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Wireless Power Receiving System Implemented on a Flexible Substrate for Wearable
Device Applications
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Abstract - In this paper, a flexible wireless power receiving system is proposed for wearable device applications. The proposed
system is designed with printable component configuration to be integrable to textile material. While the defected ground
structures(DGSs) are utilized for planar printable filter designs, direct impedance matching technique is considered for flexible
circuit performance. The proposed system has been implemented on a flexible substrate with a thickness of 5 mils, and
experimented for power conversion efficiencies and converted voltages. In order to evaluate the hardware flexibility, the
system performance are measured a bended circuit board at a radius of curvature of 5 cm. The system performance is
analyzed for the degradation due to the curvature. The proposed system has shown the excellent capability of far-field

wireless power transfer systems in flexible device environments.

Key Words : Wireless Power Transfer, Rectennas, Flexible substrates, Wearable devices, Defected Ground Structures (DGSs)
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F B E41 AHIAY FQ Olre Heol BF TEof] WA
AU S48 ddsh= 7Is0Al ol o ¥49 7171 SE]
71= AFEQIEUl (IoT: Internet of Things) 71HHQ] SHIFHE A
AFOZ Wstetal QUrt oo MZ& A9l F=Fo] FA9 H
ne F= 148% tHojAE0 AY EHIE AASHL, ols
=901 AFolE= F7] o|XIE Heshs Aol thsh TA0] =OoA
1l Qo RARNYAS Vel oMd FAg ARESHAl €11 A
ZIHRE A1E =22 JAAP)a gelE Hgoto] -dAeY
ol A0 FEg AYote 7Ie€ 9uisitt[1]-[5]. Hiog
A g m oAl 4= km OJ49] AN FEg FESshe= nojd
Zole wA6]-[11]3 = m OS] &AE] AE e FE
dhalo] ol Y 7] A |/, 38 SdE o0l&ch=s AR
T WA[12] - [16] 22 Wo1E 4= QT ZHZH9] ghAlsof Tish
nojaZgolHe] B FF JZ, A |k JlEg o8t
B4 341 Y 5 AISHE FESHE A7 FE6] 0]F0
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Alal ACk @Rl 47fEt moja=golH BAle Ao 98
ot dEe 35 + Jde FARG e dyor Ad
At B A sl ddEo] @ It 5o #HE o
889 *F I I dAAg NYor Wssle Z2Ide F
ZsHA TAle A7 gds] D= lon, &-ZA0IA

FHIY S} W-BAN(Wireless Body Area Network) £8&
QIgh TSt 450 QE A Utk

H =RolAEs dojdE(wearable) 717] 225 95 18 5
9] df ool g8 4 A= |FA 71| rectenna AILEE
AA 3 FEeRI o] AlAE o 5938 ggs ke Y-
Egct no]a2nt ouyls BeEAIFERDGS; Defected Ground
Structure) & Mt BHY AARZ TE A= FEo] 0]
stal, ZElgol 9Jsl ZHEGHA F19lo] 7hsth AR AAE QUL
MIZHE rectenna AIAEIR 41 HEE syt o, KA 7]
o] FEYH e Hs HIE JETOEN AA 4f 4
o S8%Ys 429 Hso tet grig +doiitt 2 =2
o] e AEo o]o] M2FojA A 710 rectenna AA0]
ol 71esal, RISEOIAE rectenna® W =& HAsi
Hd 718 dEjolA9 s B7tE Sofl AetE AIAHY Hs
g grlsiolon, 2o A4go] 228 Witk

2. B4 A 4 AIA" AA
21 ZYXE rectenna AAE AA

2 FoAde dodg 7171 S8€ 8 5 milse] FAE %
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= {9 7#o] mo]agdolE MY =41 rectenna A|AHES
AASIALE. Rectenna AlAHIS FFR7IQF QLIS SHE0E2 1
g 104 He Hiel Zo] $A1 QLY x| ofutr], Fgt
3|2, Schottky TIOIQE, DC &1 ojuly], HetAgoz Fdy]
o] Zth. =41 CHUE S5 molaZ2Hol2 JHE =41 i
T30, Schottky CIHO]RES] AR 1ES AX Hoto] DC FES
SaoHA €t o7]14 HIAY tho]e=o] ol&f @sh= DC &
g 0]Q9] N F i harmonics) MO QHEILIEZ REAF EAL F
st Ao 9sf &A= AE 9l Tl THojQES FRHE
g TEFoEN Ay HE g8g IUs & 4 Ut kA
o]t ¢k tho] sie Fite theld 245t 458 Z= ofnt
71€ AASHs AL rectenna®l Fsol & IS HRA =Hrh
HA QU THo]QE Atojo] THYET ojuty] = theAIA]
oJap7|7h AFEE=E, ol TholEo olsi MEE DC (0 Hz)
OF =4l Fuab4(f0), AxRTF Fuk210, 30) &, A Fuke 4
2Uhe S1HAI7]4L, DCQF A Eu} Fike thog AHEtoZa] ot
HiLtoll oJgt nto]A 2012 oiR] 9] MEANE AASh=E] Al
Erh THo]EQN Hal K Atojo] fIX|she oilrles gHkE o
2 DC Te EMTe AYET oupy|24 Hoto] DC 87
0]Q19] F=Al Ful=9t Nxnt Fuke JEE AttshA "o 2
=20lAe oA WHel WE &5 &=Mg Fliskerl, Ty
ol oIt HHY HEAAKE o]8&cto] dASIIeH, out]
ol AVIE &0lal g1FQl EYE Zh= DGSE ol&% ouV|E
K 71E Holl dASIEE f¢ 713 do| BAAKE AAE
AL, 71 AV} gFe EYog QlF) AA M=o Fi1, 23
Zo] e TEst E4g UEhEE ojuby] Aol o]0
mECEH JHL o]2 Qs FESH 7hstt SIRE FHE =
o], &% 4% 4ol FEst dojHE 717]o S80] Tk A
OF o=Hr}

Receiving
Antenna
Band Notch Matching DC Pass
Filter Network Filter

vload

III—\vJ
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Fig. 1 System configuration of the wireless power receiver
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RQHEl rectenna AIAEIS 24 GHzO| RF Fuke tioolA A
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Ot §s5& UEL Qrt dEPEOoR Al FakeQl 24 GHzE
SUHYIOR Gtal, Ixu FukrE AAchs thYESw ofuty]
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Fig. 2 Planar band notch filter using DGSs (a) layout (b)
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DGSe= FAHo| SIZE A1zt HAlo] Qs FHFoZ/ FA
H A7 A9 g3 ¥ ZF EHO= our|g sl Hth
meka 327 A% He Hols no]AZ2AEY 2elftog 1§
DA Hoh 2 =RoAe tYex] 548 Pl WEol8 (spiral
type) DGSE +8I5HACE WE0IE DGSE 7|1E oFd ™ (dumbbell
type) DGSOIl HI5 =& QEE AL HUWAEA HES KT 2
o AH ELE ZAE A" #o ofuel, WY ZFo ot
Y] §8E LERITH18,19]. WEo] A2 A= 4 7HAo
olal thel MR E4dol AFEH, ™Al 2710 98 Fakrt
FEr] DGSS A77F A”GE We FaleolA] R0l
Aula, 37171 FolEeE w2 FaeolA ARteo] 84 &
A "=, I8 2 @9 &F DGS7F 4.8 GHz TIYL-XE A5}

, 95 DGS7} 7.2 GHz Y =XE &5 Hrt. dAE
Z0]gd DGSE L = 3 mm, Ly = 2 mm, Ly = 26 mm, Ls
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0.65 mm, Ls = 1.1 mm 9| I7|E 7AW, 2 A9 & a; =
as = 0.2 mm, & DGS 719 AZ] Ls = 10 mmoO|t}. 50 Q1]
A W £ 037 mmZE AAERICEL F DGS J77] 7] A
2] Le2 Z DGS9 235} &3 (loaded Q-factor)ol JerS F7
0], SUNAQ! 24 GHz FuprolA9 Rpegubae(f)of Feke
FA Hot weks] A8t Q71 A9l 2Eo Qs 24 GHz
2139 Bt £AE FASteAA AR At S5 SHYA]
e AAZ QTFECE I8 2 (he AAE YR ojulr|9]
58 g5 4d%E UEL At Wil 24 GHzolA - 0.6
dBO] &Y &=Ale ZHl, AR tHYIQl 4.8 GHzeb 7.2 GHzollAl 2t
7} - 38 dB, -32 dBQ ARl EHES UERNQICE

YR ojuly] o] (s He HIAY To]jeEE 1f
£ 2e AuuAs VIRERE Y Add 49, 24 GHz te9
no|3Znt Y MHo| To|RER 85| JYHA &2 #ut
ORIz}, 50 QOFE AAE k=X ojutr|9] ZE uEA E
St TIx] grob ojupr|7t AR ORE SASHA ZA "l whekA
T 3|2 Afolo] 24 GHz thollA] EEQ1 Fo] O]F0jA|=
Zlo] g4 FAY wge Jhsdk Sith o7|A ANSE
Schottky TIO]RE+ YujEAZE mje Wot 1709 CO|QEE
AHE & A9 Fgotrlol ogwol i, et FeF E=oF WA
garEg 2 =EoAEs 289 Schottky THO|REE AMESHO]
SZ9 dudA Fe JZE AAGIGCL 24 GHz THYOIA]
L-section AYIIZE AP OH, AAE 3|29 TIO|QERZ
BEHO A Az o= 155 mm oW, HEE AHHE Rle
16.0 mmZ AAFACE Fg F2o] ot dulgA Helo] &4
ZIE ofll 1" 3ol LFERHRICH

a8 3 FF3Zo ofst dulEA FFHEY
Fig. 3 Impedance mathcing charateristice from the matching
circuit
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o]zl o AMAIEEHOZN HEt §88 =0l: dadg 3l
A Hoh B = Roixe Uy EANKE o8] Sl
H-head O} EE|9) DGSZ AYE our|E AASKch &
A € #olot2e I8 4 (2o UERNGITE AZ%E H-head Of
8 IxE= Lt L9 DGS7 HEAE Adotal, L9 noj2
ZAEY HE g AHE 20101 Lot AWAE A ogtg 4=
ggtozn  AI9sS EHe UEIEE  AAEACH20].
H-head o} YERS] DGSE HAH AlZto] s AEElon,
M AHHE nola2AEY Ao HEATh I8 4 ()0
A AAE o] #ERE Ly = 315 mm, Ly = 1.92 mm, Ly =
420 mmO|H, HYOo R AlZE M7t = Dy = 0.3 mm, AlZE
Z D, = 05 mmolth T8 WY Jjd AEB9 ool L, =
29.3 mmoOlH, Z W = 2 mmoOl|Tt} 50 QEIRIo] A= W, 0] ZL
0.37 mmo|th. " 4 (holA FFE XS} ojupr19 DC &
o 542 UERILE S theQl DC BollA 0 dBY) AlE
Ag ZH1, AAl el 24 GHzeF 1Xub AEQl 48 GHz9
7.2 GHzollAl Z+2} -42 dB, -26 dB, -25 dBY AXEXMS LIE}
It 1xal ARl 48 GHzO 7.2 GHz A8 AR wEd A4
H A8 ofutrio] o Fal £0z9] Ao AEE|of Hat
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Fig. 4 Planar lowpass filter using DGSs
(a) layout (b) performance
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3. Flexible rectenna A|AH A& ¥ A5 It

o Zolx A" sZo] 95 olqx] et 4l AIAEE |
A Zlgol FESItE |H JEe fEE0] 2.20]11, FAE 5
mils®! RT/Duroid 5880 7]¥rg AMSSIRUOM, Schottky THO]L
TX Avago TechnologiesAte] HSMS-28500] AMZL|QICE wgh
Hetoll ofst 3|2 sES SolotA Sl floh, 2¢te] A-wHE A
& Ayl FRE ARESIEOH, o W W2 JudHAs
E THoIQEY QY YuEAsE ZVA oY sz Fdg
go|5HA she AFE TRNESE AAEIICH

AzE B2AdE 4 Al2"E0 As 58 fl6 ol 1"
59t Zo] 4 MY THSIULE 58 Al QBRI HMut Ao
olgt geFs HiFlsta, &A1 QHEILIY] BRAF AlZol st 28
Adg  AAS & "R §
absorber) 2 STMQ] FEISk stAoA Algds DAGIATE &
AFOA SEEE AOIAZEYolE HEYe 2
(CW; Continuous Wave)E AFESsIoH, SESH Zg Hslo
gt S8g dl 34 dBQ 0|53 35 dBmQ PipE = 1E
g MHYSEJ] (ZVE-3W-83+, Mini-CircuitsAhE A5 2A7)
o] ¥&sto] ALESIYIE TS SAIE QHLE 10 dBiQ o5
g Zt= 3E o5 Ay IHUE ARESIITE &4 L
2ol Al AR 249 F4 ARl 013 m olMoR 4F
Hlom, £A1E9] QHLE 0152 25 dBiZ AFEQICE A
nojAZgolE Ay Wl wWE e Ay g8s SE5)
Qe =41 QHEILIRE =41 AlAEL AROlof 10 dBQ] wiekd Z{HY)
£ ¢Zslo] Ay =87 (power meter)E E3l rectenna® 441
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Fig. 5 Measurement setup for conversion efficiency and
conversion voltage

Aerel ZYAE rectenna AlAEIO H5E7HE EWH I A
Ejot I 312 MEIE Ze= 27K AlAE AE AEfol] thel 5
LR o, 29| AEjof thell Zt W Mg ge HE &
oo thall SEEQICE trekst Fot xgo] tist Mg Edg A
Z317] Q8 51 QoA 1.2 kQ7FR] 9ttA|el Bal wsto] tht
E4g Sdooln. HE Megte Hoto] s gost Mge
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41 vel He dere de 4 A/ATh He g2 Fotel Wl
of met Etote ddE Sd& UEICH, Ft) oF 57 %<
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ez Hetes S48 UERITH
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7180 %E Hshs 320 JuUAE HEIA 2 2ARE FF
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(b)
S 7130 AAEE rectenna AFE (a) 9 (b)) HH
Fig. 8 Photographs of the rectenna implemented on a

I 8
flexible substrate (a) front side (b) rear side
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