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Figure 1 (Color online) (a) Traditional inverted-F antenna and (b) flexible stretchable antenna
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Figure 2 (Color online) Structure parameters of stretchable inverted-F antenna
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Table 1 Stretchable antenna structure parameter table

Parameter Value (mm) Parameter Value
L1 15.8 w1 1 mm
L2 2.6 w2 0.8 mm
L3 2.6 w3 0.5 mm
L4 2.4 w4 0.09 mm
H1 4.2 R 1.5 mm
H2 3.3 6o 137.6°
H3 3.3 01 137.6°
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Figure 3 (Color online) Simulated return loss (a) and normalized Smith chart (b)
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Figure 4 (Color online) Simulated radiation pattern (a), XY plane pattern (b), YZ plane pattern (c)
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Figure 5 (Color online) Simulated surface current distribution of stretchable antenna

5 (MEhMFE) AIERE F REREERDHE

M 3D FES T R T LA B, WRERER] FORERVAR ST A B SR SR FORZ IRR ST T 1A 1B 22
AR, REAE YZ W7 17 EESL TR, Attt XY i, RS H 7 B IfFaca iR 3
e, BATIHAT 1) Ax T AR A R L

FSE AR FOREIR I FL L AT B 5 i, R AR v 7 it i 1) AU AR S R ) — N B L
FEER — AN MR A M AR R B KA. ESH o, REGSEHON— B L BRZAE ()2 — AL g,
PA2 FH0EE-3 e b SR 7 4 NG EWE N AN T PA B 2 1 S R T SN VA B = N G275 L P B el LT SV A 116
PR AR 2 B R AL, B A it tE DA AL, SR FLR 0 AT 4 R Rl il B I R I T 2%

2.3 REAERMHES
RGN TR, 524 AR Poisson EUFRIFZIR, 18 N2 47 16 5 T K B 188 o, i /6 38 EL A
K FE/IN. Poisson LU E AR B ) 52 7 8 52 He A A8 i) L J97 A8 -5 2l [ 1 28 P 246 6 1 Bl AR 1251

£l
v 57 ()

Hot, e NFREDT A L MIRAL, e A7 i _ERINAZ. 9 T 48 HFSS i B3R5 b iR R EAE R 6 N 7
AR, FEARRRRHI) X AT Y D51 53 E AR R O, 1 Oy, REAERLIEAZ JEHA )
AR AR 2 T AT AR AL b afe LK LT ) B Bz A R A, B

X1 = X() X 017 (5)
Y =Y, x C,. (6)

fii4E PDMS #EHY Poisson t, AT LASHAE X Hh77 1) bt A 82 iy AN J7 1) b A 23000 0% &
C, =148 — 048 x C,. (7)

FEAER AR H A AL A, B G, XU fEAE HFSS 47 F& FhOort i i 1R 2 kAT 240
i XHX X J7AhL i R O, BT TARRBRE, KON 5%, WK 2 For, 07 E A RIS R I

728



FEB FEREE B A8 E 6

*2 FERRLE X WEM Y HEELRAE C, fC, HERER

Table 2 The relationship between Cy and C, when stretched in X axis and in Y axis

X axial stretching Y axial stretching
Stretch range (%) Cz Cy Stretch range (%) Cy Cz
0 1.00 1.00 0 1.00 1.00
5 1.05 0.98 20 1.20 0.90
10 1.10 0.95 40 1.40 0.81
15 1.15 0.93 50 1.50 0.76
20 1.20 0.90 60 1.60 0.71
25 1.25 0.88 70 1.70 0.66
0
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Figure 6 (Color online) Simulated return loss of stretchable antenna when stretched in X axis
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Figure 7 (Color online) Simulated return loss of stretchable antenna when stretched in Y axis
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Figure 8 (Color online) Schematic of the bending radius of stretchable antenna
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Figure 9 (Color online) Schematic of the bending radius of stretchable antenna
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Design of stretchable inverted-F antenna based on PDMS sub-
strate

Yu HE", Yi LIU & Yintang YANG

School of Microelectronics, Xidian University, Xi’an 710071, China
* Corresponding author. E-mail: chonggingheyu@126.com

Abstract In recent years, the rapid development of the Internet of Things (IoT) has led to the rapid rise of
wearable devices, and the emergence of body-area networks (BANs) has resulted in new demands for antennas. In
some areas, such as biomedical applications, antennas are required to not only be stretchable, but also bendable.
Traditional PCB antennas, usually fabricated on a rigid substrate, can hardly stretch or bend and are not suitable
for wearable devices physically and electrically because, once stretched, the antenna’s length will increase, resulting
in a lower center frequency. In this paper, a stretchable flexible inverted-F antenna based on a PDMS substrate
is designed that operates in the Bluetooth band. Because of the design of the meandered-line radiation arm and
the division of the ground plane and flexible substrate, a stretchable inverted-F antenna is achieved. Simulation
results of the antenna during stretching and bending show that the designed antenna is able to stretch up to 20%
in the X axis, 60% in Y axis, and to bear bending with a minimum radius of curvature of 8 mm while still fully
covering a Bluetooth band.

Keywords stretchable antenna, inverted-F antenna, wearable device, Bluetooth
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