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A known GPS antenna is a dual-frequency quadrifilar helix antenna developed
at the Mitre Corporation, assignee of this patent application. This antenna employs
RF trap loading. See, D. P. Lamensdorf, M. Smolinski, “Dual Frequency Quadrifilar

30  Helix Antenna” proceedings 2002, IEEE-APS International Symposium, San

Antomnio, TX, Vol. 3, paper 87.5, pp. 488-491. This antenna is also the subject of a
co-owned patent application, Serial No. 10/174,330 filed June 18, 2002. Trap loading
has also previously been used by amateur radio operators for increasing the bandwidth

of monopole and dipole antennas operating in the HF and VHF bands. See, “The
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element is adapted to operate at three frequency bands and the elements are excited
with equal amplitudes but with a relative phase difference of 0°,— 90°, - 180° and —
270° to achieve right-hand circular polarization. The RF trap filter presents a high
impedance with respect to one of the three frequency bands. In one embodiment, the
30  three frequency bands include two bands relatively closely separated from each other
with a third band more widely separated from the other two bands. In this
embodiment, the RF trap filter presents a high impedance with respect to the third
band. In a preferred embodiment, the three frequency bands are GPS bands. Such
bands are approximately centered on 1176, 1227, and 1575 MHz and the trap filter is
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Fig. 4c is a graph of antenna input resistance and reactance as a function of
frequency for the L band.
25 Fig. 5a is a polar plot showing measured right-hand circular polarization and
left-hand circular polarization far-field radiation patterns for the Ls band.
Fig. 5b is a polar plot showing measured right-hand circular polarization and
left-hand circular polarization far-field radiation patterns for the L, band.
Fig. 5¢ is a polar plot showing the measured right-hand circular polarization
30  and left-hand circular polarization far-field radiation patterns for the L; band.

Figs. 6a, 6b, and 6¢ are plots of measured percentage gain patterns in the Ls,

L,, and L; bands respectively.
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L5. L antenna elements of the array are arranged around the square substrate 34 at 90°

25  intervals as illustrated in Fig. 1 and excited with equal amplitudes but with a relative
phase difference of 0°, -90°, -180°, and —270° (or plus 90°). Such a phased
distribution between the array elements 12, 14, 16, and 18 was obtained by means of a
compact microstrip feed network (not shown) including a 180° “rat race” hybrid, the
two outputs of which were conmected to compact, surface mounted 90° hybrids. This

30  type of feed excitation provides good RHCP gain for the inverted L antenna array
over much of the upper hemisphere allowing it to acquire GPS satellites at elevation
angles as low as 10°. Acquisition of low elevation GPS satellites allows for a lower

RMS position error in range.
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“Handbook of Microwave Integrated Circuits,” ARTECH House, 1987, pp. 306-309.
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30 The trap filter 28 also acts as an inductive load at the L, and Ls bands for the
remaining length of the antenna since these frequencies are below the resonant
frequency of the trap filter; the inductive loading shortens the length of the antenna

that is needed beyond the filter to achieve resonance in these two lower frequency

bands. To compensate for the inductive loading introduced by the trap filter 28, the
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95% of the solid angle coverage in the upper hemisphere between elevation angles of
90° and 10°. The measured percentage gain coverage Pg for the antenna array 10 is
96% in the Ls band, 97% in the L; band and around 80% in the L; band. The
30  measured percentage gain patterns for the three frequency bands are shown in Figures
6a, 6b and 6¢, respectively. The Y axis in these figures is the angle Theta = 90° --
Elevation Angle and the X axis is the angle Phi — Azimuth angle. The gain patterns

shown in these three figures show the gain over the entire upper hemisphere down to

the horizon. The horizon corresponds to Theta = 90°. The lower RHCP gain in the L,
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ee r i j n - £
ety Oty AUEARI I IR R R P2y e
Pol riizatii@rgroddes dobiCRaif keferagelahitie Ci.rlaidndLs frequency bands. The
Pol ar.i zat.i on). f.ar.,20. fi el.d .radi i of - .
oo UrrRTe BB rePha S HaT L AR B ASS gk Sgmction
ar r ayth o pShiybedt tapravhe theeejuired pliasastbft betdicanrat dour array

T AT

15 CapaiteRgwith & RIFUPRAG of DRIt tiRdit-SIHdBibasera nghsrdoRIGRT the upper
axial ratio_at elevation angl .abhove 30. he gaj.n
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coverage in the upper hem sphere between el evation
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bands than for the corresponding U. S. GPS system because of different signal
waveforms. The increased bandwidth of the proposed European system makes

30  antenna design technically more challenging, but can be achieved through the trap

loading design disclosed herein.
Those skilled in the art will also recognize that the antenna disclosed herein
has application in other L-band satellite communication systems such as

INMARSAT, which operate at the following frequency bands: transmit -~ 1626.5-



6 WD 2005/ 004283 PCT/ US2004/ 011179 band is caused by
the frequency dispersion in the VSWR response of the

wo oas/o0eBEnment s of the array as can be seen frPOT/URE04/011179
results shown in Figure 3. PGin the LI band can be

i mproved to neet the sPeC|f|ed in coveg&g X
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| ocation in the four inverted L array el enment
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antenna gain across the LI band. It is thus seen

fhat theWpriselsimddigienti on can acconmodate all three
frequency bands in a proposed noderni zation of the
proposed GPS system In particular, the 10 four
el enment, right-hand circularly polarized, trap | oaded
inverted L antenna array of the invention provides
good gain coverage at the L1, L2, and L5 frequency
bands. The antenna is easy to build and is excited by
1@ mcrostrip 180 hybrid used in conjunction wth two
O hybrids to proved the required phase shift between
the four array elenments to generate right-hand
circular polarization. The array has a broad antenna
15 pattern with a RHCP gain of better than -3.5 dBic
over a mgjor portion of the upper hem sphere down to
an el evation angle of 10. The antenna of the invention
therefore provides visibility to GPS satellites even
at | ow el evation angl es ensuring good position
accuracy. Those skilled in the art will appreciate
that another application for the antenna 20 of the
invention will be in the proposed European GPS
satellite systemknown as "@Glileo" that is expected
to be deployed in the next few years. The frequencies
that have been initially selected for the Galileo
systemare 1176.45 MHz (24 Mz bandw dth), 1202.025
MHz (24 MHz bandwi dth), 1278.750 MHz (40 MHz
bandw dt h), and 1575 MHz (33 MHz bandw dth). Note that
two of the selected initial 25 frequencies are the
sane as for the nodernized U S. GPS system and the
other two frequencies are also well within the tuning
range of the antenna invention disclosed herein. Note
al so that the bandwi dths are nuch wider in all the
sel ected frequency
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her i n. THESE Y FPERIS M t he art will al so recogni ze

t hﬁt t hegoaﬂglelﬁ&as l@ltir@gb@a@d" hereidon I@sleanp Eﬁlﬁﬂitb,ﬁﬁc}i dlement
ot her L- satellite conmuni cation systens such as

| Nwﬂﬁéﬁﬂﬁn 38t SesRY BerEonsdisARed bt FubieRii iy it angle vith respect
ban@ssnetahedsiMibe first pdRidh ifRlulinden 2802/pGHe283ch element adapted to
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pol aehtagd siyaaspplapigationer, RHCP can provide better
performance in an urban environment because of

mul tipath effects. 5 Wiat is clainmed is: 10 8 WO
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and second portions disposed at a substantially right
anghe wth respect to.on nother.,, the firs rti.o
erud noRRE s e eRLE RS Bl pfh oo
opebaide radtiverdb@elyrsegpuaatiyorh astl Sithewhéth aithird buad edeareides
are excited with_equal i tudes t with arelative
R S A e P R
151 ghtipddand waihrredpeetito pRltard aalii on. 2. The antenna array

of claim1l wherein the RF trap filter presents a high

10 i npedance with respect to one of the three

f r equencyndd@inilfia arday ofRRIAD AR BE RY Bquehditahds are GPS
wherein the three frequency bands include two bands

rel B#1%el y cl osely separated fromeach other with a
third band nore wdely separated fromthe other two

bands, wherein the RF trap filter presents a high
20 5. The antenna array of claim 4 wherein the three frequency bands are

approximately centered on 1176, 1227, and 1575 MHz.

6. The antenna array of claim 5 wherein the trap filter is adapted to bring each
element into resonance at approximately 1575 MHz.

25
7. The antenna array of claim 1 wherein the dielectric constant of the dielectric

substrate is approximately 1.07.

8. The antenna array of claim 1 wherein the sum of the lengths of the first and

30  second portions equals approximately A/4.

9. The antenna array of claim 7 wherein the dielectric substrate is foam having a

permittivity of approximately 1.07.



15 i npedance with respect to the third band. 4. The
antenna array of claim 3 wherein the three frequency
whanwdsoase GPS bands. 20 5. The antenna arr ayPOf/Usioad/om1179
4 wherein the three frequency bands are approximtely
cenfered.on 1176, 1227 .and,157 . 6., The ant enna
arr i& of LRE PRTeRRASATIRN OF Ehetp F Wé‘efFPg‘ e% PR AltpIdS 3 AP 18
bri IRBGHh aeli@aEBE. | Nt O resonance at approxi mately
15 MHz. 25 7. The antenna array of claim1l wherein
the dielectric constant of the dielectric substrate
IS APPr oMteMRtcBhd ardeydf clafa 10 HBerain R IAduAdTiEY high Cihdddidrl
wherein the sumof the Iengths of the first and 30
Second portions equals approximately X/ 4. 9. The

ant nna BlehLaknte arfdyir Blaitn YOEL&ER thd\QpsbiRl Bastaldaacitance of
substrate is foam having a permttivity of )

ap prordxiraately 2. 21pigofarad andiiho ggsgtones g indadtangs 24 epgroimately 2.8
10. Ihfen@nt enna array of claim1 wherein the RF trap
filter 1s a capacitor in parallel with an inductor.

11. The antenna array of claim 10 wherein the inductor
IS hi Q i r ; ; : :
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ap parosi¢ematt dispos2d h the odde efcbacingddd dfdhe sydaret or has an

i nductance of approxinmately 2.8 nanohenry. 10 13. The
antenna array of claim1l wherein the dielectric
substrate is a square with an elenent disposed in the
m ddl e of each side of the square. 10
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