
Chalmers Publication Library

The SWE Gapwave Antenna – A New Wideband Thin Planar Antenna for 60GHz
Communications

This document has been downloaded from Chalmers Publication Library (CPL). It is the author´s

version of a work that was accepted for publication in:

7th European Conference on Antennas and Propagation, EuCAP 2013, Gothenburg,

Sweden, 8-12 April 2013

Citation for the published paper:
Yang, J. (2013) "The SWE Gapwave Antenna – A New Wideband Thin Planar Antenna for
60GHz Communications". 7th European Conference on Antennas and Propagation, EuCAP
2013, Gothenburg, Sweden, 8-12 April 2013

Downloaded from: http://publications.lib.chalmers.se/publication/179727

Notice: Changes introduced as a result of publishing processes such as copy-editing and

formatting may not be reflected in this document. For a definitive version of this work, please refer

to the published source. Please note that access to the published version might require a

subscription.

Chalmers Publication Library (CPL) offers the possibility of retrieving research publications produced at Chalmers
University of Technology. It covers all types of publications: articles, dissertations, licentiate theses, masters theses,
conference papers, reports etc. Since 2006 it is the official tool for Chalmers official publication statistics. To ensure that
Chalmers research results are disseminated as widely as possible, an Open Access Policy has been adopted.
The CPL service is administrated and maintained by Chalmers Library.

(article starts on next page)

http://publications.lib.chalmers.se/publication/179727


The SWE Gapwave Antenna – A New Wideband

Thin Planar Antenna for 60GHz Communications

Jian Yang

Dept. of Signals and Systems, Chalmers University of Technology, SE-41296 Gothenburg, Sweden.

Gapwaves AB, 411 29 Gothenburg, Sweden

Email: jian.yang@chalmers.se; jian.yang@gapwaves.com

Abstract—The 60GHz short-range wireless communication
system has gained a lot of attention because it can offer high rate
data communications with the free-licensed band. Development
of wideband, high gain, compact 60GHz antennas is a crucial
issue in the system. We present a concept of a new wideband
thin planar antenna, the Sheet Waveguide Element (SWE) an-
tenna with gap waveguide technology, for 60GHz communication
systems in the paper. This antenna can operate over a wideband
with a very thin configuration and have a potential to have very
low manufacture cost.

Index Terms—60GHz communication, planar array antenna,

wideband

I. INTRODUCTION

The 60GHz wireless communication systems have gained

a lot of attention due to its unique characteristics, such as

license-free, wideband (7GHz), high data-rate communication,

oxygen absorption and security advantages. The high-gain,

narrow beam 60GHz antenna is a crucial issue in the devel-

opment of the 60GHz systems.

Among many types of 60GHz antennas, planar array anten-

nas have many advantages: low-profile, light weight and easy

installation. The SIW (substrate-integrated waveguide) planar

array [1]–[3] and hollow waveguide slot array antenna [4] are

important examples of 60GHz planar array antennas. However,

the SIW antennas may have a high dielectric loss and hollow

waveguide slot array has narrow bandwidth and difficulties to

manufacture.

We propose a new concept for planar array antennas -

the Sheet Waveguide Element (SWE) antenna in the paper,

integrated with gap waveguide [5]–[7]. The gap waveguide

technology was introduced in 2009 [5] and later validated

experimentally [6] and applied to packaging of microstrip cir-

cuits [8], [9], MMIC amplifier chains [10], and in particularly

for improving microstrip filters [11] and other components

[12]. There has previously been published 3 different gap

waveguide types: ridge, groove and microstrip gap waveguides

[13]. The groove gap waveguide was used to realize high Q

filters in [14]. We have not yet realized gap waveguide anten-

nas, except for the initial work in [15] before the invention of

the general gap aveguide technology, and the related phased

array antenna design in [16], and some single slot antenna

design. We propose a new concept for planar array antennas

in this paper the Sheet Waveguide Element (SWE) antenna

Fig. 1. CST modeling of the SWE antenna.

in the paper, integrated with a new type of gap waveguide,

prohibiting higher order modes in very wide parallel-plate

waveguides. The antenna’s architecture was inspired by CTS

(Continuous Transverse Stub) antenna [17], [18]. In the SWE

antenna, we introduce a new type of waveguide – the sheet

gap waveguide, in order to 1) suppress the higher order

modes in the very wide sheet waveguide, able to design E-

band power divide with a very thin profile and have better

radiation performance in H-plane; 2) have different matching

mechanism without problem of exciting higher order modes;

3) have a very low manufacture cost.

In the SWE antenna, The tapered aperture distribution over

H-plane can be achieved by a parallel plate waveguide (PPW)

reflector or lens antenna. The tapered aperture distribution over

E-plane can be achieved by thin E-bend power dividers, which

was used in CTS antenna. However, the overmode waveguide

in CTS antenna has a drawback: the E-bend power divider

should be cylindrical structure – no variation along the width,

otherwise higher order modes will be created. This imposes a

difficulty on manufacture, and limits the matching methods to

design a good E-bend power divider when the power divider

is very thin.

The purpose of this paper is to present the concept of SWE

antenna and show some preliminary results [19].

II. SHEET GAP WAVEGUIDE

Several waveguide technologies have been proposed for

millimeter and sub millimeter waves up to Terahertz in order

to reduce both the ohmic loss of the wave transmission and the



manufacture cost. The SIW (Substrate Integrated Waveguide)

has lower loss than microstrip line but the dielectric loss may

still lead to unacceptable ohmic loss.

In the SWE antenna, we need to use a very wide waveguide.

The ohmic loss, due to the finite conductivity, of a very wide

waveguide is much lower than a standard waveguide. Fig. 2

compares the simulated insertion loss, using CST Microstu-

dio [20], between the standard waveguide WR15 (3.759 ×

1.88mm2) and the overmode waveguide (140 × 1.88mm2)

(referred to as the Sheet Waveguide). Both waveguides are

modeled by copper (σ = 5.8 × 10
7S/m). The simulations

indicate clearly that the sheet waveguide has much low ohmic

loss when only the dominate mode propagates, and much

wider band performance.

Reducing the height of a waveguide will increase the ohmic

loss in general. Fig. 3 shows the CST simulated insertion loss

between sheet waveguides with different heights. It can be

concluded the followings. If the height of the sheet waveguide

is very thin, such as 0.05 mm, the ohmic loss will be 1.5 dB

per 50 mm at 60 GHz (10 wavelength), an unacceptable value

in most application cases. However, when the height is larger

than 0.2 mm, the ohmic loss will be in an acceptable range.

For example, the ohmic loss is about 0.15 dB per 50 mm at

60 GHz when the height is 0.3 mm, ten times less than that

when the height is 0.05 mm.

As mentioned, the sheet waveguide can have higher order

modes propagating in it. Fig. 4 shows the simulated dispersion

diagram of the first 8 modes in the sheet waveguide, which

means that all these modes can propagate in the sheet waveg-

uide. In order to avoid this problem, a sheet gap waveguide

is introduced, as shown in Fig. 5: on the bottom plate of the

sheet waveguide, two rad periodic pin structure is implemented

with a certain spacing along the width of the waveguide. By

doing so, the waves will be stopped in the area of the pin

structure. The height of the pin is chosen as 1.25 mm, a

quarter wavelength at 60 GHz. This height can be reduced by

several means, which we will not discuss here. Fig. 6 shows

the simulated dispersion diagram of the 8 modes, which states

that 7 modes are stopped by the pin structure and only one

mode can propagate now in the sheet gap waveguide. We will

investigate more on this issue.

The simulated insertion loss of the sheet gap waveguide

is shown in Fig. 7, where the losses of the sheet waveg-

uide without pin structure and a rectangular waveguide of

3.76× 0.3mm2 are also shown as references. From the figure,

it can be seen that i) the sheet gap waveguide has a similar

ohmic loss as the sheet waveguide does, which is much lower

than a normal rectangular waveguide with the same height; ii)

since the propagation mode has very low cut-off frequency,

the insertion loss is almost flat over 50–70 GHz, while the

normal thin rectangular waveguide has a large insertion loss

at 50 GHz.

III. SHEET WAVEGUIDE ELEMENT ANTENNA

We have not completed the design of 60GHz antenna with

sheet gap waveguide. We present here the preliminary design
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Fig. 4. Dispersion diagram of the sheet waveguide (140× 0.3 mm2).

with sheet waveguide without pin structure, in order to show

the potential of this type of antenna.

Fig. 1 shows the configuration of the Sheet Waveguide



Fig. 5. Geometry of sheet gap waveguide (SGWG) (140×0.3mm2 + gap).
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Fig. 6. Dispersion diagram of sheet gap waveguide (140×0.3mm
2 + gap).
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Element (SWE) array antenna, which consists of 32 overmode

waveguide horns with a size of 140× 5 mm2. The size of the

whole antenna is 140 × 140 × 30 mm3. The input port is

a standard WR-15 rectangular waveguide. Fig. 8 shows the

compact feeding network using E-bend power dividers for the

aperture distribution over the E-plane, and Fig. 9 shows that we

use a parallel plate waveguide reflector to achieve the tapered

aperture distribution over the H-plane.

Fig. 8. Feeding network.

Fig. 9. reflector.
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Fig. 10. Simulated reflection coefficient of the SWE antenna.

IV. SIMULATED RESULTS

The design has be carried out by an optimization scheme

– so-called Social Civilization algorithm [21]. The simulated

reflection coefficient of the whole antenna is shown in Fig. 10,

below -12 dB over 50–70 GHz. Simulated radiation patterns

in 45◦ plane are shown in Fig. 11. It can be observed that

the sidelobe levels in this plane are under the ETSI class

3B envelop. Fig. 12 shows the simulated radiation patterns

in E- and H-plane at 60 GHz. From the figure we see that the

sidelobe levels do not satisfy the ETSI class 3B requirements.

For E-plane, we can design the E-bend power dividers to

have an optimal tapered aperture distribution. For H-plane,

we believe that the sheet gap waveguide feeding network will

solve the problem.

V. CONCLUSION

A concept of a new 60GHz planar antenna has been pre-

sented in the paper. Simulation results show that the antenna
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Fig. 11. Simulated radiation patterns in 45◦ plane.

has a wideband performance, good impedance match at input

port and low sidelobes.

A patent application of this antenna has been submitted [19].

ACKNOWLEDGEMENT

I would like to express my appreciation to Prof. Per-Simon

Kildal from Chalmers and Orjan Eriksson from Gapwaves AB

for their comments and discussions on this work.

−135 −90 −45 0 45 90 135
−60

−40

−20

0

20

40

θ (
o
)

A
m

p
lit

u
d
e
 (

d
B

i)

 

 

f = 60.00 GHz

D = 37.2 dBi

Co−Polar E−Plane

Xp−Polar E−Plane

Class 3B Co−polar
Class 3B Xp−polar

−135 −90 −45 0 45 90 135
−60

−40

−20

0

20

40

θ (
o
)

A
m

p
lit

u
d
e
 (

d
B

i)

 

 

f = 60.00 GHz

D = 37.2 dBi

Co−Polar H−Plane

Xp−Polar H−Plane

Class 3B Co−polar
Class 3B Xp−polar

Fig. 12. Simulated radiation patterns in E- and H-plane at 60 GHz.

REFERENCES

[1] J. Hirokawa and M. Ando, “Single-layer feed waveguide consisting of
posts for plane tem wave excitation in parallel plates,” IEEE Trans.

Antenn. & Propaga., vol. 46, no. 5, pp. 625–630, 1998.

[2] J. Xu, W. Hong, P. Chen, and K. Wu, “Design and implementation
of low sidelobe substrate integrated waveguide longitudinal slot array
antennas,” IET Microwaves, Antennas & Propagation, vol. 3, no. 5, pp.
790–797, 2009.

[3] M. Ohira, A. Miura, and M. Ueba, “60-GHz wideband substrate-
integrated-waveguide slot array using closely spaced elements for planar
multisector antenna,” IEEE Transactions on Antennas and Propagation,
vol. 58, no. 3, pp. 993–998, 2010.

[4] T. Tomura, Y. Miura, M. Zhang, J. Hirokawa, and M. Ando, “A 45◦

linearly polarized hollow-waveguide corporate-feed slot array antenna
in the 60-ghz band,” IEEE Trans. Antenn. & Propaga., vol. 60, no. 8,
pp. 3640–3646, 2012.

[5] P.-S. Kildal, E. Alfonso, A. Valero-Nogueira, and E. Rajo-Iglesias,
“Local metamaterial-based waveguides in gaps between parallel metal
plates,” IEEE Antennas and Wireless Propagation Letters, no. 8, pp.
84–87, 2009.

[6] P.-S. Kildal, A. Uz Zaman, E. Rajo, E. Alfonso, and A. Valero Nogueira,
“Design and experimental verification of ridge gap waveguide in bed of
nails for parallel plate mode suppression,” IET Microwave Antennas and

Propag., vol. 5, no. 3, pp. 262–270, 2011.

[7] P.-S. K. Hasan Raza, Jian Yang and E. Alfonso, “Resemblance between
gap waveguides and hollow waveguides,” IET Microwave Antennas and

Propag., submitted, 2012.

[8] E. Rajo-Iglesias, A. Zaman, and P. Kildal, “Parallel plate cavity mode
suppression in microstrip circuit packages using a lid of nails,” IEEE

Microwave and Wireless Components Letters, vol. 20, no. 1, pp. 31–33,
2010.



[9] A. Zaman, J. Yang, and P. Kildal, “Using lid of pins for packaging of
microstrip board for descrambling the ports of eleven antenna for radio
telescope applications,” in 2010 IEEE Antennas and Propagation Society

International Symposium (APSURSI). IEEE, 2010, pp. 1–4.
[10] A. Zaman, T. Vukusic, M. Alexanderson, and P.-S. Kildal, “Gap waveg-

uide PMC packaging for improved isolation of circuit components in
high frequency microwave modules,” submitted to IEEE Transactions

on Components, Packaging and Manufactur-ing Technology, Nov. 2012.
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