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What is a dominant leaky mode?

Leaky modes have been found on a variety of wave-guiding
structures. For transmission-line applications, their presence is
undesirable since they carry energy away from the structure,
thus causing additional loss on the line and interference
between circuit elements. Of particular interest for planar
transmission-line structures are dominant leaky modes. The
term “dominant” implies that the strip current is similar to that
of the conventional transverse-electromagnetic (TEM) mode.
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TEM Mode vs. Dominant Leaky Mode

Conventional TEM Mode Dominant Leaky Mode
Proper Mode Improper Mode
Bound Mode Unbounded Mode
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Dominant Leaky Mode — Leakage Angle
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Top view of the strip for the stripline or microstrip structure. A leaky
mode leaks energy away from the strip at an angle v = cos™! g /kTMmo, where B and

krmo are, respectively, the phase constant of the leaky mode and the transverse
wavenumber of the TMy mode of the background structure.
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Millimeter Wave Applications

1) 5G

2) Automotive Radar
3) Contactless Connector 6
4) Imaging .

5) Skin Cancer Sensor
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Proposed 5G Frequency Spectrum

5G proposed

6 GHz 24 GHz 100 GHz
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Proposed 5G Frequency Spectrum

— Worldwide 5 GHz unlicensed bandwidth

— Data rate > 1 Gbps
— Applications
+ wireless USB2.0
« wireless gigabit ethernet

+ wireless video (HDTV)
+ telecom backhaul
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Samsung 28 GHz Antenna Array for Handset
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Linear Alternate-Polarization Antenna Array
5G Smartphone

) Antenna array 1
* Edge-based antenna arrays for diversity

4 raw
* 2+ data streams for MIMO . Qf“'.’
* Beam steering in the xy plane ﬂ\
* Polarization 1: - ) |/
* Polarization 2: B /, )

/
sPhone
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GWT 16-Element Linear Dual-Polarization Antenna Array
(No Circuit Loss — Uniform Excitation —A/2 Element Spacing)
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The dominant leaky-modes carry energy away from the structures, thus
causing additional loss on the transmission-line and interference between
circuits elements.
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Dominant Mode Leakage on Microstrip
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Dominant Mode Leakage on Microstrip
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Dominant Mode Leakage on Microstrip

Real Part of E-field corresponding to the Proper Mode
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Dominant Mode Leakage on Microstrip

Real Part of E-field corresponding to the Improper Mode
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Dominant Mode Leakage on Microstrip

Imaginary Part of E-field corresponding to the Improper Mode
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Dominant Mode Leakage on Microstrip

Microstrip Structure used for the Experiment
(h=0.45cm, W =0.64 cm)
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Dominant Mode Leakage on Microstrip

Propagation Wavenumber
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Dominant Mode Leakage on Microstrip

Measured Data

Normalized Magnitude of S,, [dB]
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Dominant Mode Leakage on Microstrip

Measured Data

Measured vertical field E,(z,y = 0.0,z = 8.0 cm) versus r

L = 15.25 c¢m, at 8.0 GHz.
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Dominant Mode Leakage on Microstrip

Propagation Wavenumber
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Dominant Mode Leakage on Microstrip

TEM Solution
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How about the leaky-mode
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http://web.mit.edu/~geda/arch/i386_rhel3/versions/20050830/html/mcalc-1.5/#calc

Leaky Wave Antenna (LWA)
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Leaky Wave Antenna (LWA)

® Leaky-wave antennas (LWAs) belong to the traveling-wave antenna family

Radiation occurs from a traveling wave
with a complex wavenumber (§ — ja

® Phase constant (3 controls the scan angle _,  Both are dependent

Attenuation constant (¢ controls the beamwidth on the geometry of
the LWA structure

® LWAs made in printed-circuit fashion enjoy the advantages of:
* being low profile
* having structure simplicity
* being compatible with easy integration
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GWT Leaky Wave Antenna (LWA)
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GWT Cost-effective Steerable Antenna
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Dominant Mode Leakage on Stripline
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Dominant Mode Leakage on Stripline

Propagation Wavenumber
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Dominant Mode Leakage on Stripline

Stripline Structure used for the Experiment
(h=0.45cm, W =0.65 cm)
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Dominant Mode Leakage on Stripline

Measured Data
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Dominant Mode Leakage on Stripline
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Discussion on 2.45 GHz/60 GHz Contactless
Connectors
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GWT Wireless Near-field Power-charging System

(Conducting Loss & Radiation Loss)

Efficiency = 97% @ 2.45 GHz
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Discussion on Radiation Safety
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Discussion on Radiation Safety

TABLE 1. The variations of exposure limits to RF radiation in several countries.

PD Restrictions for PD Restrictions for
the General Public the General Public Frequency

Country/Guidelines in W/m? in mW/cm? Range (GHz) Basis

ICNIRP [17] (1998) 10 1 2-300 Science based
FCC[16] (1996) 10 1 1.5-100 Science based
China [32] (1987)* 0.1 0.01 0.3-300 Science based
Russia [33] (2003) 0.1 0.01 0.3-300 Science based
Switzerland [34] and [35] (2000* 0.1 0.01 1.8-300 Precautionary
Italy [36] (2003)* 0.1 0.01 0.0001-300 Precautionary
Typical maximum exposure from 0.01 0.001 1-2 Example from [29]

cellular base station mounted on
50-m tower (assuming a total effective
radiated power of 2,500 W in each
sector, summed over all channels)

*These restrictions only apply to sensitive areas, such as school, hospital, or rooms in bulldings, where they are regularly occupled by persons for prolonged periods,
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Discussion on Radiation Safety
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Discussion on Radiation Safety

30 GHz Dipole
(Transmitting power = 10 mW)

0.2 mm

Poynting
[w/m~2]

6. 2000E+B3
5.7953E+@3
5.3987E+03
4. 956BE+@3

4. 5813E+83
4. 1767E+@3
3. 7720E+B03
3. 3673E+83
2, 9627E+@3
2,5580E+@3
2,1533E+@3
1. 7487E+@3
1. 344BE+B3
9.3933E+82
5. 3467E+@02
1. 30BBE+B2

2.50 mm

0.2 (cm)
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Discussion on Radiation Safety

30 GHz Dipole
(Transmitting power = 10 mW)

2.50 mm » A
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Discussion on Radiation Safety

60 GHz Dipole
(Transmitting power = 10 mW)

0.1 mm

Poynting
[w/m~2]
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3. 7667E+03
2.1333E+03
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0.1 (cm)
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Discussion on Radiation Safety

60 GHz Dipole
(Transmitting power = 10 mW)
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Discussion on 94 GHz Imaging Application
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Discussion on Skin Cancer Sensor

Asymmetrical
Un-even borders
Multiple colors
Larger than % inch
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Tissue Characterization

open resonator (20-80 GHz) waveguide setup

filled

spacer  mirfors sample ,
6811 encapsulant teflon

I. Zwick, etc., "Determination of the complex permittivity of packaging matenals at milimeter-wave frequencie

IEEE Trans. Microwave Theory Tech.. Vol. 54, No. 3, pp. 1001-1010, Mar. 2006
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GWT 60 GHz Skin-Cancer Sensing Parameter

Relative Permittivity GWT 60 GHz SCSP

4.0 1.47
4.5 3.39
5.0 5.43
5.5 7.59
6.0 9.87
6.5 12.3
7.0 14.8

GWT

%

CORPORATION
www.globalwirelesstechnology.com Minneapolis, Minnesota S %




Q&A

For additional questions, please send an email to
DNghiem@GlobalWirelessTechnology.com
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The First IEEE MTT-S Student Chapter in
Vietham
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http://www.globalwirelesstechnology.com/upload/MTT VN.pdf

The First IEEE MTT-S Student Chapter in
Vietham

A

CORPORATION
www.globalwirelesstechnology.com Minneapolis, Minnesota Sagg® */



http://www.globalwirelesstechnology.com/upload/MTT VN.pdf

