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In the past, efficient antennas have typically required structures with minimum
15 dimensions on the order of a quarter wavelength of the radiating frequency. These
dimensions allowed the antenna to be excited easily and to be operated at, or near a
resonance frequency. This limited the energy dissipated in resistive losses and
maximized the transmitted energy. Even at relatively high frequencies, these
antennas tended to be large at the resonant wavelength. Further, as frequency

20  decreased, the antenna dimensions had to increase in proportion.

In order to address the shortcomings of traditional antenna design and
functionality, a new class of antennas was developed, known as meander line loaded
antennas (ML.As). One such meander line loaded antenna is disclosed in United

25  States Patent No. 5,790,080 for MEANDER LINE LOADED ANTENNA, issued
August 4, 1998 to the present inventor, John T. Apostolos, and is hereby incorporated

by reference.

An example of a meander line loaded antenna is shown in Figure 1. The
30  antenna consists of two vertical conductors 102 and a horizontal conductor 104. The
vertical and horizontal conductors are separated by gaps 106. Also part of the antenna
are meander lines 108, shown in Figure 2, which inter-connect the vertical and
horizontal conductors at the gaps 106. The meander lines 108 are designed to adjust

the electrical length of the antenna. In addition, the meander slow wave structure



are neander |ines 108, shown in Figure 2, which inter-connect the vertical

and horizontal conductors at the gaps 106. The neander |ines 108 are

desi gned woonsh4ust the electrical |ength of the antenna.pPCTvusadistison, the
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varying the phase of the transmission signal between different array elements, thus

15 requiring phase control for each element. There is a need for an antenna with a fixed

or directable pattern that has only a single feed point.
Discussion of the Related Art:

20 US Patent No. 5,943,011 entitled ANTENNA ARRAY USING SIMPLIFIED
BEAM FORMING NETWORK discloses an example of an antenna array, or multi-
element antenna and the feed network used for steering signals transmitted or received
through the array. The signals coupled to and from each antenna element 51-58 are

adjusted in phase by a network of r.f. hybrid devices 62.

25
US Patent No. 5,144,319 entitled PLANAR SUBSTRATE FERRITE/DIODE
PHASE SHIFTER FOR PHASED ARRAY APPLICATIONS is an example of a
phase shifter which can be used for an individual antenna element within an array.
The patent shows the use of this shifter for each antenna element of a phased array.
30

US Patent No. 4,010,474 entitled TWO DIMENSIONAL ARRAY
ANTENNA discloses a phase control network for the elements of a two dimensional

array.



US Patent No. 5,144,319 entitled PLANAR SUBSTRATE FERRI TE/ DI ODE PHASE
SH FTER FOR PHASED ARRAY APPLI CATIONS is an exanple of a phase shifter
whi ch cawoel/s=exl for an individual antenna el ement w t hi PCEDS@r3e3s. The
pat ent shows the use of this shifter 3or each antenna el ement of a phased

array. 30 US Patent No. 4,010,474 entitled TWO DI MENSI ONAL ARRAY ANTENNA
di scl oses a phy§epaé‘6‘r‘iﬁoop 9ﬁ8t%PRtl$Qﬂ'm‘éA%Lgm%‘RI§ BQB Y @8nsi onal

array. t BPnd48; L ed
NOVABL EW[:))ICELE %IN;SODi Yﬂ ?&ﬁ A@#&é{?ﬁéﬁ,{%&& c@@ PoEVED 3@%\?%{@'1\'15% FEED
LI NE di scphreeshlétesfomglsethprmaﬂEPJslmfayetenfemts uﬁk‘eshmzvmhnﬁg tli, plfeedar r ay

el ement s. f eed ctor i ne i ncl udes source

i nput 6 aﬂ%dﬁﬁﬁ% x%’ \%l%fn‘fc%ﬁﬁéo@icg 6@(‘}? Epl?im@n%elelﬂeﬂto‘?}‘é%{ﬁ? ldielectric

mat erial T@CNﬁQv&EIeWﬁél@cthB ‘%naft&?’ﬂ 16daftR b%tw&rn thdRe@ &k Be6r thek@kRr 5 t her eof
and a ground plane 4, controls the propagation velocity of signal s coupled

t hr ough t platef ia@drelOf med 2 groundt Hims 4reaniols @hermcp@atloalveladqtmf mnatls i's made

Very ol eaf 14 ShBEE 180 BFe 31 LN PRy ) RAR0Tr FURIMTLE A Che  use of

nul tiple ghRERRterMee RAIALMEE mUBP@HIB ahRnhdEleed. for individual
connections as well as the requirenents for phase control. They

denonstrate the need for sinplified coupllng and phase control approaches.
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well as the requirements for phase control. They demonstrate the neéd for simplified

coupling and phase control approaches.

15 It is, therefore, an object of the invention to provide an inexpensive, array

antenna having only a single feed point.

It is an additional object of the invention to provide an array antenna having
only a single feed point, which includes phase control for individual array elements.
20
SUMMARY OF THE INVENTION

In accordance with the present invention, there is provided an array antenna
capable of use with a single signal feed and including a transmission line oriented
25  substantially parallel to a ground plane, which transmission line has a multiplicity of
sequential sections with each sequential section having a different spacing from the
ground plane than each of its immediately adjacent sequential sections. Once
interconnected, these sequential sections may be referred to as a stepped or varied
impedance transmission line in which the sections spaced further from the ground
30 plane become active antenna elements. In one embodiment, an electrical spacing
between the transmission line and ground plane affects impedances of the
transmission line. Varying this electrical spacing enables relative phase control

between the active elements and phased-array directional control of the antenna.



SUMVARY OF THE | NVENTI ON I n accordance with the present invention, there is
provi ded an array antenna capable of use with a single signal feed and

i ncl udi ngv@aot/samnsm ssion |ine oriented 25 substantially preBUk@l13633 a
ground pl ane, which transm ssion linethas a nmultiplicity of sequential

sections with each seq i.al ' [ [ nt spacing fromthe
ground pl ane than eachgﬁﬁﬁkigﬂiﬁﬁéhﬁgwgnggﬂ?ﬁggﬁ&hgéguentiaI sections.
Once interconnected, these sequential sections may be referred to as a
stepped or varied inpedance transm ssion line in which the sections spaced

further from tMomﬁdn@stpnéngOb@@m@ea@nvwioannanbmokéaimbhy s. In one
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spaci ng emg@&g&nf&ﬁﬁkﬁkﬁgﬁnﬁ@ﬂ Goskicel between the active el ements and
phased-array directional control of the antenna. WO 01/82413 PCT/ USO1/ 13653

4 BRI EF DESCRI PTI ON OF TEE DRAW NGS A conpl et e understandi ng of the present

nvent i on may pe, oot alfied b, g SLETENGEh8ed e AGEOIRANNING, dF @A nos. when

consi dered in conjuncti sequen sc |pt|on in
whi ch: Fiptisreartl is a perspective view of a neanderline | oaded | oop antenna
of the prior art; 10 Figure 2 is a perspective view of a neander |ine used
in conjunction with the prior art antenna of Figure 1; Figure 3 is a

perspgetive vigw,ofy %%ﬁﬁp%)!ﬁ@é‘{ﬁ&%?a%@&ﬁ&é gt eqxgediﬂlcao% cﬁ&fl‘&rﬁh tP{% th one

enbodi nent of the pres Inventi on; I's a enat
Cr oss- secpiiarsad andnawobFigursingl e feed, center-fed, array ant enna as shown
in Figure 1,
Figure 3 is a perspective view of an array antenna constructed in accordance
with one embodiment of the present invention;
15
Figure 4 is a schematic, cross-sectional view of a single feed, center-fed, array

antenna as shown in Figure 1;

Figure 5 is a schematic, side view of the array antenna constructed in

20  accordance with another embodiment of the present invention;

Figure 6 is a side view of the array antenna of Figure 4 mounted on a vertical

mast;

25 Figure 7 is a top view of four of the array antennas of Figure 4 mounted on a

mast for omnidirectional operation;
Figure 8 is a side perspective view of the antenna array of Figure 7;

30 Figure 9 is a front view of a two-dimensional array of the antenna of Figure 5;

and

Figure 10 is a front plane view of a variation of the two-dimensional array of

Figure 9.



Figure 5 is a schematic, side view of the array antenna constructed in 20
accordance wi th anot her enbodi nent of the present invention; Figure 6 is a
side vi ewobh1/ghae3 array antenna of Figure 4 nounted on a veetriusa@li3e63sast; 25
Figure 7 is a top view of four of theSarray antennas of Figure 4 nounted on
a mast for omidirectional operation; Figure 8 is a side perspective view
of the antenna array of Figure 7; 30 Figure 9 is a front view of a

t wo- di mensi onal ar rﬁﬂs@ﬁﬁﬁ@Nﬂ@FWPRﬁFﬁRWEﬁlBoﬁmEﬁTgure 10 is a front
pl ane view of a variation of the two-dinensional array of Figure 9. WO
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Cenerally spe this ntion is.related to ennas. More 5
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antenna array. Figure 3 shows an exanple of an array antenna 200 according

to one enderfiedumpedance ransipisserhine foareyidy em activetaainnaa 200y gBigereal | y i ncl udes
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ari se frogretdeirsene dAhepeozZ0caneally itcledestarsappod Gopeilantd gsAlddionand its
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Further, variation o e spaci ng I've sectl ons enabpl es
control ofnditsepraxihétyna @amnl ;ﬂatetBOn ThStgrd:dterfspﬂdﬂ‘ﬁ@bf evkEby biher shetiay 204 ne
nature of transm s i ne 210 causes an effect gon the phase _relationship

bet ween tﬁ’i%m%ﬁ?i&daé!@%g%th GrusesdhesesReiopg 404 {hhave adHahes relalivg seMcs can be

and to function as individual active array elements. Further, variation of the spacing

among active sections 204 enables control of the antenna gain pattern. Still further,
15  the delay line nature of transmission line 210 causes an effect on the phase

relationship between the separate active sections 204, which phase relationship can be

controlled for directing coherent signal summation for the antenna.

Transmission line 210 includes a multiplicity of sections 202, 204 and 206.

20 Planar sections 202 and 204 are oriented substantially parallel to ground plane 220
and are sequentially alternated along transmission line 220. Interconnect sections 206
function to interconnect the sequentially located planar sections 202 and 204, which
are nominally oriented in a linear pattern. In one form, transmission line 210 is
fabricated from a single metal strip, such as copper, which strip is bent at right degree

25  angles to define the sections 202, 204, 206.

The planar sections 202 and 204 have different respective spacings or
separations from the ground plane 220, which results in different impedance
characteristics for those respective sections. A first set of planar sections 202 are

30  located or spaced relatively closer to ground plane 220, which results in a relatively
lower impedance, while a second set of planar sections 204 are located or spaced
relatively farther away from ground plane 220, resulting in a relatively higher
impedance. In the present invention these sections 204, spaced relatively farther from

the ground plane, become active elements of the array antenna for both radiating and



controlled for directing coherent signal summation for the antenna.

Transm ssion line 210 includes a multiplicity of sections 202, 204 and 206.
20 Pl anaw@eurnsi4ons 202 and 204 are oriented substantial | ypeausél/sbsst o
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pl ane 220, which results in different inpedance characteristics for those
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atl ISSt set o s&%%t'e%% is H rgﬂl%{ly ﬁge%ttb mosunt the transmission line 210 and
ground plane 220 in relation to each other, and substrate 230 may be replaced by any

other suitable dielectric medium.

The delay line or slow wave nature of a stepped impedance transmission line
20  is descibed in cited US Patent 5,790,080, which is incorporated herein by reference.
The propagation constant, 3, for cases where the ratio of the high impedance to the
low impedance (Z3 / Z5) is greater than five and each of the sections is much less than

one-quarter wavelength is given by the equation:

25 B =PBo/2NZy/ Zy

where: o = 21/ Ao, and Z; is the high impedance value and Z, is the low

impedance value.

30 Thus the propagation velocity through a stepped impedance line is dependent
upon the ratio of the alternating impedance values. The factors which are used to
control the impedance values and thus the propagation velocity are well known to
those skilled in the art and include the size of the transmission line 210, the dielectric

constant of the dielectric medium and the spacing between transmission line 210 and



up a second set of planar sections, and these first and second sets of

pl anar sections are interdigitated. This is referred to herein as

i nt erdi giwabesk41first and second sets of every other seqrenMs@l13s8cti on.
15 Substrate 230 is nomnally used to’nmount the transm ssion |ine 210 and
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Another variation of antenna 200 is shown in Figure 5 as antenna 300, which
has a single feed at one end 310 and a termination 322 at the other end 320. This
arrangement enables a travelling wave excitation of antenna 300, because a voltage
null is not created at any point along the antenna. Antenna 300 may alternately

20  function with a central feed and two terminated ends. Antenna 300 is discussed

greater detail below in reference to Figures 9 and 10.

The standing wave variation of antenna 250 is now discussed in reference to

Figures 4, 6, 7, and 8. Figure 4 shows the antenna 250 having a stepped impedance

25  transmission line 270 similar to that shown in Figure 3 with some variations.
Transmission line 270 is shown to have a similar first set of every other sequential
section 202a, 202b, 202c which is located relatively close to ground plane 220.
Transmission line 270 differs further in the second set of every other sequential
section in that the spacing of the higher impedance sections 273, 274 and 275 is

30  varied over the length of the transmission line 270 to compensate for current
characteristics. More specifically, the impedance of the individual sections 273, 274,
275 determines the power which is transmitted by that individual section. This
feature enables control of the relative amounts of antenna gain between the individual

active elements, thereby providing control of the overall antenna gain pattern. In



opposite ends of antenna 250 are connected to ground plane 220 from a
active elenent at points 262. This grounding of the antenna ends causes
signal s ooopi/gdi3 10 t hough feed point 260 to have a vol t apeT/medl/i13e43 each
grounded end, which arrangenent is kfhiown as standi ng wave excitation. This

node may al so be created. with a feed_ point ne end of the transm ssion
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Antenna 300 is discussed 3@%& er “detail belowin reference to Figures 9

and 10. Tresulsing gainmytteemprodunci yitmaredy atgneana 250 is now di scussed in
reference to Figures 4, 6, 7, and 8. Figure 4 shows the antenna 250 havi ng
a stepped inpedance 25 transnission line 270 simlar to that shown in

Figure 3 wth agmRnvishddticqiiSpaghtion$eTbsis) SerleldiBthrol@hitfe ShRMksicd have a
simlar first set of ever o I?]g seq uentﬁ}: al sggﬁttl on 202a, 202b, 202c which
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vari ed ovedriddipadisfof ﬂhe@én\td‘@eﬂwr&mam 2980274, Qmﬁt}%@a&lﬁg oblpensat e for
current characteristics, Mre specifically, the inpedance of_ the
i ndi vi dualmpRedangesaetion 202 sy alsobesselrstes ippiatantRs osRsse fRicERites

transm tt?x\%? at1%ﬂ%lo'cﬂ?hl‘6h?‘t‘l‘?étr£1‘%ﬁﬁ§i hnél’ﬁvy@ feature enabl es contr ol of

the rel at nount's antenna gal n between the individual active
el enents, thereby providing control of the overall antenna gain pattern. In
Vo 01{ 58 2413 PCi:I'l/m Se?}cfo%?r%? gf these impedance values can also be used to determine the
propagation velocity and thereby, along with the length of the sequential sections,
determine the phase relationship of the signals being transmitted by high impedance
active sections 204, 273, 274, 275. For this reason, for any given frequency -
application of the above embodiments, the proper impedance values are
20  predetermined for both the first and second sets of every other planar section in order
to design the coherent propagation characteristics of each antenna. The impedence
values are determined by known principles taking into account transmission line
dimensions, dielectric constant of the dielectric medium, and the spacing of the
transmission line from the ground plane. As for the lengths of the sequential sections,
25 in a common embodiment, each of the lengths is substantially equal and is less than

one-eighth of the shortest wavelength of operation for the antenna.

It should be noted that both the control of gain distribution and control of
relative phase between the active elements are also applicable to the travelling wave

30  embodiment descibed in reference to Figure 5.

Antennas 250, 270 are well suited to mounting on a mast as shown in Figures
6, 7 and 8. Figure 6 shows a single antenna 250 mounted to a mast 280 and having a

single center feed 260. An appropriate transmission line, such as a coaxial cable, can



8 order to nore evenly distribute the gain of antenna 250, the cl osest
sections 273 to the signal feed are given the | owest inpedance and the
fart hest weot/smms fromthe signal feed are given the hi ghepUSIIMB6estance.
Therefore, the spacing fromthe ground plane of successive active elenments

may be eifher progressively_ larger or smaller. her. 5 variations of these
i ndi vi FIua‘t’e ‘%ﬂé@ﬁOHg’% ﬁwn ré%mﬁé%é’é‘a C@B”Eh@t%?ﬂ %O tefhgurg a%‘@wéf ®he

resul tingyigl dF aRehiIS HaRnes UERAs PohrthRnALS 20 ARE BereAFoliRIMdOned, the
propagation velocity of energy %hrough the transmssion Iline is dependent

upon the emnidigegionaheoverags. ilinp sztaa signaldbedandngement ionle Qder of #Bst 10 274,
275 to th ow | npedance val ue of sections 202a, .202b, . 202c.. .Consi st ent
W th vari o B b REPRE Syl RE MR R e S B RE 18 5SS  pac ng
of 1oy ispedenaeerasi@nalROEhTeYr 8ltemabese eleebbRfl il PighBdsmt Adrs, Or

ot herwi se determine propagation velocity along the transm sion |ine 270.

15 Fur t hegteatgbon fever spmpere srayibepeehaenendiag wpsn dwrrpaliediose used to determ ne
the propagation velocity and thereby, along with the I ength of the
sequential sections, determ ne the phase relationship of the signals being

transmtted by hi ghln RfeecRece Figaedsi VO sa8qDiaars cRdd . waé3mbddimen? 6b. For this
reason, for any given freﬁuency application of the above enbodi nents, the

proper i nfhE@ERTERS Weantien vaH @opoPesleseretesdr dismated 1o Figvrad1aneantanna f08nd second
sets g .efﬁ@fu)ﬁﬁsoé é‘t@}%peﬁ'i Qﬁarﬁggﬁgsg@ﬁéign @59 862 héﬁﬁréggggpogg% L8 a?sglfﬁr?d‘t

propagati on characteristics o nt enna. nce ues are
det er m nef2My dinglenignal feed 3loeapledko argl 3 It andahe enth32( is asratimdsd with lai ne

di mensionsg, dielectric, constant qof the dielectric nmediu and the spacing
of the tRHSHISEF APFIHE FE o H}eosaﬁ%réﬁ?%tr?éﬁh%&roﬁw@fﬂ@%gh@t%s of the
sequent i alouSigleANS vakis). Mran SO SHOPRAL s iﬁ%&i@it%dhe@eﬂ engths is

substantially "equal and 1s less than one-eighth of "the shortest wavel ength
of oper atimpedinpe se¢tiona 202 andhigher istpedantelsectinms €04t Mheseelative he control of
gai n 'strintion and, contr.o

I re{ative se g(gt t he.active
o emcht o nddned o3y B dn r et Lt d BTG A which has 3 i eceY
medium 332 mounted thereon. In the present antenna 300, ground plane 330 is
moveable in opposing directions 334 with respect to transmission line 302 which
allows control of the ratio of impedances between high impedance sections 204 and

low impedance sections 202. Movement of ground plane 330 may be accomplished

20 by any suitable means, such as, for example, manipulation with a stepper motor.

It is known that the speed of propagation of signals through this stepped
impedance transmission line is inversely proportional to the square root of the ratio of
high impedance to low impedance. It is also known that the transmission line and the

25  ground plane have an electrical spacing which affects the impedances of the
transmission line. Variation of the electrical spacing between transmission line 302
and ground plane 330 thereby changes both high and low impedances and causes
variation of the ratio of those impedances and the speed of propagation through the
line 302. This variation of propagation velocity varies the relative wave segments

30  present at each active, high impedance section 204 and thereby varies the direction of
coherent wave summation in the direction 340 relative to antenna 300. Variation of
the propagation velocity thereby provides phase control to each of the active, high
impedance sections 204, all through the single signal feed point 310, and eliminates

the need for individual phase control for each of the active elements.



30 enbodi ment descibed in reference to Figure 5. Antennas 250, 270 are well
suited to nounting on a mast as shown in Figures 6, 7 and 8. Figure 6
shows a wwogl/g4ant enna 250 nounted to a nmast 280 and havi PQT/@S012I36%p €
center feed 260. An appropriate trandmi ssion |ine, such as a coaxial cable,
can WO 01/82413 PCT/ US01/ 13653 9 be fed through the center of mast 280 to
connect to feed 260. Figure 7 shows a top view of a simlar mast 282

havi ng four anitepnag bdaeteaabitBSmoReibie oot flah®B30 RMb: tistRgdd PRk
coverage. The sane signal feed arrangenent in the center of nmast 282 may

be used wwith the seiREngspaveqnehodimentif iighre §, bumayorss b wigd witked si gnal
bet 5 . t h i
P ouren P ERARERNE FOLERIESe A HHONED AoHEc BB TIRERGBE BT Lo | e

appl i cat i ah ak 250.efaesigpdre dobefehPbyags ib thedtwanshpb8iteasetfidiwsab Ibe rgilyasd
enbodi mrent of the present invention will now be described. As noted for
Fi gure 5, ndhe sapedinectionovoul@raqyus serasate movese arouns elaat orerdhdi ssi on | ne

302 Davi NG ABRAREBpSATS clfrert HOARANIECockbi rBfllifts SHATRE LI Ldufie P! ed Lo

end 310 an e en IS termnate i st1c Tnpedance 322
(equal t oplhhemegeraee to poiduoé thetsemp dirdciidn afcohbientibegin defdctibrow | npedance
val ues). Transmi ssion line 302 includes interdigitated, |ower inpedance
sections 202 and hi gher inpedance sections 204. These relative 15

| mpedgnces ar epdalsy AR ﬁlﬁlti(r?ﬁf:ﬁy' §N%Eayf Mhthnds @(‘)U‘E’orﬂir%%fb?i 330m ¥Rk,gh has a
t her eon.

dielectric nedium 332 nounte In the prese antenna 300, ground
pl ane 330dinensiopaleataly d0Rn Aspycsiengacit(0ediffeofrem33ywntenna 836G ey it that

transm ssi.on |ine which all ows ntrol, of t rati.o of inmpedances
between: b FAE AR atE aEPmatt et B Erom AR sdimbine. 20
Movenent  gfteriia® 400! il BB R oBEEntIPYir& e BGRB8 d 12 By R¥riaidh Sithd abl e neans,
such as, for exanple, manipulation with a stepper ndotor. It is known that

t he speedspafingrodfageenmengiouwidgiarest l0Hran e tekiestive sppred impegradance

E)]E anslrg' Sséré)l{gnligs?o% liinses io? \ér?treﬁl?alsyme.r W 8{dte'r Ponﬁlovfdg fﬁrlfheer A al O ro?}cn the ratio
the orthogonal direction 414, each of the antennas 400 is provided with some form of
phase controlier 420. Such phase controllers are well known in the art of phased

arrays.

20 Figure 10 shows further use of the present embodiments as a delay line for full
phase control in a two dimensional array 404, which is similar to array 402 of Figure
9. In Figure 10, the individual phase controllers 420 of Fig. 9 are replaced by an
independently controllable delay line 430 constructed in the identical form as antenna
300. Delay line 430 has the same high and low impedance sections 204, 202 as

25 antenna 300, the propagation speed through which is independently controlled by a
separate moveable ground plane 432. In this manner, controllable coherent
summation of transmitted and received signals is provided in the orthogonal direction

414, simultaneously with the same control in the original direction 412.

30 Since other modifications and changes varied to fit particular operating
requirements and environments will be apparent to those skilled in the art, the
invention is not considered limited to the example chosen for purposes of disclosure,
and covers all changes and modifications which do not constitute departures from the

true spirit and scope of this invention.



hi gh i npedance to | ow i npedance. It is also known that the transm ssion

| ine and the 25 ground pl ane have an el ectrical spacing which affects the
i npedancasoof/st4ne transm ssion line. Variation of the el pctws@ai3éBpaci ng
bet ween transm ssion |ine 302 and gridund pl ane 330 thereby changes both
hi gh and | ow i npedances and causes variation of the ratio of those

i npedances and the speed of propagation through the |line 302. This
variation of pfl@@iﬂ?@ﬁds%sc}i@de@ﬁhé Mv¥dre Whbhi8 degleltb V8 pYRYG-SEPIBRs 30
present at each active, high inpedance section 204 ang t hereby varies the
di r ect i onP#ent ig preserded infhe subsaaureatly eppénded hinimds.r ecti on 340 rel ative to
antenna 300. Variation of the propagation velocity thereby provides phase
control to each of the active, high inpedance sections 204, all through
the single signal feed point 310, and elimnates the need for individual
phase control for each of the active elenments. WO 01/82413 PCT/ USOL/ 13653
10 I't should be noted that the noveable ground plane 330 is not restricted
to use wth the travelling wave enbodi nent of Figure 5, but nay al so be
used with a standing wave version as described in Figure 4. In the case of
a center fed antenna, 5 such as 250, causing the coherent beans in the two
opposite sections to be deflected in the sane direction would require
separate noveabl e ground planes for each half, because the opposite
current flow in those sections requires opposite relative ground plane
novenent to produce the same direction of coherent beam deflection. 10
Figure 9 shows a multiplicity of array antennas 400 configured to forma
two dinmensional array 402. Array antennas 400 differ fromarray antenna
300 only in that all antennas 400 share a comon noveabl e ground pl ane
410. In this manner, antennas 400 may be coherently directed in the
direction 412 by variation of the spacing of this comon ground plane 410
fromthe respective stepped i npedance 15 transm ssion |lines of antennas
400. In order to provide further directional control in the orthogonal
direction 414, each of the antennas 400 is provided with sone form of



phase controller 420. Such phase controllers are well known in the art of
phased arrays. 20 Figure 10 shows further use of the present enbodi nents
as a del ayobi/smifor full phase control in a two di nensi oral/usewmys3404,
which is simlar to array 402 of Figuee 9. In Figure 10, the individual
phase con olleﬁs 450_0f Fig. 9 are replaced by an independently
control | abi & B4 e 430 constructed in the identical form as antenna
300. Delay line 430 has the sane high and | ow i npedance sections 204, 202
as 25 antenna 300, the propagation speed through which is independently
control | el By aatengaap@risingbveabl e ground pl ane 432. In this manner,
control | abl e coherent sunmation of transmtted and received signhals is
provi ded in thegouhtiptponal direction 414, sinultaneously with the sane
control in the original direction 412. 30 Since other nodifications and

changes vari eda tindnhibsiOmlihé 6tibAEd QpSlaatiAIRGparlRY d HRFBMING (AR MAVI ronment s

w Il be apparent to those skilled in the art, the invention is not
i d d it e . . . Lscl , d
cover s al 1 QR D R e PR B RnBh SLERBSHIS 2"

fromthe tru irit and scgpe of this inventiaqn. WD Q1/82413

P Uso1/ 13665 e R g (B b it sl bl S O R e TS s 1 ed 1 o
be protected by Letters Patent is presented in the subsequently appended
clai ns. WO Gequppialzedionsimph/ 13653 12 Wat is claimed is: 1. An antenna,
conprising: a ground plane; 5 a transmssion line oriented substantially
paral | el to thepgratainterginmaet sactibn senellythtergormentihg thelseqientialebctsmguent i al
sections with each sequential section having

10
2. The antenna of claim 1, wherein the ground plane and the transmission line have
an electrical spacing there-between which affects impedances of the transmission
line, and further wherein the antenna is adapted to vary the electrical spacing for
controlling impedances of the transmission line.
15

3. The antenna of claim 2, wherein the ground plane is adapted to be moveable with
respect to the transmission line to thereby vary impedances of the transmission

line.

20 4. The Antenna of claim 1, wherein the spacing from the ground plane of the
sequentially connected sections of the transmission line alternates between

relatively larger spacing and relatively smaller spacing.

5. The antenna of claim 4, wherein the relatively larger and smaller spacing

25 corresponds respectively to relatively higher and lower impedance values.



a different spacing fromthe ground plane than each of its inmmediately

adj acent sequential sections; and separate interconnect section serially
i nt erconve@vi/sxy13 he sequential sections. 10 2. The ant enpar/@hoicideism 1,
wherein the ground plane and the tran8m ssion |line have an electrical
spaci ng there-between which affects inpedances of the transm ssion |Iine,
and furt her Thieareinna phdaianfevbercinghaspaperiirl sestipas 9f hadrapsmissiendiak spaci ng
for controlling inpedances of the transm ssion line. 15 3. The antenna of
clai m 2, whénreing atrhlatigely larderpdpacieg fonaitia @t@chdipbarneeareractoalelenants 6f the espect
to the transmssion line to thereby vary inpedances of the transm ssion
line. 20 4. sfkanfAntenna of claiml, wherein the spacing fromthe ground

pl ane of the sequentially connected sections of the transm ssion |ine
alternates between relatively larger spacing and relatively smaller
spacing. 5. The antenna of claim4, wherein the relatively |arger and

smal | spacin 25 corresponds respective t | atj vely hi gher and | ower
| mpedance. valEALe Tt pEsG e AR T T sleent of e eaa fischna of ol ai m 4,
wherein the sequential sections of the transm ssion |ine having a

rel ativel y PEdgkrmEsdspadng from the eraypd phae pordetcrayang auehgdvegadhent s of the
antenna. 5 7. The antenna of claim6, wherein each active elenent of the
ant enna has among tledetioe slemedtsspaci ng from t he ground pl ane for determ ning
a relative gain anong the active elenents. 8. The antenna of claim?7,
wherein the predeterm ned spacing fromthe ground plane 10 of the active
el ements determ nes a gain pattern for the antenna.

8. The antenna of claim 7, wherein the predetermined spacing from the ground plane

10 of the active elements determines a gain pattern for the antenna.

9. The antenna of claim 7, wherein the spacing from the ground plane of successive

active elements is progressively larger or smaller.

15  10. The antenna of claim 1, wherein the transmission line is adapted to create a

travelling wave of electromagnetic energy over the sequential sections.

11. The antenna of claim 10, wherein the transmission line has at least one end
terminated with a characteristic impedance of the transmission line.
20
12. The antenna of claim 1, wherein the planar transmission line is adapted to create a

standing wave of electromagnetic energy over the sequential sections.

13. The antenna of claim 12, wherein the planar transmission line has at least one end

25 terminated through a connection to the ground plane.



9. The antenna of claim 7, wherein the spacing fromthe ground plane of
successive active elenents is progressively larger or smaller. 15 10. The
antenna o¥ooi/sd4m3 1, wherein the transmission |line is adapredusa/ssBate a
travel ling wave of el ectromagnetic enérgy over the sequential sections. 11.
The antenna of claim 10, wherein the transm ssion |ine has at |east one end
termnated with a characteristic inpedance of the transm ssion line. 20 12.
The antenna of claim1, wherein the planar transm ssion line is adapted to
create a l4{wdinirgnoaldapn 1evbeeinchea grieniads érerdpyd tofectiohat s sgsdmimal
sections. 13. The antenna of claim 12, wherein the planar transm ssion |ine
has at | eastfregnenogyndpre@mtédeyyna matiechni vewlgiptiawithmogett tonhd dieteheicgr ound

pl ane. WD 01/82413 PCT/US01/ 13653 14 14. The antenna of claim 1, wherein

t he ant enna rh&dihmtadath §fahd SHYGEARIN sédtiofls AR IEHbM WHiRaBGUhaEReesent ed by
a mnimumwavel ength with respect to the dielectric nediumand each of the

sequerjial seghig p@ﬁj- d jch is less than one s eighth of that
m ni num vvavef%ngtﬂt.ial : 1%%9\2%% é%n:gg{ of claim 1, wherein the sequenti al
sections are divided between interdigitated, first and second sets of
every other sequential section and further wherein each section of the
second set_of every other sequential section has a 10 relatively |arger
spaci ng f Forhterategpsohelaim dnsherpinthe srauentiad seciions are divided bejveet ~ sequenti al
secti on.

interdigitated, first and second sets of every other sequential section and further

wherein each section of the second set of every other sequential section has a
10 relatively larger spacing from the ground plane than the first set of every other

sequential section.



