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UNITED STATES DISTRICT COURT us. D\S’TR\CT COUR
EASTERNDISTRICTOFNEW YORK 2012 T %
........................... - B + DEC 05
VOXX INTERNATIONAL CORPORATION, Civil Actic-na ﬁ% \SLAND OFF\CE
Plaintiff,
v, : COMPLAINT

PETRA INDUSTRIES, INC, and :
SELA PRODUCTS, LLC : JURY TRIAL DEMANDLD

Defendants. WEX LE R, J_ﬂ

——————————————————————————————————————————————————————————————— X
Plaintiff Voxx International Corporation (hereinafteL\E

attorneys, Levy, Stopol & Camelo, LLP, for its Complaint against Defendants, Petra
Industries, Inc. and Sela Products, LLC (hereinafter sometimes collectively referred to as
“Defendants™), alleges and states as follows:

NATURE OF THE ACTION

1. This is an action for patent infringement of United States Letters Patent
No. 8,269,672 (“the ‘672 Patent”) arising under the Patent Laws of the United States, 35
U.S.C. §§ 1 ef seq. seeking injunctive relief and damages as a result of Sela’s
infringement of the ‘672 Patent,
PARTIES
2. Plaintifl Voxx International Corporation is a corporation organized and
existing under the laws of Delaware, with its principal place of business located at 180

Marcus Boulevard, Hauppauge, New York 11788,
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3. Upon information and belief, Defendant Petra Industries, Inc. is a

corporation organized and existing under the laws of Oklahoma, with its principal place
of business located at 2101 S. Kelly Avenue, Edmond, Oklahoma 73013

' Upon information and belief, Defendant Sela Products, LLC is a limited
liability company organized and existing under the laws of Oklahoma, with its principal
place of business located at 2101 S. Kelly Avenue, Suite B, Edmond, Oklahoma 73013.

5. Upon information and belief, Defendants import, distribute, offer for sale
and sell consumer electronics products, including the infringing antenna products
described herein, in the United States, in the State of New York and in this judicial
district. Defendants and/or Defendants’ distributors and customers sell their infringing
products online to New York residents and ship products into New York.

JURISDICTION AND VENUE

6. This Court has subject matter jurisdiction pursuant to 28 U.S.C. §§ 1331
and 1338(a), because this is an action for patent infringement arising under the laws of
the United States, including 35 U.S.C. §§ 271 and 281-285.

7. Upon information and belief, Defendants transact business or contract to
supply products within the State of New York by using, selling, distributing and offering
to sell products as described and claimed in the ‘672 Patent and/or by conducting other
business in the State of New York and within this judicial district.

8. This Court has personal jurisdiction over Defendants because, inter alia,
Defendants ha.ve committed, contributed to or participated in acts of patent infringement
in the State of New York and within this judicial district.

9. Venue is proper in this Court pursuant to 28 U.S.C. §8§ 1391 and 1400(b).
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COUNT 1

INFRINGEMENT OF THE ‘672 PATENT

10.  Voxx realleges and incorporates by reference the allegations set forth in
paragraphs 1-9 as though fully set forth herein.

I1.  Voxx is the legal owner by assignment of the ‘672 Patent, a copy of which
is attached hereto as Exhibit A. The ‘672 Patent, entitled “Omni-Directional, Multi-
Polarity, Low Profile Planar Antenna,” was duly issued by the U.S. Patent and
Trademark Office on September 18, 2012,

12. The ‘672 Paient is presumed valid and enforceable by operation of law
pursuant to 35 U.S.C. § 282.

13, Defendants directly infringe and continue to infringe the ‘672 Patent by
making, using, importing, offering to sell, and/or selling (directly or through
intermediaries) antennas that embody each and every claim of the ‘672 Patent in this
judicial district and elsewhere, including, but not limited to the TRIQUEST and/or AXIS
brand antennas under model numbers 41701 and 41702.

14, Upon information and belief, Defendants’ infringement of the ‘672 Patent
will continue unless permanently enjoined.

15, Asadirect and proximate result of Defendants’ infringement of the ‘672
Patent, Voxx has suffered and will continue to suffer irreparable harm including, infer
alia, by injury to iis business results, prospects, goodwill and market presence and
through erosion of Voxx’s statutory right to exclude others from practicing the claimed

invention.
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16, Voxx has suffered and will continue to suffer monetary damages

compensable under 35 U.S.C, § 284 in an amount yet to be determined for which Voxx is
entitled to all damages adequate to fully compensate Voxx for Defendants’ infringement
of the ‘672 Patent.

PRAYER FOR RELIEF

WHEREFORE, Voxx prays that this Court grant the following relief:

A, A judgment that one or more claims of the ‘672 Patent is infringed by
Defendants, literally and/or under the doctrine of equivalents;

B. An award of damages adequate to compensate Voxx for Defendants’
infringement of the ‘672 Patent pursuant to 35 U.S.C, § 284;

C. An award increasing damages up to three time the amount found or
assessed by the Court in Voxx’s favor and against Defendants for their willful and
deliberate infringement of the ‘672 Patent;

D. An Order permanently enjoining Defendants, and their affiliates and
subsidiaries, and each of their officers, agents, servants, directors, employees and all
persons acting in concert with them, directly or indirectly, from making; having made,
using, offering to sell, or selling in the United States, or importing into the United States
any product that infringes the ‘672 Patent;

E, An award of prejudgment interest and post-judgment interest on any
damages award by reason of Defendants’ infringement of the ‘672 Patent.

F. A declaration that this case be found “exceptional”, and the Voxx be

awarded costs, disbursements and attorney’s fees in accordance with the provisions of 35

U.S.C. § 285; and
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G. All other and further relief as this Court may deem just, proper and

equitable.

Dated: November 29, 2012

LEVY,STOPOL & CAMELO, LLP

L,

Robert S. Levy
Larrry N. Stopol

1425 RXR Plaza

Uniondale, New York 11556
(516) 802-7007
rlevy@levystopol.com
Istopol@levystopol.com

Attorneys for Plaintiff
Voxx International Corporation
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DEMAND FOR JURY TRIAL

Plaintiff hereby demands a jury trial as provided by Rule 38(a) of the Federal

Rules of Civil Procedure.

Dated: November 29, 2012 LEVY, STOPOL & CAMELO, LLP

el

By:  Robert S, Levy
Larrry N. Stopol

1425 RXR Plaza

Uniondale, New York 11556
(516) 802-7007
rlevy@levystopol.com
Istopol@levystopol.com

Attorneys for Plaintiff
Voxx International Corporation



Case 2:12-cv-05993-LDW-WDW Document 4 Filed 12/05/12 Page 7 of 27 PagelD #: 40

EXHIBIT A



Case zaz-ovososs-owwow bocument . |TEHIRHHN IR AT )

USN08269672B2
a» United States Patent (10) Patent No.: US 8,269,672 B2
Tinaphong et al. @4s) Date of Patent: Sep. 18, 2012
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W U.S. PATENT DOCUMENTS
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1
OMNEDIRECTIONAL, MULTI-POLARITY,

"LOW PROTILE PLANAR ANTENNA

CROSS-REFERENCE TO RELATED
APPLICATION

This application is related to U8, Provisional Application
Ser. No. 61/128,801, filed on May 23, 2008, and entitled
“Omni-Directional, Multi-Polarity, Low Profile Planar
Antenna®, the disclosure of which is incorporated herein by
reference. This application claiins the benefit of priority
under 35 UJ.8.C. 119 andfor 35 U8.C. 120 to the aforemen-
tioned related provisional application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to antennas for
receiving broadeast signals such as television signals, and
more specifically relates to television antennas for receiving
digitally formatted broadeast signals.

2. Description of the Prior Art

Conventional indoor TV antenne systems generally
include two separate antennas for respective VHF ard UHF
reception. The antenna for receiving the VHF bands employs
a pair of telescopic elements forming a dipale with each of the
elements having a maximum length of from 4 to 6 feet (1.5 to
2.5 m). The two elements usually are mounted to permit the
elements to be spread apart to increase or shorten the dipele
length and those elements are commonly referred to as “rab-
bit ears.” The indeor UJHF antenna typically is 2 loop haviag
a diameter of about 74 inches (20 centimeters). .

One problem associated with the conventiona! indoor
antenna systems is that the physical dimension of the VHF
dipole is undesirably long for the ordinary setting in a fiving
room and that the length as well as the direction of the dipole
elements may need o be adjusted depending upon the receiy-
ing channels, The second problem is that the performance of
such conventional indoor VHF/UHF antennas changes in
response to changes of the physical conditions around the
antenna elements, For example, it is difficult for a user to
make proper adjustment of the antennas since a human body
coming into contact with an antenna changes the electro-
magnetic conditions associated with the antenna elements,
The third problem is that the cenventional indoor anfenna
systems do not always provide a sufficient signal level for
good reception.

1.8, Pat. No. 6,429,828, which issued on Aug, 6, 2002 to
Prapan Paul Tinaphong, ef al., the disclosure of which is
incorporated herein by reference, describes an antenna sys-
tem for receiving VHF/UHT broadesst signals which com-
prises a planar antenna and a finer unit which includes a
tuning arangement, A gain controllable amplifier may be
included in the tumer unit where necessary, The planar
antenna includes a pair of antenna elements wiich are sub-
stantially identical in shape. These elements are located on
the respective surfaces of a dielectric board, The tuning
arrangement inchudes a plurality of matching networks for the
respective plurality of bands of broadeast frequencies,

The antenna and antenna system described in the afore-
mentioned Tinaphong, ef al, patent work well for receiving
analog television broadcast signals, Now, the inventors herein
have improved the planar antenna described in the aforemen-
tioned Tinaphong, et 4l. patent to have even better reception
characteristics, including the capability to receive digitally
formatied broadcast television signals,

~— NTSC (Nations] Television Standards Comnnifiee) biond.
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cast signals were adopted by the United States in 1941 as the
standardized television broadcasting and video format which
is currently in vse. The NTSC signals are analog signals,
However, the NTSC analog format will be phased out on Jun,
12, 2009, and all TV broadcasting signals will be changed to
an ATSC (Advanced Television Systems Committee) digital
format. The ATSC standard for digital television has been
adopted by the United States and several other countries,

As a result, the television receiver antenna will become &
critical element for the new digital TV reception system in
order to receive all new digital TV channels which wil] be
mainly in the UHF (ultra high frequency) band, with some
channels being in the upper VHF (very high frequency) band
covering conventional TV channels 7 to 13, Without a good
omni-directional TV antenna, consumers will not be able to
receive all of the digital ATSC signals when the broadcast
format change comes about, All conventional indoor or out-
door antennas will only receive the signals when the antenng
is pointed in the direction of the TV broadcasting station;
otherwise, the converter box or ATSC television will only
show a blank screen on the television. With the analog NTSC
broadeast signals, consumers still ¢an see some pictures or
snowy images when the antenna is not pointed into the right
direction, and conswmers can still rotate the antenna to the
right direction by watching the picture quality change the
display on the television. Digital televisions that recejve
ATSC signals will either display a picture or a blank or dark
screen, and thus provide no indication that will alert consym-
ers that they should rotate the antenna to achieve better chan-
nel reception in the same area,

OBIJECTS AND SUMMARY OF THE
INVENTION

It is an object of the present invention to provide a low
profile planar antemna for the reception of digitally formatted
television broadeast signals,

1t ts another object of the present invention to provide an
indoor television antenna which is omni-directional and,
therefore, needs no adjustment for receiving a broad raige of
television broadcast signals,

Itis yet another abject of the present invention to provide a
television antenna which receives both harizonta) ly polarized
and vertically polarized television broadcast signals.

It is a further object of the present invention to provide a
low profile planar antenna for use with television receivers
which receives both analog and digital television signals,

It is still a further object of the present invention to provide
a television antenna which resolves issues with multi-path
and other forms of interference from adjacent chanrels, as

‘well as maintain an excellent SWR (standing wave ratio) with

proper impedance matching between the ATSC tuner an the
television side and the output impedance of the antenna,

Tt is still another object of the present invention to provide
a television antenna which optimizes ATSC television broad-
cast signal reception, as well as resolve the channel drop off
problem when the antenna is not pointed to the right direction
with the right polarization.

It is another object of the present invention to provide a
reception antenna for television receivers whose physical
dimensions are calculated to optimize the size of the antenna
for perfect or near perfect ATSC signal reception,

In accordance with one form of the present invention, an
omni-directional, multi-polarity, low profile planar antenna
includes a plurality of microstrip elements formed on one sjde
of a substrate, such as a phenolic printed cireuit board or a
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Plexiglas substrate; or the Jike, the substrate having diclectric

properties. Also, microstrip antenna elements sre formed on
the opposite side of the substrate. The arrangement of the
antenna elements on one side of the substrate is substantially
the same as the arrangement of the elements situated on the
other side of the substrate; however, the arrangement of the
elements on the second side is orfented or offset ninety
degrees from the arrangement of the elements on the first side
of the substrate. Bach arrangement defines a modified
H-shaped pattern of conductive antenna elements, and each
modified H-shaped pattern of conductive elements includes
an extended S-shaped main region,

These and other objects, features and advantages of the
present invention will be apparent from the following detailed
description of illustrative embediments thereof, which is to
be read in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1is a top plan view ofa first form ofthe planar antenna
of the present invention, the planar antenna being illustrated
without discrete components,

FIG, 2 is a bottom plan view of the first form of the planar
antenna of the present invention, the planar antenna being
illustrated without discrete components.

FIG. 3 is a top plan view of the first form of the planar
antenna of the present invention, illustrating the values and
arrangement of discrete components (e.g., capacitors and
inductors) situated thereon.

FIG. 4 is a bottom plan view of the first form of the planar
antenna of the present invention, illustrating the values and
arrangement of discrete components (e.g., capacitors and
inductors) sitvated thereon,

FIG, 5 is a graph which illustrates a radiation pattern of the
first form of the planar antenna at a particular frequency (177
MHz).

FIG. 6 is a top plan view of & second form of the planar
antenna of the present invention, the planar antenna being
illustrated withont discrete components.

FIG. 7 is a bottom plan view of the second forn of the
planar antenna of the present invention, the planar antenna
being itlustrated without discrete components,

FIG. 8 is a top plan view of the second form of the planar
antenna of the present invention, illustrating the values and
arrangement of discrele components {e.g., capacitors and
inductors) situated thereon,

FI1G. 9 is a bottom plan view of the second form of the
planar antenna of the present invention, illustrating the values
and arrangement of discrete compenents {e.g., capacitors and
induoctars) situated thereon.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring initially to FIGS, 1-4 of the drawings, it will be
seen that an omni-directional, multi-polarity, low profile pla-
nar antenna constructed in accordance with a first form of the
present invention includes elements which are developed
based on microstrip fechmiques and which are situated cn a
first side 2 and an opposite second side 4 of'a planar substrate
6 having dielectric properties. More specifically, the antenna
elements on both sides of the substrate 6 are dimensioned and
arranged in unique patterns which make it possible for the
planar antenna to provide omni-directional reception of hori-
zontally polarized and vertically polarized television signals,
the omni-directionality properties of the antenna being seen
from the radiation pattern plot of the antenna shown in FIG., 5,
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Thus;no-adjustmentfor the direction of e ghtenna is nec-
essary once it is installed by the user, The omni-directionality
of the planar antenna of the present invention is believed o
result from the fact that the majority of R¥ (radio frequency)
currents flow along the edges of every one of the planar
antenna elements, Furthermore, because the antenns is
responsive to nlti-polarity signals, it may be mounted ver-
tically or horizontally by the user on a supporting structure,

As shown in FIGS. 1-4, the antenna elements are prefer-
ably etched directly on a printed circuit board (PCB) 8, such
as a printed circuit board commonly referred to in the industry
as “FR-4" (0.062" thickness, double-side PCB board with a
dielectric constant of between about 4.3 and abouwt 4.5), The
dimension of the PCB 8 is approximately 9.75%9.75 inches,
Both VHF and UHF antenna elements are formed on each
side 2, 4 of the PCB 8, and VHF and UHF elements on one
side 2 are substantially identical, in shape, to respective VHF
end UHF elements on the other side 4 of the PCB 8. In
addition, the former are rotated 90 degrees with respect to the
latter,

For VHF sigual reception, the planar antenna of the present
invention includes the following three separate regions (ref-
erence numbers for the respective corresponding regions on
the battom side are shown in the parentheses): 1) extended
“3"-shaped main region 120 (220); 2) a first supplemental
region 150 (250); and 3} a second supplemental region 160
(260).

Each of the extended “S”-shaped main regions 120 (220)
on the first side 2 of the printed circuit board 8 (or dielectric
substrate 6) and on the secand side 4, respectively, includes 4
interconnected legs or sub-segments, that is, a first leg 300
(400), a second leg 302 (402), a third leg 304 (404) and a
fourth leg 306 {406). The first leg 300 (400) is comnected to
and disposed at a right angle to the second leg 302 (402), the
second leg is connected to and disposed at a right angle (o the
third leg 304 (404), and the fourth leg 306 (406) is connected
to and disposed at a right angle fo the third leg 304 (404), The
first leg 300 (400) and the third leg 304 (404) extend from
opposite axial ends of the second leg 302 (402} in opposite
directions, and the fourth leg 306 (406) extends fram the third
leg 304 (404) in a direction which is parallel to the second leg
302 (402) and in a direction towards the axial end of the
second leg at which the frst leg 300 (400) is connected.

The first leg 300 of the main region 120 on the first side 2
of the dislectric substrate 6 has a width of preferably aboyt
1.25 inches, an ouwtside length (relative to the PCB 8) of
preferably about 5,25 inches, and an inside length of prefer-
ably about 4.25 inches. The inside length side of the first leg
300 of the main region 120 is spaced from a ground plane
region 130, which will be described in greater detail, by agap
of preferably about 6.5 millimeters, The second leg 302 of the
main region 120 has an overall length of preferably ahout 9.5
inches (which includes the widths of the first and third legs
300, 304), and the width of the second leg 302 is preferably
about 1 inch, The overall length of the third leg 304 of the
main region 120 is preferably about 5,25 inches on its outside
dimension and preferably aboul 3,25 inches on its inside
dimension (that is, outside and inside with respect to the edge
of the PCB 8). The width of the third leg 304 of the main
region 120 is preferably about 1,25 inches. The extended
fourth leg 306 of the main region 120 has an overal] length of
preferably about 6,75 inches (which includes the width of the
third leg 304) with an inside length dimension of preferably
about 5.5 inches, The width of the fourth leg 306 of the main
region 120 is preferably about 1 inch, The spacing between
the second leg 302 of the main region 120 and g UHF region
170, which will be described in greater detail, is a gap of
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third leg 304 of the main region 120 end the UHF region 170
is a gap of preferably about 6.5 millimeters. The spacing
between the fourth leg 306 of the main regicn 120 and the
UHF region 170 is preferably about 1.25 centimeters. Pref-
erably, the maximum width of the fourth leg 306 is the same
as, or less than, the width of the third leg 304 to provide a
broader signal reception bandwidth,

The first leg (400) of the main region (220) situated on the
second side 4 of the PCB & (or dielectric substrate 6) has a
width of preferably about 1.25 inches, an outside length of
preferably about 5,25 inches, and an inside length of prefer-
ably about 4.25 inches, The inside length side of the first leg
(400) of the main region (220) is spaced from a UHF region
(270), which will be described in greater detail, by a gap of
preferably about 6.5 millimeters. The second leg (402) of the
main region (220} has an overall length of preferably about
9.5 inches (which includes the widths of the first and third legs
(400, 404)), and the width of the second leg (402) is prefer-
ably about 1 inch. The overall length of the third leg (404) of
the main region (220) is preferably about 5.25 inches on its
outside dimension and preferably about 3.25 inches on its
inside dimension (that is, outside and inside with respect to
the edge of the PCB 8). The width of the third leg (404) of the
main region (220} is preferably about 1.25 inches, The
extended fourth leg (406) of the miain region (220) has an
overall length of preferably about 3.5 inches (which includes
the width of the third leg (404)) with an inside length dimen-
sion of preferably about 2,25 inches. The width of the fourth
leg (406) of the main region {220) is preferably about 1 inch,
The spacing hetween the second leg (402) of the main region
(220) and the UHF region (270) is a gap of preferably about
6.5 millimeters and the spacing between the second leg (402)
of the main region {220) and & ground plane region (230),
which will be described in greater detail, is preferably about
6.5 millimeters, The spacing between the third leg (404) of
the main region (220) and the ground plane region (230)is a
gap of preferably abeut 6,5 millimeters. The spacing between
the fourth leg (406) of the main region (220) and the ground
plane region (230) is preferably between about 2 millimeters
and about 2.5 millimeters.

First supplemental region 150 (250) is preferably approxi-
mately 1.25 inches in width by preferably about 4.1735
inches in length and separated from main region 120 (220) by
a gap of preferably approximately 2 millimeters. Firstsupple-
mental region 150 (250) is electrically coupled to main region
120 (220) through inductors L3 (L5), for example, a 240
nanohenry (nH} high Q surface-mounted chip inductor L3 on
the first side 2 of the printed circuit board 8 (see FIG, 3), and
a 220 nanohenry {nH) similar inductor (L5) cn the second
side 4 of the printed circuit board 8 (see FIG, 4, It has been
found that this arrangement extends the effective electrical
length of first supplemental region 150 (250),

Second supplemental region 160 (260) is substantially
identical to first supplemental region 150 (250) in dimensions
(i.e., preferably about 1,25 inches in width by preferatly
about 4.1735 inches in length and separated from main region
120 (220) by a gap of preferably approximately 2 millime-
ters). Second supplemental region 160 on the first side of the
printed circuit boare is conpled to main region 120 through
capacitor C2, for example, a 3.9 picofarad (pF) surface-
mounted chip capacitor, Secand supplemental region (260)
on the secend side 4 of the printed cirenit hoard 8 is conpled
to main region (220) through an inductor (L4, which is also
preferably a 240 nanohenry (nfl) high Q surface-mounted
chip inductor, It has been found that second supplemental
region 160 (260) coupied via capacitor C2 and inductor (Ld4)

preferably. about-6.5-millimeters. The-spacing between-the——si
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(VSWR) characteristics of the planar antenna for the lower
VHF television band of frequencies (50-88 MHz),

There is a reflector region 140 preforably only on the top
gide of the PCB, Reflector region 140 functions as a reflector
for first supplemental region 150. It has been found that
reflector region 140 improves the overall performance of the
planar antenna in the upper VHF television band of frequen-
cies (174-216 MHz). The reflector region 140 preferably has
dimensions of about 2.5 inches in width by about 2.5 inches in
tengthandis spaced from the first supplemental region 150 by
a gap of preferably about 6,5 millimeters, and is spaced from
the main region 120 by a gap of preferably about 6.5 milli-
meters,

UHF antenna elements 170 (270) feature an “H"-shaped
configuration and are formed on the respective sides 2,4 of
the printed circuit board 8 (or dielectric substrate 6). As
described above, these iwo UHF elements are also substan-
tially identical in shape, and one is oriented 90 degrees from
the other,

Each opposite end 171 (271) of the H-shaped UHF element
170 (270) is preferably square in shape and is preferably
approximately 2.5 inches in width by approximately 2,5
inches in length. The two ends are connected together with
preferably an approximately 1 inch in width by approxi-
mately 1.5 inches in length microstrip transmission line 173
(273) to form the “H”-shaped configuration. UHF element
170 (270} is coupled to the approximately middle point of the
microstrip transmission line leg 302 (402) of the extended
S-shaped VHF element 120 (220) through inductor L1 (L2),
preferably a 33 nanohenry (nH) high Q surface-mounted chip
inductor (see FIGS, 3 and 4),

The top side 2 of the PCB § (or dielectric substrate 6) also
includes a ground plane region 130, Ground plane region 130
is preferably rectangular in shape and is preferably approxi-
mately 4 iuches in length and approximately 2.5 inches in
width. The bottom side 4 of the PCB 8 (or dielectric substrate
6) also includes a ground plane region (230). The dimension
of ground plane region (230) is preferably approxi mately 6.5
inches in length including a first section (231) having a length
of preferably about 3.74 inches and a second section (233)
having a length of preferably about 2.76 inches. The width of
the ground plane region (230) is preferably about 3,25 inches
oxtending over the first section (231) of the ground plane
region (230) and preferably about 2.5 inches extending over
the second section (233) of the ground plane region (230).
The ground plane region 130 on the top side 2 of the PCB § is
eleetrically coupled to the ground plane region (230} on the
bottom side 4 of the PCB 8 by a series of vias 24 formed
through the thickness of the PCB 8 (or dielectric substrate 6).
"The ground plane region 130 is spaced on its length and width
sides from the main region 120 by a gap of preferably about
6.5 millimeters. Similarly, the ground plane region (230} is
spaced from the main region (220) on its length and width
sides by a gap of preferably about 6,5 millimeters.

Female “F" connector 131 for receiving the mating male
connector 21 of coaxial transmission line 20 is connected to
the graund plane region 130 at the edge of the PCB 8. The feet
22 (ground line) of connector 131 are connected to both
ground plane region 130 and, throngh the interconnecting
vias 24, the ground plane region (230) on the second side 4 of
the PCB 8. The signal line center conductor 26 of connector
131 is connected to signal transmission line 132 formed on
the top side 2 of the PCB 8. It has been found that hoth of the
ground plane regions 130 (230) contribute to the stabitization

gnificantly improves the overall voltage standing wave ratio. _
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withstanding the changes of the physical conditions around
the planar antenna.

As shown in FIG. 3, a 4:1 balun transformer 133 (shown
much larger in F1G. 3 than in actvality) is lecated on the top
side 2 of the PCB 8 (or dielectric substrate 6) for impedance
matching between the planar antenna elements and coaxial
cable 20, BEnds of the first winding of transformer 133 are
respectively coupled to connecting point 136 and connecting
region 134, Connecting point 136 is formed as atab extending
from one lateral side, and logated approximately at or near the
middle, of the transmission line leg 302 of extended S-shaped
VHF element 120. Connecting region 134 is connecied to
comnecting point (234) of VHF element (220) on the botlom
side 4 via two or more throngh-holes (vias) 28, Ends of the
second winding of transformer 133 are coupled to respective
transmission line 132 and ground plane 130, Matching
capacitor C1 (preferably 0.5 pF) is coupled between the cen-
ter tap of the second winding and ground plane 130 for better
impedance matching. Micro strip transmission line 132
extends along the top surface 2 of the PCB 8 from the edge of
the PCB 8 where the female connector 131 is mounted to
balun transformer 133, the transmission line 132 extending
parallel to an edge of ground plane region 130 and spaced
apart therefrom by a gap of preferably between about 3 mil-
limeters and about 4 millimeters. The microstrip transmission
line 132 has an impedance of preferably 75 ohrns to match the
impedance of the coaxial cable 20 to which the antemna is
connected,

The planar antenna of the present invention combines the
structural features and advantages of a Yagi antenna with
those of a log periodic antenna to provide omni-directionality
and a relativety broad bandwidth over the frequency spectrum
allotted for ATSC reception when disposed in either horizon-
tal or vertical planes. More specifically, and referring to FIG,
3 of the drawings. it will be seen thal on one side 2 of the
dielectric substrafe 6 of the planar antenna, second leg or
segment 302 ofextended S-shaped main region 120 functions
as @ transmission line, which is coupled to thixd leg or sep-
ment 304, which functions as a driven element. Fourth leg or
segment 306, disposed af a right angle to driven element 304,
functions as a parasitic element,

The transmission line segment (second leg 302) of
extended S-shaped main region 120 is also coupled, at a right
angle, to first leg or segment 300, which functions as a driven
element. Second supplemental region or segment 160, which
is coupled to the transmission line segment (second leg 302)
of extended S-shaped main region 120 by capaciter C2, func-
tions as another parasitic element,

First supplemental region or segment 150, coupled to the
transmission line segment (second leg 302) of the exlended
S-shaped main region 120 through inductor L3, which effec-
tively extends the length of segment 150, functicns as a driven
element. Segment 140 functions as a reflector, and segment
130 is a ground plane which is coupled to ground and to the
coaxial shield of the feed transmission line 20 through one
side of the matching transformer 133,

As can be seen from FIGS. 1 and 3, the extended S-shaped
main region 120, with its first through fourth legs 300, 362,
304, 306, first supplemental region or segment 150 and sec-
ond supplemental reglon or segment 160 together define a
madified H-shaped pattern of conductive antenna elements
on one side of the dielectric subsirate or PCB, which conduc-
tive elements are provided for receiving VHF frequency com-
ponents of digital ATSC television broadcast signals,

———ofthe overall performance of the planar antenna-systemnot—C
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segment {second leg 302) of extended S-shaped main region
120 through inductor L1, and functions as a driven element
for UHF reception.

The second side 4 of the dielectric subsirate 6 of the planar
anfenna, as shown in FIGS, 2 and 4, has similar structural and
functional elements to those described previously with
respect to the first side 2 shown in FIGS, 1 and 3, More
specifically, the second leg or segment (402) of the second
extended S-shaped main region (220) acts as a transmission
line, like the second leg or segment 302 of the first extended
S-shaped main region 120 on the opposite side 2. Region or
segment (270) is coupled to the transmission line second leg
or segment (402) with an inductor L2, and acts as a driven
element for UHF band reception. Segment (400, disposed
perpendicularly fo the transmission line second leg or seg-
ment (402) of the second extended S-shaped main region
{220), acts as a driven element, Segment (260), disposed at a
right angle and coupled ta the transmission line second legor
segment (402) with an inductor L5, functions a5 a driven
element, with inductor L5 extending the effective length of
driven element segment (260). Segment (404), disposed at a
tight angle and coupled to the transmission line second leg or
segment (402), acts as a driven element, and segment (406),
disposed at a right angle to driven element segment (404),
functions as a parasitic element,

Segment 250, which is disposed al a right angle and
coupled to the transmission line second leg or segment (402)
through an inductor L4, functions as another driven element
of the planar antenna, with inductor L4 increasing the overall
effective length of driven element segment (250). Segment
(230} functions as a ground plane.

As can be seen from FIGS. 2 and 4, the extended S-shaped
main region (220), with its first through fourth legs (400),
(402), {404), (406), first supplemental region or segment
(250) and second supplemental region or segment (260)
together define a second modified H-shaped pattern of con-
ductive antenna clements on the other side 4 of the dielectric
substrate 6 or PCB 8, which conductive elements arc provided
for receiving VHF frequency components of digital ATSC
television broadcast signals, As can be seen from FIGS, 1-4,
the first modified H-shaped pattern of conductive elements on
one side 2 of the dielectric substrate 6 is disposed substan-
tially ninety (90) degrees with respect to the second modified
H-shaped pattern of conductive elements on the other side 4
of the dielectric substrate,

FIG. 5§ is a graph of the antenna radiation pattern of the
present inventionat 177 MHz, As can be seen from FIG. 5, the
planar antenna of the present invention is quite omni-direc-
tional.,

FIGS. 6-9 relate to a second form of the planar antenna of
the present invention, As can be seen from FIGS, 6-9, the
second form of the planar antenna is very similar in structyre
to the first form of the planar antenna shown in FIGS, 1-4, and
like reference numerals denote the same or similar compo-
nents,

There are some differences between the first forn; of the
planar antenna shown in FIGS. 1-4 and the second form of the
planar antenna shown in FIGS. 6-9, A first difference is that
the dimensions of the various segments and components of
the second form may be different from the first form, as will
be described in greater detail. A second difference relates to
the arrangement of the segments of the second form of the
planar antenna (see FIGS. 7 and 9) compared to the arrange-
ment of the first form of the planar antenna (see FIGS. 2 and
4). A third difference is thet the region (230 which functions
as a ground plane in the second form of the planar antenna,

uetive region 170715 conpled to the fransmission line
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—nowis H-shaped; whereas segment (230 onthe first formof —— preferably abour 6.5 millimefers. The spacing befween the.

the planar antenna is substantially rectangular in shape.

Each of the first form and (he second form of the planar
antenna includes an extended S-shaped segment 120 (220) on
each side of the dielectric substrate.

The second form of the planar antenna shown in FIGS. 6-9
is preferably etched directly on a printed circuit board (PCB)
§, formed from a CEM material with a dielectric constant of
between about 5 and about 5.5, The overall dimensions of the
PCB B are preferably about 7 and 3 inches by about 7and %
inches for the second form of the planar antenna,

The primary structura! differences between the first form of
the planar antenna of the present invention and the second
form will now be described in greater detail. The otheraspects
efthe two forms are substantially the same, and such comemon
aspecis have been previously described in detail in relation to
the planar antenna shown in FIGS. 1-4,

Other than the dimensions of the various segments and
regions, the layout of the conductive elements and other com-
ponents on the first side 2 of the dielectric substrate 6 (e.g., the
PCB 8) of the second form of the planar antenna (see FIGS. 6
and 8) is substantially the same as on the first side 2 of the first
form of the planar antenna shown in FIGS. 1 and 3, However,
it is clearly evident from comparing FIGS. 2 and 4 with FIGS.
7 and 9 of the second side 4 of the dielectric substrate 6 that
the fourth leg or segment (406) of the extended §-shaped main
region (220) has been moved diagonally across the dielectric
substrate 6 on the second form of the planar antenna from its
position on the first form, where it extended from the end of
thethird leg or segment (404), to now connect with and extend
at a right angle from the end of the first leg or segment (400)
and toward first supplemental region or segment (250) on: the
second form of the planar antenna, but still functioning as a
parasitic element of the planar antenna,

Furthermore, the ground plane region {239) in the second
form of the planar anfenna includes two opposite end pertions
(235,237) interconnecied by a centrally disposed, narrower
microstrip transmission line (239) to provide the ground
planeregion (230) with an H-shaped configuration, as shown
in FIGS. 7 and 9.

The dimensions of the varicus components and regions of
the second form of the planar antenna shown in FI1GS, 8-11
will now be described.

The first leg 300 of the main region 120 on the first side 2
ofthedielectric substrate 6 has a width of preferably about 9,5
millimeters, an outside length (relative to the edge of the PCB
8) of preferably about 11.1 centimeters, and an inside length
of preferably about 8.5 centimelers, The inside length side of
the first leg 300 of the main region 120 is spaced from the
ground plane region 130 by a gap of preferably about 6.5
millimeters, The second leg 302 of the mainregion 120 has an
overall length of preferably about 19.6 centimeters (which
includes the widths of (he first and third legs 300, 304), and
the width of the second leg 302 is preferably about 2.55
centimeters. The overall length of the third leg 304 of the main
region 120 is preferably about 11,1 centimeters on its oufside
dimensicn and preferably about 8.5 centimeters on its inside
dimension (that is, outside and inside with respect to the edge
of the PCB 8), The width of the third leg 304 of the main
region 120 is preferably approximately 6.5 millimeters, The
extended fourth leg 306 of the main region 120 has an overal|
length of preferably about 11.1 centimeters (which includes
the width of the third leg 304) with an inside length dimension
of preferably approximately 10,2 centimeters. The width of
the fourth feg 306 of the main region 120 is preferably about
9.5 millimeters, The spacing between the second leg 302 of
the main region 12¢ and the UHF region 170 is a gap of
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third leg 304 of the main region 120 and the UHF region 170
is a gap of preferably approximately 6.5 millimeters. The
spacing between the fourth leg 306 of the main region 120 and
the UHF region 170 is preferably approximately 9.5 millime-
ters, Preferably, the maximum width of the fourth leg 306 is
the same as, or less than, the width of the third leg 304 to
provide a broader signal reception bandwidth,

The first leg {400) of the main region (220) situated on the
second side 4 of the PCB 8 (or dielectric substrate 6)has a
width of preferably about 9.5 millimeters, an outside length
of preferably about 11.1 centimeters (which includes the
width of second leg 402 and fourth leg 406), and an inside
length of preferably about 8.5 centimeters (which includes
the width of fourth leg 406). The inside length side of the first
leg (400) of the main region (220} is spaced from the UHF
region (270) by a gap of preferably approximately 6.5 milfi-
melers. The second leg (402) of the main region (220) has an
overall length of preferably approximately 19,6 centimeters
(which includes the widths of the first and third legs (400,
404)), and the width of the second leg (402) is preferably
approximately 2.55 centimeters. The overall length of the
third leg (404) of the main region (220) is preferably about
11.1 centimeters on its outside dimension and preferably
aboui 8.5 centimeters on its inside dimension (that is, outside
and inside with respect to the edge of the PCB 8). The widih
of the third leg (404) of the main region (220) is preferably
about 9.5 centimelers. The extended fourth leg (406) of the
main region {220) has an overall length of preferably about
7.0 centimeters (which includes the width of the third leg
{404)) with an inside length dimension of preferably about
6.05 centimeters, The width of the fourth leg (4 06) ofthe main
rogion (220) is preferably approximately 9.55 miliimstars,
The spacing between the second leg (402} of the main region
(220) and the UHF region (270) is a pap of preferably
approximately 6.5 millimeters and the spacing between the
second leg (402) of the main region (220 and the ground
plane region (230) is preferably about 6.5 millimeters. The

_ spacing between the third leg (404) of the main region (220)
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and the ground plane region (230} is a gap of preferably about
6.5 millimeters, The spacing between the fourth leg (406) of
the main region (220) and the UHF region (270) is preferably
about 6.5 millimelers,

First supplemental region 150 (250) is preferably approxi-
mately 9.5 millimeters in width by preferably approximately
8.35 centimeters in length and separated from main region
120 (220) by u gap of preferably approximately 2 millimeters.
First supplemental region 150 (250) is electrically coupled to
main region 120 (220) through inductors 13 (L5), which may
be a high Q surface-mounted chip inductor L3 on the frst side
2 of the prinied circuit board 8 (see FIG. 8), and a similar
inductor (L5) on the second side 4 of the printed circuit board
8 (see I'I(3. 9). 1t has been found that this arrangement extends
tho effective electrical length of first supplementa) region 150
(250). Alternatively, inductors L3 (L5) may be omitted, with
the first supplemental region 150 (250) being caupled to main
region 120 (220) through its close proximity to main region
120 (220),

Second supplemental region 160 (260) is substantially
identical to first supplemental region 150 (250) in dimensions
(ie., preferably about 9.5 millimeters in width by preferably .
about 8.35 centimeters in length and separated from main
region 120 (220) by a gap of preferably approximately 2
millimeters). Second supplemental region 160 on the first
side of the printed circuit board is conpled to main region 120
through capacitor C2, which may be  surface-mounted chip
capacitor, Second supplemental region (260) on the second
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(220) through an inductor (L4), which may also be a high Q
surface-meunted chip inductor. It has been found that second
supplemental region 160 (260} coupled via capacitor C2 and
inductor (L4) significantly improves the overall voltage
standing wave ratic (VSWR) characteristics of the planar
antenna for the lower VHF television band of frequencies
{50-88 MHz). Alternatively, capacitor C2 and inductor (L4)
may be omitted, with the second supplemental region 160
(260) being coupled to main region 120 (220) through its
close proximity to main region 120 (220),

There is a reflector region 140 preferably only on the top
side of the PCB. Reflector region 140 functions as a reflector
for first supplemental region 150. It has been found that
reflector region 140 improves the overal] performance of the
planar antenna in the upper VHF television band of frequen-
cies (174-216 MHz), The reflector region 140 preferably has
dimensions of about 6,35 centimeters in width by about 6.35
centimeters in length and is spaced from the first supplemen-
tal region 150 by a gap of preferably approximately 6,5 mil-
limeters, and is spaced from the main region 120 by a gap of
preferably approximately 6.5 millimeters,

UHF antenna elements 170 (270) feature an “H"-shaped
configuration and are formed on the respective sides of the
printed circuit board 8 (or dielectric substrate 6). As described
above, these two UHT elements are also substantially identi-
cal in shape, and one is oriented 30 degrees from the other,

Bach opposite end 171 (271) of the H-shaped UHF element
170 (270) is preferably square in shape and is preferably
approximately 6.35 ceniimeters in width by approximately
6.35 centimeters in length, The two ends are connected
together with preferably an approximately 2.55 centimeters
in width by approximately 3.8 centimeters in length micros-
trip transmission line 173 (273) to form the “H"-shaped con-
figuration. UHF element 170 (270) is coupled to the approxi-
mately middle point of the microstrip transmission line leg of
the extended S-shaped YHI' element 120 (220) through
inductor L1 (I.2), preferably a 68 nanohenry (nH) high Q
surface-mounted chip inductor {see FIGS. 7 and 9).

The top side 2 of the PCB 8 (or dielectric substrate 6) also
includes a ground plane region 130. Ground plane region 130
is preferably rectangular in shape and is preferably approxi-
mately 7.9 centimeters in length and approximately 6.35 cen-
timeters in width. The botton side 4 of the PCB 8 (or dielec-
tric substrate 6} also includes a ground plane region (230),
Bach of the two end portions (235, 237) of ground plane
region (230) is preferably square and is preferably dimen-
sioned to be approximately 6,35 centimeters in lzngth and
approximately 6.35 centimeters in width. The length of fhe
interconnecting microstrip trangmission line (239) is prefer-
ably approximately 3.8 centimeters, and the width is prefer-
ably approximately 2,55 centimeters. The ground plang
region 130 on the top side 2 of the PCB 8 is electrically
coupled o the ground plane region (230) on the bottom side
of the PCB 8 by a series of vias 24 formed through the
thickness of the PCB 8 (or dielectric substrate 6), The pround
plane region 130 is spaced on its length and width sides from
the main region 120 by a gap of preferably about 6.5 milli-
meters, Similarly, the ground plane region (230) is spaced
from the main repion (220) on ifs lengfh and width sides by a
gap, of preferably about 6.5 millimeters.

As illustrated by FIG. 8, it is not necessary to include
female “F" connector 131, Rather, the center signal conductor
26 of coaxial cable 20 may be connected dirsctly to transmis-
sion line 132, and the ground shield 32 of coaxial cable 20
may he directly connected to ground plane region 130,
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surface 2 of the PCB 8 from an edge of the PCB 8§ to balun
transformer 133, the transmission line 132 extending paralle!
to an edge of ground plane region 130 and spaced apart
therefrom by a gap of preferably between about 3 millimeters
and about 4 millimeters, The microstrip transmission line 133
has an impedance of preferably 75 ohms to match the imped-
ance of the coaxial cable 20 to which the antenna is con-
nected,

Tables 1 and II shown below state the gain of the second
form of the planar antenna, measured when the antenna is in
a vertical disposition and a horizontal disposition, at selected
frequencies of interest.

TABLE|

(VERTICAL ORIENTATION)

FREQUENCY (MHZ)

BAND GAIN (dBm)
VHF (¥l ~1.35
YHF 183 -7.36
VHF 189 -5,62
VHF 195 ~7.00
VHE 201 ~7.44
VHF 207 -6,12
VHF 213 ~6.65
UHF 415 -12.33
UHF sH -6.61
UHF 547 -3.84
UHF 583 -3.59
UHF 619 -1.99
UNF 655 -271
UHF 691 ~2.64
UHF 727 -291
UHF 763 -2.23
UHF 803 -6.24
TABLE 1T

(HORIZONTAL ORIENTATION)
BAND FREQUENCY (MHZ) GAIN (dBm)
VHF 177 ~8.20
YHF 183 ~7.05
VHF 189 -6.37
VHF 195 -8.71
VHF 201 ~9.52
VHF 207 ~7.61
VHF 213 -5.98
UHF 475 -8.67
UHF 511 ~9.55
UHF 547 -7.2
UHF 583 -491
UHF 619 -471
UHT 655 -4.2
UHF 691 -2.19
UHF 727 -0.83
UHF 763 -2.73
UHF 8’03 -4,22

The values of the discrete components (i.e., inductors and
capacilors) may vary depending upon the dielectric substrate
6, or more specifically, the dielectric constant of the printed
circuit board 8 which is used. Tables 111 and TV shown below
list the preferred values of the discrete components used for
the first and second forms of the planar antenna based on
whether the printed circuit board 8 used in the planar antenna
is the industry standard “FR4” type or “CEM1” type,
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FIRST FORM OF PLANAR ANTENNA SHOWN IN FIGS, 1-4

PCB-TYPE COMPONENT VALUE

FR4 Lt 33 oH
FR4 Lz 33 nH
TR4 L3 240 nH
FR4 L4 240 nH
FR4 L5 220 nH
FR4 Cl1 0.5 pF
FR4 2 3.9 pF
CEM!I L1 56 nH
CEM1 L2 56 nH
CBM1 L3 {nct used)
CEM! L4 (not usad)
CEM]1 LS (not used)
CEM1 cl 0.5 pF
CEM1 c2 1.0 pF

TABLE IV

SECOND FORM OF PLANAR ANTENNA SHOWN TN FIGS. 6-9

PCB-TYPE COMPONENT VALUE

FR4 L1 68 nH
FR4 L2 68 nH
FR4 L2 (not used)
FR4 L4 47 nH
FR4 L3 (not used)
FR4 Cl1 33 pF
FR4 c2 {not used)
CEM]I LA 68 nH
CEMI L2 08 nH
CEMI L3 (not used)
CEMI1 L4 100 nH
CEMI LS (not used)
CEMI Cl 3,3 pF
CEMI c2 . (not used)

The dielectric constant of the FR4-type printed circuit
board & used in first and second forms of the planar antenna is
about 4.3 and about 4.5, respectively, The dielectric constant
of the CEMI printed cireuit board 8 used in the first and
second forms of the planar antenna is about 5,0 and about 5.2,
respectively.

As may be seen frem the previous description, a planar
antenna for recejving high definition ltelevision signals,
formed in accordance with ene form of the present invention,
includes a dielectric substrate having z first side and a second
side disposed opposite the first side. The first and second sides
respectively have first and second conductive patterns includ-
ing segments functioning as antenna elements and form
respective first and second medified H-shaped patterns
thereon. The first conductive pattern situated on the first side
of the dielectric substrate of the planar antenna has a first
exterided S-shaped segment 120, and the second conductive
pattern situated on the second side of the dielectric substrate
of the planar antenna has a second extended S-shaped seg-
ment (220). Preferably, the first modified H-shaped pattern is
disposed substantially ninety degrees with respect to the sec-
ond modified H-shaped pattern.

1n another form of the present invention, a planar antenna
for receiving high definition television signals includes a
dielectric substrate having a first side and a second side dis-
posed opposite the first side. The first and second sides
respectively have first and second conductive patterns inclod-
ing segments functioning as anterna elements and forming
respeciive first and second modified H-shaped patterns
thereon, The frst modified H-shaped pattern is preferably
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~disposed substantially ninety degroes with Fespect fo'the sec-

ond modified H-shaped pattern.

Even more preferably, the first conductive pattern situated
on the first side of the dieleciric substrate of the planar
anlenna includes a first extended S-shaped segment 120, The
first extended S-shaped segment 120 includes an elongated
main portion 302 centrally located on the first side of the
dielectric substrate and which functions as a first transmission
line. The elongated main portion 302 has a first axial end and
a second axial end sitvated oppaosite the first axial end. The
first extended S-shaped segment 120 further includes a first
sub-segment 304 sitvated at and operatively coupled to the
second axial end of the elongated main portion 302 and dis-
posed perpendicularly to the length of the elongated main
portion 302. The first sub-segment 304 of the first extended
S-shaped segment 120 functions as a first driven element of
the planar antenna. The first sub-segment 304 of the first
extended S-shaped segment 120 has a first axial end which is
operatively coupled to the second axial end of the elongated
main portion 302, and a second axial end sitwated Opposite the
first axial end of the first sub-segment 304. The first extended
S-shaped segment 120 additionally includes a second sub-
segment 300 situated at and operatively coupled to the first
axial end of the elongated main portion 302 snd disposed
perpendicularly to the lengih of the elongated main portion
302, The second sub-segment 300 of the first extended
S-shaped segment 120 functions as a second driven element
of the planar antenna, The first extended S-shaped segment
120 further includes a third sub-segment 306 situated at angd
operatively coupled fo the second axial end of the first sub-
segment 304 of the first extended S-shaped segment 120 and
disposed perpendicularly to the length.of the first sub-seg-
meni 304, the third sub-segment 306 functioning as a first
parasitic element of the planar antenna.

The first conductive pattern situated on the first side of the
dielectric substrate further includes a second segment 150,
The second segment 150 is situated at and operatively
coupled to the second axial end of the elongated main portion
302 of the first extended S-shaped segment 120 and is dis-
posed perpendicularly to the length of the clongated main
partion 302. The second segment 150 functions as a third
driven element of the planar antenna.

The first extended S-shaped segment 120 further includes 4
third segment 160. The third segment 160 is situated at and
operatively coupled to the first axial end of the elongated main
portion 302 of the first extended S-shaped segment 120 and js
disposed perpendicularly io the length of the elongated main
portion 302, The third segment 160 functions as a second
parasitic element of the planar antenna. The first extended
S-shaped segment 120, the second segment 150 and the third
segment 160 define the first modified H-shaped pattern on the
first side of the dielectric substrate of the planar antenna,

Preferably, the second conductive pattern situated on the
second side of the dielectric substrate of the planar antenna
includes a second extended S-shaped segment (220), The
second extended S-shaped segment (220) includes an elon-
gated main portion (402) centrally located on the second side
of the dielectric substrate and which functions as a second
transmission line. The elongated main portion (402) has a first
axial end and a second axial end sitnated opposite the first
axial end. The second extended S-shaped segment (220) fur-
ther includes a first sub-segment (404) situated at and cpera-
tively coupled to the second axial end of the elongated main
portion (402) of the second extended S-shaped segment (220)
and disposed perpendicularly to the length of the elongated
main portion (402) of the second extended S-shaped segment
(220). The first sub-segment (404) of the second extended
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of the planar antenna. The first sub-segment (404) of the
second extended S-shaped segment (220 has a first axial end
which is operatively coupled to the second axial end of the
elongated main portion (402) of the second extended
S-shaped segment (220), and a second axial end situated
apposite the first axial end of the first sub-segment (404) of
the second extended S-shaped segment (220). The second
extended S-shaped segment (220) additionally includes a sec-
ond sub-segment (400} situated at and operatively coupled fo
the first axial end of the elengated main portion (402) of the
second extended S-shaped segment (220} and disposed per-
pendicularly to the length of the elongated main portion
(402). The second sub-segment (400) of the second extended
S-shaped segment (220) functions as a fifth driven element of
the planar antenna. The second extended S-shaped segment
(220) further includes a third sub-segment (406) situated at
and operatively coupled to the second axial end of the first
sub-segment (404) of the second extended S-shaped segment
{220) and disposed perpendicularly to the length of the first
sub-segment (404} of the second extended S-shaped segment
(220). The third sub-segment (406) functions as a third para-
sitic element of the planar antenna,

The second conductive pattern situated on the second side
of the dielectric substrate further includes a fourth segment
(250), The fourth segment (250) is situated at and operatively
coupled to the second axial end of the elongated main portion
{402) of the second extended S-shaped segment {220) and is
disposed perpendicularly to the length of the elongated main
portion (402) of the second extended S-shaped segment
{220). The second segment (250) functions as a sixth driven
element of the planar antenna,

The second conductive pattern further includes a fifth seg-
ment (260), The fifth segment (260) is sitvated at and opera-
tively coupled to the first axial end of the elongated main
portion (402} of the second extended S-shaped segment (220)
and is disposed perpendicularly to the length of the elongated
main portion (402) of the second extended S-shaped segment
(220). The fifth segment (260} functions as a fourth parasitic
element of the planar anterma. The second extended S-shaped
segment (220), the fourth segment (250) and the tifth segment
(260) define the second modified H-shaped pattern on the
second side of the dielectric substrate of the planar antenna,

In an even more preferred form ofthe present invention, the
planar antenna includes a first inductor L3, the first inductor
L3 operatively coupling the second segment 150 situated on
the first side of the dielectric substrate to the first extended
S-shaped segment 120; a first capacitor C2, the first capacitor
C2 aperatively coupling the third segment 160 situated on the
first side of the dielectric substrate to the first extended
S-shaped segment 120; a second inductor (L.4), the second
inducter (L4) operatively coupling the fourth segment (250)
situated on the second side of the dielectric substrate to the
second extended S-shaped segment (220); and a third indue-
tor (L5}, the third inductor (L5) operatively coupling the Gfth
segment (260) situated on the second side of the dielectric
substrate to the second extended S-shaped segment (220).
The planar antenna preferably has a dielectric constant in a
range of about 5 fo about 5.5,

in an even more preferred form ofthe present invention, the
first conductive pattern situated on the first side ofthe dielec-
tric substrale of the planar antenna further includes a sixth
segment 170, a seventh segment 140 and an eighth segment
130. The sixth segment 170 is sitvated adjacent to znd par-
tially surrounded by the elongated main portion 302 of the
first extended S-shaped segment 120, the first sub-segment
304 of the first extended S-shaped segment 120, the third
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—S-shaped segment (220) fanctions asa-fourth-driven-element —sub=segment 306 of the firstextendad S-Shaped segiment 120, .

and thethird segment 160, The sixth segment 170 functjons as
a seventh driven element of the planar antenna, The seventh
segment 140 and the eighth segment 130 are situated adjacent
to one another and further are situated adjacent to and par-
tially surrounded by the second segment 150, the elangated
main portion 302 of the first extended S-shaped segment 120
and the second sub-segment 300 of the first extended
S-shaped segment 120, The seventh segment 140 functions as
a first refiector of the planar antenna, and the eighth segment
130 functions as a ground plane for the planar antenna,

In another form of the present invention, the second con-
ductive pattern situated on the second side of tha dielectric
substrate of the planar antenna further includes a ninth seg-
ment (230} and a tenth segment (270). The ninth segmens
(230) is situnted adjacent to and partially surrounded by the
elongated main portion (402) of the second exiended
S-shaped segment (220), the first sub-segment {404) of the
second extended S-shaped segment (220), the third sub-geg-
ment (406) of the second extended S-shaped segment (220)
(if the third sub-segment (406) is coupled to the first sub.
segment (404)) and the fifth segment (250). The ninth seg-
ment (230 functions as a ground plane of the planar antenna,
The tenth segment (270) is sitwated adjacent to and partially
surrounded by the elongated main portion (402) of the second
extended S-shaped segment (220), the second sub-segment
(408) of the second extended S-shaped segment (220), the
third sub-segment (406) of the second extendsd S-shaped
segment (220) (if the third sub-segment (406) is coupled fo
the second sub-segment (400)) and the fourth segment (260),
The tenth segment (270) functions as an eighth driven ele-
ment of the planar antenna,

In yet another form of the present invention, the planar
antenna includes a fourth inductor L1 and a fifil inductor
(L2). The fourth inductor L1 operatively couples the sixth
segment 170 to the elongated main portion 302 of the first
extended S-shaped segment 120, The fifth indvcior (L2)
operatively couples the tenth segment (270) to the elongated
l(‘]lai[;l) portion (402} of the second extended S-shaped segment

220).

Although the planar antenna of the present invention has
been described herein as being formed on a printed circyit
board, it is envisioned to be within the scope of the present
invention fo use different types of material as the substrate,
For example, a flexible PVC (polyvinyl chloride) material
with conductive paint o silkscreen as the antenna’s elements
situated on both sides of the PVC material may be used,
Alternatively, the fiberglass printed circuit board material
may be replaced with a Plexiglas type material and using a
3Mbrand copper conductive tape as the antenna’s conductive
elements may be used,

Furthermore, although the planar antenna is described
herein with 8 9.75 inch by 9.75 inch printed circuit board,
such as shown in FIGS. 14, or a 7.75 inch by 7.75 inch
printed circuit board, such as shown in FIGS. 6-9, a smalier or
larger version of the antenna is envisioned, with the dimen.
sions of the antenna elements scaled proportionately to what
is described herein, The thickness of the dielectric substrate
of the planar antenna shown in FIGS. 1-4 is preferably about
2 millimeters, and the thickness of the dielectric substrate of
the planar antenna shown in FIGS. 6-9 is preferably about 1
millimeter.

Additionally, the planar antenna of the present invention
may be suitable for wse both indoors and outdoors,

Although illustrative embodiments of the present invention
have been described Lerein with reference io the accompany-
ing drawings, it is to be understood that the invention is not
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~ changes and modifications may be effecied therein by one
skilled in the art without departing from the scope or spirit of
the invention,
What is claimed is:
1. A planar antenna for receiving high definition television
signals, which comprises;
a dislectric substrate having a first side and a second side
dispesed opposite the first side, the frstand second sides
respectively having first and second conductive patterns
including segments functioning as antenna elements and
forming respective first and second modified H-shaped
patlerns thereon, the [Irst conductive patiern sitnated on
the first side of the dielectric substraie of the planar
antenna further having a first extended S-shaped seg-
ment, the second conductive pattern situated on the sec-
ond side of the dielectric substrate of the planar antenna
further having a second extended S-ghaped segment,
each ofthe first and second extended S-shaped segments
comprising an S-shaped segment and an extended seg-
ment, the S-shaped segment comprising an elongated
main portion and two sub-segments perpendicularly
connected fo ends of the elongated main portion;
wherein each of the extended segments is perpendicu-
larly connected to an end of each of the S-shaped seg-
menls and acts as a parasitic element for the planar
antenna,
2. The planar antenna for receiving high definition televi-
sion signals as defined by claim 1, wherein the first modified
H-shaped pattern is disposed substantially ninety degrees
with respect to the second modified H-shaped pattern.
3. A planar antenna for receiving high definition television
signals, which comprises:
a dielectric substrate having a first side and a second side
disposed opposite the first side, the first and second sides
respectively having first and second conductive patterns
including segments functioning as antenna elements and
forming respective first and second modified H-shaped
patterns thereon, the first modified H-shaped pattern
being disposed substantially ninety degrees with respect
to the second modified H-shaped patter;
wherein the first conductive patternsituated on the first side
of the dielectric substrate of the planar antenna includes:
a) a first extended S-shaped segment, the first extended
S-shaped segment including:
al) an elongated main portion cenirally located on the
first side of the dielectric substrate and which func-
tions as a first transmission line, the elongated main
portion having a first axial end and a second axial end
situated opposite the first axial end;

a2) a first sub-segment situated at and operatively
coupled 1o the second axial end of the elongated main
portion and disposed perpendicularly to the length of
the elongated main portion, the first sub-segment of
the first extended S-shaped segment functioning as a
first driven element of the planar antenna, the first
sub-segment of the first extended S-shaped segment
havinga first axial end which is operatively coupled to
the second axial end of the elongated main portion,
and a second axial end situated opposite the first axial
end of the first sub-segment;

a3) a second sub-segment situated at and operatively
coupled to the first axial end of the elongated nmain
portion and disposed perpendicularly to the length of
the elongated main portion, the second sub-segment
of the first extended S-shaped segment functioning as
a second driven element of the planar antenna; and
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coupled to the second axial end of the first sub-seg-
ment of the first extended S-shaped segment and dis-
posed perpendicularly to the length of the first sub-
segment, the third sub-segment functioning as a first
parasitic element of the planar antenna;

b) a second segment, the second segment being situated at
and operatively coupled to the second axial end of the
elongated main portion of the first extended S-shaped
segment and disposed perpendicularly to the length of
the elongated main portion, the second segment func-
tioning as a third driven element of the planar antenna;
and

c) a third segment, the third segment being situated at and
operatively coupled to the first axial end of the elongated
_main portion of the first extended S-shaped seginent and
disposed perpendicularly to the length of the elongated
main portion, the third segment functioning as a second
parasitic element of the planar antenna;

whereby the first extended 8-shaped segment, the second
segment and the third segment define the first modified
H-shaped pattern on the first side of the dielectric sub-
strate of the planar antenna;

and wherein the second conduclive pattern situated on the
second side of the dielectric substrate of the planar
aptenna includes;

d) a second extended S-shaped segment, the second
extended S-shaped segment including;

d}} an elongated main portion centrally located on the
second side of the dielectric substrate and whick: func-
tions as a second fransmission line, the elongated
main portion having a first axial end and a second
axial end situated opposite the first axial end;

d2) a first sub-segment of the second extended S-shaped
segment situated at and operatively coupled to the
second axial end of the elongated wmain portion of the
second extended S-shaped segment and di sposed per-
pendicularly to the length of the elongated main por-
tion of the second extended S-shaped segment, the
first sub-segment of the second extended S-shaped
segment functioning as a fourth driven element of (le
planar antenna, the first sub-segment of the second
extended S-shaped segment having a first axial eid
which is coupled to the second axial end of the elon-
gated main portion of the second extended S-shaped
segment, and a second axial end situated opposite the
first axial end of the first sub-segment of the second
extended S-shaped segment;

d3) a second sub-segment of the second extended
S-shaped segiment situated at and operatively coupled
to the first axial end of the elongated main portion of
the second extended S-shaped segment and disposed
perpendicularly to the length of the elongated main
portion, the second sub-segment of the second
extended S-shaped segment functioning as a fifih
driven element of the planar antenna, the second sub-
segment of the second extended S-shaped ssgment
having a first axial end which is coupled to the first
axial end of the elongated main portion of the second
extended S-shaped segment, and a second axial end
sitnated opposite the first axial end of the second
sub-segment of the second extended S-shaped seg-
ment; and

dd}athird sub-segment of the second extended §-sha ped
segment situated at and operatively coupled to one of
the secand axial end of the first sub-segment of the
second extended 8-shaped segment and disposed per-

gmentsituated at-and_operatively



. .Case 2:12-cv-05993-LDW-WDW Document 4 Filed 12/05/12 Page 27 of 27 PagelD #: 60

US 8,269,672 B2

19

—pendicularly-to-the length-of the first sub-segment o

the second extended S-shaped segiient and the sec-
ond axial end of the second sub-segment of the second
extended S-shaped segment end disposed perpen-
dicularly to the length of the second sub-segment of 5
the second extended S-shaped segment, the third sub-
segment functioning as a third parasitic element of the
planar antenna

e) a fourth segment, the fourth segment being situated st
and operatively coupled tc the second axial end of the
elongated main portion of the second extended S-shaped
segment and disposed perpendicularly to the length of
the etongated main portion of the second extended
8-shaped segment, the second segment functioning as a
sixth driven element of the planar antenna; and

) a fifth segment, the fifil segment being sitvated at and
operatively coupled to the first axial end of the elongated
main portion of the second extended S-shaped segment
and disposed perpendiculatly to the length of the elon-
gated main portion of the second extended S-shaped
segment, the fifth sepment functioning as a fourth para-
sitic elenient of the planar antenna;

whereby the second extended S-shaped segment, the fourth
segment and the fifth segment define the second modi-
fied H-shaped pattern on the second side of the dielectric
substrate of the planar antenna,

4. The planar antenna for receiving high definition televi-

sion signals as defined by claim 3, which further comprises:

a first inductor, the first inductor operatively coupling the
second segment situated on the first side of the dielectric
substrate to the first extended S-shaped segment;

a first capacitor, the first capacitor operatively coupling the
third segment situated on the first side of the dieleciric
substrate to the first extended S-shaped segment;

a second inductor, the second inductor operatively cou-
pling the fourth segment situated cn the second side of
the dielectric substrate to the second extended §-shaped
segment; and

athird inductor, the third inductor operatively coupling the
fifth segment situated on the second side of the dielectric
substrate (o the second extended S-shaped segment,

5, The planar antenna for receiving high definition televi-
sion signals as defined by claim 4, whersin the diclectric
substrate has a dicleciric constant in a range of about 5 to
about 5.5.
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—b; Tl planar antenna for receiving Ligh definition televi-
sion signals as defined by claim 3, wherein the first conduc-
tive pattern sifuated on the first side of the dielectric substrate
further includes;

g) a sixth segment, the sixth segment being situated adja-
cent to and partially surrounded by the elongated main
portion of the first extended S-shaped segment, the first
sub-segment of the first extended S-shaped segment, the
third sub-segment of the first extended S-shaped seg-
ment and the third segment, the sixth segment function-
ing as a seventh driven element of the planar antenna;

h) a seventh segment; and

i) an eighth segment, the seventh segment and the eighth
segment being situated adjacent to one another and fyr-
ther being situated adjacent to and partially surrounded
by the second segment, the elongated main portionofthe
first extended S-shaped segment and the second syb-
segment of the first extended S-shaped segment, the
soventh segment functioning as a first reflector of the
planar antenna, the eighth segment functioning as a
grownd plane for the planar antenna,

7, 'The planar antenna for receiving high definition televi-
sion signals as defined by claim 6, wherein the second con-
ductive pattern sitnated o the second side of the dielectric
substrate further includes:

j} & ninth segment, the ninth segment being situated adja-
cent to and partially surrounded by the elongated myain
portion of the second extended S-shaped segment, the
first sub-segment of the second extended S-shaped seg-
ment, and the ffth segment, the ninth segment function-
ing as a ground plane of the planar antenna; and

k) a tenth segment, the tenth segment being situated adja-
cent to and partially surrounded by the elongated main
portion of the second extended S-shaped segnient, the
second sub-segment of the second extended S-shaped
segment and the fourth segment, the tenth segment fung-
tioning as an eighth driven element of the planar
antenna,

§. The planar antenna for receiving high definition televi-

sion signals as defined by claim 7, which further comprises:

a fourth inductor, the fourth inductor operatively coupling
the sixth segment to the elongated main portion of the
first extended S-shaped segment; and

a fifth inductor, the fifth induclor operatively coupling the
tenth segment to the elongated main portion of the sec-
ond extended S-shaped segment,
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