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A Phased Array Antenna for 24 GHz Wireless Power Transfer Application
Shailendra Kaushal, Yuki Suto, Naoki Sakai, Ryosuke Sato, Kenji Itoh, and Ning Guan
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Long-distance and high-capacity transmission systems are required for wireless power transfer (WPT). 24 GHz band
WPT systems have the advantages of avoiding spatial exposure to the human body, avoiding interference with public
wireless networks, and being small and lightweight because it is easy to construct array antennas with sharp directivity.
In this study, we investigated a 24 GHz band WPT system using a phased array antenna module (PAAM) which is a 5G
millimeter-wave communication module developed by Fujikura, and a GaAs MMIC-based rectenna developed by Kanazawa
Institute of Technology. As a result, we confirmed that 2.8 W of DC power can be generated over a transmission distance
of 150 mm, and that watt-class power transmission is possible.
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Fig. 1. (a) Phased array antenna module, (b) 1x4 PAAM on the evaluation board.
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Fig 2. (a) Beam concentration method, (b) flattop generation method.

15

Transmit antenna: 32 clcmcnt;
with 6.25 mm pitch
Separation =200 mm, /=24 GHz

-20

Desired
flattop area

Power density [dB]

-100 =75 -50 =25

—Flattop

—Beam concentration

25 50 75 100

Displacement [mm]

K3 EEEmIcBII2ERY -4 75y by FE— ADMEY

Fig. 3. Comparison of radiated beam in the near field for flattop and beam concentration.

10



24 GHz7 A XY VABINMEEIAT 7 == AR T LA T YT

77 v bbby THEHE, K2 b) WRT LI, %E
BIZBWTPEYENDPRKERY, 2O&KBHETIZB TS
BIINT V AD D& % 2 OB A RIS 5 2
ETHERENG, INSoBIllSICBIT ST A M E H
FET VT TRFIIBTAME TN ENHET S
&T, kT 5.

24 GHzIZB 57Ty M by FTE—L L HEREY -2 0D
P BT 2 BNEEOREAKSIIRYT. ZOMD
5 WY — 2%, FHAICBWCIE 79y b by TE—
AL )ENEENEN E2bas,. L L, EWiEE
EETHE, 799 My TE—LONN L) FEHAED
BERERT L. COHBERE—-2F2 375y by T
Y— 241k, PAAMOVY —A 74— 3 ¥ 7HEREZ ML T
EEOHIT L ENTED.

2%

FTRE—LE 759 N by TE—LOMEEEZWRIET 5 72
W, K4 (@) 2R T X9, FADDM$EM % fiH L T
Ansys® HFSST8x 3207 v 7+ 7 L A kL, PAAM
OMERHERERB L. 7 LA ETIVH 5200 mmo FiEE
2 L EHBOENEELY, ERE—-—LLTF v Mby
TE—2DELL LML 2 0EA (K4 (b)), 75 v
Fhy TE-AOBRER LGS (K4 (o), £HRE—A
DR L7256 (B4 (d) 1Z2WT, £REIURT.
INSODS, 7Ty by TE-ARBR LA,
TR L 2 dp o 7236 & ) BIIEEEAHA9 dBEINL, HIYD
TR CHHIZ > TWB I e bhb. T2, M4 (d) &
D, ERE—-LABICLY, BEHHEAHBI dBHIMT %2
EDDNG.

T O [ [
I rEEEEEEEEEEEEEEEEEEEEED
I EEpEEEEEEEEEEEEEEEEEEEEEEE
EEpEEEEEEEEEE R EEEEEEEEEEEEEEEEE
I EEEEEEEEEEEEEEEEEEEEEEEEEEE
EEpEEEEEEEEREEEEE R EEEEEEEEEEEEE
X EppppEneEenEEEEEEEEEEEEEEEEEEEDE
L:Illllllllllllllllllllllllllllll
Y
z (a)
f=24GHz

wa Beam concentration or Flattop

Wy

D) S @ .
Nar@ o x awlh
(b)

X4

(a) ERHE—LET7TFTYy MMy TE—20DTIal—2a vy EFNL

(b) FEHRE -2 7Ty bbby TE—=LA L AW WSO EBE DA
() 799 b by FE—LEHCTBEDOENBES A

Fig. 4. (a) Simulation model for flattop and beam concentration,

b) power density contour plot without beam concentration and flattop,

(
(¢) power density contour plot with flattop, and
(

d) power density contour plot with beam concentration.

11



2026 7 Y7

)

= -6

&

3

P

5 9 - "~

= » < =msmBeam Concentration (Meas) ™ o

= - .
-12 = Ream concentration (Sim)

= =i Beam coneentration( sim)

-25 -15 -3 3 15

Vertical displacerment X [mm]

(a)

(=]
h

X5

7 oW #5139 7
1]
-3
=)
R
3
g 9
; —e—Flattop (Meas)
-12 —Flattop (8im}
= =wa Flatop (51m)
-15
=25 -15 -5 5 15 25
Horizontal displacement Y [mm]
(b)

WEBLPY I 2L —Ya VI L BIFEHALENEEY (a) TEEA, (b) KFLEAL

Fig. 5. Measured and simulated normalized power density for (a) vertical displacement, (b) horizontal displacement.

5 (a) 12, L7 7 A2REFAIBE S E60E
TEEERT. Y32l —3a VRERENEGERES L —
BLTCWwBZEnnrs. T, £HRE—-HI12LD, 89
dBLL Eo¥indd s 2 &b ansb. K5 (b) 12, L7 T
FEKFHAN BB SCIIGEOENEELZRT. 77V
Fhy TE—AZHVEBEDY I 2 L= a JEEREN
EARERDL I —BLTwsZ e gh s, $72, 799

by TE=AI2E D49 dBULEDEMD H 2 Z & b5 5.

COEFE -2 75y bbby =21, PAAMOSK

FHIHT B AHHRE (AT —7 V) 28HTHI LT,

FEEOHTOEBPTRTS 5.

4. BIERER

SEfFEH L7z L 27 7 F13GaAs MMICZ N—Z (2 LT\

27 4 X210 mmx 10 mm<T, #H, Ty s T 20
BIICHIG, 70 UL EOBFRRE L mHRTH L. 1x4
PAAMTIZ, PAAME L 27 7 F M OHEEE% 150 mmIZi%E
L, e Cfif L2234, 30 dBm (1 W) PLEORF
BHEERTEA.

6121 x4 PAAMOBIEREZRT. GEETLY 7L
PAAMO MR ZHRAETE, /2, Ly T+ aKkFEhHRE
FTEHNCEHPT Lo TE—2 73—V 7HEHD

FASHEETH 5. X712V 7 7 F EPAAMO [ % 251k
W72l EODCHOBNOWEHKREEZRT. lem*D L 7
TFHEATERE - 222841k PAAM—L 727
F 200 mm® & & 125 K580 mW, PAAM — L 2 7
1 mTi32l mWODCENDHONE Z 2R L TW5 (7
B, REEWEH24 GHzTlE). —H, EHRE—L %W
WG, FA—&HToO®ENIZENZNI3 mW, 1765

mWTHho7. £/, &XITLALIFFTHEREE—L%
V72381 3PAAM — L 7 7 F 150 mm® & & 12§28
WTHho7: (%8B, RFEEEE2 GHzTHIE).

X512, PAAM — L7 75200 mmicBWC, LT
F DOALE & K F7112-80 mm7A 5 +80 mm FE TZEAL &4,
E—A7%—3 Y7 OFMECRFAN 24 GHz0 & & D
DCHNBENZHELZ (M), ¥—LT74+—3I v 7HY
T, DCHITEI TR A0 mWT, i friE < 3400
mWRLETH o778, ¥—2a 75 —3I 7% LTiEhol
DA T DEDEI IS b I e RE. LI TFNDA
NREBEN WA % L BERBEIMET 3§ %729, DCHTI
BINEL VPR EL LD, LH6TIE, L7 TF~D
ANBEHCELCR—>T7 5+ %@H L CWPTOMGE
MENTVE, KIUITRT EBH, KPAAMIZBWT B IH
RORERIEENT VS,

Rectenna
position change

Rectenna
location change

6 llERY

Fig. 6. Measurement setup.

12



sl

FTL2—ART7VLAT VT F

——Rectenna with Beam concentration
(24GHz)

24 GHz7 1 ¥ L A& I1fni%k
10000
2800
\ 1800
z
= 1000 580
2
2 Rectenna size
9 4cm x 1em
o
Z 94
A~ 100
O
]
10
0 200 400

®7 H—oOLr 741V 757 LAIBIT 552 ER B L DCHIE OlE

—e—Rectenna without Beam concentration

(24GHz)

——Rectenna Array 4x1 with Beam

concentration(25GHz)

75.5

Rectenna size
lcm x 1em

e

21

28.2 17.65

600

800
Separation between Rectenna and PAAM [mm]

1000 1200

j: %&

Fig. 7. Measured DC power with a single rectenna and 4x1 rectenna array with respect to the separation.

700

600

W
(=3
(=}

B
(=3
(=]

-e-w Beamforming

--wo Beamforming

DC Power [mW]

-80 -60

-40

-20 0 20
Displacement X [mm]

B8 H—Ls/7FIlBFA2E—LT7r—3IVIHEL
DCHI ST o il i Y

Fig. 8. Measured DC power using a single rectenna with

40 60 80

and without beamforming.

5. &IV

RFETIE, IXMERDO T 2= X FT7 LA T V7 FE
Va—) (PAAM) & &RTERFDGaAs MMICR— A
DLV 7T F % 24 GHZH 2 B 5 R E T {5 3%
(WPT) OFMMHFEFE L. E—2BKIE—L 7 4 —
HAFEE HG/HER, FEHEHELS0 mmd o % R4
em?*D4X 1EHI L 7 75 T28 WOMKBEHER L. &5
2, PAAMO 7 = 7 ViR Z G AT 5 2 & T, Hiat
FMICBWTIRASE WORES LAD L. DEXY, 7
U7 7OPAAME &RTERFOL I T 2 fkig 35

13

250

200

=
2150
a
3 100
& -o-with PAAM
)
8 50 A
=e=with horn antenna
0
0 50 100 150 200 250 300
Input Power at Rectenna [mW]
K9 F—r7rTrrrHWwEE EPAAMEY HwiY;

EOERES OB

Fig. 9. Comparison of output DC power (mW) w.r.t input
power (mW) at the rectenna for the horn antenna
transmitter and PAAM.

24 GHzwiWPTIZ, SpEE: - BB IRBOEL L TETH
LT LM TE S, REMERoMLE, LY ER
HEANOREBELR EOBFEHOLTFETH 5.



2026 7 Y7

SEXH

1) N. Shinohara, “Recent wireless power transmission via
microwave and millimeter-wave in Japan,” 42nd
European Microwave Conf, pp. 1347-1350, Amsterdam,
Netherlands, Oct. 2012.

2) D. Liu, X. Gu, C. Baks, K. Masuko, Y. Tojo, A.O.
Watanabe, A. Paidimarri, Y. Hasegawa, G. Chandran, X.
Lei, N. Guan, A. Valdes-Garcia and B. Sadhu, “A
scalable heterogeneous AiP module for a 256-element
5G phased array," IEEE 73rd Electronic Components
and Technology Conf. (ECTC) , pp. 467-474, Orlando,
FL, USA, May 2023.

3) A. Shirane, “Millimeter-wave 5G relay transceivers
using wireless power transfer and backscatter,” 2024
IEEE Wireless Power Technology Conf. and Expo
(WPTCE) , pp. 876-879, Kyoto, Japan, May 2024.

4) K. Yuasa, M. Ide, S. Kato, K. Okada and A. Shirane,
“Beam control free 28GHz 5G relay transceiver and
24GHz wireless power receiver using on-chip butler
matrix,” 2023 IEEE/MTT-S International Microwave
Symp., pp. 199-202, San Diego, CA, USA, Jun. 2023.

5) B. Jiang, P. Li, S. Zheng, Y. Lin and H. Xu, “A 24-GHz
beam-steerable multi-node wireless power transfer
system with a maximum DC output of 5.7 dBm at 1-m
distance,” IEEE Trans. on Microwave Theory and
Techniques, vol. 72, no. 11, pp. 6774-6789, Nov. 2024.

6) #%, Fabricio Dourado, HEFk, T : [28 GHz 2563%
FIA) T T 2= ARTUAT VT FTEZ2—VD

Over-The-Airdgffti |, 7 7 Sk, #1385, pp.19-33,

Jul. 2025.

7) K. Itoh, R. Sato, Y. Hirose, N. Sakai, M. Tsuru, K.
Noguchi, “A 24 GHz band highly efficient GaAs 1 W
rectenna MMIC electromagnetically coupled with an
external AIN antenna for thermal dispersion,” 2025
IEEE Wireless Power Technology Conf. and Exp o
(WPTCE) , Rome, Jun. 2025.

8) S. Kaushal, Y. Suto, N. Sakai, R. Sato, K. Itoh, N. Guan,
“A phased array antenna for 24 GHz wireless power
transfer applications,” Proc. IEEE Asia-Pacific Microw.
Conf. (APMC) , FA4-4, Dec. 2025.

14



