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MOST POPULAR TOPICS
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WHERE DO WE NEED ANTENNAS?

• Mobile Communications: 5G, 6G
• Wireless local area networks: WiFi, WiGig
• Intelligent transportation: Collision avoidance systems, autonomous driving, V2V
• Navigation satellite systems: GPS, BeiDou, GALILEO, GLONASS, GNSS
• Satellite internet: Starlink (SpaceX), Kuiper (Amazon)
• IoT: mm-wave sensors
• Unmanned aerial vehicles and drones: radio altimetry
• Satellite microwave remote sensing:  altimeter, polarimeter
• Medical imaging: stroke detection and other diseases
• Energy harvesting
• Optical technologies: nanoantennas
• Deep space exploration: FAST, Kilometer Arrays
• Wireless power transfer
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RADIO TELESCOPE: VERY LARGE ANTENNAS
( B Y  C O U RT E S Y  O F  P RO F  B AOYA N D UA N , X I D I A N U N I V E R S I T Y )

(a) Bird view of the FAST telescope (b) Feed cabin and cable system

FAST 500m largest radio telescope

A 66m S/X-beam guide 
antenna for Mars detection

A China “Tian Tong No.1” 
spaceborne deployable 
antenna

The world’s largest fully 
steerable QTT110 m radio 
telescope
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WIRELESS POWER TRANSFER
( B Y  C O U RT E S Y  O F  P RO F  B AOYA N D UA N , X I D I A N U N I V E R S I T Y )

Arrays of Microstrip antennas 6



IEEE APS JOHN KRAUS ANTENNA AWARDS

Year Name(s) Major Contributions

2004 V. H. Rumsey Reaction Theorem

2005 Walter Rotman Rotman Lens

2006 Carl E. Baum, D. V. Giri, and 
Everett G. Farr

Ultra-wideband 
antennas

2007 Benedikt A. Munk Microstrip antennas and 
arrays

2008 Daniel H. Schaubert Microstrip antennas

2009 Kai Fong Lee U-slot microstrip 
antennas

2010 D. E. Anagnostou, Guizhen
Zheng, C. Christodoulou, 
and J. Papapolymerou

Reonfigurable antennas

2011 D. Filipovic and G. M. Rebeiz Millimeter-wave 
antennas

2012 Peter Hall Microstrip antennas

Year Name(s) Major Contributions

2013 Lot Shafai Wideband microstrip antennas

2014 Stuart A. Long Dielectric resonator antenna

2015 G. Eleftheriades Metamaterial antennas

2016 Yahya Rahmat-Samii Reflector antennas

2017 Kwai Man Luk L-probe microstrip antenna, 
Magneto-electric dipole

2018 W. D. Burnside Compact range with blended-
rolled edges

2019 Dan Sievenpiper High impedance surface

2020 Yue Ping Zhang,
Duixian Liu

Antenna in Package

2021 Zhi Ning Chen Metantennas

Major Milestones in Antenna Designs over the Past 3 Decades
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Research Activities

Open 
Resonator 

Theory

Wideband 
Microstrip 
Antennas

Magneto-
electric Dipole

Open 
Resonator 
Antenna

Dielectric 
Resonator 
Antenna

Dense 
Dielectric 

Patch Antenna
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OPEN RESONATOR THEORY

• Improved the theory of the spherical Fabry-Perot cavity

• Derived a more accurate resonant formula based on complex-source-
point theory 

• Discovered the frequency splitting of polarization eigenmodes of the 
higher-order Laguerre-Gaussian beam modes

1985 summer
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BASIC MICROSTRIP PATCH ANTENNA

• Most popular antenna structure over the past 4 decades

Dielectric 
substrate

Patch

Grounded plane

G. A. Deschamps, “Microstrip microwave antennas,” presented at the 3rd USAF Symposium on Antennas, 1953.

• Low profile
• Narrow bandwidth <2%; low gain~6.5dBi 
• Broadside or conical radiation pattern
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WIDEBAND MICROSTRIP ANTENNAS

Substrate

(a)

Parasitic 
patches

Fed patch

Top view

Side view

Ground 
plane

Coaxial feed

Substrate 1
Substrate 2

Fed patch

Parasitic 
patch

Ground plane
Coaxial feed

(b) (c)

Ground planeCoaxial feed

Substrate

U Slot

Patch

Coplanar parasitic 
patches

Stacked parasitic 
patch

U-shaped 
slot

K F Tong, K M Luk, K F Lee and R Q Lee, “A broadband U-slot rectangular patch antenna on a microwave 
substrate,” IEEE TAP 2000 
K F Lee, K M Luk, K F Tong, S M Shum, T Huynh and R Q Lee, “Experimental studies of the coaxially fed U-slot 
rectangular patch antenna,” IEE Proc. H 1997 
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L-PROBE PATCH ANTENNA

Patch

Ground plane

L shaped 
probe

Feed

H

W
L

y

x

z

Plastic post

(a) Perspective view (b) Side view

b

a

D

K M Luk, C L Mak, Y L Chow and K F Lee, “Broadband microstrip patch antenna,” Electronics Letters, 1998

• Can be designed with 
linear, circular and dual 
polarizations

• Flexible in selecting feed 
locations

• Non-contacted feed
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DENSE DIELECTRIC PATCH ANTENNA 

H. W. Lai, K. M. Luk, and K. W. Leung, “Dense dielectric patch antenna – A new kind of low-profile antenna element for
wireless communications,” IEEE Trans.Antennas Propagation, vol. 61, no. 8, pp. 4239–4245,Aug. 2013.

 Operating at 3.98 GHz with an impedance bandwidth of 1% and a gain of 5.6 dBi

 The metallic patch is replaced by a thin dielectric patch with high dielectric
constant

 Attractive for millimeter-wave and terahertz applications as surface roughness
problem of metallic patch is mitigated.
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 Water has high dielectric constant

 Working at 0.9 GHz

 Bandwidth: up to 22.6 % for |𝐒𝐒𝟏𝟏𝟏𝟏|< -10 dB

 Gain: up to 8 dBi

 Unidirectional radiation pattern

Water Patch Antenna

Y Li and K M Luk, “A Water Dense Dielectric Patch Antenna”, IEEE Access, pp.  274-280, 2015.
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 Three layers: two water layers and an air layer sandwiched
in the middle.

 Circular shape for both water layers

 A disk-loaded probe feed at the center

A Wideband Transparent Water Patch Antenna

Jie Sun and Kwai-Man Luk, “Design of transparent multilayer film antenna for wireless communication,” IEEE
Transactions on Antenna & Propagations, accepted for publication, 2016.
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COMPLEMENTARY ANTENNA CONCEPT

y

Z

Ee Em

x

z
He

Hm

Ec

Hc

Electric dipole
Magnetic dipole Complementary antenna

•Cardiac shape radiation pattern
• Back-lobe suppression
• Circularly symmetric 
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MAGNETO-ELECTRIC DIPOLE 
– BY GENERALIZING THE COMPLEMENTARY ANTENNA CONCEPT

Feed to connector

Grounded plane

Metallic plate
J

M

Both electric and magnetic dipole modes are excited simultaneously

K M Luk and H Wong, “A new wideband unidirectional antenna,” International Journal of Microwaves 
and Optical Technologies, 2006 17



 Wide impedance bandwidth: ~50%
 Stable gain performance (~ 8 dBi)
 Cardiac shape radiation pattern
 Low cross-polarization (< 20 dB) and low back radiation (<

20 dB)

Simulated and measured 
SWRs and Gains

Measured radiation pattern at 
center frequency 

K.-M. Luk and H. Wong, “A new wideband unidirectional antenna element,” Int. J. Microw. Opt. Technol., vol. 1, no. 1, pp. 35–44, Jun. 2006

Linear Polarization

Dual Polarization

E dipole M dipole
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Open Resonator Antenna (with a spherical Fabry-Perot cavity)

6G communications
Frequency increase: from microwave to terahertz 

Higher air attenuation
Weaker penetration power 

High gain antenna
to cover longer distance

Reflective surface

Partially 
reflective surface

Open resonator antenna

feed

Resonating
inside cavity

Wave superimpose 
in phase

Feed only Feed with resonator
(Open resonator antenna)

Low gain

High gain

Advantages: 
 High gain (Comparing to patch/dipole/monopole…) 
 Low profile (Comparing to horn/lens…)
 Easily integrated with integrated circuits
 No complex feeding network, low loss (comparing with 

antenna arrays)
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MOST POPULAR PAPERS

• From IEEE Xplore, Kwai Man Luk has 301 papers with a total 
of 460,000 full text views.

• And has 19 papers each with over 5000 full text views 
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RANK 19 – NO. OF VIEWS 5004

Design Principle:
• L-shaped probe feed principle
• Vertical vias to realize vertical walls

Attractive Features:
• Single layer design
• Stable gain and radiation pattern
• Low cross-polar & back radiation
• Suit for array
• Low fabrication cost
• Low surface wave loss

Performance:
• f = 60 GHz
• SWR BW = 51%
• Gain = 8 dBic
• Size: 0.73λ×0.87λ

M. Li and K. M. Luk,“Wideband 
Magneto-Electric Dipole 
Antenna for 60-GHz Millimeter-
Wave Communications,” IEEE 
Transactions on Antennas and 
Propagation, 2015

SWR and Gain

E-plane

Radiation Patterns at 55 GHz

H-plane
21



RANK 12 – NO. OF VIEWS 5532

Comparison of simulated return loss and 
axial ratio with/without U-slot

Design Principle:
• U-slot for wideband matching
• Chamfer corner for CP excitation 
• High dielectric constant material 

for size reduction (εr = 10.02)

Attractive Features:
• Small size
• Large overlapping impedance 

and SWR bandwidth

Performance:
• f = 1.575 GHz
• SWR BW = 4.2%
• Gain = 4.5 dBic
• Size: 0.13λ×0.13λ

Radiation Patterns at 1.575 GHz
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Geometry

Design Principle:
•Magneto-electric dipole as radiator
•Folded patch for low profile
•Metallic cavity for reducing back
radiation

Attractive Features:
•Low profile
•Simple feeding structure
•Wide bandwidth
•Low back radiation
•Low cross polarization
•D.C. grounded

Performance:
•Bandwidth: 1.88-3.3 GHz (54.8%)
•Gain: 8.6 dBi
•Size: 0.967λ0×0.967λ0×0.173λ0

Radiation patterns

SWR and Gain

RANK 10 – NO. OF VIEWS 6235
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RANK 9 – NO. OF VIEWS 6617

Simulated and measured S-parameters of the 
fabricated antenna array

Design Principle:
• Integrate open-end SIW and E-

dipoles as ME-dipole antenna
• Additional E-dipole helps to 

improve matching 
• U-shaped walls prevent undesired 

influence on devices behind the 
antenna

Attractive Features:
• Simple structure
• Ease of integration
• Low costs 

Performance:
• f = 60 GHz
• Overlapped BW > 18.2%
• Gain = 9 – 12 dBi
• Directivity > 12 dB
• X-pol. < -28 dB
• Radiation eff. = 45% - 55%

TOP VIEW BOTTOM VIEW

Radiation Patterns at 60 GHz

END-FIRE ME-DIPOLE ARRAY
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RANK 8 – NO. OF VIEWS 6716

VSWR

Design Principle:

Attractive Features:
• low cross polarization  <- 20 dB, 
• low back radiation : < -20 dB,
• the beamwidth and rad. pattern are 

very stable over the operating BW.

Performance:
• f=2.4GHz
• VSWR<1.5 BW = 44% (1.85-2.89)
• Gain = 7.6-8 dBi over the BW
• Size: 0.5λ×0.5λ

Radiation Patterns at 1.7,2.5,3 GHz
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RANK 7 – NO. OF VIEWS 7357

Measured and simulated AR, gain, and
directivity of the CP antenna array

Design Principle:
• A transverse slot for convenient 

integration
• Two orthogonal ME-dipole modes 

for CP radiation 
• ME-dipole element for a wide AR 

bandwidth array without the use 
of sequential feed. 

Attractive Features:
• Wide AR bandwidth
• High efficiency

Performance:
• f = 60 GHz
• SWR BW = 18.2%
• Gain = 26.1 dBic
• Size: 6.12λ×6.8λ
• AR BW = 16.5%
• Efficiency = 72.2%

Radiation Pattern at 60 GHz

Measured and simulated |S11| of
the fabricated CP antenna array
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B. Q. Wu and K. Luk, “A Broadband Dual-Polarized Magneto-Electric Dipole Antenna With Simple Feeds,” IEEE Antennas and Wireless 
Propagation Letters, vol. 8, pp. 60-63, 2009.

Design Principle:
• Two Γ-shaped feeds of 

different heights without 
touching the metallic parts

Attractive Features:
• Wideband
• High isolation
• High gain

Performance:
• f = 2.565 GHz
• SWR BW = 67%, Iso. > 36 dB
• Gain = 9.5 dBi
• Size: 0.51λ ×0.51λ ×0.23λ

Rank 6 - No. of Views 7539

27

Rad. Pat. at 2.701 GHz of Port 1 and Port 2



RANK 5 – NO. OF VIEWS 7709

Design Principle:
• The “dual-feed” design for 

improving isolation
• L-probe for improving bandwidth

Attractive Features:
• High isolation
• Large overlapping 

impedance and 
SWR bandwidth

Performance:
• f = 1.8 GHz
• SWR BW = 20.8%
• Array Gain = 11 dB
• Isolation over 30dB

Radiation Patterns at 1.8 GHz

Antenna array and the 
feed network

SWR of two ports
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K. M. Mak, H. W. Lai and K. M. Luk, “A 5G Wideband Patch Antenna With Antisymmetric L-shaped Probe Feeds,” IEEE Transactions on 
Antennas and Propagation, vol. 66, no. 2, pp. 957-961, Feb. 2018.

Rank 4 - No. of Views 8208

29

Rad. Pat. at 2.2 
GHz of Port 1

Design Principle:
• Antisymmetric L-shaped probe 

for broadband and low X-pol.
• For DP, a parasitic patch for 

retaining wideband operation

Attractive Features:
• Compact and simple structure
• Wideband and high isolation
• High efficiency
• Low x-pol. and stable gain
Performance:

• LP Antenna Performance

Comparison of simulated SWR BW with/ 
without stacked patch f (GHz) SWR BW Gain (dBi)

LP
2.270 49.3% 10
Size: 0.38λ ×0.38λ ×0.18λ

DP 2.173
54%

(Iso.>30dB)
9.5

Size: 0.38λ ×0.38λ ×0.23λ

Rad. Pat. at 
2.2 GHz

• DP Antenna Performance



RANK 3 – NO. OF VIEWS 9096

Design Principle:
• SIW fed for reducing the impact of the feed 

network.
• Four 90◦ couplers for achieving multiple 

beams
• Aperture-coupling scheme for improving 

isolation

Attractive Features:
• Small size
• Dual-polarized
• High isolation between 

two ports (over 45 dB)
• Multiple Beams

Performance:
• f = 60 GHz
• SWR BW = 21%
• Gain = 8 dBi
• Size: 0.6λ×0.6λ

2 ✕ 2 Array

Dual-polarized Radiation Patterns of Antenna Element at 60 GHz

Our simulated tilted beams with same polarization.
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RANK 2 – NO. OF VIEWS 10681

Design Principle:
• The 1st U-slot for 

wideband matching
• One additional U-slot 

for dual-band 
• Two additional U-slot 

for triple-band 

Attractive Features:
• Simple feed 
• Only one patch/one layer
• Easy to fabricate

Performance:
• Dual band:

3.75 – 4.05 GHz
5.00 – 5.75 GHz

• Triple band:
3.50 – 3.75 GHz
4.85 – 5.20 GHz
5.50 – 5.70 GHz 

Reflection coefficient

Patch with two slots for 
dual-band

Patch with three slots for 
triple-band

Dual band
Gain

Triple band

Reflection coefficient Gain
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RANK 1 – NO. OF VIEWS 10919

Simulated and measured VSWR and axial 
ratio

Design Principle:
• Edge of Patch folded down with 

open slots for size reduction
• Surrounding patch with dielectric 

substrate for wider beamwidth

Attractive Features:
• Size is 44.8% smaller than a 

conventional 𝜆𝜆
2

patch
• Cover wide elevation angles & 

complete azimuth range

Performance:
• f = 3.77 GHz
• SWR BW = 11%
• 3-dB axial ratio BW = 3%
• 3-dB beamwidth = 1240

• Gain = 5 dBic
• Patch length: 0.28λ

TOP VIEW BOTTOM VIEW

Radiation Patterns at 3.77 GHz
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A VERY POPULAR PAPER (>100,000 VIEWS)  

• Y Gao, R Ma, Y Wang, Q Zhang and Clive Parini, 
“Stacked patch antenna with dual-polarization and 
low mutual coupling for massive MIMO,” IEEE 
Trans on AP, Oct 2016

• Operated at 3.7 GHz
• Isolation over 35 dB
• Innovative feed network 

designed for dual-
polarization radiation
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RECENT WORKS ON ME DIPOLES

• THz ME dipole array
• THz open resonator antenna with ME dipole feed
• Low divergence OAM antenna
• A compact linearly-polarized ME dipole array
• A compact Dual-linearly-polarized ME dipole array
• Single-layer Dual-polarized ME dipole array
• Reconfigurable CP ME dipole transmitarray
• Reconfigurable LP ME dipole folded transmitarray
• Wideband low sidelobe ME dipole array
• ME dipole for medical imaging
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THZ MAGNETO-ELECTRIC DIPOLE ARRAY

Luk KM, Zhou SF, Li YJ, Wu F, Ng KB, Chan CH, Pang SW, “A microfabricated low-profile wideband antenna array for 
terahertz communications” Scientific Reports, 7, 11, p.1268, Apr 2017

2 x 2 antenna array

Air cavityWR1.0 waveguide

Part I

Part II

x
y

z

Micro-fabrication process
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 Microfabricated Terahertz Open Resonator Antenna for Future Ultrahigh Speed Wireless Communication [1] 

[1] Zhu S Y, Li Y L, Luk K M, and Pang S W, Compact high-gain Si-imprinted THz antenna for ultrahigh speed wireless communications, IEEE Transactions on Antennas 
and Propagation, 2020.
[2] Fukunaga, K., et al. Terahertz imaging systems: a non-invasive technique for the analysis of paintings. O3A: Optics for Arts, Architecture, and Archaeology II, 2009.

For future 6G wireless communication: 
Higher data rate and capacity

Issues: 
 Large attenuation 

 Low power THz sources

Necessity: 
High-gain antennas

50 µm

ME dipole feed:
• Silicon based deep 

reactive ion etching
• Better radiation pattern, 

higher gain

500 µm

Spherical cavity:
• Polymer based 

imprinting
• Wider bandwidth, stable 

gain

Terahertz band (100 GHz-10 THz)
[2]

Open Resonator antenna:
• High gain: over 20 dBi
• Compact, low profile
• Silicon based: easy to integrate with IC

Microfabricated Terahertz Open Resonator Antenna for Future Ultrahigh Speed Wireless Communication [1] 
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Spherical Cavity

Coat SU-8 on Glass Remove SiO2 Bead

Coat Ti/Cu/Au
and Peel Off 

Stack Curved Structure 
on Top of Antenna Feed

Put Holder above
Curved Structure 

Place 20 µm Thick 3 mm Dia.
Si Wafer above Holder

95 °C, 5 bar for 10 min

Drill Hole in Center
by Laser Cutting

395 nm UV for 2 min
Imprint SiO2

Bead on SU-8

37

Fabrication techniques: Imprint techniques

2 mm



SAMSUNG 6G white paper 
Potential technology: OAM

Orbital Angular Momentum
Vortex wave:
• Increase channel capacity 
• Realize band multiplexing

Divergence angle
Transmitting 

antenna
Receiving 
antenna

Solution:
Antenna with reduced divergence angle

Resonant cavity:
To reduce the divergence angle

Patch array feed:
To generate OAM wave

• Divergence angle:
16° 9°

• Relatively high gain
• Lower profile

Li Y L, Luk K M. A Low-Divergence Circularly Polarized Dual-Mode OAM Antenna Based on Higher Order Laguerre–Gaussian Modes. IEEE Trans on AP, 2021.

A Low-Divergence OAM Antenna for Future Communication Systems [1]
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A Wideband Compact Magneto-Electric Dipole Antenna for 
Millimeter Wave Applications

x y
z

Aperture 

Transverse slot

Electric dipole Magnetic 
dipole

(a)

y
x

(b)

I

y
x

(a) (b)

I

Top Bottomy
x

y
x

26 GHz

32 GHz 38 GHz

• ME dipole: wide bandwidth

• Slot: Miniaturization, suppress high order mode

• Scan performance is maintained over a wide operating band

X. Dai, A. Li, K.-M. Luk, “A wideband compact magneto-electric dipole 
antenna fed by SICL for millimeter wave applications” IEEE Trans. Antennas 
Propag., vol. 69, no. 9, pp. 5278-5285, Sep. 2021.



Step 2
Reactive Impedance Structure

Size Gain(dBi)

Ant. 1 0.38λ0 ×0.38λ0 ×0.14λ0 4.0 (0.9-7.1)

Ant. 2 0.30λ0 ×0.30λ0×0.12λ0 8.2 (7.4-9.0)

BW(%) FRB(dB)

Ant. 1 46.9%  >11

Ant. 2 42.7% >26

Simulation parameters of the Ant. 1 and Ant. 2

Fractal ME Dipole

Step 1

Ant. 1

PrototypeCompact ME Dipole
Step 3

Ant. 2

Y. Xu, K, M. Luk, A. Li, J. Sun. “A Novel Compact Magneto-Electric Dipole Antenna for 
Millimeter-Wave Beam Steering Applications,,” IEEE Trans. on Vehicular Tech., 2021, 
vol. 70, no. 11, pp. 11772-11783.

Design of an compact DP  ME dipole antenna
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A Single-layer Dual-Polarized ME Dipole Antenna 

M dipole

H- pol. 
V- pol. 

E dipole

Substrate I

Substrate II

Port 1 x y

GND
Though 

via

T-shape 
probe

Feed network

Port 1 Port 2 

24 26 28 30 32 34 36 38 40
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 |S11|, simulated  |S11|, measured
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0

5

10

|S
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| (
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)

 |S21|, simulated  |S21|, measured

Performance summary:
• Bandwidth: 50 % (24-40 GHz)
• Isolation: > 17.5 dB.

A pair of T-shaped probes for each polarization, avoiding  crossover of feeds

ME dipole: wideband

X. Dai, K. -M. Luk, “A wideband dual-polarized antenna for millimeter 
wave applications” IEEE Trans on AP, Apr. 2021.
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Wideband mmWave Antenna Array With Low Side Lobe Using ‘±1’ 
Excitations

Element geometry 

Array layout

Top

Bottom

SMPM

SXL-22

Black box: ﹘1;
White box: ＋1

⊕
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 Low SLLs (<-18 dB) could be
maintained over a wide range

 Sidelobe can be
suppressed by setting
some of the elements
feed with reversed
directions.

X. Dai, X. Li, K. -M. Luk, “A planar wideband millimeter-wave antenna array with low side lobe using ‘±1’ excitations” IEEE Trans 
on AP, Oct. 2021.
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Reconfigurable CP ME-Dipole and Microstrip Reflectarrays

(a)

(b) (c)

RO4003

RO4003

4450F

4450F

RO4003

GND

Diodes

Square patch

Crossed connecting lines

Blind vias

Plated-through via

Biasing line

Lp Gp

dv

dc
Wc

Lv1

Lv2

Le
dc

dv

Lb1

Lb2

Rs 60°
P

x y

z

(b) (c)

(a)

ON-state diode

OFF-state diode

Geometrically 
rotated by 

switching the 
diodes

D1 D2

D3D4
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 Adjustable reflection phase of 1-bit resolution is 
achieved using the reconfigurable perturbation 
introduced at the connecting lines.

 A 1.5-dB and 3-dB AR element bandwidth of 37% and 
42% are verified. 43



44F. Wu, R. Lu, J. Wang, Z. H. Jiang, W. Hong, K. -M. Luk, IEEE AWPL , 2022

Solder mask

Diodes

( =0 )z θ °

( =0 )x ϕ °

( =90 )y ϕ °

-180-150-120 -90 -60 -30 0 30 60 90 120 150 180
-35

-30

-25

-20

-15

-10

-5

0

(d
B

)

Angle (deg)

 Co-pol Sim.
 Co-pol Mea.
 Cross-pol Sim.
 Cross-pol Mea.

(a) (b)

(d)(c)

Measured array bandwidth reaches 32%. Very good scanning 
performance in the azimuth plane (scanning loss of 3.1 dB  at 
±60°). 

Reconfigurable CP ME-Dipole Reflectarrays

44



45/4

Driven 
circuit

Logical 
control 
circuit

Proposed 
RTA

Broadside gain and AE
Height 38.5 mm, H/D=0.28; 3-dB gain BW: 37.6%; Aperture efficiency: 20.5%; Beam scanning: ±40°

A Wideband Folded Reconfigurable Transmitarray
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X. Dai, G.-B. Wu and K.-M. Luk, “A wideband low-profile reconfigurable transmitarray using magnetoelectric dipole elements”, 
submitted to IEEE Trans. Antennas Propag.



Antenna element

Magneto-Electric Dipole Antenna for Medical Imaging

Measurement for antenna element

Simulated and measured |Sdd11|

E-field distributions inside head model
Maximum SAR values inside 

head model Simulated and measured near-field radiation patterns
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Ref. Size
(L*W*H) λ0

Frequency Band 
(GHz)

Bandwidth
(%)

Min. FBR
(dB)

Stable Main Beam 
Direction

Quality of Images in 
Experiments

Min. Radius of the Detected Bleeding 
Area in Experiments (mm)

[1] 0.117*0.117*0.173 1.0-9.0 160 7.5 √ - -
[2] 0.05*0.05*0.004 0.5-2.0 120 3.5 √ - -
[3] 0.117*0.087*0.122 1.0-7.0 150 2.5 √ Bad 5
[4] 0.23*0.23*0.04 1.0-1.7 52 17 × - -
[5] 0.167*0.134*0.019 1.0-4.3 124 - - Medium 15
[6] 0.187*0.133*0.133 0.8-1.2 40 - × - -
[7] 0.067*0.036*0.006 0.45-3.6 155 9 × Medium 12.5

This work 0.09*0.09*0.026 0.45-2.4 137 18 √ Good 5

VNA

Laptop

Head imaging system

Dielectric properties

Comparison with state-of-the-art on-body matched antennas for the head imaging system

Reconstructed images
(Delay-Multiply-and-Sum 

Algorithm)

Fabricated prototypeS-parameters for antenna array

Images reconstruction process
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Functional-Material Antennas – Dr Steve H. Wong

Pattern 1 Pattern 2
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Coding Metasurface

QW Lin, H Wong, L Huitema, A Crunteanu, “Coding Metasurfaces with Reconfiguration Capabilities Based on Optical Activation of Phase‐Change Materials for 
Terahertz Beam Manipulations”, Advanced Optical Materials, 2101699.

• Integrating GeTe material with cupper to create meta atom
• Using optical approach to select the state of the meta atom either crystalline or amorphous
• This smart surface is the world first experiment to prove a reconfigurable terahertz metasurface at 300 GHz for 

6G communications
• Beam manipulations with stable performance over wide operating bandwidth 

Active Terahertz Reconfigurable Coding Metasurface
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K-9 
Glass

Glass Antennas – Invented by Prof K W Leung
 n ~ 1.5 (εr ~ 2.25) is for optical frequency only
 εr can be very different at microwave frequency

1 2 3 4 5 6
0

2

4

6

8

Frequency (GHz)

Dielectric constant

K9 glass
Teflon
Air

Measured dielectric constants of air, 
Teflon, and K9 glass by using 
Agilent 85070D Dielectric Probe 
Kit, verifying the K9 glass result



Work done by alumni and others

• Patents on basic designs of L-probe patch antenna and ME 
dipole are expired.

• The technologies are now open to public.
• Researchers and scholars from many universities, research 

institutes and companies in China has adopted ME dipoles in their 
new designs.

• Researchers working on ME dipole enhancements and 
applications are found from Korea, Taiwan, Singapore, Canada, 
India, Malaysia, France, Sweden, UK, Italy, and so on. 
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Products based on L-probe patch antenna

3G Base Station Antenna 5G MIMO Base Station Antenna
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Product based on ME Dipole

B Yu, Z Qian, C Lin, J Lin, Y P Zhang, 
G Yang and Y Luo, “ A wideband 
mmWave antenna in fan-out wafer 
level packaging with tall vertical 
interconnects for 5G wireless 
communication,” IEEE Trans. on AP, 
Oct 2021

• Antenna in Package for mmWave 5G
• Dual-polarized design
• Wide bandwidth: 25 to 43 GHz range
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L-probe fed metasurface antenna 

• TM leaky wave and TE 
surface wave resonances are 
excited

• Bandwidth: 34.5%
• Low-profile: 0.06 wavelength
• Gain: 10.3 dBi

W E I Liu, Zhi Ning Chen, Xianming Qing, “Broadband 
low-profile L-probe fed metasurface antenna with TM 
leaky wave and TE surface wave resonances,”IEEE Trans 
on AP, March 2020
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ME Dipole Array for Space Microwave Imaging

• Developed by Prof Hongjian Wang, Key Lab of Microwave Remote Sensing, University of Chinese Academy of Science

• Antenna efficiency: 88%

• Gain: 30 dBi 54



Wide Scan ME Dipole Arrays for X-Band Applications 

 

• Led by Prof Xiang-Yu Cao, Air Force 
Engineering University, Xian

• Novel wideband MED with wide beamwidth

• BW: 9 to 12 GHz

• E-plane scanning range: ±70 degree

• H-plane scanning range: ±90 degree

E-plane scan array

H-plane scan array

Element with parasitic shorting vias
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Applications:  (R&D to successful commercialization)
Electronic Toll Collection (ETC) - RFID based technology.

• Patent: Antenna for use in electronic communication systems (Granted in 2020) 
https://patents.google.com/patent/US10862220B2/

• Inventors: Chi Lun MAK, Hau Wah LAI, Ka Ming MAK, Kwok Kan SO, Hang WONG

• One of current SSI flagship products.

• Product highlights: High Gain, Small Footprint, Low Cross-pol., etc.

56

https://patents.google.com/patent/US10862220B2/


Deployed successfully in many tollways, many cities, many countries all over 
the world including Taiwan, Vietnam, Thailand, Malaysia, USA, Colombia, 
Puerto Rico, India, Hong Kong and Russia (in progress) … and so many to 
come!

Applications:  (R&D to successful commercialization)
Electronic Toll Collection (ETC) - RFID based technology.

E-470 Tollway in Colorado
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SUMMARY OF RESEARCH ACTIVITIES

Open resonator 
theory

Microstrip antenna analysis

U-slot patch antenna Dielectric resonator antenna

L-probe patch  antenna Dense dielectric patch antenna

Magneto-electric Dipole Water patch antenna

Transparent antennas

Antenna for medical 
imaging

mmW ME Dipole

THz ME Dipole

THz open 
resonator antennas
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Special Issue, 
Proceedings of the IEEE, 
July 2012

References

World Scientific, 2018
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IEEE APS John Kraus Antenna Award (2017)

Ho Leung Ho Li Prize for Science &Technology Progress (2019)

Fellow of Royal Academy of Engineering (2018)
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TENCON 2022, HONG KONG

• 1-4 November 2022

• IEEE HK 50th Anniversary
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ACKNOWLEDGEMENT AND CONCLUDING REMARKS

• Antenna technologies push forward modern wireless 
connectivity

• Contributed by all creative antenna magicians 
• They have made the impossible possible
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