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COUPLED MULTI - SEGVENT HELI CAL ANTENNA BACKGROUND OF THE INVENTION 5 |I.
Field of the Invention This invention relates generally to helical antennas
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Contemporary personal communication devices are enjoying
widespread use in numerous mobile and portable applications. With
traditional mobile applications, the desire to minimize the size of the

15 communication device, such as a mobile telephone for example, led to a
moderate level of downsizing. However, as the portable, hand-held
applications increase in popularity, the demand for smaller and smaller
devices increases dramatically.  Recent developments in processor
technology, battery technology and communications technology have

20 enabled the size and weight of the portable device to be reduced drastically
over the past several years.

One area in which reductions in size are desired is the device's
antenna. The size and weight of the antenna play an important role in
downsizing the communication device. The overall size of the antenna can

25 impact the size of the device's body. Smaller diameter and shorter length
antennas can allow smaller overall device sizes as well as smaller body sizes.

Size of the device is not the only factor that needs to be considered in
designing antennas for portable applications. Another factor to be considered
in designing antennas is attenuation and/or blockage effects resulting from

30 the proximity of the user's head to the antenna during normal operations.
Yet another factor is the characteristics of the communication link, such as,
for example, desired radiation patterns and operating frequencies.

An antenna that finds widespread usage in satellite communication
systems is the helical antenna. One reason for the helical antenna's

35 popularity in satellite communication systems is its ability to produce and
receive circularly-polarized radiation employed in such systems.
Additionally, because the helical antenna is capable of producing a radiation
pattern that is nearly hemispherical, the helical antenna is particularly well
suited to applications in mobile satellite communication systems and in
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desi gning antennas for portable applications. Another factor to be
considered in designing antennas is attenuation and/or bl ockage effects
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Conventional helical antennas can be made using wire or strip
technology. With strip technology, the radiators of the antenna are etched
or deposited onto a thin, flexible substrate. The radiators are positioned such
15  that they are parallel to each other, but at an obtuse angle to one or more
edges of the substrate. The substrate is then formed, or rolled, into a
cylindrical, conical, or other appropriate shape causing the strip radiators to
form a helix.
This conventional helical antenna, however, also has the
20  characteristic that the radiator lengths are an integer multiple of one-quarter
wavelength of the desired resonant frequency, resulting in an overall
antenna length that is longer than desired for some portable or mobile
applications.

25 SUMMARY'OF THE INVENTION

The present invention is directed toward a helical antenna having
one or more helically wound radiators. The radiators are wound such that
the antenna is in a cylindrical, conical, or other appropriate shape to

30 optimize radiation patterns. According to the invention, each radiator is
comprised of a set of two or more radiator segments. Each segment in the
set is physically separate from but electromag- etically coupled to the ‘er
segment(s) in the set. The length of the seg" .ents in the set is chosen .ch
that the set (i.e., the radiator) resonates at a particular frequency. Because the

35 segments in a set are physically separate but electromagnetically coupled to
one another, the length at which the radiator resonates for a given frequency
can be made shorter than that of a conventional helical antenna radiator.

Therefore, an advantage of the invention is that for a given operating
frequency, the radiator portion of the coupled multi-segment helical
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t he operating frequency of the comuni cation device. The radiation patterns
are typically adjusted by varying the pitch of the radiator, the length 10
of the radiator (in integer nmultiples of a quarter-wavel ength), and the

di aneter of the core. Conventional helical antennas can be g@ggsodghi® W re
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by the trimming.
Yet another advantage of the invention is that its directional

15  characteristics can be adjusted to maximize signal strength in a preferred
direction, such as along the axis of the antenna. Thus, for certain
applications, such as satellite communications for example, the directional
characteristics of the antenna can be optimized to maximize signal strength
in the upward direction, away from the ground.

20 Further features and advantages of the present invention, as well as
the structure and operation of various embodiments of the present
invention, are described in detail below with reference to the accompanying
drawings.

25 BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters

30 identify correspondingly throughout, the left-most digit(s) of a reference
number identifies the drawing in which the reference number first appears,
and wherein:

FIG.1A is a diagram illustrating a conventional wire quadrifilar
helical antenna;

35 FIG.1B is a diagram illustrating a conventional strip quadrifilar
helical antenna;

FIG. 2A is a diagram illustrating a planar representation of an open
termination quadrifilar helical antenna;

FIG. 2B is a diagram illustrating a planar representation of a shorted
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segnent(s) in the set. The length of the segnents in the set is chosen
[err]” that the set (i.e., the radiator) resonates at a particul ar
frequency. Because the 35 segnents in a set are physically separate but
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Addi ti onal | y,s‘%%%Q%Eﬁ/%@%ISF‘R hefical aptenBat t ern of the antenna is essentially
unchangedi®y the tEIG®. 74 Beaadiagrdmeillustrating an open coupled multi-segment

radiator having five coupled segments according to one embodiment of the
invention;
FIG.7B is a diagram illustrating a pair of shorted coupled multi-
segment radiators according to one embodiment of the invention.
15 FIG. 8A is a diagram illustrating a planar representation of a shorted
coupled multi-segment quadrifilar helical antenna according to one
embodiment of the invention;

FIG. 8B is a diagram illustrating a coupled multi-segment quadrifilar

helical antenna formed into a cylindrical shape according to one
20 embodiment of the invention;

FIG. 9A is a diagram illustrating overlap & and spacing s of radiator
segments according to one embodiment of the invention;

FIG. 9B is a diagram illustrating example current distributions on
radiator segments of the coupled multi-segment helical antenna;

25 FIG. 10A is a diagram illustrating two point sources radiating signals
differing in phase by 90°;

FIG. 10B is a diagram illustrating field patterns for the point sources
illustrated in FIG. 10A;

FIG.11 is a diagram illustrating an embodiment in which each

30 segment is placed equidistant from segments on either side;

FIG. 12 is a diagram illustrating an example implementation of a
coupled multi-segment antenna according to one embodiment of the
invention;

FIG.13 is a diagram illustrating a comparison between radiator

35 portions of a conventional quadrifilar helical antenna and a coupled multi-
segment quadrifilar helical antenna;

FIG. 14A is a diagram illustrating a radiation pattern of an example
implementation of a coupled multi-segment quadrifilar helical antenna
operating in the L-Band; and



overal | physical length of the radiator portion of the antenna is unchanged
by the trinm ng. Yet another advantage of the invention is that its
directional 15 characteristics can be adjusted to naxim ze signal strength
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25 BRI EF DESCRI PTI ON OF THE DRAW NGS The features, objects, and
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drawi ngs in which |like reference characters 30 identify correspondingly
t hroughout, the left-nost digit(s) of a reference nunber identifies the
drawi ng in which the ref@venixay andiDiscdissiodi ofsghechiventiand wherein: FIG 1A

Is a diagramillustrating a conventional wre quadrifilar helical antenna;
35 FIG 1B is a diagram |IIustrat|ng a conventional strip .
quadri fil al0 hel i cal Thehpaegeat invention is directed toward a helical antenna having

coupled multi-segment radiators to shorten the length of the radiators for a
given resonant frequency, thereby reducing the overall length of the
antenna. The manner in which this is accomplished is described in detail
below according to several embodiments.
15
2. Example Environment

In the broadest sense, the invention can be implemented in any
system for which helical antenna technology can be utilized. One example
20 of such an environment is a communication system in which users having
fixed, mobile and/or portable telephones communicate with other parties
through a satellite communication link. In this example environment, the
telephone is required to have an antenna tuned to the frequency of the
satellite communication link.
25 The present invention is described in terms of this example
environment. Description in these terms is provided for convenience only.
It is not intended that the invention be limited to application in this
example environment. In fact, after reading the following description, it
will become apparent to a person skilled in the relevant art how to
30 implement the invention in alternative environments.

3. Conventional Helical Antennas

Before describing the invention in detail, it is useful to describe the

35 radiator portions of some conventional helical antennas. Specifically, this
section of the document describes radiator portions of some conventional
quadrifilar helical antennas. FIGS. 1A and 1B are diagrams illustrating a
radiator portion 100 of a conventional quadrifilar helical antenna in wire
form and in strip form, respectively. The radiator portion 100 illustrated in
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FIG 2Ais a diagramillustrating a planar representation of an open
termnation quadrifilar helical antenna; FIG 2B is a diagramillustrating
a planar representation of a shorted 3 WO 97/ 41695

PCT/US97/ 07110 ternination quadrifilar helical antenna; FIG a_di agram

i |1 ustrati ngWOIALAT d| stribution on a radiator of a shortePcFT(ﬂ’stgaﬂlfq | ar
hel i cal antenna; FIG Is a diagramillustrating a far surface of an
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il lustrating anpreacylingercwers dunxmiled” en shflat surface. FIG. 2A is a diagram
illustrating a quadrifilar helical antenna in which the radiators are open or
not connected together at the far end. For such a configuration, the resonant

10 length ¢ of radiators 208 is an odd integer multiple of a quarter-wavelength
of the desired resonant frequency.

FIG. 2B is a diagram illustrating a quadrifilar helical antenna in which
the radiators are shorted, interconnected, or connected together at the far
end. In this case the resonant length £ of radiators 208 is an even integer

15 multiple of a quarter-wavelength of the desired resonant frequency. Note
that in both cases, the stated resonant length ¢ is approximate, because a
small adjustment is usually needed to compensate for non-ideal short and
open terminations.

FIG. 3 is a diagram illustrating a planar representation of a radiator

20 portion of a quadrifilar helical antenna 300, which includes radiators 208
having a length £ = A/2, where A is the wavelength of the desired resonant
frequency of the antenna. Curve 304 represents the relative magnitude of
current for a signal on a radiator 208 that resonates at a frequency of f = v/a,
where v is the velocity of the signal in the radiator medium.

25 Example implementations of a quadrifilar helical antenna
implemented using printed circuit board techniques (a strip antenna) are
described in more detail with reference to FIGS. 4 - 6. The strip quadrifilar
helical antenna is comprised of strip radiators 104 etched onto a dielectric
substrate 406. The substrate is a thin flexible material that is rolled into a

30 cylindrical shape such that radiators 104 are helically wound about a central
axis of the cylinder.

- FIGS. 4 - 6 illustrate the components used to fabricate a quadrifilar
helical antenna 100. FIGS. 4 and 5 present a view of a far surface 400 and
near surface 500 of substrate 406, respectively. The antenna 100 includes a

35 radiator portion 404, and a feed portion 408.

In the embodiments described and illustrated herein, the antennas are
described as being made by forming the substrate into a cylindrical shape
with the near surface being on the outer surface of the formed cylinder. In
alternative embodiments, the substrate is formed into the cylindrical shape
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coupled nmulti-segnment quadrifilar helical antenna according to one
enbodi nent of the invention; FIG 8B is a diagramillustrating a coupled
mul ti-segnent quadrifilar helical antenna formed into a cylindrical shape

accordi ng to‘gng_,‘%g? enbodi nent of the invention; FIG 9A i sceudbagiiem
il lustrating 2Sat ﬁ[err] and spaci ng s of radiator segnents according to

current i stri B BRCreAuraY BRpe ek atefte el 1 | 09 TEETE €
hel i cal antenna; 25In one embzpd;memA l e‘%i“dﬁd@ﬁ&ﬁ?llpp%ﬁ ithiny, figxibie laesr of
sources radiati @traﬂahﬁoéihéréﬁél(wpﬁﬁ aPPEEE/ 8 Hssg&mﬁ%sﬁe, Whther disle@gicam
illustrating fi eId r?regfs:%‘t‘o??f& %a%g% %h{'ted Q@O !é%Gﬁ%OA
FI G 11|sad| r grent
is placed e@ui @L1§tmm t}hcb,mlstwﬁnoﬁ\emrthmlmasaes sqadebe dhiosen.1 Sigrml dratesigndm

|IIustrat|nga a na
mccording to Ocegrﬁi@g%al%mg{%' SRR g QbpBel CUPRRInEHY EnbRAIRBAS PO

illustrating a cHing SRAtEHRlReEAN PR g aﬁﬂ ‘%E}’la‘ffo?ft F?Rﬁerdfepgngg'fﬁlgﬁt‘foéﬁal
quadri fil ar helenvabnaren¢aineonsiderations phe dther factorsegnent quadrifil ar

el cal antenna: Fi G dié nitbdinthednaliiskd 4A e, ane&r@%@u@ el of

an exanpl e i npl enmentation nent _quadr I cal
ant enna 10~ onto feed portion 408 to prowde the quadrature phase 51gnals ie., the °,

90°, 180° and 270° signals) that are prov1ded to radiators 104 (104A-D). Feed
portion 408 of far surface 400 provides a ground plane 412 for feed circuit 508.
Signal traces for feed circuit 508 are etched onto near surface 500 of feed
portion 408.

15 For purposes of discussion, radiator portion 404 has a first end 432
adjacent to feed portion 408 and a second end 434 (on the opposite end of
radiator portion 404). Depending on the antenna embodiment
implemented, radiators 104 can be etched into far surface 400 of radiator
portion 404. The length at which radiators 104 extend from first end 432

20 toward second end 434 is approximately an integer multiple of a quarter-
wavelength of the desired resonant frequency.

In such an embodiment where radiators 104 are an integer multiple of
A/2 in length, radiators 104 are electrically connected to each other (ie.,
-shorted or short circuited) at second end 434. This connection can be made

25 by a conductor across second €nd 434 which forms a ring 604 around the
circumference of the antenna when the substrate is formed into a cylinder.
FIG. 6 is a diagram illustrating a perspective view of an etched substrate of a
strip helical antenna having a shorting ring 604 at second end 434.

One conventional quadrifilar helical antenna is described in U.S.

30 Patent No. 5,198,831 to Burrell, et. al. (referred to as the 831 patent), which is
incorporated herein by reference. The antenna described in the 831 patent is
a printed circuit-board antenna having the antenna radiators etched or
otherwise deposited on a dielectric substrate. The substrate is formed into a
cylinder resulting in a helical configuration of the radiators.

35 Another conventional quadrifilar helical antenna is disclosed in U.S.
Patent No. 5,255,005 to Terret et al (referred to as the 005 patent) which is
incorporated herein by reference. The antenna described in the 005 patent is
a quadrifilar helical antenna formed by two bifilar helices positioned
orthogonally and excited in phase quadrature. The disclosed antenna also
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operating in the L-Band; and 4 WO 97/ 41695
PCT/US97/ 07110 FIG 14B is a diagramillustrating a radiation pattern of an
exanpl e i npl ementation of a coupled nulti-segnment quadrifilar helical

antenna operating in the S-Band. 5 DETAI LED DESCR#%%\) SﬁﬂTHE
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reference to FIG. 1A.

4. Coupled Multi-Segment Helical Antenna Embodiments
10
Having thus briefly described various forms of a conventional helical
antenna, a coupled multi-segment helical antenna according to the
invention is now described in terms of several embodiments. In order to
reduce the length of radiator portion 100 of the antenna, the invention
15  utilizes coupled multi-segment radiators that allow for resonance at a given
frequency at shorter lengths than would otherwise be needed for a
conventional helical antenna with an equivalent resonant length.
FIGS. 7A and 7B are diagrams illustrating planar representations of
example embodiments of coupled-segment helical antennas. FIG.7A
20 illustrates a coupled multi-segment radiator 706 terminated in an open-
circuit (not shorted together) according to one single-filar embodiment. An
antenna terminated in an open-circuit such as this may be used in a single-
filar, bifilar, quadrifilar, or other x-filar implementation.
The embodiment illustrated in FIG.7A is comprised of a single
25 radiator 706. Radiator 706 is comprised of a set of radiator segments. This set
is comprised of two end segments 708, 710 and p intermediate segments 712,
where p =0,1,2,3 ... (the case where p = 3 is illustrated). Intermediate
segments are optional (i.e., p can equal zero). End segments 708, 710 are
physically separate from but electromagnetically coupled to one another.
30 Intermediate segments 712 are positioned between end segments 708, 710
and provide electromagnetic coupling between end segments 708, 710.
~ In the open termination embodiment, the length £5; of segment 708 is
an odd-integer multiple of one-quarter wavelength of the desired resonant
frequency. The length /s of segment 710 is an integer multiple of one-half
35 the wavelength of the desired resonant frequency. The length £y of each of
the p intermediate segments 712 is an integer multiple of one-half the
wavelength of the desired resonant frequency. In the illustrated
embodiment, there are three intermediate segments 712 (i.e., p = 3).
FIG.7B illustrates radiators 706 of the helical antenna when
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t hrough a satellite conmmunication link. In this exanple environnent, the
tel ephone is required to have an antenna tuned to the frequency of the
satellite conmunication link. 25 The present invention is described
in terms of this exanple environnment. Description in these LeriRoder10
provi ded for W@ Y¥APence only. It is not intended that the invention be
limted to application in this exanple enviraonnment. In _fact, after .reading

the fol l owi ng &erseinptediipm shert\griconpectong22p s shoxted implementatien |if gt
the rel evant aghithisie f60a3fhglefaearfthnahbut carebé used ifor biftler, natadvifilar or
venti on i n adggn PR AL BT RO S ARRAERRT oA,
sone convent i omadiatess 706 aencempaised spe @i setcefl rydiatar segraents.on Thfs tspk is
document descr ich@prisedictitvo BRI be@enBf 708070 GAA YL MteAnadiatt 3dgmbhisari2,

hel i cal antenn:@‘.l I GS. J@r%aréd %Eﬁ‘a\_re di agrans i {sliuslﬁr%tal Q@_a radiator
portion 100 of Eif"c’)ﬂ’verﬂ'l al” du 8}91 FAE & Sa ATE ﬁatl g &n e Fgf’ar% and
in strip form segmpeistareaiptionthe(ircadi caroequalraeroy 1B0d isegmentsa?@fy 710 age
WO 97/ 41695 hysically separate from but electromagnetically coupled tB(H:ﬁéJ%%UtQZrllfJ
FIGS. 1A and 1$ PS¢ at %f a qua fllar,helgn I aKtenJ), meani ng, 1t S
Four radi at or s HSHTSHBISeRT B2Ge ROSHPRFG ST wRE: (RLsaren 00 ZABS
1A and 10  and provide electromagnetic coupling between end segments 708, 710.

In the shorted embodiment, the length {57 of segment 708 is an odd-
integer multiple of one-quarter wavelength of the desired resonant
frequency. The length £5; of segment 710 is an odd-integer multiple of one-
quarter wavelength of the desired resonant frequency. The length £, of each

15 of the p intermediate segments 712 is an integer multiple of one-half the
wavelength of the desired resonant frequency. In the illustrated
embodiment, there are three intermediate segments 712 (i.e., p = 3}.

FIGS. 8A and 8B are diagrams illustrating a coupled multi-segment
quadrifilar helical antenna radiator portion 800 according to one

20 embodiment of the invention. FIGS.8A and 8B illustrate one example
implementation of the antenna illustrated in FIG. 7B, where p = zero (i.e.,
there are no intermediate segments 712} and the lengths of segments 708, 710
are one-quarter wavelength.

The radiator portion 800 illustrated in FIG.8A is a planar

25 representation of a quadrifilar helical antenna, having four coupled
radiators 804. Each coupled radiator 804 in the coupled antenna is actually
comprised of two radiator segments 708, 710 positioned in close proximity
with one another such that the energy in radiator segment 708 is coupled to
the other radiator segment 710.

30 More specifically, according to one embodiment, radiator portion 800
can be described in terms of having two sections 820, 824. Section 820 is
comprised of a plurality of radiator segments 708 extending from a first end
832 of the radiator portion 800 toward the second end 834 of radiator portion
800. Section 824 is comprised of a second plurality of radiator segments 710

35 extending from second end 834 of the radiator portion 800 toward first end
832. Toward the center area of radiator portion 800, a part of each segment
708 is in close proximity to an adjacent segment 710 such that energy from
one segment is coupled into the adjacent segment in the area of proximity.
This relative proximity is referred to in this document as overlap.
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1B, radiators 104 are wound to provide circular polarization. FIGS. 2A and
2B are diagrans illustrating planar representations of a 5 radi at or
portion of conventional quadrifilar helical antennas. |In other words,
FIGS. 2A and 2B illustrate the radiators as they would appear if the
antenna cyl iYWA&44®r e "unroll ed" on a flat surface. FIG 2RCFUSFYINgr am
il lustrating a quadrifilar helical antenna in which the radiators are open
or not connected tByeétRretersd embodiment;geachosegenrit 208 318 iyof atlength fie

resonant 10 I bppaiximbtaly | £10& L6 Afor STH@?oiéaHnlé?%dhi gflz Qgcg{zn yl Hd@!&t_@ro‘c a
rter-wave . sauant. frequenc I S | agr am

?F?ust rating g&%@g‘éﬁ% Hagr %élnggli@h?gﬁnlg ??f‘%ﬂe @ﬁy{‘%'e ?Qﬁi ﬁm%a?’ﬁe

shorted, intefessneRicA08Pvesiaps snakher segmentciids definedas barfiedd- fin t hi s case

tpe resonapt | engltpor[fﬁésbn@,?thfr@%h@@rﬁ=m the (,tep@%gygﬂgﬂpbpg%?ﬁ?ﬁ]&gqgt iple

of a quarter-yavel en e desi i esanant .freguéncy. e n

bot h gas es, thg g}ﬂ%ﬁ g}be PgI!b"H%Yﬁ‘eﬁ'% f%g?él‘]? ]rﬁ?'s In piher, P‘ﬁ%‘f‘%,asb%é'ﬁﬂgb o}

smal | adj ust meenpling, us urddistone edegprising oappis aife coupledosegmiersts 308 y1mnd .

open term nat kQBaatek! £& frgc#'xe?lc? fiagramidd Utﬁ)g?h::a %vg{aqp%%%%pro&;ﬁ\%&at hon

nchudes  adi HBREr Soiseh e i Abh e Sherelore; Griatonporar 00 6F 4Pt 1 he
wavel engt 0 of wiavelength roetpleels omatitsegneamt e qunydsfilak HeelRal letmnaodirs \éﬁio&thr 208
o esent Dol eyt < Rkl ALk, el
vel ocity of t %h%ailﬁﬁtaqm‘gr?qol‘f@r RAIVER Sequeyum 25 Exanpl e
i npl ement ations  oFor acleqraxdilubirhtion dfetheceluctioi @M B&e gained by using the
coupled configuration, compare the radiator portions 800 illustrated in FIG 8
15  with those illustrated in FIG. 3. For a given frequency f = v/A, the length ¢
of radiator portion 300 of the conventional antenna is A/2, while the length
£10¢ Of radiator portion 800 of the coupled radiator segment antenna is < A/2.
As stated above, in one embodiment, segments 708, 710 are of a length
{1 = €5 = A/4. The length of each segment can be varied such that ¢; is not
20  necessarily equal to £, and such that they are not equal to A/4. The actual
resonant frequency of each radiator is a function of the length of radiator
segments 708, 710 the separation distance s between radiator segments 708,
710 and the amount which segments 708, 718 overlap each other.
Note that changing the length of one segment 708 with respect to the
25 other segment 710 can be used to adjust the bandwidth of the antenna. For
example, lengthening £, such that it is slightly greater than A/4 and
shortening £ such that it is slightly shorter than A/4, can increase the
bandwidth of the antenna.
FIG. 8B illustrates the actual helical configuration of a coupled multi-
30 segment quadrifilar helical antenna according to one embodiment of the
invention. This illustrates how each radiator is comprised of two segments
708, 710 in one embodiment. Segment 708 extends in a helical fashion from
first end 832 of the radiator portion t -vard second end 834 of the radiator
portion. Segment 710 extends in ah .cal fashion from second end 834 of
35 the radiator portion toward first end 832 of the radiator portion. FIG. 8B
further illustrates that a portion of segments 708, 710 overlap such that they
are electromagnetically coupled to one another.
FIG.9A is a diagram illustrating the separation s and overlap &
between radiator segments 708, 710. Separation s is chosen such that a
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I npl emented using printed circuit board techniques (a strip antenna) are
described in nore detail with reference to FIGS. 4 - 6. The strip
gquadrifilar helical antenna is conprised of strip radiators 104 etched onto
a dielectric substrate 406. The substrate is a thin flexibl g R84 hAle t hat
is rolled intWO374H cylindrical shape such that radiators 104 are -

hel i cal ly woun bout a centr axi s, of I nde
illustrate the segfﬁcaﬁﬁe?mgun&@ ePS’ﬁyaﬁr‘fod’QEI%d ggé‘iﬁ'ﬁ‘r ﬁ?ei F%G?Stﬂélsle%enéﬁn?%%na
100. FIGS. 4 armiodo pilesettena tuifanctibn sasf ausirgle fradiatotOt am ceffective sledtdcd 500

f bstrate 4 T 35 di at
o, Hont ke pgssipakbimicy n o sige-dBgel g, oo

poré‘ g&é rrents e cri_bed and
i1lustrated herein, SPRENEN® oIy éegiﬁg%tlsl h&i/ PRHMWY t he
substrate im®to agaﬁmglrasiﬂtscﬁi gharacoupling thﬁwnemrse eﬁ’sc’msbmmgAsna résulhut er

surtace ot 1 LOB Ay ) e A i 0

is forned into
PCT/ US97/ 07110 emable rqsgnme gntlfeaé@naeﬁrwemy tfheThif ean derillaseated byidhe

Icyl I nde][ Iln ?rat@gfeq%bg%?tﬁe :eleﬂisem% 700 Bk melggﬁaﬂ 9Qohfeded roata,,sélmxnhl e
ayver o (0] Fa our oe C 0S| Iz er
oot B T o B R R g

dielectric mat SR G ¢
0.005 in., Hr antenna to resonate. Note that in this extreme case, the antenna is no

longer really coupled according to the usage of the term in this
specification, and the resulting configuration is actually that of a
conventional helical antenna such as that illustrated in FIG. 3.

Similarly, increasing the amount of overlap & of segments 708, 710

15 increases the coupling. Thus as overlap & increases, the length of segments
708, 710 increases as well.

To qualitatively understand the optimum overlap and spacing for
segments 708, 710, refer to FIG.9B. FIG. 9B represents a magnitude of the
current on each segment 708, 710. Current strength indicators 911, 928

20 illustrate that each segment ideally resonates at A/4, with the maximum
signal strength at the outer ends and the minimum at the inner ends.

To optimize antenna configurations for the coupled radiator segment
antenna, the inventors utilized modeling software to determine correct
segment lengths ¢y, £, overlap §, and spacing s, among other parameters.

25 One such software package is the Antenna Optimizer (AO) software package.
AO is based on a method of moments electromagnetic modeling algorithm.
AO Antenna Optimizer version 6.35, copyright 1994, was written by and is
available from Brian Beezley, of San Diego, California.

Note that there are certain advantages obtained by using a coupled

30 configuration as described above with reference to FIGS. 8A and 8B. With
both the conventional antenna and the coupled radiator segment antenna,
current is concentrated at the ends of the radiators. Pursuant to array factor
theory, this can be used to an advantage with the coupled radiator segment
antenna in certain applications.

35 To explain, FIG. 10A is a diagram illustrating two point sources, A, B,
where source A is radiating a signal having a magnitude equal to that of the
signal of source B but lagging in phase by 90° (the &/ convention is
assumed). Where sources A and B are separated by a distance of A/4, the
signals add in phase in the direction traveling from A to B and add out of
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5 0.13 mmthick, although other thicknesses can be chosen. Signal traces
and ground traces are provided using copper. In alternative enbodi nents,

ot her conducting materials can be chosen in place of copper depending on
cost, environnental considerations and other factors. In the e

il lustrated MP¥¥46955 feed network 508 is etched 10 onto F&& 5VP|on 408
to provide the guadrature phase signals (i.e., the O[err], 90,180[err] and

270[ err] si gnaPByse imthe direstion|fem Boto A aA8ras rasplt, (very Aite. radiatippds t i on
408 of far surtagred @0 the ditedesn FraxhoBNe A A0 eypldal represbdive i ficldipattedd.

Signal traces for fee ape. etched 'onto near surface 500 of feed
portion 408. 18 l?own mchéojli&%ﬁ} \bsggagg 5 P%%ussi on, radiator portion 404 has

a first end 432 adjEbentwhen thedopwes idoandd3 apen driented el %adtmmredmm he

opposite ensl ofrofRdl @ Bpolfts upWard A%y &o@qﬁeg%mi a8 the HrecASH FRIA
enbodi nment |rrpghn‘§nt ed, rad| a Oﬂ_ls 104 ¢ hed i.nto far surgpace 400 of

radi ator porti RO, oMK atgrR/HPgh Sdiaﬁ e 19 40RYRIZRE IPp iast st
end 432 20 toapplicationondhénds dedalse ibpprare thatt &l ysemndeésites ger antehna pthat of a

quarter- wavel ﬁﬂgétg Qﬁ'eﬂ fd%’arrdeﬁx‘én nid’ eq anE nfl%l.;}aflUﬁr\faé%pecxally

enbodi ment where r are an | nteger
| engt h, radiat HF%f“ %ﬁtél SWWPV°%%@%‘P§G lft ée%%ﬁ%ﬂ'@ e majordty, of
shorted or 18hotie signaiuittengih bé decledduypnad) Iday inora theppeeid.on can be nade

25 by a conductor -f.ﬁéO?élH?]Sg%g e?ﬁteﬁ‘al hb& EOWBFﬁ; g@_g ?ngotar Lii the

ci rcunference of the _an Substraie i§
FIG 6 is a di aghayahle msing @Rn\f@t@naérlsaé%vtav\?l@nsﬂe\bebﬁalaamemrsedC@nwﬁ at e

of a the antenna radiator portion illustrated in FIG.3. The concentration of
current strength at the ends of radiators 208 roughly approximates a point

15 source. When radiators are twisted into a helical configuration, one end of
the 90° radiator is positioned in line with the other end of the 0° radiator.
Thus, this approximates two point sources in a line. However, these
approximate point sources are separated by approximately 1/2 as opposed to
the desired A/4 configuration illustrated in FIG. 10A.

20 Note, however that the coupled radiator segment antenna according
to the invention provides an implementation where the approximated
point sources are spaced at a distance closer to A/4. Therefore, the coupled
radiator segment antenna allows users to capitalize on the directional
characteristics of the antenna illustrated in FIG. 10A.

25 The radiator segments 708, 710 illustrated in FIG. 8 show that segment
708 is very near its associated segment 710, yet each pair of segments 708, 710
are relatively far from the adjacent pair of segments. In one alternative
embodiment, each segment 710 is placed equidistant from the segments 708
on either side. This embodiment is illustrated in FIG. 11.

30 Referring now to FIG. 11, each segment is substantially equidistant
from each pair of adjacent segments. For example, segment 708B is
equidistant from segments 710A, 710B. That is, s; =s. Similarly, segment
710A is equidistant from segments 708A, 708B.

This embodiment is counterintuitive in that it appears as if unwanted

35 coupling would exist. In other words, a segment corresponding to one phase
would couple not only to the appropriate segment of the same phase, but
also to the adjacent segment of the shifted phase. For example, segment
708B, the 90° segment would couple to segment 710A (the 0° segment) and to
segment 710B (the 90° segment). Such coupling is not a problem because the
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strip helical antenna having a shorting ring 604 at second end 434. One
conventional quadrifilar helical antenna is described in U S 30 Patent
No. 5,198,831 to Burrell, et. al. (referred to as the 831 patent), which is

incorporated herein by reference. The antenna described in tl}‘é’rﬁéé‘l ent
Is a printed c‘W?fo’t‘?%oard antenna having the antenna radiators e é‘ﬁe er
ot herwi se deposited on a dielectric substrate. The substrate is forned into

a cylinder resufadiafien frompthe top segmentsu7il cam bsy thaught aef a6 Jwe separate
Anot her convent imodas. @redmbile Iresultingifeain enipdingato adjdeat segf@nttdthe. left
Patent No. 5, 293n@Qfie ! $indPirhede Horl! cdiflirf ' 90 ddjadiu! ¥s AAL BN Lighhy! o
is incorporated herein rq? erence. e antenna’descriyed i'n the 0

patent is a qua WqVF%trb%lél dhesemodanare Bhased t9ypProNdde radiptien _h’élﬂ‘@égme
posi tioned oft hdiyection.y Therefore] tthis | dowlesouplingr & wikt. dbRemehet! esethe
antenna al so 7 JA .

PCT/ US97/ 07110 ﬂ%%%?"ife“ééﬁg%éagl&ﬁ multi-segment aptenna; ¢ coaxial and

el ectromagnetically coupled with the first helix to inprove the passband of

t he antenna. Yet andg.her Bi@ﬂi‘ﬂ@ﬂ},-gj]@,hegmﬂfﬂsfi | ar helical antenna is
disclosed in U S. Patent No. 5,349,365, to Ov et al (referred to as the 365

patent) which is 5 incorporated herein by reference. The antenna descri bed
in the 365 Patent i Fle. Yuasim diagmmhdlustratingnar nexemizlsi gmpkémentadioref of m as

described abovecpléd radiator segment antenna according to one embodiment of the
invention. Referring now to FIG.12, the antenna comprises a radiator
portion 1202 and a feed portion 1206. Radiator portion includes segments
708, 710. Dimensions provided in FIG. 12 illustrate the contribution of

15 segments 708, 710 and the amount of overlap 3 to the overall length of
radiator portion 1202.

The length of segments in a direction parallel to the axis of the
cylinder is illustrated as £;sina for segments 708 and £;sina for segments 710,
where o is the inside angle of segments 708, 710.

20 Segment overlap as illustrated above in FIGS.8A and 9A, is
illustrated by the reference character 8. The amount of overlap in a direction
parallel to the axis of the antenna is given by 3sina, as illustrated in FIG. 12.

Segments 708, 710 are separated by a spacing s, which can vary as
described above. The distance between the end of a segment 708, 710 and the

25 end of radiator portion 1202 is defined as the gap and illustrated by the
reference characters v, v, respectively. The gaps v;, 12 can, but do not have
to be equal to each other. Again, as described above, the length of segments
708 can be varied with respect to that of segments 710.

The amount of offset of a segment 710 from one end to the next is

30 illustrated by the reference character wy. The separation between adjacent
segments 710 is illustrated by the reference character @y, and is determined
by the helix diameter.

Feed portion 1206 includes an appropriate feed network to provide
the quadrature phase signals to the radiator segments 708. Feed networks

35 are well known to those of ordinary skill in the art and are, thus, not
described in detail herein.

In the embodiment illustrated in FIG. 12, segments 708 are fed at a
feed point that is positioned along segment 708 a distance from the feed
network that is chosen to optimize :impedance matching. In the
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reference to FIG 1A 4. Coupl ed Mul ti-Segnment Helical Antenna

Enbodi ments 10 Having thus briefly described various fornms of a
conventional helical antenna, a coupled nulti-segnent helical antenna
according to the invention is now described in terms of se E

enbodi nent swo sria6%¥er to reduce the length of radiator por¥| on 9176)51 of -t he
antenna, the invention 15 wutilizes coupled nmulti -segrrent radi at ors t hat
al | ow for resemhodiment iaugﬁrwled inrRGuddchisdistanse defluystatpdnly thearefersnegy

ot herw se be &an. a conventional heI ical antenna with an eqw val ent
resonant | engt FI GS di

. A and. 7B ar uskLr a
represent ati ons of NEiEathAteC Oéﬁ%’{ﬁuﬁeﬁ? E‘S}BF%% é‘&né?‘nrt%%ﬁgf’l EaP M nnas.
FIG 7A 20 i pbtiiin ahetheafarcupfagel afitheisubstyatent Thadgrauod p%lomepﬁpﬁalﬁeed in

an open- Cir C%Hggn{rﬂgboﬁ R the Gaf m&eé&eﬁscﬁf gienﬁeéicpdime Fheé 8hi@- pbitidn
enmbodi nent”. enna term na I n an, ope c %,I such lkn max be
used in a singf eesments 708 pp) the neaaa?arﬁaﬁg gﬁl 98% pnty tf‘l‘ﬂtﬁﬁ ess” of
i mpl enent at i Ogegniéifts TOB @M thentear burfate mcexhsen FI G 7A is conprised of a

single 25 di at di 7
segments, This gefbué&gsoﬁ?ﬁe 42 Rbw’ Yol iicO ToF 'a%ﬁfle;a7 e SEiupd rAdALE"

i nter nedi at e segmentt guac: lawli’@fﬂ@l[@tﬂma- SB‘“aRI% T ogeratxon(ph isga%éf ep =

ge'rg)l | Eﬁgbrghﬁg)%xlzh% 2 n‘i;.d(}!-lﬁ SNﬁf&rlhst alie 3phnoeRimple @nly parchrothgual
S nt s d

el ect romagnet HEFP OR3P epé)QsP l%ie f& éﬁér? ﬁbhym gﬁalaéaglr mre "Hdli‘lgéstaé other .

are positi onedxmenmamam%é@mn eperption n gther frequency ban ds a5 w

The overall length of radiator portion 1202 in the example L-Band

embodiment is 2.30 inches (58.4 mm). In this embodiment, the pitch angle o

15 is 73 degrees. With this angle o, the length £1sina of segments 708 for this

embodiment is 1.73 inches (43.9 mm). In the illustrated embodiment, the
length of segments 710 is equal to the length of segments 708.

In one example embodiment, segment 710 is positioned substantially

equidistant from its adjacent pair of segments 708. In one implementation

20 of the embodiment where segments 710 are equidistant from adjacent
segments 708, the spacing s; = 52 = 0.086 inches. Other spacings are possible
including, for example, the spacing s of segments 710 at 0.070 inches
(1.8 mm) from an adjacent segment 708.

The width 7 of radiator segments 708, 710 is 0.11 inches (2.8 mm) in

25  this embodiment. Other widths are possible.

The example L-Band embodiment features a symmetric gap 11 = V2 =
0.57 inches (14.5 mm). Where the gap 7y is symmetric for both ends of the
radiator portion 1202 (i.e., where y; = v2), radiators 708, 710 have an overlap
Ssina. of 1.16 inches(29.5 mm) (1.73 inches-.57 inches).

30 The segment offset @y is 0.53 inches and the segment separation s is
0.393 inches (10.0 mm). The diameter of the antenna is 4ws/m.

In one embodiment, this is chosen such that the distance dgeq from
thé feed point to the feed network is Sgeeq = 1.57 inches (39.9 mm). Other feed
points can be chosen to optimize impedance matching.

35 Note that the example embodiment described above is designed for
use in conjunction with a 0.032 inch thick polycarbonate radome enclosing
the helical antenna and contacting the radiator portion. It will become
apparent to a person skilled in the art how a radome or other structure
affects the wavelength of a desired frequency.
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and provide el ectromagnetic coupling between end segnents 708, 710. In the
open term nation enbodinent, the length [err] of segnent 708 is an
odd-integer nultiple of one-quarter wavel ength of the desired resonant

frequency. The l’%‘?é%h [err] of segment 710 is an integer muhbd4PéD 00
one-hal f 35 MH& el ength of the desired resonant frequency. The |ength

[err] of each of the p internedi ate segneptsg. 712 is an,integer, nul tiple of
one-hal f the wavel apin (the e’ffé%?lee%fngpa’srB?fé tjulsfe‘&'ﬁ%r , the novetrﬁg
il lustrated ertbogthnefthe LrAlarel anteninhr easliatot gpontidinaise recbaped nfrem7 tat(pf @, | p

;7%-1 65'56 7B donlveatibRLIE haltadh Ad1eh Sth’ B Ald bRl | %rpé@})ﬁgégug}%ﬁmggu VO
terninated i n Waglenstho L-Band e antgnnpp o therplengtiy ot othe; rfﬂcg ntBRSHOR i3 not

Sui tabl e for a;qjm:gilnmté}iy! a2 mchenrfee., Mn(simx)),bwha&edc isothdoiitﬂsjic_ﬂaran_gle of
O o ¢ A AR ISS g  Byhl, SPSELSSHA e
This set is 5 exampiprambedigrentsyslescripedoahayist @qur#hgerzﬁb of the sadiaterat e
segments 712, péreion 1221 23 Michds (58,423nm). Thiberepfssentshessbsparttial sagings
End seqnent & 7052k 05eh 8¢ sATERERNSL BEGRR. 0T\ oy i of ect r omagnet cal | ¥
coupl ed tollbne anotfier13 isng 'a&ranailﬁmsr@ginene sidetby-side gomeparisoncef Bralken
end segments 7{8veléAgth L-Band coupled multi-segment antenna radiator portion 1304
and a conventional L-Band quadrifilar helical antenna 1308. As is illustrated
by FIG. 13, the coupled radiator segment antenna radiator portion 1304 is
significantly shorter than conventional quadrifilar helical antenna 1308.
15 An example embodiment for S-Band at approximately 2.49 GHz is
now described. The overall length of radiator portion 1202 in the example
S-Band embodiment is 1.50 inches (38.1 mm). The pitch angle, o, in this
embodiment, is 65 degrees. The length /;sina of segments 708 for this
embodiment is 0.95 inches (24.1 mm). the length of segments 710 is equal to
20 the lengths of segments 708. The preferred embodiment is a spacing that
positions segments 710 equidistant from this adjacent pair of segments 708
(sy = sp = 0.086 inches). The width 1 of radiator segments 708, 710 is (.11
inches (2.8 mm). The feed point deq for 50 Q impedance-matching is 0.60
inches.
25 The example S-Band embodiment features a symmetric gap (i.e., v1 =
v2 = 0.55 inches) for both ends of the radiator portion 1202, the radiators 708,
710 have an overlap dsino. of 0.40 inches (10.2 mm) (.95 inches -0.55 inches).
The segment offset wp is 0.44 inches (11.2mm) and the segment
separation @ is 0.393 inches (10.0 mm). The diameter of the antenna is
30 4ug/n.
Note that the example embodiment just described is designed with a
0.032 inch thick polycarbonate radome enclosing the helical antenna (and
contacting the radiator portion).
In these embodiments, the overall length of the S-Band antenna is
35 reduced from that of a conventional half-wavelength S-Band antenna. For a
conventional half wavelength S-Band antenna, the length of the radiator
portion is approximately 2.0 inches (A/2(sina)), where a is the inside angle of
segments with respect to the horizontal), or (50.8 mm). In the embodiment
just described, the overall length of radiator portion 1202 is 1.5 inches.
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10 and provide el ectromagnetic coupling between end segnents 708, 710. In
the shorted enbodi ment, the length [err] of segnent 708 is an odd- integer
mul ti pl e of one-quarter wavel ength of the desired resonant frequency. The

| ength [err] of segnent 710 is an odd-integer nmultiple of = er
wavel engt h O¥OPHH6¥Yesi red resonant frequency. The length [greﬁﬁusg’(‘ﬁggch 15

of the p internediate segnents 712 is an integer nultiple of one-half the
wavel ength of theFiesiddeis a dingramy iltustrgtingcy radiatipp patterny of an exagple

enbodi ment, t hgifedERtalidn® @f iaVtoupRdi AhtisegARM SquUddriflar chelidal aritpnnd| GS.

8A and 8B are diagrans ill rati | ed lti- - J:
helical ant enr?é’efagmgaf’bré‘ﬁﬁ'sa% 'I gg&ﬁé@‘@gF)Sdsnagtu%&éngﬁ%g&%\gggg?gr%%{l&&[ t he
i nvention. Flpa&erBAofirah 8Rainpleisimplesentatiornamnfl @ iaepplade nmadtigegatent he

antenna il kust 1.1 g i ‘
i nter medi ate s%ugﬁeﬁgltl%sﬂ}élﬂf)gl %Ig??%\\,gslégﬁag 2B B thebo paRetfiiitrate,

f 8. .
one-quarter wdbelBHERRS PrRRvide £ood,p -fﬂf%ﬁ"g%g%ﬁtfzﬁrzs gdz‘ilﬁ‘%r"%p%A i s
a planar 25 rejfplareaatiexhibibgoad qireddar polaizabiehi cal ant enna, having four

coupl ed radi ators ' ' i a i
actually conpri sed%g?h% %&@?%ﬁ%gﬁéﬁ%ﬁé@g@éﬁg%gﬁ@ﬂﬁ?ﬁ g\ei%nfi gfc))se >

proximty wit 718n&12aer Kepcribgd ras; alhtbeing pIA dPanEr SWedFeRt Y768 i s
coupl ed tapt heyuBtiste. r a4 slterhafe@membodiients) the segmémisensgdcndti adl by,

secors 19 L2 SIS gbal fhotl hEBMRsten e Skprpical bhcl o
radi at or segmembodipgngaegmentiptithg first end fie.cspgments 708) are positioned on

one surface of the substrate and segments at the second end (i.e., segments

710) are positioned on the opposite surface. This and other embodiments

15 not requiring all of segments 708, 710, 712 to be on the same surface are
possible because the segments do not need to be strictly edge-wise aligned for
the electromagnetic energy to couple. Small offsets on the order of the
thickness of the substrate do not adversely affect coupling. These
embodiments allowing selective placement of segments 708, 710, 712 can be

20 used to provide certain components or segments on the outside of the
antenna to allow access to those components for such purposes as tuning, or
making connections to the components while providing other components
inside the antenna.

In some applications, it is desirable to have an antenna that operates

25  at two frequencies. One example of such an application is a communication
system operating at one frequency for transmit and a second frequency for
receive. One conventional technique for achieving dual-band performance
is to stack two single-band quadirifilar helical antennas end-to-end to form a
single long cylinder. For example, a system designer may stack an L-Band

30 and an S-Band antenna to achieve operational characteristics at both L and S
bands. Such stacking, however, increases the overall length of the antenna.
Reductions in size obtained by using coupled radiator segment antennas can
prbvide dramatic reductions in the overall length of a stacked dual-band
antenna.

35 One additional advantage of the segmented radiator helical antenna is
that it is very easy to tune the antenna after it has already been
manufactured. The antenna can be simply tuned by trimming segments 708,
710. Note that, if desired, this can be done without changing the overall

- length of the antenna. '

16



832 of the radiator portion 800 toward the second end 834 of radiator
portion 800. Section 824 is conprised of a second plurality of radiator
segnents 710 35 extending from second end 834 of the radiator portion 800
toward first end 832 Toward the center area of radiator porji9pssdefie @
part of each YWEK®>708 is in close proxinity to an adjacent segnment 710

such that energy fram one segnent i.s coupl.ed into,the adj acent se nt in
the area of proxim tlﬁ‘.’teﬂi‘flgg}ee?‘& P‘é’é"?ﬂtﬁbﬂfﬁﬁ?f"}lglerdefaéﬁ?gé?a SEgMERt gHF na
docunent as ovedésaribed abovi\Om@7pidséAted in terms of a half-wavelength antenna
PCT/ US97/ 07110 fer ' . g%%cgn j
| engt h of approielg?rl_g?tgfi a?e% ﬁ%@l%\gﬁ f%ﬂl%t ef??ﬁzfﬁ e %‘\?Zgéﬁel z’I]:gulglzt'?hqg)fftfﬁ.a
singl e radi at orreagifg s Agcyments dgwithPecomspappatgnt Lo gdrersly oéé’r‘? Ay skifl, o
amount one segnenthe/48 howetd anpleaieoit the ihagtiont usiig ansardefing eebonatihgratla =
[err] + [err] - [ 5 re . = ;
[err]/[err] t h‘é’L‘g‘E}SJr‘%ﬁ}ﬁ 8 }16‘% ﬁngg aam?e%?gﬁg?ﬁ{eeérfﬁp#gﬁ%ﬁé{sﬁg;%e §}r1]%rtmg
hal f - wavel engt hringagthe tar endraftheradiatost her words, as a result of coupling,
a radiator, conprising a pair of coupled segnents 708, 710, resonates at
frequency f = [err]/ err](f(gyc?‘]r‘lﬁiérr‘\ough the overall length of that radiator
r

is less than a | engthi of Therefore, radiator portion 800 of a
hal f- 10 ¥avel ength coupled nulti-segment quadrifilar helical antenna is

shorter than the radird previiid dé&riptios ¥ RO preeatd hbodimepkLRIBfdvided to
quadrifilar enable any person skilled in the art to make or use the present invention.
The various modifications to these embodiments will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
15 applied to other embodiments without the use of the inventive faculty.
Thus, the present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent

with the principles and novel features disclosed herein.

20 What we claim is:
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helical antenna 800 for a given frequency f. For a clearer illustration of
the reduction in size he coupl ed configuration, conpare
the radi ator portions Eﬂmmll m‘r% !Iln FIG8 15 wth those illustrated
in FIG 3. For a given &reguency err]/[err], the length of

r adi at or por‘Y?BH‘“g% of the conventional antenna is [err]/2Cc™ &ﬁﬂ’ggqohe

| ength ttot of radiator portion 800 of the coupled radi ator segnent .antenna
is < [err]/2. As stated above, in one enbodi nent, segnents 708, 710 are of
alength [err] =Jerr] =[err]/4. The le 19{ each segnent can be varied
such that {err] is not 20 necessarily gﬂu‘ﬁ! % [err], and such that they
are not equal to [brr]/A helinad ardennd Cmmpmﬁmaﬂaéq@npqrtmh kadhgradi at or i s
a functiongof n‘kﬁ@ Hetﬁem,h wéuﬁ&%afa%rsscsaémhg 1£8f a7fi£t EhE of @rﬁdhé%er

di stance s bet Eqa:dl at or, se rrg% and t anount ch segnents
708, 710 overP% °éb 8 " I IEFPJrEf?rr’i{j’“t &t %‘?f’gf’ﬁ ‘B?reoﬁ%c%@gﬁent
708 with réspeomptisinghe 25 ot her segrrent 710 can be used to adjust the

bandwi dth of the aﬂh%m%dm]'}?f SR &teﬁcﬁﬂgt&eg'Ha}achef#@ugéa@ RE ddse | S

slightly greater ‘E‘i‘ﬁ hort eni [err I'S STightly
shorter thén fBd tarRgréigs topyped H&ﬁoﬁﬂcaﬂﬂ el ehtheyradiates. pattion; 8B

Il lustrates thﬁdact uaI hel i cal configuration of a coupled nulti- 30

segnent qugdrifil C h ent he

i nventi on. gThI s il us gt gdgl%m%@g&ﬁﬁ?%gkq‘[mg 1§ ggfﬁ%l%gp %hé?n l:\/\?)m & nts
708, 710 in offSOBRLERA htPOFUBHeﬁVéﬁfds the, firshendcef thesadiator r om

first end1@32pottiérhe radl at or port ion toward second end 834 of the radiator
portion. Segment 74Re6XH QARP sk (dlaféd .'legfn?ésrn' 8N 590%1%1 Covr\]rﬂhes[]aqd 8s%é"onoci
12 radiator segment such that said first and second radiator segments are
electromagnetically coupled to one another.

2. The helical antenna of claim 1, wherein said first and second
2 radiator segments are comprised of strip segments deposited on a dielectric
substrate, wherein said dielectric substrate is shaped such that the radiators

4  are wrapped in a helical fashion.

3. The helical antenna of claim 2, wherein said dielectric substrate
2 is formed into a cylindrical shape or a conical shape.

4, The helical antenna of claim 1, wherein said first and second
2 radiator segments are wire segments.

5. The helical antenna of claim 1, wherein said first radiator
2 segment is equal in length to said second radiator segment.

6. The helical antenna of claim 1, wherein said first and second
2 radiator segments are A/4 in length, where A is the wavelength of a resonant
frequency of the antenna.

7. The helical antenna of claim 1 comprising four radiators and

2 further comprising a feed network for providing a quadrature phase signal
to said four radiators.
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35 the radiator portion toward first end 832 of the radiator portion. FIG
8B further illustrates t segnents 708, 710 overlap such
that they are el ectromgﬂmlﬂﬂﬂmmﬂmﬂb to one another. FIG 9A is a

di agratm [ IYi)gsvtor?%ymr;g t he ;s_eparéttidn ﬁ and oveLI ?E\ {err]10betl\,/\‘/‘?e;_%r}s‘g‘r?l%g‘ii ggr .
segnent s , W2Beparation s is chosen suc at a E
PCT/ US97/ 07110 suffici en&w%trgi:nt of eneE glé S (i_ou | ed between the(bra(_:li at or
segnents 708, 710 t8o al M icah argefunmof tlaimds furtbengbmprisingiadeed point

eL fect } vesez' 0ot e séig REA AR thaPR" : nmglgau?f agcﬁ&lra}\é@fr@{ﬁﬂsdiﬂtfﬁgleénm&\'gp| gs
Spaci ng. r eoul 14 rfigt SEETRrl, WESFRIR AL SREee S8 GRS o ey b FmBBdentesy
for a givert frefghemadiators be alfeedynbtvadrksegnent s 708, 710 nust increase to
enabl e resonance at the sane frequency f. This can be illustrated by the
extrene case of segnents 708, 710 being physically connected (i.e,, s =
In this extrene ca%e, t Ade; kelical pairgng d%’@@r%em}‘ser%S:"al#l‘@dPﬂ&%‘ES Byther
[err]/2 for2 t homiprisexohewpambre imteamaiiate Matlfatdhsdgments lpcsittoriede betwesese,
t he ant enna | ;0o ﬁr?pgﬁg s&%@lldl%giatqﬁgég egsglﬂt%a}ccor ding to the usage of the

term in this Specification, an ing configuration is actually
that of a conventional helical antenna such as that illustrated in FIG 3.

10.  The helical antenna of claim 1, wherein a portion of said first
2 radiator segment is in close proximity with a portion of said second radiator

0).

segment.

11.  The helical antenna of claim 1, further comprising a second
2 radiator portion having a plurality of helically wound second radiators
extending from a first end of the second radiator portion to a second end of
4  the second radiator portion, said second radiators each comprising:
a first radiator segment extending in a helical fashion from the first
6 end of the radiator portion toward the second end of the radiator portion;
and
8 a second radiator segment extending in a helical fashion from the
second end of the radiator portion toward the first end of the radiator
10 portion;
wherein a portion of said first radiator segment is in proximity with a
12 portion of said second radiator segment such that said first and second
radiator segments are electromagnetically coupled to one another; and
14 wherein said second radiator portion operates at a resonant frequency
different from a resonant frequency of said first radiator portion, thereby
16 providing dual-band operation.

12. The helical antenna of claim 11, wherein said first radiator
2 portion is stacked coaxially with said second radiator portion.

13. The helical antenna of claim 1, wherein said radiators are
2  connected to a feed network at said first end and connected together at said
second end.

14. The helical antenna of claim 1, wherein said radiators are
2 connected to a feed network at said first end and have an open termination

19



Simlarly, increasing the anount of overlap [err] of segnents 708, 710 15

i ncreases the coupling [err] increases, the length of
segnments 708, 710 i ncrejmmﬁmflm\ﬂm ”m, qual itatively under st and t he

opti nmum overlap and spacing fér %eghems 708, 710, refer to FIG 9B. FIG
9B represent WO hi t ude of the current on each segment 7GETUPRHO7IMrr ent
strength indicators 911, 928 20 illustrate that each segnent ideally
resonat es at [aesai]i/sécoxvdemd.t he maxi mum si gnal strength at the outer ends
and the mninumat the inner ends. To optinize antenna configurations for

t he coupl ed radi at 051 segnﬁgfé a}ntenna t he i nventors utilized nodeling
software to deternite talsapifeRe FemBrsing & rydiatos, pprtiqsy havipe[ arr],
and spaci n@ splmh@goﬁhhhcalbammﬁenmltx%ﬁgn@te radizbors eiktenling [frork o firsts t he

Antenna Opt i Mezgr o %a%ﬁ;a]t,\ogar&tn actgf\g;s O I8P ot quataregt}%gﬁﬁ”ems

electronagnetlc nDde er ver

copyri ght 499Mullizsegmment ra 1369’5&“??6 |‘§m&?}'a$m&tﬂtéeﬁ’5f émtandarﬁceeézqeewenéﬁ, San
Di ego, Cali fOlWhe&emNOtShld haﬁrsthegégxﬁéxﬁ cesrtap}rys%m nt ggeratebt gra@d Butusi ng
a coupl ed reference to FIGS. 8A

and 8B. W Sgetgﬂm uraéﬁ@@nf??ﬂﬁ?%%ﬁtgn??ﬁ"%‘xaegﬂgnCoupl ed radi ator segment

ant enna, current is concentrated at the ends of the radiators. Pursuant to
array factor theoryg. thThe tRlickicanesslatef c@eﬂnadsa«nha&% %fdtﬁtsl@anaos&bﬂd

radi at or sggment_antenna in c tio ain,
FIG 10A |g sﬁﬁ’ﬁﬁ?tgmcf’mprg’te {q%gsegﬁge%sm qpoggﬁcﬂ 082 'eéec%e?‘ézp%’ﬁ? ce A
Is radiating a signal having a magnitude equal to that of t he
17.  The helical antenna of claim 15, wherein said first segment is
2 equal in length to said second segment.

18. The helical antenna of claim 15, wherein said first and second
2 radiator segments comprise wire segments.

19.  The helical antenna of claim 15, wherein said first and second
2 segments are A/4 in length, where A is the wavelength of a resonant
frequency of the antenna.

20.  The helical antenna of claim 15, comprising four radiators and
2 further comprising a feed network for providing a quadrature phase signal
to said four radiators.

21. The helical antenna of claim 15, further comprising a feed

2 point for each said radiator, wherein said feed point is positioned at a
distance from said first end along said first segment, wherein said distance is

4 chosen to match the impedance of the radiators to a feed network.

22.  The helical antenna of claim 15, wherein said radiators further
2 comprise one or more intermediate radiator segments positioned between
said first and second segments.

23.  The helical antenna of claim 15, wherein a portion of said first
2 segment is in close proximity with a portion of said second segment.

20
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signal of source B but |agging in phase by 90[err] (the e[err] convention
is assuned). Were sour parated by a distance of [err]/4,
the signal s add in phasd [IIHIETHIMBHG cr avel'i ng from ato & and add out
of 11 WO %{ 9417{114%? »oC LMo PCT/USY7/07110

pha

PCT/ US97/ 071 Se in the direction fromB to A As a result, very little
radiation is emtt in.th irection fr B t typi cal. .representative
field pattern shovﬁlr n I:—[Itr@ehéiffg?ﬁnlt?}'gfar 3?&”%?@%6%? SING b G
sources A dhd fdiater portiont ddving h plheglity lod helicaltt mounsl segmented arafigtorant s

upward, away féﬂé‘i‘l&ihﬁ FHR Whst BRG of BRiddeb&itd rRNator Hirfoh Qo {RbAE Senlgoyer d
the ground, K the antenhna |st8£t| m. zed fgr nost ggg‘lil cations. This.is pecause

it is rare 4 hatai%seroBe 1d4tPe OOy faih ResTReRied dpridets earhy sampdising firpt
toward the groarmdsecohdsegmehtsyywiadreinnsaid fistpegitnk \is pheficallyl sepasatedrdomt e
conmuni cat i pns 11 d I, LAl 10 the signal
strength be@di }?%@?éﬁrdu%sﬁeﬁggkéggﬂ%%&tsh?sg%ég3%*'1%@'poi nt source antenna
nodeled in FIG 11A is not readily achi evabl e using conventional half

Wﬁ/6| ength heli cal themSheMS&ﬂehnif“@f alaire NP8 whekedt cyaicﬁqrrt;i Qﬁdiatord f
illustratedyin T centr.atl o current strength.at the.ends o
radi at ors %8 P g’}}b%rrﬁ yisap%ﬁ%ﬁ?%&t%é"@%o%ﬁ155a1%0Lﬁg8%r.1 V\Vfgﬂmlt%fdi OSP4 e

twisted into a helical configuration, one end of
26. The helical antenna of claim 15, wherein said radiators are

2 helically wound into a cylindrical or conical shape.
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the 90[err] radiator is positioned in line with the other end of the O[err]
radi ator. Thus, this approximates two point sources in a |line. However,

t hese approxi mate point sources are separated by approxinmately [err]/2 as
opposed to the desired [err]/4 configuration illustrated in Eﬁﬁh 8®: 20
Not e, however WAH*¥he coupl ed radi ator segment antenna accol 3* ¥he

i nvention provides an inplenentation where the approxi mated point sources
are spaced at a distance closer to [err]ﬂ@? Therefore, the coupl ed radi ator
segnent antenna allows users to capitalize on the directional
characteristics of the antenna illustrated in FIG 10A 25 The

radi ator segnents 708, 710 illustrated in FIG 8 show that segnment 708 is
very near its associated segnent 710, yet each pair of segnments 708, 710
are relatively far fromthe adjacent pair of segnents. In ori®0alternative
enbodi ment, each segnent 710 is placed @gOiTh stant fromt segnents 708 on
either side. This enbodinent is ill@s L A164 G 11. Ref erring
nowto FIG 11, each segnent is substary equi distant from each pair
of adjacent segnments. For exanple, segyenty708B is equidistant from
segnents 710A, 710B. That is, s[err L mlarly, segnment 710A is
equi di stant from segnents 708A, 7088 ment is counterintuitive
inthat it appears as if unwanted 35 ng woul d exist. In other words,
a segnent corresponding to one phase oupl e not only to the
appropriate segnent of the same phase,
the shifted phase. For exanple, segnent

100

-104
104

104

FIG. 1B



segnent 710B (the 90[err] segnent). Such coupling is not a probl em because
the 12 WO 97/ 41695

PCT/ US97/ 071 10 radiation fromthe top segnents 710 can be thought of as
two separate nodes. One node resulting fromcoupling to adja nts -
to the left afP?¥M6Bt her node from coupling to adjacent segﬁgﬂﬁgﬁﬁgﬂﬁhe
right. However, both of these nodes are Eyased to provide radiation in the
sanme 5 direction. Therefore, this dou Elcoupling is not detrinental to
t he operation of the coupled multi-segnent antenna. 5. Exanpl e

| mpl enent ati-ons 10 FIG 12 is a diagram illustrating an exanple

i npl ementation of a coupled radi ator segnent antenna according to one
enbodi ment of the invention. Referring nowto FIG 12, the antenna
conprises a radiator portion, 1202 and a feed portion 1206. Radi ator portion

i ncludes segnments 708, 710. i nensions fprovided in FIG} 12 illuStrate the
contribution of 15 segnents! 708, 710 t he rer] to
the overall length of radiatlor portio 2. sin a

direction parallel to jhe axis of thefcylindey

/

4

FIG. 2A
/ 208 208 208 208
Eﬁ.‘n%,n:}”z,:;,ooo
/
!
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FIG. 2B

304 %08 /208 /&os /Eos
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20 Segnent overlap as illustrated above in FIGS. 8A and 9A, is
illustrated by the reference character [err]. The amount of overlap in a
direction parallel to the axis of the antenna is given by [err]sin[err], as
illustrated | §ddrfmeod2.- Segnents 708, 710 are separated by a%‘ﬁ’ég%"l n_gl S,

whi ch can vary as descri bed above. The di stance between the UyFenie
segnent 708, 710 and the 25 end of radiator portion 1202 is defined as the
gap and illustrated by the reference characters [err], [err], respectively.
The gaps [err], [err] can, but do not h?M@ to be equal to each other.

Agai n, as deéescribed above, the length of segnents 708 can be varied with
respect to that of segnents 710. The anount of offset of a segnent 710 from
one end to the next is 30 illustrated by the reference character [err].

The separation between adjacent segnents 710 is illustrated by the
reference character [err], and is determ nedgby the helix dianeter. Feed
portion 1206 includes an appropriate feed n O to provide the quadrature

phase signals to the radiator segnents 708. Feedtpetwe+rks 35 are well
dotail herein. In the embedi ment LSt r Al RO G, 14, |seonents 708 are |
fed at a feed.poi that is posTtiR *ﬁﬁ§$§§§sh%gnr 7Céﬂﬁ?gispance from
t he feed network ha ,-:aﬂi\\\\\s\:- rm :\\“n gance matchlﬁg. In the
13 \\\\\\\\\\\\\ \\\\\\\\\\\\\\ e ‘ogz e
O b 3 | Z S ]
3 \\\\\\\ N1 2 ne
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WO 97/ 41695 PCT/ US97/ 07110
enbodi nent illustrated in FIG 12, this distance is illustrated by the

ref erence characters [err]. Note that continuous line 1224 illustrates the
border for a ground portion on the far surface of the substrgigy round
portion oppos 9@7'8169£egrrents 708 on the far surface extends to tsﬁzb?ggd-
point. The thin portion of segnents 708 is on the near surface. At the feed
poi nt, the thickness of segnents 708 on the near surface increases.

Di'mensi ons are now provided for an exang)e coupl ed radi ator segnent
quadrifilar-helical antenna suitable for operation in the L-Band at 10
approximately 1.6 GHz. Note that this is an exanple only and ot her

di mensi ons are possible for operation in the L-Band. Additionally, other

di mensi ons are possible for operation in other frequency bands as well. The
overall length of radiator portion 1202 in the exanple L-Band enbodinent is
2.30 inches (58.4 mm. In this { N neAte t he pitch angle [err] 15 is 73
degrees. Wth this angfe a, the {lgngt[efr]sin[err] of segments 708 for
this enbodinment is 1.73 Wches (|4B\9 In the illustrated embodi ment,
the Il ength of segnents 710W s equfl A\he I ength of segnments 708. In one
exanpl e enbodi nent, segnent 710 |ik p i oned substantially equidistant
fromits adjacent pair of segmentk 7 n one inplenentation 20 of the
enbodi ment where segnments 710 arlel eo tant from adjacent segnents 708,
the spacing s[err] = S[err] = 0.|086 O her spacings are possible
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i ncluding, for exanple, the spacing s of segnments 710 at 0.070 inches (1.8
nmm froman adjacent segnent 708. The width [err] of radiator segnents 708,
710 is 0.11 inches (2.8 M) in 25 this enbodinment. Gt her widths are
possi bl e. The ﬁ ﬁggle L-Band enbodi nent features a symretrigcpabertodib] =
[err] = 0.57 YHe (14 5 m). Were the gap [err] is synnetrlc for both
ends of the radiator portion 1202 (i. ere [err] = Jerr]), radiators
708, 710 have an overl ap [err]sin[err] ofl4. 16 inches(29.5 mm (1.73

i nches-.57 inches). 30 The segnent offset [err] is 0.53 inches and

t he segnent -separation [err] is 0.393 inches (10.0 nmm). The dianeter of the
antenna is 4[err]/[err]. In one enbodinent, this is chosen such that the
distance [err] fromthe feed point to the feed network is [err] = 1.57
inches (39.9 mm). O her feed points can be chosen to optim ze inpedance
mat chi ng. 35 Not e that the exanpl e enbodi nent descri bed above is
desi gned for use in conjunction with a 0.032 inch thick pol ycarbonate
radone encl osing the helical antenna a contactin the radlator portion
It will become apparent to a person s ed in the l%%gme
other structure affects the mavelengt f a desire 5¥%q en Y

97/ 41695 PCT/ US97/ 07110
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Note that in the exanple enbodi nents just described, the overall |ength of
the L-Band antenna radi ator portion is reduced fromthat of a conventional
hal f -wavel engt h L- Band antenna. For a conventional half wavel ength L-Band
ant enna, therlé; {;of the radiator portion is 5 approxi mepetysednediihNches
(i.e., [err] sin[éerr])), where [err] is the inside angle of segnents-708,
710 with respect to the horizontal), A?l 3 mm. For the exanple

enbodi ments descri bed above, the overal? ength of the radiator portion
1202 is 2.3 inches (58.42 mm. This represents a substantial savings in

si ze over the conventional antenna. 10 FIG 13 is a diagram
illustrating a side-by-side conparison of a half- wavel engt h L-Band coupl ed
mul ti - segnent ant enna at or rtlo 304 a cogsgentional L-Band
quadrifilar helical anhgﬁLa 13 illu ated igby FIG 13, the coupled
radi at or segnent anten radla por on 134 is significantly shorter

t han conven®44nal q 308. 15 n—exanpl e
enbodi nment fd‘\S—Band at apprjoxi mat e 2. 49 Gz isnéﬁM/descrifﬁa. The
overal |l |ength of 7t@djjat G10 i ' he exanpl e S-Band' enbodi nent is
1.50 inches (38.1 nm [ The pjtch angle, [efr], in thi s odifment, is 65
degrees. The length | segne ts 708 fyor 2Fhi'd e odlnent IS
0.95 inches (24.1 s equal to 20 the

| engt hs of segneng o] |ne (s a spaC|ng that
positions segnent sy71 is adj’agent pair bf@f s 708
(s[err] = s[err] = 0. . THe width [er¢]=of radiatpr s gne s 708,
710 is 0.11 inch The f epd inf [ery] for 50 [err]
inpedance-natchiﬁgg' %%8 ’ﬁ% 4 2 ?

Fey=%4
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i nches. 25 The exanpl e S-Band enbodi ment features a synmmetric gap
(i.e., [err] =[err] = 0.55 inches) for both ends of the radiator portion
1202, the radiators 708, 710 have an overlap [err]sin[err] of 0.40 inches
(10.2 mm ('Q%H#H§%§S -0.55 inches). The segnent of fset [ ergdrasy7/6nfd

i nches (11.2 d the segnment separation [err] is 0.393 inches (10.0
nmm . The dianeter of the antenna is 307 %Lerr]/[err]. Note that the exanple
enbodi ment just described is designed m{{ a 0.032 inch thick pol ycarbonate
radone encl osing the helical antenna (and contacting the radiator portion).
In these embodi nents, the overall length of the S-Band antenna is 35
reduced fromthat of a conventional half-wavel ength S-Band antenna. For a
conventional half wavel ength S-Band nna, the length of the radiator
portion is approximately 2.0 inches ([ferr]/2(sin[err])), where [err] is the
i nside angle of segnments with reg to the horizontal), or (50.8 mm). In
t he enmbodi nent just described, the oJewal] length of radiator portion 1202
is 1.5 inches. 15 WD 97/ 41695 ~
PCT/ US97/ 07110 FIG 14A is a diagra strati < radiation pattern of an
exanpl e inpl enentation of a coupledfnul tj -seg t quadrifilar helical

ant enna T
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operating in the L-Band. FIG 14B is a di

agramillustrating a radiation

pattern of an exanple inplenentation of a coupled nmulti-segnment 5

gquadrifilar helical antenna operating at

S-Band. As these patterns

illustrate, t nt ennas provi de good omi -directional char aggRisbBiriS I N
TN

t he upper hal € and exhibit good cir
enbodi nents di scussed above, the radiat
described as all being provided on the
In alternative enbodi ments, the segnents
sane surface of the substrate. For exanpl
the first end (i.e.,
substrate and segnents at the second end
positioned on the opposite surface. This
requiring all of segnents 708, 710, 712 ﬂ
possi bl e because the segnents do not nee
for the el ectromagnetic energy to couple.
t hi ckness of the substrate do not
enbodi nents all ow ng sel ective plAcenent
20 used to provide certain conppnents of
antenna to all ow access to thosg componer
maki ng connections to the conporients whil
i nside the antenna. In sone applycations,
antenna that operates 25 at two\frequend

cul ar polarization. In the strip

egnents 708, 710, 712 are-
LAk

surface of the 10 substrate.
need not all be positioned on the
e, in one enbodi nent, segnents at

segnents 708) are positioned on one surface of the

(i.e., segnents 710) are
and ot her enbodi nents 15 not
0 be on the same surface are

to be strictly edge-w se aligned
Smal | offsets on the order of the
ect coupling. These

of seghents 708, 710, 712 can be
segnents on the outside of the
ts for slich purposes as tuning,
e providifng ot her conponents

it is desirable to have an

ies. Ong exanple of such an

or

application is a comruni cati-e#

FIG.
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system operating at one frequency for transmt and a second frequency for
recei ve. One conventional technique for achieving dual -band perfornmance is
to stack two single-band quadrifilar helical antennas end-to-end to forma
singl e | ong cywonteges For exanpl e, a system desi gner may Sta?%gﬁ%@hﬁ?%nd 30
and an S-Band antenna to achi eve operational characteristics at bot ¥ and
S bands. Such stacking, however, increases the overall |ength of the
antenna. Reductions in size obtained by using coupled radi ator segment
antennas can provide dramatic reductiong/in the overall |ength of a stacked
dual - band antenna. 35 One addi tional advantage of the segnmented

radi ator helical antenna is that it is very easy to tune the antenna after
it has already been nmanufactured. The antenna can be sinply tuned by
trimmng segnents 708, 710. Note that, if desired, this can be done w thout
changing the overall length of the anté&fna. 16 WO 97/ 41695

PCT/ US97/ 07110 Note that the enbodi nen of the co@l ed radiator segnment
ant enna descri bed above %%e presented #h terns of hal f - wavel engt h ant enna
resonating at a mavelengg\ equal to an-integer nmultkple of [err]/2. After
readi ng this docunent, itswll become apparent to person of ordinary

ski | | E
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5 in the art howto inplenent the invention using an antenna resonating at
a wavel ength equal to an odd integer nultiple of [err]/4 by omtting the
shorting ring at the far end of the radiators. 3. Concl usi on 10 The

previ ous desg&bg&&fﬁkcﬁ the preferred enbodi ments is provi degrhRefdradal € any
person skilled™i'n e art to make or use the present invention. The various
nodi fications to these enbodinents will be readily apparent to those:
skilled in the art, and the generic principles defined herein nay be 15
applied to other enbodi nents w thout the/pse of the inventive faculty.

Thus, the present invention is not intended to be limted to the

enbodi nents shown herein but is to be accorded the w dest scope consi stent

with the principles and novel features disclosed herein. 20 VWhat we
claimis: 17 WO 97/ 41695
PCT/ US97/ 07110 CLAI MS 1. A helical antenna conprising a radiator portion

havi ng one or 2 nore helically wound radi ators extending from a first
end of the radiator portion to a second end of the radiator portion, said
one or nore radiators

\k‘(_f
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4 conprising: a first radiator segnent extending in a helical fashion
fromthe first 6 end of the radiator portion toward the second end of the
radi ator portion; and 8 a second radi ator segnent extending in a
hel i cal fashj [ t he second end of the radiator porti he
first end OfVV?ﬂ%LPﬁ%g} ator 10 portion; wherein said fi rst%’?g@?‘lgegmnt
isin proximty with said second 12 rqgi for segnent such that said first
and second radi ator segnents are el ectr ﬁﬁbnetically coupl ed to one

anot her. 2. The helical antenna of claim 1, wherein said first and
second 2 radiator segnents are conprised of strip segnments deposited on a
dielectric substrate, wherein said dielectric substrate is shaped such that

the radiators 4 are wapped in a helical fashion. 3. The hel i cal
antenna of claim2, wherein said dielectric substrate 2 is formed into a
cylindrical shape or a conical shape —4— he helical antenna of claim

1, wherein said first and second segrents are wire segnments.
5. The helical antenna of a) VG M d N rst radiator 2
segnent is equal in |ength i adi ator segnent. 6.

The helical antenna of clAi in_sai s¢cond 2 radi at or
segnents are [err]/4 in/lg T erl erlgt h of a resonant
frequency of the antenfda -~ /N

FIG. 14A



7. The helical antenna of claim 1 conprising four radiators and 2
further conprising a feed network for providing a quadrature phase signal

to said four radiators. 18 WD 97/ 41695

PCT/ US97/ 07110 8. The helical antenna of claim1, furthe&

feed point 2 WOPHMRUch said radiator that is positioned at a

1947009 2

I stance from

said first end along said first segnentgyrgerein said distance is chosen to

mat ch the i npedance 4 of the radiator a feed network. 9.
helical antenna of claim1l1l, wherein said radiators further 2

The
conpri se one

or nore internediate radi ator segnments positioned between said first and

second radi ator segnents. 10. The helical antenna of claiml, wherein a
portion of said first 2 radi ator segnment is in close proximty with a
portion of said second radiator segnment. 11. The helical antenna of claim

1, further conprising a second 2 [ adi-ate
helically wound second radi at or
radi ator portion to a second ef)
second radi ators each conpri

helical fashion fromthe

Ol O

o "-‘;\" . ()
K

FIG. 14B

partion having a plurality of
T TS i rst end of the second
adj ator portion, said
+adiat oM.gegment extending in a



I f/’)- BRI A
-6 end of the radiator portion toward the secaond end of t_F g% "ér{)E
portion; and 8 a second radi at or sengE LA@EMEN; |SH i‘I i cal
‘fashi on fro nd end of the radiator portion toward the first end
of the rad| rﬂ Mﬁ vvherelnaportlon of said first radiator
segnent is |n prcoxu ” portion of said second radi ator segnent

such that said first and setond rﬁﬁﬁ%@sgment s are electromagnetically
coupl ed to one another; and 14 ei n said second radi ator portion

operates at a resonant frequency different froma resonant frequency of
said first radiator portion, thereby 16 providing dual -band operati on.
12. The hel i cal, antenna of claim 11, wherein said first radiator 2
portion 13s Athelikalgantensaxoamnrisingap tradiaton partionelaying arplerelitoef helinallyon. 13.
The helical antenna of claim 1, wherein said radiators are 2 connected
to a feed netwourd sultssagent raslﬁatmcbxa:ndingcfrmmatfadt ¢raigeft the radistos pordionecond
end. 14. The helical antenna of claim 1, wherein said radiators are 2

clzgnnect2 gd to @ hesdombtendr &f #e salislof iposions @i MtuiNA¥Emant Aidaiork eaghnat i on
comprising at least first and second substantially parallel and overlapping
segments, each of said segments being of a length substantially equal to an odd
multiple of a quarter wavelength, wherein said first segment is physically separate

from but electromagnetically coupled to said second segment, and wherein said

first and second segments resonate at the same selected frequency.

19.  The helical antenna of claim 15, wherein the effective combined length of said
first and second segments is approximately an integer multiple of A/2, where A is

the wavelength of a resonant frequency of the antenna.
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at said second i cal antenna conpri sing aaﬁaal a‘t%r’ p@rt I on
havi ng a pl ural mlw[i[im”"ﬁ} !1 wound nul ti-segnent radi alRPS ext endi ng
froma first en eNa r portion to a second end of the radiator
portion, said nulti-segnent radiators 2hch conpri ast first and
second substantlfg &’e@@ﬁcf‘%] £! and overlappi ng segmﬁpé IﬂVBNgabHEEW
segnents being O Teng substantlally equal to an odd nmultiple of a
guarter vel ength, wherein said first segnent is physi call?/ se arat from
but el ect  Bragnethetiadll anterma posprisimgsairatliator pAGios v 2 khet Behrally d
first andjsecond segnents resonate at the sane sel ected frequency. 16.

The helical antwsid mlticdeginent fBiator exending fron &ifirstt endnaf the cahalos pomont s
conpri se Etrl p segnents deposited on a dielectric substrate. 17. The

hel | cal - ant ennagol Ehaidnel?. ofiR! eldinsAiphnion] Said euitbstgmhenteruiiors nedangt h
to said sécond segnent . ) hel i cal antenna of claim 15, wherein said

first and secon&#&g}% %{ 1§§9\ﬁ1§{ Sa_nﬁo IRbhS Csubbtafial B0 paRlle) 3318 overleBSing

hel i cal antenna (he eftective conbined | ength of said

first and|second se mant rox 172,
where [erf] is ielgﬂ‘ z‘rfﬂsﬁff‘adgg ﬁ%???#%%@ftﬂpm%ghgﬂﬁéﬁhg&“ 20.
The helical antenna of cI ai m 15, corrprl Si Ng radi atars,and.furth
conprising a femultiple ofr quarisy WﬁY‘ﬂﬂ%‘Frﬁh u&é’gtgﬁtlﬁ‘gnﬁw&?ﬂh%ﬁ‘% |seP%ra ai d
four radiators. 21. The helical antenna of claim_ 15, further caonprj sing
a feed p0| nt f ofromami elertrdmaguiitically coupled &g hmééF@ﬂF‘e'iS&mﬁ’é‘i’ﬁf‘ whereig$atd oned
at a .

first and second segments resonate at the same selected frequency.

16.  The helical antenna of claim 15, wherein said first and second
segments comprise strip segments deposited on a dielectric substrate.

17.  The helical antenna of claim 15, wherein said first segment is
equal in length to said second segment.

—

18. The helical antenna of claim 15, wherein said first and second
radiator segments comprise wire segments.

19.  The helical antenna of claim 15, wherein the effective combined length of said

first and second segments is approximately an integer multiple of A/2, where A is

the wavelength of a resonant frequency of the antenna.

20.  The helical antenna of claim 15, comprising four radiators and

further comprising a feed network for
providing a quadr. ignal
to said four radiators. © 7 Aiadiatue phase si

2l.  The helical antenna of claim 15, further comprising a feed

point for each said radiator, wherein said feed point is positioned at a

distance from said first end alon distan
g said first segment, wherein
chosen to match the imped i’ o .y

ance of the radiators to a feed network.

—
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di stance fromsaid first end along said first segnent, wherein said

di stance is chosﬁ | npedance of the radiators to a feed

net wor k. mm wga nna ofz | ai m 15, wherein said radiators
further conprise bne ort mar rrredl ate radi at or segnents positioned

between said first and second segnents. The REPEAJ(? \ﬁE“@TC@}"rEETm

15, whereir a portion of said first segrrent Is in xi'mty wth a
portion of said second segnment. 24. The helical antenna of claim 15,

Lulrthelrl conpri da’zng arr&eh@lméld a{jamm bfﬁﬂh’.lhi qs W?ﬂéi‘éiﬁ ﬁ#&'xﬁﬂiﬁtbfs/ﬁﬁfthe_rd
elically wound segment ed radi ator xte rom ir sai
second r adCRRRSE, GRE | A nMATe AriexTme %mg g %n %cﬂl}frf‘iop bﬁ?ﬁon,

sai d segmsaicdirstdndsecondsegmentspri sing first and second segnents, wherein
said first segnent is physically separate from but el ectromagneti cal |y

coupled to said second segment. 25. The helical antenna of claim 24,
wherein said 23. radiehelica)@ntenma of claim A5kwhereipax portign of said fizst d

second 1 adibAenlh isPRA d188e pPiBximd ewhﬁhlsa;koﬁ%ee?a 4 Séind Js‘égm({mre'n

said radi ators are helical 'y wound into cyllndrlc or conica

24. The helical antenna of claim 15, further comprising a second
radiator portion having a plurality of helically wound segmented radiators
extending from a first end of said second radiator portion to a second end of
said second radiator portion, said segmented radiators each comprising first
and second segments, wherein said first segment is physically separate from
but electromagnetically coupled to said second segment.

25. The helical antenna of claim 24, wherein said radiator
portion is stacked coaxially with said second radiator portion.

26. The helical antenna of claim 15, wherein said radiators are
helically wound into a cylindrical or conical shape.
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{87) Abstract

. A coupled multi-segment helical antenna is provided having & length that is shorter than otherwise obtainable for a conventional
half-wavelength antenna. The coupled multi-segment helical antenna includes a radiator portion (800) having a plurality of helically wound
radiators (804) extending from one end (832) of the radiator portion to thc other end (834) of the radiator portion (800). Each radiator
{804) is made up of a set of two or more segments (708, 710). A first segment (708) extends in a helical fashion from the first end (832) of
the radiator portion (800) toward the second end (834) of the radiator portion. The second segment (710) extends in a helical fashion from
the second end (834) of the radiator portion (R0D) toward the first end (832) of the radiator portion, wherein a portion of said first radiator
segment (708) is in proximity with a portion of said second radiater segment (710) such that said first and second radiator segements (708,
710} are electromagnetically coupled to one another.




