE BiCMOS and

Compound Semiconductor Integrated Circuits and

Technology Symposium (BCICTS). Scottsdale, AZ,

Oct. 2025.

Keito Yuasa, Shu Date, Sena Kato, Michihiro Ide,

Takashi Tomura, Kenichi Okada, and Atsushi

Shirane, "A Triple-Band Transceiver for Formation

Flying Satellite Communication with Dual Circular

Polarized Wireless Power and LO Transfer," IEEE

Symposium on VLSI Circuits (VLSI Circuits), Kyoto,

Japan, June 2025.

[OERE]

(1] %k Ssb, R i, g 2, ME fd—, AR
B, [e— AHIfE A% 28GHz Hiiflkids L O 24GHz
B NLE , EFEHRBETYS BAEKS, Mar
2024.

(2] %64 Hz, g RIR, R @R, Gk 5ok,
i, I‘—JEH fe—, AR s, 13 Jiﬁ%ﬁﬁ%ﬁ{ﬁ%ﬁ
FRCAVWLIEEK 32 X1 EBHARKS , EFIE®
WEYE MEKRE, Mar. 2024.

(3] Jhh fii, Sk /-;-\/F hngE B, priE s, e

—, AR B, [122GHz #HEHRE jﬂw_@ﬁ A=
77/7»% el , BFHHREFETS REKRE,
Mar. 2024.

[ZEYR K]

[1] BEEHREEES fWmCE (202556 H5H)

(2 K2 - o L f = R, JISETOM 5

B (2024 410 A)
[HEREKUX F]
(1] THEE DB % /R B DFRERATIC L 5 TIERERRAL 7 =
— X RT LA M) OBRFSICH)] 2026 4F 2 A 18
H. https://www.isct.ac.jp/ja/news/vauvifzb67g8
[2] TTHEREEZ R WNCT — 2 BN RIMEEARE/R I Y

RGO BB PR HEETE 2 (SCoPE)
B8R RES (2026 4F)



Weifs 7 = — X BT LA SR O BT TR |, 2024 4F
6 H 18 H
https://www.titech.ac.jp/news/2024/069449

[8] 5.7 GHz WA ECEIET 2 X U A 5G ke
¥ B o) . 2024 £ 6 A 17 H
https://www.titech.ac.jp/news/2024/069458

48

BRI BB (R T (SCOPE)
B8 EERUR RS (2026 4F)



	WEB用-予稿集-SCOPE_Part50
	WEB用-予稿集-SCOPE_Part51
	WEB用-予稿集-SCOPE_Part52
	WEB用-予稿集-SCOPE_Part53
	WEB用-予稿集-SCOPE_Part54

