US008361062B2

a2 United States Patent (10) Patent No.: US 8,361,062 B2
Bonn 45) Date of Patent: *Jan. 29, 2013
(54) SLIDABLE CHOKE MICROWAVE ANTENNA 4,700,716 A 10/1987 Kasevich et al.
4,743,725 A 5/1988 Risman
. 4,776,086 A 10/1988 Kasevich et al.
(75) Inventor: Kenlyn S. Bonn, Arvada, CO (US) 4798215 A /1989 Tumer
(73) Assignee: Vivant Medical, Inc., Boulder, CO (US) j,ggg,ggg i %iggg Stlﬁﬁt;t al.
4817635 A 4/1989 Joines et al.
(*) Notice: Subject to any disclaimer, the term of this 4,825,880 A 5/1989 Stauffer et al.
patent is extended or adjusted under 35 jgill gg? i g/ iggg E/}‘fﬁef etﬂﬂl
934, / orgenthaler
U.S.C. 154(b) by 0 days. 4945912 A /1990 Langberg
This patent is subject to a terminal dis- 5,026,959 A 6/1991 Ito et al.
claimer. (Continued)
(21) Appl. No.: 13/268,143 FOREIGN PATENT DOCUMENTS
. DE 390937 3/1924
(22) Filed: Oct. 7, 2011 .
(Continued)
(65) Prior Publication Data
OTHER PUBLICATIONS
US 2012/0029503 A1l Feb. 2, 2012
U.S. Appl. No. 08/483,742 Jun. 7, 1995.
Related U.S. Application Data (Continued)
(62) Division of application No. 12/129,482, filed on May
29, 2008, now Pat. No. 8,059,059. Primary Examiner — Trinh Dinh
(51) Imt.ClL ¢7 ABSTRACT
A61B 18/04 (2006.01) A microwave antenna assembly is disclosed. The antenna
HoiQ vio (2006.01) assembly includes a feedline having an inner conductor, an
(52) US.CL .o 606/33; 343/902; 343/906 outer conductor and an inner insulator disposed therebetween
(58) Field of Classification Search ........................ None and a radiating portion including a dipole antenna coupled to
See application file for complete search history. the feedline and a trocar coupled to the dipole antenna at a
. distal end thereof. The antenna assembly also includes a
(56) References Cited slidable outer jacket disposed about the radiating portion and
the feedline. The slidable outer jacket being configured to
U.S. PATENT DOCUMENTS slide about at least one of the radiating portion and the feed-
3,230,957 A 1/1966  Seifert line from a closed configuration, in which the slidable outer
3,631,363 A 12/1971 Miller jacket is mated with the trocar and a retracted configuration,
iggﬁzg i lgﬁggg gzrsrevich ctal in Whi.Ch the slidable outer jacket i's r.etracted. in a proximally
4.643.186 A 2/1987 Rosen et al. exposing at least a portion the radiating portion.
4,658,836 A /1987 Turner
4,674,481 A 6/1987 Boddie, Jr. et al. 10 Claims, 15 Drawing Sheets

e
= Aok

Acrobat X



US008362783B2

a2 United States Patent (10) Patent No.: US 8,362,783 B2
Baker et al. 45) Date of Patent: Jan. 29,2013
RPN MU E, 4905201 A+ 21990 Knight e
s ) 1
COMPLETENESS OF AN ANTENNA 5208543 A /1993 Albﬁ?iak
5,337,004 A * 81994 Murakami etal. ............ 324/505
(75) Inventors: Tracy M. Baker, Belle Center, OH 5,666,065 A 0/1997 Ravas et al.
(US); Kevin J. Salm, Minster, OH (US); 5,864,319 A * l/égz? gaillus .......................... 343/703
i 6,288,552 Bl 9/ almgren
Terry A. Richardson, Urbana, OH (US) 6315799 Bl 11/2001 Thimm et al.
(73) Assignee: AGC Automotive Americas Co., g:?g;%é gé x 13@882 wg];;r; al 455/25
Hebron, KY (US) 7,148,698 B2  12/2006 Becker et al.
7,456,796 B2  11/2008 Nagayama et al.
(*) Notice:  Subject to any disclaimer, the term of this 7,471,092 B2 12/2008 Amanuma et al.
patent is extended or adjusted under 35 ;’3%%3 g% 1%%883 ?OOte .
478, aworski et al.
U.S.C. 154(b) by 696 days. 2008/0169990 A1  7/2008 Taniguchi et al.
2008/0309565 Al 12/2008 Villarroel et al.
(21) Appl. No.: 12/548,879 . .
cited by examiner
(22) Filed: Aug. 27, 2009 Primary Examiner — Joshua Benitez Rosario
(65) Prior Publication Data (74) Attorney, Agent, or Firm —Howard & Howard
Attorneys PLLC
US 2010/0052718 A1l Mar. 4, 2010
67 ABSTRACT
Related U.S. Application Data A method verifies a completeness of an antenna disposed on
(60) Provisional application No. 61/190,286, filed on Aug. a window. The antenna is electrically conductive and has a
27, 2008. first end and a second end spaced from each other. The
method comprises the step of placing the window on a fixture
(51) Imt.CL for supporting the window. The method also includes the
GOIR 31/00 (2006.01) steps of automatically aligning a distributing probe and the
(52) US.CL .o 324/505; 324/503 first end of the antenna and automatically aligning a receiving
(58) Field of Classification Search ........... 324/503-505 probe and the second end of the antenna. The method further
See application file for complete search history. includes the step of activating a current source to pass an
electrical current from the distributing probe to the receiving
(56) References Cited probe through the antenna. The method also includes the step
of indicating passage of the electrical current from the
U.S. PATENT DOCUMENTS antenna to the receiving probe with the indicator to verify a
3911357 A 10/1975 Adam completeness of the antenna.
4,095,172 A 6/1978 Strand
4,276,509 A 6/1981 Bryant et al. 26 Claims, 7 Drawing Sheets

e
= Aok

Acrobat

Xt



US008362954B2

a2 United States Patent (10) Patent No.: US 8,362,954 B2
Nogami 5) Date of Patent: Jan. 29,2013
(54) ARRAY ANTENNA, TAG COMMUNICATION (56) References Cited
DEVICE, TAG COMMUNICATION SYSTEM,
AND BEAM CONTROL METHOD FOR U.S. PATENT DOCUMENTS
ARRAY ANTENNA 5,359,337 A * 10/199%4 .. 343/765
6,184,828 Bl 2/2001
(75) Inventor: Hidekatsu Nogami, Kyoto (JP) 2008/0036662 Al 2/2008 Iwata etal.
2009/0284434 Al* 11/2009 Gothard et al. ...... . 343/834

342372
375316

2011/0148707 A1* 6/2011 Thiesen et al.
2012/0033761 Al* 2/2012 Guo et al.

(73) Assignee: Omron Corporation, Kyoto (JP)

(*) Notice: Subject to any disclaimer, the term of this FOREIGN PATENT DOCUMENTS
patent is extended or adjusted under 35 TP 6-326510 A 11/1994
U.S.C. 154(b) by 165 days. P 2006-20083 A 1/2006
Jp 2006-60771 A 3/2006
(21) Appl. No.: 12/744,299 P 2006-295966 A 10/2006
JP 2007-303935 A 11/2007
Tod- IP 2008-48077 A 2/2008
(22) PCTFiled:  Feb. 24,2009 WO WO 2008/018254 Al 2/2008
(86) PCT No.: PCT/JP2009/053261 * cited by examiner
§371 (1), . .
(2). (4) Date:  Aug. 9, 2010 Primary Examiner — Dao Phan

(74) Attorney, Agent, or Firm — Dickstein Shapiro LLP
(87) PCT Pub.No.: 'W02009/107601

PCT Pub. Date: Mar. 9, 2009 7 ABSTRACT
Provided are an array antenna capable of miniaturizing an
(65) Prior Publication Data array antenna while reducing side lobes, a tag communication
US 2010/0295729 Al Nov. 25. 2010 device and tag communication system provided with the
’ array antenna, and a beam control method for the array
(30) Foreign Application Priority Data antenna. When XY coordinates and a feeding phase of each
antenna element (21a to 21d) are defined as the antenna
Feb. 29,2008  (JP) ooovoveeveeeeneeneennn. 2008-049959  element (21a) (0, Y1)-¢1, the antenna element (215) (-X1,
0)-¢2, the antenna element (21¢) (X2, 0)-¢3, the antenna
(51) Imt.CL element (21d) (0, -Y2)-¢4, wavelengths of A, and directivity
H01Q 3/00 (2006.01) directions of 6, each of the feeding phases is set so that the
(52) US.Cl oo, 342/372;342/373  following conditional equations ¢1=¢4, $2=2m-X1-sin(6)/A+

(58) TField of Classification Search 342/81,  ¢1. $3=01-2w:X2sin(0)/A are all satisfied.
342/372, 373; 343/700 MS, 777
See application file for complete search history. 11 Claims, 7 Drawing Sheets

/
ZZc sz

ZZ- Zlb
o 20
22a: 22b: 22¢ 224
¢’1 Qz s D,
[
]
23 230 I MN-24
2 8 4]
= S s

R/W ™0
PC ™40

L,
o

Acrobat X




a2 United States Patent
Behdad et al.

US008362956B2

10y Patent No.: US 8,362,956 B2
5) Date of Patent: Jan. 29,2013

(54) ELECTRICALLY SMALL, SOURCE
DIRECTION RESOLVING ANTENNAS

(76) Inventors: Nader Behdad, Madison, WI (US);
Mudar Ala Al-Joumayly, Madison, WI

Us)

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 238 days.

(21) Appl. No.: 12/949,276
(22) Filed: Nov. 18, 2010

(65) Prior Publication Data
US 2012/0127035 Al May 24, 2012

(51) Imt.ClL
GO1S 5/04 (2006.01)
(52) US.CL oo, ... 342/442
(58) Field of Classification Search .................. 342/434,
342/442, 445, 448
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
5,963,173 A * 10/1999 Lianetal. ... .. 343/742
8,134,516 B1* 3/2012 Yaghjian et al .. 343/834
2012/0080957 Al* 4/2012 Cooperetal. ... .. 307/104

OTHER PUBLICATIONS

Yoo et al., Biometic Direction Sensitive Micromachined Diaphragm
for Ultrasonic Transducers, 2001 IEEE Ultrasonics Symposium, vol.
2, pp. 887-890, 2001,

Cui et al., Optical Sensing in a Directional MEMS Microphone
Inspired by the Ears of the Parasitoid fly Ormian Ochracea, In Proc.
of the 19th International Conference on Micro Electro Mechanical
Systems, pp. 614-617, Istanbul, Turkey, 2006.

Miles et al., The Development of a Biologically-Inspired Directional
Microphone for Hearing Aids, Audiology and Neurotology, vol. 11,
pp. 86-94, 2006.

Miles et al., A Low Noise Differential Microphone Inspired by the
Ears of the Parasitoid Fly Ormia Ochracea, J. Acoustic. Soc. An., vol.
125, pp. 2013-2026, 2009.

Xin et al., An Improved Two-Antenna Direction of Arrival (DOA)
Technique Inspired by Human Ears, Proc. IEEE AP-S Intl Symp., vol.
1, pp. 1-4, San Diego, CA, Jul. 5-11, 2008.

Michelsen, Hearing and Sound Communication in Small Animals:
Evolutionary Adaptations to the Laws of Physics, The Evolutionary
Biology of Hearing, 1992, pp. 61-77, Springer, New York.

Behdad et al., Super-Resolving Biomimetic Electrically Small
Antennas and Their Applications, Accepted to the 2010 Antenna
Applications Symposium, Robert Allerton Park, Monticello, IL, Sep.
21-23,2010.

Behdad et al., Biomimetic Electrically Small Antennas, 2010 IEEE
International Conference on Wireless Information Technology and
Systems, Honolulu, Hawaii, USA, Aug. 28-Sep. 3, 2010.

Miles et al., Mechanically Coupled Ears for Directional Hearing in
the Parasitoid Fly Ormia Ochracea, J. Acoust. Soc. Am., vol. 98, pp.
3059-3070, Dec. 1995.

(Continued)

Primary Examiner — Dao Phan
(74) Attorney, Agent, or Firm — Bell & Manning, LL.C

(57) ABSTRACT

An electrically small receiver system is provided. The
receiver system includes a plurality of antennas and a signal
processing circuit. The plurality of antennas includes a first
antenna configured to receive a first signal and a second
antenna configured to receive a second signal. The signal
processing circuit includes a first resonant loop and a second
resonant loop. The first resonant loop is mounted to receive
the first signal from the first antenna. The second resonant
loop is mounted to receive the second signal from the second
antenna. The first resonant loop and the second resonant loop
are coupled such that the first output signal and the second
output signal are generated as a function of the first signal and
the second signal. A phase difference between the first output
signal and the second output signal is greater than a phase
difference between the first signal and the second signal.
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57 ABSTRACT

An aperture antenna for transmitting a circularly polarized
signal is provided. The aperture antenna includes an antenna
substrate, a feed conductor and an antenna ground layer. The
feed conductor is microstrip-fed or coplanar-wave-guide-fed.
The antenna ground layer has an aperture, the aperture has a
feed portion, a signal turning point, a first edge and a second
edge, the first edge connects the feed portion to the signal
turning point in a first direction, and the second edge connects
the feed portion to the signal turning point in a second direc-
tion, the first direction is opposite to the second direction.
When the aperture antenna transmits the circularly polarized
signal, a traveling wave travels on the first edge, and at least
one standing wave is formed on the second edge.
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7 ABSTRACT

The invention relates to a handheld device comprising a first
antenna (401, 701, 901, 931, 961, 1101, 1151, 1301, 1501)
arranged to operate in at least a first frequency band, and a
second antenna (402, 702, 902, 1102, 1302, 1502, 2210)
arranged to operate in at least a second frequency band,
wherein said second frequency band is different from said
first frequency band. According to the invention, the second
antenna comprises a slot antenna comprising at least one slot
in at least one conductive layer. The invention also relates to
enhancement of the isolation between first and second anten-
nas in a handheld device.
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An array antenna includes a group of antenna elements and a
switching section. The group of antenna elements has a con-
figuration in which a plurality of antenna elements is
arranged. The switching section has a plurality of switch
elements capable of individually switching the feeding points
of the antenna elements included in the group of antenna
elements. By switching of the switch elements, the group of
antenna elements is converted into an antenna for MIMO
communication to transmit and receive a plurality of signals
in parallel, or into a directional array antenna to control the
directivity towards the direction at which the signals arrive.
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7 ABSTRACT

An antenna pattern frame according to an aspect of the inven-
tion may include: a radiator having an antenna pattern portion
transmitting and receiving a signal and a connection terminal
portion allowing the signal to be transmitted to and received
from a circuit board of an electronic device; a connection
portion partially forming the radiator and connecting the
antenna pattern portion and the connection terminal portion
to be arranged in different planes; a radiator frame manufac-
tured by injection molding on the radiator so that the antenna
pattern portion may be provided on one side of the radiator
frame and the connection terminal portion may be provided
on the other side thereof, while the antenna pattern portion is
embedded in the electronic device case; and a contact surface
extension provided on the radiator to prevent the radiator
from being loosened from the radiator frame during injection
molding of the radiator frame, and increasing a contact area
with respect to the radiator frame.
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7 ABSTRACT

A multiband antenna used for a portable communication
device includes a first antenna unit, a second antenna unit, a
third antenna unit, and feed member. The first antenna unit,
the second antenna unit and the third antenna unit are capable
of receiving and/or sending wireless signals. The second
antenna unit is connected to the first antenna unit, the third
antenna unit is connected to the first antenna unit, and the feed
member is electrically connected to the first antenna unit and
the second antenna unit. The feed member receives wireless
signals and transmits the wireless signals through the first
antenna, the second antenna unit and the third antenna unit to
generate corresponding current paths, and the first antenna
unit is located between the second antenna unit and the third
antenna unit to isolate the second antenna unit and the third
antenna unit to avoid coupling interference of their resonant
frequencies.
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(57) ABSTRACT

A dual-band antenna for use in a wireless network device
comprises first, second, and third radiators. The first and
second radiators are connected by a stand portion. The second
radiator is a generally C-shaped plate having a connecting
section and a free-end portion. A ground end and an input end
are provided at predetermined positions of the connecting
section and are respectively and electrically connected to a
grounding portion and a control circuit of a substrate. The
free-end portion overlaps with the orthogonal projection of
the first radiator and is parallel to the first radiator. The third
radiator is electrically connected to the second radiator via a
conductive post and is parallel to the second radiator. The
second and third radiators are provided on the substrate while
the first radiator is provided outside the substrate. The first,
second, and third radiators are parallel to and spaced apart
from one another.
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57 ABSTRACT

Electronic devices such as handheld devices may have wire-
less communications circuitry. The wireless communications
circuitry may include a broadband antenna and circuitry that
covers multiple communications bands. The broadband
antenna may be formed from a parallel-fed dipole. The
antenna may have first and second antenna resonating ele-
ment regions on opposing sides of a slot. The slot may be an
open slot that has one open end and one closed end. The slot
may be formed from an opening in conductive housing struc-
tures in a conductive housing for an electronic device. The
conductive housing structures may include sidewall struc-
tures, rear housing wall structures, and other conductive
structures. The antenna may have a feed with a feed line that
crosses the slot. An interposed dielectric substrate member
may separate the feed line from the conductive structures. The
feed line may have sections with different widths to minimize
feed line length.
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An embedded antenna apparatus of a communication termi-
nal is provided. The antenna apparatus includes a plate board
having a feeding pad disposed on a side of the board: a device
carrier mounted on a side of the board to expose the feeding
pad; a radiation device including at least two radiation lines
extending from the feeding pad to a surface of the device
carrier along different paths, the at least two radiation lines
radiating at a preset frequency band when electric power is
fed through the feeding pad; and a ground plate having a flat
plate shape mounted in an edge of the side of the board and
disposed perpendicular to the side of the board, and contact-
ing one end each of the at least two radiation lines to ground
the radiation device.
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A multi-port antenna structure for a wireless-enabled com-
munications device includes a coupler-antenna having a first
antenna port for transmitting electromagnetic signals and a
second antenna port for receiving electromagnetic signals.
The coupler-antenna is positioned on a chassis of the wireless
enabled communications device to transmit energy between
the chassis and the first and second antenna ports. Resonant
modes of the chassis for one antenna port are orthogonal to
resonant modes of the chassis for the other antenna port, such
that the first and second antenna ports are isolated from each
other.
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57 ABSTRACT

A multiband mobile communication device has a ground
plane and an antenna. The antenna is disposed on a dielectric
substrate. The antenna includes a monopole, a shorted radi-
ating portion, a first radiating branch, and a second radiating
branch. The monopole includes a feeding end, and the feeding
end is the feeding point of the antenna. The shorted radiating
portion has a shorting end electrically connected to the
ground plane, and its other end is left open. The shorted
radiating portion is extended along the monopole and has a
coupling gap to the monopole. The first radiating branch has
an end electrically connected to the shorted radiating portion,
and its other end is left open. The first radiating branch is
extended toward the shorting end of the shorted radiating
portion and located on the opposite side of the monopole. The
second radiating branch has an end electrically connected to
the shorted radiating portion, and its other end is left open.
The second radiating branch is extended along the first radi-
ating branch, with the first radiating branch located between
the second radiating branch and the shorted radiating portion.
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7 ABSTRACT

A slim mobile communication device includes an antenna
structure. The antenna structure includes a dielectric sub-
strate, a ground element, an antenna element, and a feeding
line. The antenna element is a planar structure and is disposed
on ano-ground portion of the dielectric substrate. At least two
edges of the no-ground portion are surrounded by a ground
element of the dielectric substrate, wherein one of the edges
used as a feeding edge and the other edges are non-feeding
edges. A distance between the non-feeding side edge of the
antenna element and the second edge of the no-ground por-
tion is smaller than 3 mm. A length of the non-feeding side
edge of the antenna element is at least 5 mm. The non-feeding
side edge of the antenna element is short-circuited to the
ground element. The feeding line is coupled to the feeding
side edge of the antenna element.
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57 ABSTRACT

A tunable antenna structure having a variable capacitor
includes a substrate, a first metal strip, a second metal strip
and a third metal strip formed on the substrate, a variable
capacitor element located between the first metal strip and the
second metal strip, an inductor element located between the
second metal strip and the third metal strip, a first capacitor
element located between the first metal strip and the third
metal strip, and a second capacitor element located on the
third metal strip.
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Microslot antennas may be provided for electronic devices
such as portable electronic devices. The microslot antennas
may have dielectric-filled microslots that are formed in a
ground plane element. The ground plane element may be
formed from part of a conductive device housing. The
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noticeable to the naked eye. The microslots may have lengths
that allow the microslot antenna to provide antenna coverage
in one or more communications bands. A first group of the
microslots may be used to provide coverage in a first com-
munications band and a second group of the microslots may
be used to provide coverage in a second communications
band.
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A planar multi-band antenna includes a substrate and a metal
pattern. The metal pattern includes a first metal wire, a second
metal wire, a third metal wire and a fourth metal wire. The
second metal wire is disposed opposite to the first metal wire
and has a grounding point. Two ends of the third metal wire
are connected to the first metal wire and second metal wire,
respectively, and the first metal wire is divided into a first
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and part of the fourth metal wire coincides with the second
radiation portion ina projection direction. By the activation of
the feeding point and the grounding point associates with the
impedance matching portion, the antenna has plural bands.
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An antenna arrangement operable at a first resonant fre-
quency f having a corresponding resonant wavelength A the
antenna arrangement comprising: an antenna comprising a
feed: a ground plane coupled to the antenna comprising a first
region and a second region: and a grounded conductive struc-
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the second region of the ground plane is configured such that,
at the first resonant frequency [ the current flows predomi-
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Ahandheld electronic device comprises a housing, a receiver,
a balance antenna and a body. The housing comprises a top
end and a bottom end. The receiver is located in the housing
and near the top end, and the balance antenna is located in the
housing and near the bottom end. The body is located in the
housing and electrically couples to the receiver and the bal-
ance antenna.
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An antenna used in portable electronic devices includes a first
antennaunit shaped as a planar inverted-F antenna (PIFA) and
a second antenna unit shaped as a loop antenna and connected
to the first antenna unit. The first antenna unit receives/sends
wireless signals at relatively higher frequencies, the second
antenna unit receives/sends wireless signals at relatively
lower frequencies, and the first antenna unit is coupled with
the second antenna unit to regulate the working frequency
band of the antenna.
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In an antenna, a first type radiation electrode and a second
type radiation electrode are provided on the surface of a
dielectric base, which has a predetermined external shape, or
embedded in the dielectric base. The first type radiation elec-
trode is provided with an open terminal at one end thereof and
a feeding terminal at the other end thereof so as to constitute
amonopole type antenna. The second type radiation electrode
is provided with a capacitive-coupling feeding electrode at
one end thereof and a ground connection terminal at the other
end thereof so as to constitute a capacitive feed antenna. The
one end of'the first type radiation electrode is located opposite
to the feeding electrode of the second type radiation electrode
when viewed in the direction of the length of the dielectric
base.
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