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(57) ABSTRACT

A patch antenna (10) includes a dielectric substrate (12), a
patch conductor (14) and a ground conductor (18) formed on
both surfaces thereof. A step (16) is formed on the lower
surface of the dielectric substrate, which makes a spacing
between the patch conductor and the ground conductor non-
uniform in a direction of length of the patch conductor. By
making nonuniform the spacing between the patch conductor
and the ground conductor in the direction of length of the
patch conductor, radiation efficiency and antenna gain are
changed in that direction, resulting in asymmetrical directiv-

ity.
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7 ABSTRACT

The present invention provides a MIMO antenna structure
and design. A single dipole antenna stands at the center of a
triangle which is formed by three PIFAs antennas, and the
three PIFA antennas has equal squint angle relative to the
neighbors, that is there is 120° sector angle between any two
PIFA axes of three such that the dipole and the other PIFAs
forms a tetrahedron. The MIMO antenna structure of the
present invention is simpler in mechanics but high efficiency
in performance.
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57 ABSTRACT

An antenna comprises electrical conductors arranged to form
a radiating element including a folded line configuration and
a distributed strip configuration, where the radiating element
can be in proximity to a ground conductor and/or arranged as
a dipole. Embodiments of the antenna include conductor
patterns formed on a printed wiring board, having a ground
plane, spacedly adjacent to and coplanar with the radiating
element. An antenna can comprise a distributed strip pat-
terned on a printed wiring board, integrated with electronic
components mounted on top of or below the distributed strip,
and substantially within the extents of the distributed strip.
Mounting of electronic components on top of or below the
distributed strip has little effect on the performance of the
antenna, and allows for realizing the combination of the
antenna and integrated components in a compact form. An
embodiment of the invention comprises an antenna including
a distributed strip, integrated with a battery mounted on the
distributed strip.
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57 ABSTRACT

A disclosed antenna apparatus includes a base made of a
dielectric material; an antenna element pattern formed on a
surface of the base; a ground pattern formed in a position
adjacent to and opposite to the antenna element pattern on the
same surface of the base; and a surface-mounted coaxial
connector mounted on the ground pattern in a position close
to a feeding point of the antenna element pattern.
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57 ABSTRACT

A mobile communication device has an antenna assembly
comprising the combination of an inverted-F antenna and a
dielectrically-loaded quadrifilar helical antenna, the latter
mounted on the distal end of an elongate radiator element of
the inverted-F antenna. The dielectrically-loaded antenna has
an integral balun on a ceramic antenna core, the balun pro-
viding a balanced feed for the radiating elements of the
antenna The elongate radiator structure of the inverted-F
antenna acts as a feed path for the dielectrically-loaded
antenna, the feed path extending along the elongate radiator
structure from the balun to a ground connection element of
the inverted-F antenna and, thence, to a signal port associated
with a grounding connection of the inverted-F antenna Plac-
ing the dielectrically-loaded quadrifilar antenna at the end of
the radiator structure of the inverted-F antenna rather than
alongside the latter substantially reduces breakthrough from a
transmitter coupled to the inverted-F antenna to receiving
circuitry coupled to the dielectrically-loaded antenna.
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a microelectromechanical system (MEMS) capacitor, to
name a couple of examples. In certain embodiments, the
capacitively-loaded magnetic dipole radiator includes a quasi
loop with a loop perimeter. The effective electrical length of
the radiator is changed by adjusting the perimeter using an
element such as a MEMS switch, or a semiconductor switch.
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67 ABSTRACT

An antenna comprises: a main reflector being a body of revo-
lution of parabolic shape; a sub-reflector being a body of the
revolution of elliptic shape having a circle and a vertex ori-
ented to the main reflector and being placed between the
circle and the main reflector, one focal point of the sub-
reflector being placed on the axis of revolution and the other
focal point of the sub-reflector being placed out of the axis,
the sub-reflector circle being placed in the plane of the main
reflector edge circle; a radiator being placed along the axis of
revolution of the main reflector and being placed between the
main reflector and the sub-reflector; and wherein the sub-
reflector has eccentricity ranging from 0.55 to 0.75.
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7 ABSTRACT

A loop antenna providing a reception performance equivalent
to a patch antenna receiving a circularly polarized wave,
simple in configuration, and kept low in cost, which forms a
loop element and a parasitic element provided independently
of this loop element on the same dielectric board to form an
antenna element and sends or receives a circularly polarized
wave by this antenna element, provides a metal plate parallel
with or having a slight inclination with respect to the dielec-
tric board, and sets this metal plate separated from the dielec-
tric board by exactly a predetermined distance.
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(57) ABSTRACT

A wireless communication device includes an antenna for
wireless communication with a remote interrogator. Several
embodiments are disclosed to increase the options available
to designers of wireless communication devices. In some
embodiments, the antenna is a quarter wavelength long with
one end of the antenna being grounded to provide desired
impedance matching characteristics. The position of the
ground plane relative to the antenna is also varied between
embodiments. The connection from a wireless communica-
tion chip to the antenna is also varied between embodiments
to provide alternate structures.

36 Claims, 30 Drawing Sheets

1000G

—1016




a2 United States Patent

US007411554B2

(10) Patent No.: US 7,411,554 B2

Jung et al. 45) Date of Patent: Aug. 12,2008
(54) MIMO ANTENNA OPERABLE IN (52) US.CL oo, 343/700 MS; 343/876
MULTIBAND (58) Field of Classification Search .......... 343/700 MS,

(75) Inventors: Chang-won Jung, Yongin-si (KR);
Byung-tae Yoon, Yongin-si (KR);
Young-eil Kim, Yongin-si (KR);
Se-hyun Park, Yongin-si (KR)

(73) Assignee: Samsung Electronics Co., Ltd., Suwon
(KR)

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

(21) Appl. No.: 11/637,663

(22) Filed: Dec. 13, 2006

(65) Prior Publication Data
US 2008/0018539 Al Jan. 24, 2008

(30) Foreign Application Priority Data
Jul. 20, 2006 KR) i 10-2006-0068208
(51) Int.ClL
H01Q 1/38 (2006.01)

HOIQ 3/24 (2006.01)

343/702, 754, 876, 850, 853, 895
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
5,511,238 A * 4/1996 Bayraktaroglu .............. 455/81
6,061,024 A * 5/2000 McGirretal. ........ 343/700 MS
6,806,843 B2* 10/2004 Killenetal. ................ 343/795

* cited by examiner

Primary Examiner—Hoang V Nguyen
(74) Attorney, Agent, or Firm—Sughrue Mion, PLLC

(57) ABSTRACT

A multiple-input multiple-output (MIMO) antenna operable
in a multiband includes a plurality of antenna elements each
including a radiator radiating electromagnetic waves, a
ground connected to the radiator, at least one switching ele-
ment mounted in an area of lengthwise direction of the radia-
tor and short-circuiting or opening the area of the radiator.

16 Claims, 6 Drawing Sheets




az United States Patent

US007411555B2

(10) Patent No.: US 7,411,555 B2

Mclnnis 45) Date of Patent: Aug. 12,2008
(54) FOLDED MONOPLOLE ANTENNA, BENT, (56) References Cited
;FNA ggﬁ?’bﬁ?&?éi;{% SYSTEMS U.S. PATENT DOCUMENTS
2,045,987 A * 6/1936 Green ..........cccoeeueen 343/730
(75) Inventor: A.J. McInnis, Santa Rosa, CA (US) 4438437 A * 3/1984 Burgmyer ... ... 343/770
5,151,707 A *  9/1992 Kumpfbeck et al. ... 343/705
(73) Assignee: Texas Instruments Incorporated, 5,289,198 A * 21994 Alishuler .. <. 343/729
Dallas, TX (US) 6,008,766 A 12/1999 Maedaetal. ............... 343/713
’ 6,016,128 A * 1/2000 Imamuraetal. ............ 343/741
6,054,955 A * 42000 Schlegeletal. ............. 343/702
(*) Notice:  Subject to any disclaimer, the term of this chieele
patent is extended or adjusted under 35 OTHER PUBLICATIONS
U.S.C. 154(b) by 615 days. Walsin Technology Corporation, “Multilayer Ceramic Antenna
RFANT Series 2.4 GHz ISM Band Working Frequency,” Aug. 2002,
(21) Appl. No.: 10/716,798 9 pes.
(22) Filed: Nov. 19, 2003 * cited by examiner
. N Primary Examiner—Michael C. Wimer
(65) Prior Publication Data (74) Attorney, Agent, or Firm—Steven A. Shaw; W. James
US 2004/0166908 A1 Aug. 26, 2004 Brady; Frederick J. Telecky, Jr.
Related U.S. Application Data 7 ABSTRACT
(60) Provisional application No. 60/448,755, filed on Feb. Various antenna designs that are small and cost effective are
20, 2003. disclosed. In one design, the antenna is a bent and folded
monopole antenna. In another design, the antenna is a folded
(51) Int.ClL and tapped monopole antenna. In yet another design, the
HO01Q 1724 (2006.01) antenna is a folded, bent, and tapped monopole antenna. The
(52) US.CL ..ccovvvvvinccne 343/702; 343/795; 343/828 antennas may be part of a system using two back-to-back
(58) Field of Classification Search ................ 343/702,  symmetric antennas. The antennas may be part of a modem,

343/700 MS, 826, 803, 804, 713, 795, 828,
343/829
See application file for complete search history.

such as a wireless computer modem or a wireless handset.

16 Claims, 4 Drawing Sheets

50 400
0
51\ '/
QO QQ
Q0 00
b0 o &)
Q0O Q@ Q
QJ,@ Q Q 0O
5 00 Q0 17510
50 20
Q 5058 l@] 505A [@] Q
=0 =0 |
-580A
Q Q
Q Q
Q

Q
5808




(12)

United States Patent

Jordan

US007411560B2

US 7,411,560 B2
Aug. 12,2008

(10) Patent No.:
45) Date of Patent:

(54

(75)

(73)

)

@n
22

(65)

(51
(52)

(58

(56)

LOW PROFILE ANTENNAS AND DEVICES

Inventor: David Frederick Jordan, Danville, NH

Us)

Assignee: M/A-Com, Inc., Lowell, MA (US)

Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by O days.

Appl. No.: 11/537,616

Filed: Sep. 30, 2006

Prior Publication Data

US 2008/0079643 Al Apr. 3, 2008

Int. C1.

H01Q 21/00 (2006.01)

US.CL .o 343/725; 343/702; 343/895;
343/846

Field of Classification Search .................. 343/725

See application file for complete search history.

References Cited
U.S. PATENT DOCUMENTS
1/1956

2,732,551 A * Kraus ......cccoviiiiinninns 343/843

3,665,478 A *  5/1972 Dempsey ........ccccceeuene 343/725
4,396,920 A * 8/1983 Grimbergetal. ........... 343/846
6,229,489 Bl 5/2001 Holshouser et al.
6,683,570 B2 1/2004 Skladany et al.
6,683,580 B2 1/2004 Kuramoto et al.
6,693,600 B1* 2/2004 Elliot ....ccccvevvvunvreennnne 343/773
6,812,902 B2  11/2004 Rossman et al.
6,930,640 B2* 82005 Chungetal. .......... 343/700 MS
6,956,533 B2 10/2005 Lindenmeier

2007/0013593 Al* 1/2007 Zafaretal. ................. 343/713

* cited by examiner

Primary Examiner—Trinh V Dinh

67 ABSTRACT

An apparatus includes a monopole extending substantially
along an axis that may be vertical. However, the monopole
may have a loop portion that deviates from the axis. Further,
the apparatus includes multiple conductive elements, each
having a substantially linear first segment that is coupled to
the monopole. The first segments may be coplanar and/or
perpendicular to the axis. Each of the conductive clements
may further include a second segment that is substantially
parallel to the axis. One or more of these segments may be
connected to a ground potential. Also, the conductive ele-
ments may each include a third segment having a loop pattern.
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An antenna device has a dielectric body with a convex surface

and a concave surface. The antenna device further has a
flexible printed circuit board disposed on the convex surface.
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57 ABSTRACT

Provided are a Planar Inverted-F Antenna (PIFA), a Radio
Frequency Identification (RFID) tag using the PIFA. The
present invention miniaturizes the antenna by using a mean-
der line extended from a radiating edge of a radiation antenna
and adjusting a resonant frequency of the antenna, and it
performs impedance matching by adjusting capacitive reac-
tance of the antenna. Also, it can perform impedance match-
ing by using a stub having a slot formed therein and adjusting
inductive reactance and capacitive reactance of the antenna.
The present invention miniaturizes the antenna by using a
plurality of shorting plates for shorting the radiation patch
from a grounding surface and adjusting the resonant fre-
quency of the antenna. The present invention also provides an
inexpensive PIFA antenna with an excellent radiation effi-
ciency by forming the radiation patch in the form of metal
sheet in the antenna and floating the radiation patch in the air.
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Multiband monopole antennas are disclosed. The antennas
disclosed can include a substrate for mounting conductors,
one or more conductors for receiving networking signals
mainly in a first frequency band, and one or more conductors
for receiving networking signals mainly in a second fre-
quency band. The conductors can have a polygonal shape or
the conductors can have a linear, space-filling, or grid dimen-
sion shape. The conductors can be connected at a feed point.
One or more antenna can be incorporated into a single printed
circuit board. When multiple antennas are used with the same
printed circuit board, the conducting material of the printed
circuit board located between the antenna attachment points
can be interrupted to improve the isolation of each antenna.
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(57) ABSTRACT

An antenna apparatus and a portable wireless device using the
same are disclosed, in which a coupling between antenna
elements is reduced and an isolation property is improved
even when frequencies of antenna elements are close or over-
lapped. The antenna apparatus includes a ground board, a first
antenna element corresponding to a first frequency band, a
second antenna ¢lement corresponding to a second frequency
band in the vicinity of, or overlapped with the first frequency
band. a first power feeding part connecting the ground board
to the first antenna element and a second power feeding part
connecting the ground board to the second antenna element,
in which the first antenna element is arranged in a direction at
an angle ol an integer multiple of 90 degrees with respect to a
long edge of the ground board, and the second antenna ele-
ment is arranged in parallel with the long edge of the ground
board.
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