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Research and Development of Textile Deployable Reflectarray Antennas for Small Satellites
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Abstract

This research and development aimed to realize a small-satellite antenna with a large aperture area and compact
stowage. To this end, a 5.8 GHz, 9 m? deployable reflectarray antenna using a textile membrane was developed. To
achieve both high gain and compact stowage with large-area deployment, the reflectarray was implemented on a
textile. Prototype evaluation confirmed that the 9 m?2 antenna achieved a high gain of 41.8 dBi while being stowed
within 63.6 U, 1U = 1000 cm?, demonstrating an excellent balance between electrical and mechanical performance.
Future work will address the remaining challenges toward practical implementation and further advance small-

satellite constellations.

1. FAMNE

VLEE /NIRRT R RS & 2 8172 7o SRS o M Bk L D —
EABRERILINOOH D, HlxiE, KE SpaceX fhix
9000 # % 8 % % /)Ml 2 i@ {5 #8 Starlink 2 & L T\
LN BEEBET T T OV A ZHN B A~ — T v
L OFHE R EHERE L < | B 60cm O R HAR & 2
L35, —JF., K[E AST SpaceMobile i, 64m2 DK
RRERT T FICLY A~v— 75 OE#EBIELH
FELTWDA, 2% 1500kg #% & KL L, ZHIRBAMN
HEL W, INEERICKERET T e g cE R, B
TR L SHMRER Z M &, HERSIEE I N—T 2
NTN OFEBUZDRD D, HIEKBLHI /B T 6. Synspective
=0 1QPS #hid 20 £ D SAR HEMIC LAY T L X
A LB E B LTV D, @RI RER T o7 T
DUETHDL—F, HEENPROND D, F—HmDY
TINE A LBRNTEE LD, L0/ NREORRICFEREEDO T v
TF R T EAUL, T RTRTRE A R R HO L, B
BEEBODLZENTE D,

NS OFEEEHT T IR T T Rk L TR

JRER, T T T ORBYCITHEO RS JOERES ML,

FEBH b KL RD b b, il 21X Synspective LD
Strix ¥V — X3S BERCTHEK T 2E8EEA Ay T
L—T7 T FIRANSNTWDS, 72 NASA O kB TR
BIIEFEEERARNV TR T2 7L N T L—T 7
FEZRHNWLN TS,

AWFFERA%E CITRAIZ & 2 ER LW T v 7 0 EE]
FHEHAEE L, TRt 3 DOMBICH Y Mide, 55—, 7T
TG EHERFT D 72Dk M T E SN T E /W
JE - SHERSEE A~ DRI L . IO @i 2 vz
K THMREEMIRTE ST VT TR EERTH L H
AT KRBT T T B /MBI LoD, FH 2R TRt
TR - BIE L, EARFOMIM: 2 HERFT 2 Bl 2 e r 3
2k, BEIC, BEOBREESIMA DT v 7 FERSE
e, 0 BARFRERLHEE L AWM T5Z L ThHD,

IO OB EfRIRT D702, 3 DDRIR HER S
Ty T TERK GREAFERE - ). FHEE GORR
R I/AE), BoRE (k—1oth) TF—L%
AL, AAFFEBHA I Y #Te,

TroTFHERE LR T T RERICEK Y 7L
NP V—T T T ERAT D, ART T FITEMEN LT
EFEFITHEBET D OFF~DOHERFICEROBENE
EEE, VRIS X OSRBRB & ATREIC§ 5 72012, fik
WL BRI 5, B A L, AR
Y720 oEE LR NGHICE LT b, B —
ERE OB Z EBRT 27201 T TV =L 7 X
N—% BT 5, BERERE & ZWMEE W T 57
DT, FE~OH Y —  HEE RSN 28T 5,

AHFIEEAFE CTlx 100kg #fh B ICH# v HE7 5.8GHz
Im? ER T T FERIEL, 77 FHRmERS
40.0dBi, ULiH{AFE 85U (1U = 1000 cm®) & HIZ L 95,

I B. Pyne, et al., IEEE J. Sel. Topics Appl. Earth Observ., vol. 13, pp. 3879-3891, Jul. 2020.
2 R. E. Hodge, et al., IEEE Antennas Propag. Mag., vol. 59, no. 2, pp. 39-49, Feb. 2017.

WA B R AT % (SCOPE)
A8 FERER KSR (2026 )



2. ARABTRUVER

2.1 BERET 7> OBRREME

ATl R T 7 FOERERE & T OV TR
NACFEP A5m2 T VT T OERRE L OGH A AR L
WAZ 9m2 7 7 F OFRIER E ARG R & 4 2,

4.5 m2 1 XERBHET 7T

WRET T T OefEERX 1 IR, V7L T
L—T UFFIEY 7L R L— b — R R B R
ENTnW5, HOLERET 5.8GHz, BAERAIRIT 13%,
— Wkt 5.4GHz 75 6.2GHz TREFA3-15dB LLF
LB EAEICTD, U7 LY T L—i% 46X 106 8
DHFETTHERL S 41, 1380mm X 3180mm Th 5, A THE
EHABREL, 1 LAY, K F/DHTHEH L, — ks
LV 7Ly N7 L—oBEfEE 1500mm TH Y, F/D kb
12043 TH 5,

3.2m
Reflectarray

IAm/

3.2m

[#]

\

Primary radiator

Side view
Primary radiator

Reflectarray

1.5m 1.4m
1.5m

Primary radiator

X 1 4.5m27 7 FOekEE

— R AR RATE TV & B E X 2 (R, RIS
IEAMREREEAWTEY | T2 R 2. A
TIRS3IZIE Wave port Z5%E LTV 5, — IR ERICIT
R LRIMEORG ENDbA 270 A N v T T F %
BA Lz, EMEATREFXEHNTEY, 2y ME
IR ZATTH D, JLHBALDT=HIZT 7 ) E@EiC
HRERTEZHELTOWS[E], 2X2HF 0T L—#iET
FREH L. MATERIIIE S FEIRIEEAAERE & 2o T b, fif
WrET VITEBEORIEL BB LR EEEH O R E#IT T
Wb, ROBERr h X 3mm, 7% & FEMm & OERE g h X
5mm T®H 5, &ML X 51\ T 32mm.Y 5\ T 18mm
TH Y A A— = L B O RIEIR ALY DAV &S
KRDEITRIE LI, 7T FoEtmiibrs, Sy
F. HEMENR ERE:0.46mm, HFEER2.19, FEIE
$2:0.0006), %58 (4mm), /Ny F, FHEEEKR (KK
JE:3.19mm, FEEEF: 2.16, FEIEH0.0009), R T
VT 4 (BHREN0.038mm. L E 2,28, FHEE
$2:0.003), 77 > K, FEAEFEK GERE0.46mm, %
TEH:2.19, FHEER0.0006) . FAEME2-oTND, K 3
ZIRMT > AR T B FRIEZ . X 4 1T 5.8GHz 1281 5
o E—r o, M 3 1R T X D ICKRE-15dB LT &
7o % e 85.7% &K LTz, X 4 128 5 IEHE A E)
{EF]45 Realized Gain I% 12.0dBi TH o7z, MEHEL L
B OEFHL0.2dBLATIZMA D Z LN TETEY,

AN F— N —H0T 0.70dB. BH O &) RIE 0 A4 1
0.60dB L{ELS A D Z ENTE TN D,

o hole
Radiation boundary
Wave port /
Z Th
l
- f
- / g
{:‘ g
> 4 Ly+20/2 — 9n
Ly +40/2 * of For coaxial connectors
dielectric Patch
Air layer
Patch ] )
Bonding Film —, J %;S(l:ﬁfgc
dielectric "~ Power feed
circuit

B 2 — UG R ORI TV & R

-5

40\\1 ]
) . /
S sl 35.7% |
mv—1

-20 ¢

-25 ‘ :

4.6 5.2 5.8 6.4 7
frequency [GHz]
8 — Uik 3 o> B 0 JE K R

= hi(¢=90°
= 10l P (9=90°)
=
= 5t theta(p=0°)-
=S Y- O S W W
O 0
=
S 57
S

-10 ¢
o

-15

-180 -90 0 90 180
theta 6 [deg.]
K 4 —WiAEROkkSt % — (5.8GHz)

K ZETOMITET VERT, BTZEM EEICX
Floquet port Z#% & L CHY model X x {F. mode2
Zy REPRESHLTWDS, TL—T T FICHWSZ
LEMELTWATEOETMOMAES LB T HHE
Do D, T Z CHNTZER ORI B SRR 2R E L
TWD, fRNTZEMII K T T 502 DZERE & > T D,
FTFERRIE 27TmmGY 0.52A01272 > TW 5, JERER IS,
ErséE oy F (B 18pm), FiAF o —L (i
bm, FHEH 1.13, FEEHE 0). /77 FERoTW

B BRI AR R EEE (SCOPE)
A8 R KSR (2026 )



5o BUCARTEY Ny FRRIZZEBE TR L, XU OIE
BTy FIIR, BB HIZIE B S F IR I+ 53
DAvy FEBGEIR, ZEEEIE CEEAN I OF
Aa sy MERIZZRD X DI ZEBEORRICA7 Y b %2
BIMLTBR E o TV D, =B DIEF BNy FTiX
Ny FHEEZBAL S WD Z & CREMIFENEL L, B
H., ZBEMH COEFE/ Ny FHEX 22mm [EHETAR
v NEEELSE D Z L CEROKRKENE UKSHIH
NENT D,
Floquet port

o Periodic boundary

5 REFEFHMATET v

405
450
=405 |
360
315
'!fU.
2251
180 [
135

(deg.)

LSI

Reflection Phase -

0
V] 5 10 15 20 25

a {mm)

(a) Ny FEEL

SI,I (deg.)

Reflection Phase £
)
wn

0 5 10 13 20 25
I (mm)

(b) 2my MR 1ZE(L

Sl_l (deg.)

Reflection Phase £

0 5 I.i.J |-5 - éfi
Iy (mm)
() 2Amy ME 2%k
6 —RESHERORS % — 2 (5.8GHz)

#ik o HEECTRIELEY 7L T LT T )
Xy N DTEMIE L7z, ERl D 72 D I RIFRE DK
T ET, ﬁé%EExiHﬁTix?rLtT/%f%ﬁU’Eiﬂﬂﬁbto

5.8GHz IZ81F Dt Z — v &K TITRT, 34

— BT D EH, Hiflido B —AREIXFNEh 2.14deg.,
1. 22deg THhY ., EEGAAET 40.1dBi TH - 7-, BifE
FBIZkiT 5 Em, HEo B —AEIXENEN 2.19deg.,
1. 26deg Th Y., EEmGaFEL 38.3dBi ThHho7l-, B—
LHEDERNTL TG R Z = DR BT D Z &b
HIEIC L ATV RS ELWVIHMERTE- 2 VW 5,

40 3.8 GHz
H-plane i E-plane

35t T\
= 30|
Cg 257
K
= 20 .

15+

10" i LIVl i i A a 1L % ) i

=15 =10 -5 0 3 10 15

theta @ (deg.)
7 5.8GHz IZ¥\F DM/ S x —
Im2 YA ARBRT T

1 ICRET v T FoafEEz Ry, VL7 T
L—T T HEV 7L Y R T L—E 2X1 Ry F T L—0D
— WS bR ST D, LA ST 5.8GHz,
— WU #R X 5.4GHz 75 6.2GHz TN A3-15dB LT
LB AEICT S, ) 7L Y BT L—IE 52X 2381#
DFEFTHER S, 1404mm X 6426mm Th b, F£7-, —
WHE2EE U 7 L7 b7 L—OiERET 1500mm T 5,

Patch

Primary Radiator

6.4m

E-plane: 50 deg.

Reflectarray H-plane: 130 deg.

8 9m?2 7T v T S DS

9 IZRIEL 7T v T T OREOET 2R T, HIEIC
IERES R PGB~ A 7 v = 3 X — Rk LR
4*%(METLAB) ERIFIA - ERFSE 2RI Lic, 777
@57\% B 2P € pAAL! 1404mm\ Y #ifi 517 6426mm TdH
U T VLI T L=y FEIER Y = AT VHEHEZ S <
57 YETVRLTRIEL, 7T U v RiiBEEM Y
EHAWE, —RBERSRIET LI 7 L— L DEEERIEL
7 V~ﬁ0)ﬂf3 LD 1.bm OFSICHERF LI, 77
— 2O X BRI Z G 0 1T, SR X o Thd
/\°5’~‘/K§16%*§#%7‘£5/\< INEL LTz,

B HOR R R (SCOPE)
B8 FEERMAFE RS (2026 4F)



X9 9m27 T FORE

10 [ZHEREROEIE, K ONBLFEI OB 0537 & 789,
TJEFPEL:’DI/\T\ T T FTHRLTRKENHTEBY, =y
LUl 3-20dB LL R Th %, X>0,Y=0 T/RZ — L N—
FLAILTW D DI — RIS OEEBREOT LI 7 L — 24
WX BEHENEZ GRS, AFEIZOWT, 7 L—#iHNT
Y OfEIC cl:ofuﬁbﬂrﬂsbfb\éo Tk, M5 T
RLTZE DT, T —8llidZ 2 i<, BEETEDOAN
THI LI ié%@&%i%ﬂé 7, Y<O T, X=
0 DT THHENEN L TWBAE SRS D, SEY 7L
T L—HBET HEE. 9 KEO SRV HEIL, B D
TBHRTORTF TN, D& B O TN ERIZ /2 -
TWAZEIZEDbDEE XD,

B 11 ZHEAPERIAG o J8 B M & T, R mIPERS:
5.8GHz T 41.5dBi Th -7, K 12 (T4 — /@/EIJ
TEAR., FRATIE 2R3 MRNTIES . — R 3R iootwyi%ﬁ’%
FHEROFRBEFIEMITERN T L—T 7 7 F =2 &

VEE L7 HfICHBW T, —3dB ' — Al i{EUEOSdeg\
MATLAB ###7 0.55deg. Tdh o> 7-, F7=. BEMDOH A F
17— 7 A B 0deg. THRFRIZ 72 > TWVRW T & A FAE
%, E@EIZBWT, —3dB ' —AEITHIE 2.2deg.. f#HT
2.1deg. Th o7,

0

o
S
Amplitude [dB]

X [m]
(a) #E0ES3 A

Directivity [dBi]

180

90

i
=
0 g
;.G,
=
[~ ®
-90
-180
X [m]
(b) HZAH AR
X 10 BA A A
45
40
354
30+
25 ‘ ‘ ‘
54 5.6 5.8 6.0 6.2

Frequency [GHz]
B 11 51 MRS o E R ECRr %

” Measurement

Simulation
(MATLAB)

(a)H &

N

(b)E i
12 Wz —v

B BRI AR R EEE (SCOPE)
A8 R KSR (2026 )



2.2 BRET 7 OBEREH TN
AE TR Y o7 F OREEHRE & FII OV TR
R5, FT, AW TERS BIE T HEERIZ OV T
L., HEVWTEEETEONZREB IR ZTRT,
FERMEERIILLTO®@Y Th 5,
1. JEF%. S mm MRERELZZEMEkTHHZ L&,
2. BHROEOT 7 FEiE, 3240 mm x 1404 mm
DEFETHHZ L,
3. 4.5m?2 7T T T OIMEEOEFEIX 425U (1 U =
1000 cm3) LN TH B Z &,
FEERFHIBW T, BEXMHRTHLZ LD 9 m2D
S THD 4.5 m2 YA XAOBERET T FERIEL, #F
il & 566 L 72,

hﬁﬁ%fﬁ@ﬁ?/?f
S0 5 FEITIL, NEREIC JE X 5mm O Eih
7V%+%%%T%5%L®%ﬁm& S OMET  FF

flizHBE L, B 13I1CRT 1mX1m OERT T
RME LTz, BMEHCIE, B— L o st g+ 5 =
Bk AR U = 2 5 Uit TMETAFLEX®)] & H =, 37,
BEEAMNENC I, TN —REN M 595720, BT
V—ff e EMA L E V7L T L—T T F T

BROWRICI > TRESNDIEZ D %E%z%&
LA bmm EEET 5, #IHERFHEL LT, [ROHT
WKl OX Ry 7T v TROXREGE AR Lz, 2
W@EE%5mm®W%T@T5:kT\%%WEE&

(a) ERARS (o) IEE

X 18 1m2H4A XDET T+
i
AN

L 3
—— A

5 mm

h 4

METAFLEX

(a) JEEAWR DRSS (b) UNAHEEE 0D 37 el i
X 14 Ry 77T v 7R EEHEE

4.5 m2 %A XERB T v 7 T OBbaEE

A6 EFETIE 4.5 m2 YA ADBERET T F & FHEER
OFETHRIET D 2 LIV AT, R T DS oM =
X 15187, o, K 161277 X512, 2 AKOBK
HEAM T —L2HWC U7 EEniz 280
R #Ez2 BT 58k e Lz, K 1418 THRy 7
7y TROLFHEE Y BOBIEATERD LD 135
mm [FE T BEICE®E L. 5mn@FmE%%ﬁﬁ?
4, T DONEEEIIEOR Y BICho TREISATE
D, K 14T X DT, IR iﬁkk% vz

3 Leifer, et al., 44th ATAA SDM Conference, AIAA-2003-1984, 2003.

@%%ﬁbt X 14 2Ry 77y FEHE S R T,

TedeZ EMAIRETH B, BRI SR E A BN S/ 5 7

Wi B 7 — 2 X 0 EEICEN M54 D0
N5,

R —AE LT, B2 B 60 mm, X 0.4 mm,
BH O M 45° DBl RN D b D& EE L, 7 — b8
BHI CFRP (REHMERIL T T 2AF v 7). Yo 7 RIK
14GPa ThH D, 7— LK% 3.5m & Lz, ZOfEE, #
F EOFEEATEIL 293 N LHEH SN D, FEEHEEZEE
Lﬁéi2%ﬁﬁ?ékﬁ%@@ﬁiil%NT%éo

F7- BEOANEZI > TH TV —fEik A [ AW
ﬁﬁw%LT%A¢5 LT EE LDV REEIC
i3z xB8f U0, SAWRIGERIX, BTV —~7
— T E RO ORIMER—EIT L 0 4 U B8 AW &2
T o %HEHT 5, B3y 7EIC wNT H A
PEPEARE AN LRSI /N ST AT B U 38 LT
D EME LT,

PR

B 15 45m2H§)§Fﬂ37/?ﬂ‘?ﬂE§q: i

X 16 4.5 m2ERHT 7 R TIE

45 m2 YA X—BES e v F A7

A6 TR R LIRS & L £ 171
RTEMRKOHEEE 0 N F A TEEWELZ, LLTICZED
RSB LU DL LEEITIC DWW TOEREE IR D,

A7Fa & A FiE, 8240 mm X 1404 mm DT > T FE
FEDHEBECHER SN TEY EDICERY i b7
NITL—LEEETDIZEICEY, ENEM5T5, 7
VT FENE 8 DO ERER T D Z & THERR L7z, SN A
WoTHT TV —fEikEZEA L, EAMINC 12, EHHN
A5OHTF ) —%E LI, AT F IV —r—7 L LT
W, FEEREOT T TV B, BEORER, B AEEI
W 72 < EF R 2 TERR L7223, Rkl Lbﬁﬂot

LboiEK 18R T 2 03 CBIE SN, hTF U —
WMo LbaX 18@ird, 7720 \_h6®bbi\%
EMEBZTHNIOT 7 E THRIEL TE T, Y
MIZ £ 2 ABMWIUE RS SBOITHERE L TV AR TH
LEEZLND,

—JF . WEERCAE T LbaX 18bIRT, T T
TEREHERL T D 8 KO ORABEFICB W TIA LT
LOTHD, 2O LbIL, ikt L feEE & OERE D
EWIERNLTAELS BAAICE D bDEEZBND,
LMo T, EBEFRICBIT S LbOKESEEE 25,

B BRI AR R EEE (SCOPE)
A8 FERER KR (2026 )



(a) BT TV —FEEDO L (b) HEBERO LD
X 18 LbDRAMAT

4.5 m? ¥ A KRBT v 7 ZRB{bicm i 7R R

B0 6 FPEICIRE L& LT, EI 220
FRRES R, B ORENL, KRR O RUERFICAE T
LHLERETH D, PIEE TR K 14 IR T LD ICR
v Ty PO T EHREE S BT W7 O RRE ~RE A L C
ET B, BRICIEN &G L, 8O e E % G bd
52 & CHREHMESENEN T DG E Ao TR Y K 19(a)
NEAERIRIEZ R T, Loy LEBICIE, B 190)DICrRd &
T, KEREEOBEMBEITIES >E LU, BREHMEIT
L CEMBEREDN B 35 & 5 BEBEE R AET 5, 20
FAZEOER O — 2%, #IIEME ORI Zh b, F
72, bmm OFEMREICHEL 5 22 WEE T, 4.5m2iZ
Ko SRR IR SR 2 [lE 95 2 &%, i
Frsb TREE &Hr T 5,

B OBEIT, RREOVHEREE L 7 — AOFH -
BEONE OMICH HHEEN 2 FL— L7 Th b, K
T T IRV TRV EE R 2 MRS 2 72 DI, BT
RKEBENEMNGTDLERD D, —J57 T, EHOBIMC
FEV F ORTEICT 2 5 72012 7 — L O _E3s L OWr
ESHEOPERBBE L 72 FERE L TT T T 2kok
BB LOEEOHEMEHL,

(@) s

19 Ry 77 v 7R L HEE
(a)HARIRAE  (b)FEREDRAE

4 Fang, et al., 43rd ATAA SDM Conference, ATAA-2002-1706, 2002.

4.5 m2 ¥4 XERET 7T OW R R EHEE

AFN T ERETIE, B O 2 SO A RIS BT, &
BREZRE L BB T T oW Bk o3 2 [X
20 |RT, AREEIL, T—2OMBICXZVERL, ZHY
WL VI E NS, 205 ORBE - IS XIS &
FH—TCd 5, DR O Z TR LR, 31.8U0 (1
U =1000cm3). 9Im2DIHAEI1L 63.6U & 72o7-,

SEATHFSE L LT, K[E NASA/JPL @ Fang 5. #%K
DY aAN—FENEHR E L TERA L BICET 2525
V7L N7 Lb—T T FEBELTNDHLY, X5, &
TFU—EFEIL, ZOKEERLT Z LT, T — L IEA
TAHMEEEB TE D Z ENREINTWADS, £ 2 TARAF
2T, Fang b O R ZIGH Lk BREEICRBW ColiE
AR THT TV —DONEHERINESE D L L bic, 35
72 B ANR—ZB AL, SHIZ Fang 6 & 13 R7220 |
7 AN—F B LM & LTEIT T, ETo
g O FiE & LRI 5, 7 a2 —2iE, W
i 5 mm, B 1.7m ® CFRP f AR 24878 LT,

K7 a0 AR—FFICEZEE SN0 TERL, K 21
WRT LD IC kB L OVEREIFRE A L ORI B
W9 B, Z OB IEIC L KEE RGBS, R
\CHEBRIF T B EEMT D EWfFCE D, SBIT, T
TV —DOFEREIINEED 2 & T, T —AIHEAT 57
EONEE LMK FTRETH 5, e Tk, Ml
Z 5 E, FLAME 2 pEIE WO RENARE LT,

L FILETL—L

D0R)\—
TZILETL—L4

X 20 4.5 m2EERT 7 Bk EHEE
—»

99 8 FAIEHE
7u hHx AT

X 21 aRITEIIEEAE

45m2 YA XS b E A
WRFHFHCESERELE 45m2 A XD " J@E~re
N A T %K 2317 T, K7 MZ A 7%, 3240 mm X
1404 mm O7 V7 FHEEHR, T TTEBIOI I U
Y RBMNLR D T EEE TR ESN D, X, TV T
— AT AR AN Lo TSNS, 0 L
TTICARD 7 g AN—%FE/ECRIE LTz, 7 > 7 X
2D AT HZ L TR LI, 2L, #Eko
8 M EINEARL & Ll U CREA R DB E BT = & T, 2
BERIZBITL LoOREENS AN TH D, o, K 22
[ 7 v AR —sZH D T 7RI O 7 e k&

5 Fang, et al., 9th ATAA Applied Aerodynamics Conference, ATAA-2001-1342, 2001.

B BRI AR R EEE (SCOPE)
A8 FERER KR (2026 )



A TERRT, HEERET 2 SOTEHEITh TR STV
5, 2KV I TFY = —TMIENEMNGTE L
T, ZEOBMIEE — BRI CTRFT AR TH B, Fi
B OREATER Y e/ ND 1 DATTETIC L, S HIC LA A

DIZ WREATE~S R LT,

ERRB O 2K 24 18T, 70 kA IR
e LD Z e IEFICEI S, EBR%ICE
WTh, 7B ANRN—BLOT —MIERIIHER SR o
Too LEX Y | ERE LU BEHRFHOEBRMREESHER SN
7=

X 24 R

Eniz, BRFHIZ T o 72, K 25 1R T & 9 ICHE IS
KLU CHEZREIL CRECT EY ZHANCHRLIT L
TEIMEEIT - 7=, FHAlZE, SHININING 3D #:
EINSTAR VEGA % H\ =, 7 > 7 iR ds L OV 4L
ORMS R L7z, ZZTHREEE, K 25 IR T A
FD 7 v ZAN—R O AT, R AR 26 1R
4, BH L7~ Root-mean-square RMSYEIZ, 7> T b
ARCIE 0.651 mm, FFIZHHRFSTIL 0.5649 mm &, 1mm
UTORETH- T,

Mz T, MEEBATORD, BLORAEOKEIZLD .,
T T TS ORI O LTI EIEBIE SRR o T,

RO AT

ERAEIE ORAE L MAT LT L DR S D
T 2T T HECH LT DA ORI & R 2 R Af L7,
RIS Y s & D TR O T 2 FRNCRE S D
ZEMNTE D, gl (BHERERTI AGX-20kNVD)

R DMBR A T LT, X 27 ZEISRUBO B L SREERTAR
R ET T, ARAICENMETFEOBMRO—F &R d,

A

I 25

SHE LT 45 m2 @S e N & A

[mm]

Tensior. per unit wideh [Nmr]
i S

Moar o

amt

M () | 8.8N/mm | 3.4N/mm | 3.3N/mm oo
X 27 #Wkt LRG0 0O B L RN
BD T Z 7133 a OFEFEO—H)
INHOFRERNE | B ORRAEIZED eI T2
BUTIEPEERN BN S Z & —F TREAICIEAZ T 5 T
IIREN USEE TR T2 2 &, Lo TREG DR
BEIZKR L TRERREAT RN ERIRT VIRV &
Nbnotz, RIERFOEITHK 0.01N/mm TH Y . 300
PLEDBZEREZHALTVWDZ EDNHERTE -,

WA HERIKELE TR M B2 B b S & 5 R TR EE R
(AO) & Hagt L=kl | A% OBER L | £EE
TR L AW 21T o 72 (A0 MR EIX 3.28 X
1020atoms/cm?), ¥, FREDZILIZOWTIT., BEN
WISE T RA OFRE 23 38%IK T L7=, —J7 . i AO
MREE AT HUNEAT XY UHEK (SQa—) %
WA U=k, B KO & 80 CHE L=t o/ 7 ico
WO, BERBER TR 202 L3R TE T,

X 28 [Tl D Si AR ZR~T, SQ =— ME Si %
EEeTe DREEITHRIE L T D, AO BRERI#E & H12.8Q =
—T 1 VTR OREHERT R L ORI A BB L TV,
ZHUTE Y, AO BREHIC K AM ISk E RS A Z LT
LT EMbhrol,

[ryr—
X 28 Tt AO MHEEZHE TS SQ = —T 4 > ' HITH
7 L7 METAFLEX #f QWi Si 5347 g

B HOR R R (SCOPE)
B8 FEERMAFE RS (2026 4F)



2.3 BT 7T ORE

AEITIXER ORI T T F OREIZ DN TR RS,
ME LU R 2R L. 9 m?2 DT v T T
YRRk 2 FE8L U T, kA IR~ D B 36 7R k36 & OYiiie
T T TR ORI TR 3 SO FIENG Y
kY5,

FIE1: 7T FRFF—H

HFEAFFEEBE O B 2R ERFHOT v T FHF A4
—roRiE (K 29) %% LICHRMAAY =0 F—% %1F
o T TFHBANRE—=2EIT T T A X 9m2 (S A
X :1.404m X 6.426m) % 9 /yENZ TIERR L7z, KEVCT%
DOF—HERHNTRY T AT VR EMER Lk CEk0 )
o AT A Z AL E—)L to v —/ L
EA 7Py MHIRZEE I TR 2 06 L7z (X
30(), ke —n Lo T T FHRFAF— L O A 5
T L7,

FE2: 77 FRTFNE—EHE

T T ET RN — U BEIRIE NI T A X A
VB =V to v — Vs AR O o ELEE 2
B - & &2 Fh L7=(X 30(b) . ko —L E~D
T T RN =D S XESET LT, FDIk,
e —n Ens 9 pElEN-EY— ME#EES L, 9 m2
ORIET 7 F N5k Lz (K 31),

GAIBmm{238 K )

702mm
143 1mm(538 ) 143 1mmi538 ) (@6 7)
+ ) ‘e

13 mm(538 F) 143Imm(5a8 )
v ,e

€ 2O

KABRIL 9 EIDT A
B 29 7T T RTINS — i

(a) - X AEEAENR S 7z
TUTF RTINS —

SREEe

o
L]

n

u
=
"
n
[

]
n
"

b) $iD> X ENTT v T FHZF R E—
X 80 7 7 R TRE

X 31 9mZfEMET > 7 SEAG

FIE 8 : P71V T WA ORER

WRDIET T F O Y T THE ER G ER I &
HAWT T F IO 0 B EFE L7470 dhiF T AERE
%4770 > 7=, FIA 2 TYERR L2 T 7 B/
P70 (X7 100mmX 3 = 100mm) ZHIVH L, £
HHEPTEE O YIIE & iHiim L 2 ¥ EPMCT-T360 (=
EZrIWNTFI Ty 78 AHOCTHIEL, 8RR
Z Lz VA GRERHE DR1IMR4-CS (7 ¥ AT A
HEEALA)) & AV Ci AR 0.5mm, T Y B4 180°
WZRBWTRER A F L7z (K 32), #1075 100 [H
BOREERIEZRE L, PIHIE L DR EIT > o iR,
HEOYIHMED 5 LI T (200mQ/OLLF) &R LTV
HZ R LR (M 33),

B BRI AR R EEE (SCOPE)
A8 FERER KR (2026 )



B 32 #71 0 #hiFRER OB T

1 0 i F 1) M [ RS Ave.
() (/L) | (/1) (&) (&)

iy o T-FT (NI 242 | 383 1.58
\ﬁ% 2| 232 | 830 | 142 [153

" W w| 237 | 374 | 158

1T rerHN 24.7 | 56.4 2.28

., 9 & T -

NS v 251 | 575 | 229 |2.97

ity v 28.4 | 635 | 2.24

X 33 47 0 T RBRE R

TR IRER SRR ANE D A

A el BT T ORI T 2 E BRBTm MR
Br& LTI T o T T~ DR TR D BT FRER 24T
oz, Ty T L EEROMEZER L., & DR M
AO =— NAID o —F 4 7 %4TUN, AO (TR B THPER)
BOFME L CEBRRFREMER L, A L2 AO =
—F 4 Y THENT T AR A LA [0X-SQ (BLTF
SQ =— b)) CREEGMERStE) 26/H Uiz, #RB
BHET T FHEMIMEFI LR 22T A & 7 o5 F
FAHEFERER DR Y = 2T L8+ Cu % i L.
K2 OREIC SQ a— IO a—F 4 > T H4TWVRERR
BIOERZE 1T o 72 (® 34), ARIO 2 —F ¢ > 7 TIHEHRE
WZIRE 10~15um @ SQ =— MEZ K L= (X 35),
IR X K LA R T BRIEA L 7 v — 7 H
JIRRFEER O JR 1R IR E R % F 2 L= (X 36), FREt
T TR (K 37) OFRMTITo7z, BROFBR, SQ =
— ET2HZ L TCRAICEBEEEZBR L CODRY =
AT AW+ Cu IO W TR EBRFRN 99% 15
100%2m B L7z, Rl @Ems FHEARmEICHE T LT
LR Y T AT AR O W TR ISR 3 B, B R
RN 78% D 98% ETCH ELAEZ 2R LE, (X
38),

o BRI
el fe= (4 % Tomx15m)
R = AT NV SR
(7 =7 7 ebtid) waii: ;
iy > \
T
_L
A Y = ZF R + Cul R
(7 7 > BT R 1) 3
iy l
-.1""'J<l5ﬂ

X 34 RERKUE

AO R imifal

AR Y AT Y

100pm

PORTIERINGE JEE S ]

FAf

WAtk : 3.28 x10%atoms/em?
i 22 BE : FE#5.9km/s

X 37 FRESM:

B ARAER KU ST VR RTR

U 100%

100%
Hir%
.

T
60%
1Y AT -l AU AT AR Cul
(T-/,r} MRS (7 23 45 1 T )

B5Qc1—h M wsQT— | )

X 38 JUf-iRMe R TR R RARFER

TUyTTREDELD

SARRESEGE L7 K& 72 (9m2) CTHRIKMERH VTV
IRV R 2 Lo b~ T T o F— U B
BT A EANL, DA WA TR & < BB FEER T VT
T A EH T B MEI IR0 A U DR RN T
5, 9mM2EEIECE L CHERT 7 LTOEM
AIREMEASVR ST, EAEL FHREEME AL BE L7k
W T T F~OMR T IREEE 2 —T 1 v 7 OfEtE L
TVth%¢%%/$%¢®n—%4/7&??%@
FRSBR 2 i U IR T > 7 F O F T BR BTN AL
DWTH AMREMER R ST, 4%, IR A — w—~\®
TE—INAREIZ 725 Z ER RSN D,

B HOR R R (SCOPE)
B8 FEERMAFE RS (2026 4F)



3. STHROMEERDER

AR CI/ MU EBEEHOY 7 vy v T L—T
T TR L IR A SR A 2 L CIRIGINA &
POERNGR T T TR & B L2, AR X B
(LB L OERIZHT T A5%IE 3 >OMEICI Y A T
W<, 1O RITFHBREMEOH LTHY ., SIEZOL
OOMBIORE L3 —T ¢ > &R LR RER
BRI R~ DIEZ A LS5, 2 >R IFFTH COEL
ThHYEBEIZRT 7T &/ Nk RICHEE UE#ELE =T
T T FREERART T T AW TR 5A ol iE LB M
REZFHMET %, 8 2 BIXIEFHAER L O — AEEHRE
DEMTHY UM ER T ASHE LY 7L 7 b7
L—T T E#HF L, SR T T TRIEOmE, T
U SRR EMERE L E BfR Y. T OFREE B L,
IR AT L—2a VD E LR AEHEEET 5,

4. LIV

ATFFEBRA%E Tl S 2RI IREE C R & 22 B 0 fE o /1
R ESEHAT 7 0EHREZHME LT, 5.8GHz #f
om? FEMIEER Y 7L T L—T T T O &
Fhi UTe, mFAST 7 TR & ARG - KA % 537
T BT DITRENEA~G N 7 — 2 ZEEER L. Y 7L b
TL—=7 TR ERA Lz, 7T B, Wik, &%
RS D 3 SOMB HIN AT ARENZEH LT,

T T FTELARTIE.E T 4.5m2 7 T S O E & Ei
L. EAGEIEM R T LD IR IR — i a & 7 m AR m
v hOEFE Ny FIC L DR T EE Lz, RIZ 9m?2
T T EEET U Rk ORI X0 SRR L SRS
TeRtEE R LT,

TUT TSGR TIL, £ 1m2 BEET 7 T 2R E
L., BB 82 5mm BN 2RO AT RO R v
T TR ARG L, RIC 4.5m2 T T T ERRE L,
TREIC g AN—EEET DL U ARG ARRE 2 5
BICXAHZ L 2R LTz,

TUoTTRETCIET TSRS RNF—Er—) to 1
— Db o & fREEEIR] & MEMD > X 2 HEE D HFKT
B L, RIRPUSE A EB L, £, 10 i RBR=eR
FRERSE DI A b FF L 72,

DL Eo#ENFA2HAE. 9m2 7 T F 2 41.8dBi DEWT
TR E 63.6U (1U = 1000 cm3) 2T & BRI
IRFE % iR L B 72 AU & IR R IE D T T 2 SE8L L
Too FEAMRIZIANT T, FHEREmM:., FHEE. FEEi
1 - B — L EBOMEICTRL A, /IR 2 2T L —
TarDOI bbb EFEEIT DL,

[(BEEMEELEREREX]

[1] K. Suzuki, H. Kurokawa, G. Nakayama, M.
Yasuhara, A. Ochi, S. S. Yeon, H. Sakamoto, and T.
Tomura, “A 5.8-GHz-band origami deployable
reflectarray antenna for CubeSats,” IEEE Trans.
Antennas Propag., vol. 74, no. 4, pp. 3142-3153,

(2026 4- 1 A 27 H F-HIAB)

[2] M. Machida, T. Tomura, H. Sakamoto, and T. Fukao,
“Stretchable-substrate-impregnated fabric: deploy-
able reflectarray antennas for CubeSats,” IEEE
Access, vol. 12, pp. 58562-58572, (2024 44 H 23

H)

[EEFEMEOERRRX]
[1] H. Sakamoto, T. Tomura, T. Komaba, S. Kawashima,
T. Takeuchi, S. Inagaki, and T. Takahashi,

“Fabrication and evaluation of two-layer woven
textile deployable reflect-array antenna structure,”
ATAA Sci. Technol. Forum Expo. (SciTech), AIAA
2026-1832, (202641 H 8 H)

[2] A. Ochi, H. Sakamoto, T. Tomura, R. Sakurai, G.
Nakayama, D. Mitchao, A. Shirane, and K. Okada,
“OrigamiSat-2: 3U CubeSat demonstrator for two-
layer pop-up origami deployable membrane
reflectarray antenna,” AIAA/USU Conf. Small
Satellites, SSC25-P1-73, (202548 A 12 H)

[3] T. Tomura, K. Suzuki, H. Sakamoto, S. Inagaki, T.
Takeuchi, and T. Takahashi, “Design of c-band 4.5-
m? flexible reflectarray antennas by textile with
copper pattern plating,” IEEE Int. Symp. Antennas
Propag. (AP-S), TU-UB.2P.3, (202547 H 15 H)

[OEHRE]

(1] s5ienk, BB S, WAK, Fia:, fdEfeh, 17
e, EfERs, “WmEEEA 5.8GHz # 1.4m X
6.4m MWERRY 7L v T L—T T T OHE,”
fE5H ., WPT2025-76, pp.102-105, (2026 4F- 3 H
3H)

(2] JNEAER, Bk, AR, Fifa:, fEdsh, /7

WE, EiE#Ee, “BEREEBE L iR

U7 L7 T =7 T FREEO#RGF SR & FHE,”

FHAREATE SIS, 4N13, (2025 4F 11 H 28

A)

R, A, BN A, ARRE, “v—AaEA -

T EAHE AT RERRERY 7L T L—T T F D

FRER R, FEHBEEATEA RS, 2J02, (2025

11 H26H)

—
w
=

[EREEHEFU R K]

(1] B—v oG8 FRiE@EEl, MTAEh, ks, R
Ty T AEERIE AR, BA, SF1 5412 H 18
A

(2] BRI A, AR, E—L @) e
W, TN, BB BRERS Y — N R OVER
M7 TFFHAY 7L T LA . BA, F 6 £ 11
H11H

(8] RN PR, /AR, —L 00 fEd
i, TR, Rz, V7 v N T L— SR
gt —h, BAR, M 7411 A 15 H

[2EYRF]

[1] # % % 1% . Student Poster Award "Honorary
Mention" . ¢ OrigamiSat-2: 3U CubeSat
Demonstrator for Two-Layer Pop-Up Origami
Deployable Membrane Reflectarray Antenna”, 2025
#8113 H

[HEHFKEZ) X F]
[1] “FHTREIENDIVRT 7 F ) &2l B3GR,
WEBZRET LAY ) —R, 202643 A 26 H

WA B R AT % (SCOPE)
A8 FERER KSR (2026 )



INEY - ESHEED - BHE THz FSU0—N\Z2ERTH
AEFREATAS 7 AKERMOARRSRE
Research and Development of Optoelectronic Heterogeneous Integration Technology
for Realizing Compact, Low-Power, and Low-Noise THz Transceivers

MIEREE
b Ve AR OB A

Tomohiro Kita  Faculty of Science and Engineering, Waseda University

sy aE
Ve B RAERSEEKUEEIERT

Akira Satou  Research Institute of Electrical Communication, Tohoku University

BYSEHAR o b AR~ 0 7 AR

#=

AFETIE, vV 274 b= ZLLEYEEREZEE LIOtEFRE~T v o =7 ZERERIC LY | Y - R
B IBHEE 2T 7~ (THz) b7 vy —"O%EBE2 BIR L, “HERAA L —¥ LG E vz 7 4+ b IF
YN &Y THz R0 %E EIET 5 & & b2, UTC-PD 3850 GG-HEMT % IV 7z @shsRo I v & - @i L v
—RORFEET> T, SHIT, WEBMEZHIE LicA T A e =2 ORFEICHEII L, AEIROARIMEZ R LT,

Abstract
In this study, we aimed to realize compact, low-power, and low-noise terahertz (THz) transceivers based on
optoelectronic heterogeneous integration technology that combines silicon photonics and compound

semiconductors. THz modulated wave generation was demonstrated using photomixing of a two—wavelength tunable
laser and an optical modulator. In addition, high—efficiency emitters and high-sensitivity receivers based
on UTC-PDs and GG-HEMTs were developed. Furthermore, an inline optical monitor for stable operation was

successfully developed, demonstrating the effectiveness of the proposed technology.
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Abstract

We construct novel wireless communications for low power wide area networks (LPWAN), which is most powerful
wireless infrastructure for supporting IoT and CPS. These composed of the following three function. First one is the
enhanced sensing scheme for recognizing the access detection possibility of each node, second one is the optimal
resource allocation based on the wireless environment information, which are gathered by the packet level index
modulation with no overhead. Third one is a baseband modulation scheme based on fractional spreading factor. We
show the high data arrival rate achieved even under the frequency spectrum sharing between the LPWAN and the
WiFi Halow.
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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 256QAM.
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Abstract

This study proposes a beamforming method for Microwave Wireless Power Transfer (MWPT) that achieves high-
efficiency power transmission while simultaneously mitigating human exposure and interference with existing
wireless systems. The proposed method was experimentally validated using a 32-element array operating at 5.7 GHz.
Its key features include channel estimation for human bodies, wireless stations, and power receivers using the MWPT
system itself, null steering toward information receivers (IRs), and an optimization of antenna weights based on
maximizing the ratio of received power to human exposure power. Real-world evaluations involving a phantom and
a communication system confirmed that the proposed method achieves interference suppression of over 20-40 dB
compared to conventional methods while maintaining power transfer efficiency and minimizing the communication
Bit Error Rate (BER). These results demonstrate that the proposed approach is an effective solution for ensuring
both the safety and high efficiency of MWPT systems.
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Development of Ultra-Massive Multiple Access Technology Using Quantum Annealing-Aided
Multi-User Interference Suppression Method
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Abstract

This study developed a quantum-annealing-aided multi-user detection method (QA-aided MUD) that applies
quantum annealing technology to base station signal processing, targeting the massive simultaneous connectivity
required for Beyond 5G/6G. Simulation evaluations confirmed that the proposed method achieves superior detection
performance over conventional low-complexity approaches in overloaded MIMO environments, where the number of
user terminals exceeds the number of base station antennas. Furthermore, a 5G NR-compliant demonstration system
was constructed, and the world's first outdoor over-the-air experiment successfully demonstrated simultaneous signal
separation of 20 user terminals using a quantum computer.
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Abstract

GaN-based heterojunction bipolar transistors (HBTs) show promise for high-frequency operation, yet the high
resistivity of p-GaN and large contact resistance remain major obstacles to practical use. This study reduces the
base resistivity to approximately 0.9 @ cm using a GalnN/GaN Multiple Quantum Well (MQW) structure and
achieves a low contact resistance of 0.5 mQ-cm? An HBT incorporating these improvements was fabricated,
demonstrating a current gain of #= 21 and a maximum current density of 0.8 kA/cm?2.
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