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Abstract: In this paper, a linearly polarized U-slot half-mode substrate integrated waveguide 

(HMSIW) antenna for off-body communication is presented. It is based on a combination of a U–

shaped slot etched in the HMSIW top wall and two shorts placed in this slot. The antenna operates 

at 5.8 GHz. In order to verify performance of the proposed antenna placed in the proximity of a 

human body, a three-layer phantom of the human body – a chest model – is used. The antenna 

placed in proximity of the phantom of the human body achieves simulated impedance bandwidth of 

2.02 % and the gain of 7.23 dBi. 
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1. INTRODUCTION 

In these days, a wearable antennas designed at Industrial, Scientific and Medical (ISM) bands (2.4, 

5.8 and 61 GHz) attract a lot of attention. These antennas could be exploited for in-body, on-body 

or off-body communication [1]. Several antennas for off-body communication at 5.8 GHz were re-

ported in [2]-[4]. The HMSIW technology [5] could be successfully exploited for the antenna de-

sign. In [2], a dual-band diamond-shape HMSIW textile antenna has been presented. The antenna is 

comprised by the two slots. The small one is for the tuning of the resonate frequency in the higher 

frequency band. Enlarging this small slot decreases the resonance frequency of the second-order 

mode and provides larger bandwidth in the higher frequency band. The measured impedance 

bandwidth of the antenna is 4.9 % and 5.1 % in 2.4 GHz and 5.8 GHz band, respectively. The 

measured gain of the antenna is 4.1 dBi and 5.8 dBi, in 2.4 GHz and 5.8 GHz band, respectively. In 

[3], a textile dual band-band patch antenna was presented. The antenna is comprised by an inner 

patch, operating at 5.8 GHz, surrounded by a parasitic rectangular ring element resonating at 2.45 

GHz. In [3], the authors focus on crumbling of the antenna. It was demonstrated, that heavy crum-

bling has negative influences on operating frequency, minimum of the reflection coefficient and ra-

diation patterns. A multilayered C-shape slot antenna has been introduced in [4]. The antenna is 

comprised by two patches, where the largest patch resonates at 2.45 GHz and the smaller patch res-

onates at 5.8 GHz. The antenna achieves impedance bandwidth of 3.88 % and 6.90 % and efficien-

cy of 91 % and 95 % for 2.45 GHz and 5.8 GHz, respectively. Other antennas for off-body com-

munication at 2.45 GHz and 60 GHz were reported in [6] and [7]. Antennas for on-body communi-

cation at 2.45 GHz, 5.8 GHz and 60 GHz were reported in [8]-[10]. 

In this paper, a half-mode substrate integrated waveguide U-slot antenna radiating linearly polar-

ized wave designed for the 5.8 GHz ISM band for off-body communication is presented [11]. The 

proposed antenna is placed in proximity of human body model and its parameters are studied. 

2. ANTENNA DESIGN 

The antenna is depicted in Figure 1. The dielectric substrate of the length L, the width W, and the 

height h with the relative permittivity εr, and the loss tangent tan(δ) is on its both sides covered by 
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metal sheets. The HMSIW is created by a row of vias and both its ends are shorted. It operates in 

the fundamental mode TE0.5,0. The radiating U-slot is etched in the top wall of the HMSIW at the 

distance LviaX from its short end in the x-direction, and from the row of vias at the distance LviaY in 

the y-direction. The outer dimensions of the slot are LSLOT-X and LSLOT-Y. The width of the slot is 

WSLOT. The slot is shorted by the strips of the width WSHORT1 and WSHORT1. The antenna is equipped 

by a HMSIW to GCPW (grounded coplanar waveguide) transition. 

 

Figure 1: Top (a) and side (b) view of HMSIW U-shape slot antenna. 

3. HUMAN BODY MODEL 

The human body model used for simulations is composed from three layers – a skin, a fat, a mus-

cle. From the viewpoint of the propagation of electromagnetic waves, all the described layers are 

lossy dielectrics of specific thicknesses and complex permittivity. The skin is a planar organ which 

plays the role of an external surface of organism and protects organism against surrounding envi-

ronment. The thickness of the skin is between 0.4 mm and 4.0 mm. The fat is a reservoir of the en-

ergy and a heat insulator. The thickness of the fat layer is impossible to determine because every-

one has unique anatomy. Muscles are tissues with elastic properties. Muscles are able to contract 

and relax. The layer of muscle has various thicknesses which depend on the type of muscle and the 

location on the body.  

The configuration of the multilayer model (the phantom) of a chest is shown in Figure 2. The pa-

rameters of the phantom are summarized in Table 1 [12]. The phantom is a block of base 200 mm 

× 200 mm. The height of the phantom is given by the thicknesses of the layers representing the 

skin, the fat and the muscle. The distance d between the human body model and the antenna is 1 

mm. 

 εr tan(δ) σ (S/m) thickness [mm] 

Dry skin 35.114 0.32807 3.7170 2 

Fat 4.955 0.18335 0.29313 10 

Muscle 48.485 0.31715 4.9615 28 

Table 1: Parameters of chest phantom. 

319



 

Figure 2: The chest phantom. 

4. ANTENNA DESIGN AND SIMULATED RESULTS 

The antenna was designed with the help of the time domain solver of CST Microwave Studio (CST 

MWS), where local optimization procedures Trust Region Framework and Nedler Mead Simplex 

Algorithm were used, for the operating frequency of 5.8 GHz on the dielectric substrate ARLON 

CuClad 217 with relative permittivity εr = 2.17 ± 0.02, tangent loss tan(δ) = 0.0009, and height h = 

1.524 mm. The resultant dimensions of the antenna are summarized in Table 1. 

 [mm]  [mm]  [mm] 

L 59.06 W 22.5 WAP 3 

LμSTRIP 8.76 WμSTRIP 2.34 WHMSIW 16.98 

LGCW 8.77 WμSTRIP-GAP 1 GviaX 9.57 

LGCW-SLOT 9.09 WμSTRIP-via 3.862 GviaY 2.52 

LSLOT-X 20.95 WGCW1 2.98 h 1.524 

LSLOT-Y 13.69 WGCW2 9.99   

LSLOT2 8.38 WSLOT 1.687   

LviaX 3.62 WSHORT1 0.64   

LviaY 3.29 WSHORT2 0.64   

Table 2: Dimensions of designed antenna (Figure 1). 

The distribution of the electric field in the substrate at the frequency 5.8 GHz is depicted in Figure 

3. Thanks to the short S1, the electric field at the slot is cutted into two halves and the linearly 

horizontally polarized wave in the far field is obtained.  

 

Figure 3: Distribution of electric filed intensity at 5.8 GHz in substrate (magnitude). 
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The simulated reflection coefficient of the antenna in the free-space and in the proximity of the 

chest phantom is depicted in Figure 4. The simulated reflection coefficient of the antenna achieves 

impedance bandwidth about 2.05 % and 2.02 % for the antenna placed in the free-space and in the 

proximity of human body, respectively. The minimum of the reflection coefficient of the antenna 

placed in proximity on human body is slightly shifted about 25 MHz to lower frequencies due to 

the influence of the phantom.  

The normalized simulated radiation patterns in two orthogonal cutting planes in the free-space and 

in the proximity of the phantom at the frequency 5.8 GHz are depicted in Figure 5. It can be ob-

served that the co-polarizations are in good agreement at the boresight direction in both cutting 

planes. The level of the cross-polarization at the boresight direction reaches higher level due to the 

influence of phantom in comparison to the cross-polarization of the antenna placed in the free-

space. The simulated antenna peak gain is 6.49 dBi and 7.23 dBi for the antenna placed in the free-

space and in the proximity of the phantom, respectively. 

Simulated total efficiency at operating frequency f = 5.8 GHz of the antenna is 96 % and 82 % in 

the free-space and in proximity of the phantom of human body model, respectively.  

 

Figure 4: Simulated reflection coefficient. 

 

(a) 

 

(b) 

Figure 5: Simulated radiation patterns of the antenna placed in free-space and in proximity of hu-

man body (phantom): (a) E-plane and (b) H-plane. 

In comparison to antenna proposed in [2], the presented antenna has a higher gain, higher total effi-

ciency and smaller size.  
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5. CONCLUSION 

In this paper, a linearly polarized half-mode substrate integrated waveguide U-slot antenna operat-

ing at the frequency of 5.8 GHz in the proximity of a human body model (a chest phantom) has 

been proposed. The simulated results of the antenna placed in the proximity a human body achieves 

impedance bandwidth of 2.02 % and gain of 7.23 dBi. The antenna is suitable for off-body com-

munication. The will be experimentally verified and the results will be presented at the conference. 
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