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Ammctﬁmsymmﬂmnmelm
netic waves. The communications system preferably
operates in the milhmmwaveﬁequencm. and pro-
vides relatively high signal restoration and isolation.
The communications system can use polarization diver-
sity to increase the capacity of a channel. Isolation and
restoration features in the transceivers eliminate or re-
duce the effects of precipitation and/or reflection and
diffraction from objects, and thus is well-suited for an
urban eavironment.
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For | ocal comunications systens using a mllineter-wave carrier,
poL&m-z-ay—en——eLe-ss—t-aueeaused—by—pLem pitationis a-commonly .
encount ered problem for systens using dual linearly pol arized signal
transm ssion. Further, where a transm ssion |link involves successive

refl ections ygobseekdi Ngs and ot her objects, as in an urban egyuscEnIeRnt .
consjderable variations = in the polarization state of the signals occur,

maki ng signal isolation by orthogonal pol ari zation | ess effective.

For a given frequency, a circularl olarized plane or_quasi-plane

el ectronmagneti c wave ertW%ﬁM&@%mm d vectors
revol vi ng cl ockw se (@)symmﬁi@?g ' Wﬂ@@hc%such waves,
rotating oppositely with respect to each other, are orthogonal to each
ot her and may be i sol atRQLARIZED SIGNAL TRANSMISSIONANE RECERTION r oni ¢
circuitry. However, precipitation and/or reflection/diffraction from

bui | di ngs and ot her obstacles can distort the waves and cause elliptical
pol ari zation. If the waves BACHGROUNDOF THEMN®BNTION:al | y pol ari zed,

the.information carried by the wayes .c trieved.
U S. Patent 4,747,160 teaches a |§@£@%%WYE§#§% on cel lul ar
tel evision syst em cappii fvétioh\Wlattsio & RidTHoD 'ahd kppataSfoy c6MmmniCitions with
omidirectional transmtter transmts
1 WO 96/ 31¢lesiromagnetic waves. The system preferably operates at millimeter-wave frequencies and
PCT/ US96/ 04694, uses polarization diversity.
DESCRIPTION OF PRIOR ART
The information transmission capacity of a communications system can be
substantially increased with the use of polarization diversity. This is true for both one-way

and two-way communications systems. Vertical and horizontal polarizations are often used

in satellite communications and other point-to-point microwave links to isolate both transmit
and receive signals, or to increase information capacity.

For local communications systems using a millimeter-wave carrier, polarization
cross-talk caused by precipitation is a commonly encountered problem for systems using dual
linearly polarized signal transmission. Further, where a transmission link involves successive
reflections by buildings and other objects, as in an urban environment, considerable variations
in the polarization state of the signals occur, making signal isolation by orthogonal
polarization less effective.

For a given frequency, a circularly pohrized plane or quasi-plane
electromagnetic wave propagating in open space may have its field vectors revolving
clockwise (CP), or counterciockwise (CCP). ..Two such waves, rotating oppositely with
respect to each other, are orthogonal to each ottier and may be isolated with proper antenna
feeds and electronic circuitry. However, precipitation and/or reflection/diffraction from
buildings and other obstacles can ﬂistort the waves and cause elliptical polarization. If the
waves become excessively elliptically polarized, the information carried by the waves cannot
be retrieved.

U.S. Patent 4,747,160 teaches a low power multi-function cellular television
system capable of two-way communication services. An omnidirectional transmitter transmits
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vertical and horizontal |ingar gﬁ_l_ g The "ﬁz/st ‘éIn t aught by the
160-pat ent—— preferably op%La.L W@ﬁ ggl § GHz millimeter
wave band. ﬁu&m?&he% odhs 264, 8% 6&§§h?“ a pol ari zation

corrsection network that g al | %jorrpgnsat esy f Cross pol ari zati on

caused by, fowoosagishe, preca%pla#ﬂ( Jon.* e tra1sm1¢cq-,usgmjsml
and horizontal linearly pol gl Dewings)gPpaged ....... to paged ------- U.S. Patent

4,106, 015 di scl oses a radar igyab&ict hatpagéd 1. TNafogmgedi.i..efho signals.

Pul sed, polarized waves argﬂﬁ[mw receivin

channel s recei veverticaband &g adartzed yraves. r Jhe spstene taughh by thq?iéorlwﬂm

echo signal is ﬁ;&tﬂ}aﬂ t méu?ﬂui?ts'éﬁzto ol ilpﬁg?v@%eﬂagﬂ or t hogonal
I'n

conponents of t ral 0 signal, and t én a phase of the
signals to be opposite WI tthSr hmcmmmactleam.har polanzatlon correction netwbtkSthat

U

Patent 4,737,793 discl gses a dual, oI arized m cros ante a capabl e

of simul t aneous|& ’E‘mt‘?ﬁf? LFAPES\PO ﬁ“‘a’F5 oF sxample precipitation,, ihe,
cl ockwi se and nemttﬁhfdumciﬁn@'hbﬁ%ﬂhnﬁeﬁ?ba&h%wes to double the
capacity of a given frequency U S. Patent

4,146, 893 teaches a satel U sermm&;@M @P@Mst@ﬂfm% that ebmm@nsrawsho

for pol ari zatio ﬂEIHd ﬁéwﬂap sgﬁﬁ

pol ari zati on rk‘ﬁ'b‘lrac eri'stics o ennas Ey th torting acwcuf

pol ari zed wave tmthagomldumnumsldfymneqholsmalz@emweahomdheelmnatpiby:a;ljus;mg
pol ari zed wave enc e rizin . .Ci r ve.f Qrns
and is received W'ﬁﬂg (ge ?fléF‘f ?‘?‘b‘%gmq compo:%npeo(} %%n%dg’ sr%,éﬁ{j %"m@gwﬁe
di scl oses an el qﬂﬁmmtmvapmhmmehamfem which transmts
and recei ves waves havi ng_nutual | orth onal | ari zatioons. The system

provi des pol ari zation cont-$|Pajent 4,737,489 msea -pplacized spicipsisip antenna capable
transmtting, ang simiitaheduslyRnshifting TithillyGHHopohal PSiRriZafi6s! clbing clockwise and

counterclockwise circularly polarized waves, to double the capacity of a given frequency
band.

U.S. Patent 4,146,893 teaches a satellite communications system which
compensates for polarization distortion caused by precipitation and incomplete polarization
characteristics of antennas by predistorting a circularly polarized wave to an elliptically
polarized wave. As the elliptically polarized wave encounters the depolarizing medium, a
circular wave forms and is received by the satellite.

. U.S. Patent 3,956,699 discloses an electromagnetic wave communications
system which transmits and receives waves having mutually orthogonal polarizations. The
system provides polarization control prior to power amphﬁcatlon when transmitting, and
subsequent to amplification when receiving.

U.S. Patent 5,337,058 teaches a fast switching lens which is positioned in front

- of a radar antenna to manipulate the polarization of a transmitted wave to various
polarizations. The lens can also receive waves of various polarizations.

U.S. Patent 4,329,687 discloses a radar system which altemately radiates
clockwise and counterclockwise circularly or elliptically polarized waves. A relatively high
signal-to-clutter ratio is achieved by amalyzing the phase differences between the two
orthogona! components of the transmitted wave and the phase differences of the two
orthogonal components of the received wave.

This Sheet Has Been Replaced
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U S. Patent 5,337,058 teaches a fast. swmtching I ens which is positioned in
f ront of a radar antenna to manipulate the polarization of a transmtted
wave to various pol ari zati ons. The lens can al so recei ve waves of various
pol.arizations. U S. Patent 4,329,687 discloses a radar
syst em whi chwelssaiasat el y radi at es cl ockwi se and count er cl CRGTAISHE/04694
circularly or elliptically polarized waves. A relatively high

signal -to-clutter ratio is achieved by analyzing the phase differences

bet ween the two ort hoggpal .co ents,of t tr m.t ted wav. nd t he
phase differences of the%“%m@?%éﬁéwﬁv&%%
International @Fex£edmmitications sysiem\ihitdald rddttie dirchlak polafiation 16 8 Bisiofied Wave)and

system for frequency-band sharing by two conmuni cati on systens, one being a

pOi Nt - t 0- poi Nt CAR eReFALInAN urban suvironment ay the millimeter-wave frequencies; Thus, itiseppare

system The fr Q%ﬁgﬂiiﬁﬁ‘@nﬁ?%ﬁe& E&"P : J ﬁeﬁéﬂ' gmg
admtting one %ge of rotation ap’gi np %;;’ggl.g;nflﬁ'g%g’taﬁ? es m%ﬁg‘to emg"r‘]al
were put in pl polarieation, e schievéselatively highvsigriatrestoeatiopiand isblationyisaelledi near | y
pol ari zed waves of the m cromvesﬁmﬁ%maw the PCS system

It is one object of this invention to provide a method and apparatus for

communications with electromagnetic waves that eliminates or greatly reduces the fading
effects caused by precipitation. |

It is another object of this invention to provide a method and apparatus that
uses dual polarization to increase channel capacity and in which the effects of cross-
polarization are negligible.

It is yet another object of this invention to provide a method and apparatus for
a dual-polarization two-way communications system that can provide communications in
millimeter-wave frequencies in urban environments despite negative effects of reflection
and/or diffraction of waves due to obstacles.

These and other objects are achieved with a communications system in which
dual polarization is utilized to effectively double the capacity of a given frequency band.
According to one preferred embodiment of this invention, elliptically and/or circularly
polarized waves are simuitaneously broadcasted from a trahsmitting antenna.. A first wave
rotates in a direction opposite with respect to a second rotating wave. At millimeter-
wavelength frequencies, such as those generally over 18 GHz, precipitation such as rain,
snow, or fog, and diffraction/reflection due to urban obstacles, such as buildings, can
attenuate and depolarize such waves. Consequently, circularly polarized waves can become
elliptical, and the axes of the elliptical waves can rotate. Without proper signal isolation
features, the information carried by such distorted waves can be irretrievable.

The communications system according to this invention includes an adaptive
receiver capable of restoring circular polarization to such elliptically polarized waves.
According to one preferred embodiment of this invention, the adaptive receiver includes an
electromechanically driven antenna with an orthogonal-mode feed that receives the dual
rotating waves. Components of each of the waves enter each of two channels. The frequency



Eur opean patent application EP-A-228' 947 discl oses a systemfor

conuni cation with el ectromagneti-c waves, the-waves being transmtted at
mllineter-wave frequency, where the antenna feed is used to separate the
i ncem ng signal s. U. S. Patent 3'883' 872 shows a receiving
system for auwowesissal |y sel ecting a desired one of two ort h@gOUaYEHWEs4

pol ari zed signals occupying the sane bandw dt h. U.S. Patent
4' 310' 813 di scloses a cross pol arization conpensating syst em for radio

Egmgi gﬁt i)(r)tnhoh’gh% i C F&% as ade ot at abl & ’ has.e she‘& ar e &g}) I?}ﬁe
pol ari zed waveSgeceived waves are elhptlcal, at anyngenume, the slgnals in the channel correspondmg to the
| feed aligned with the major axis of the counter-rotating waves will have a greater magnitude
than the signals in the channel corresponding to the feed aligned with the minor axis of the
waves. Each channel preferably has automatic gain control circuitry to equalize the
magnitude of the signals in the channels. Portions of the signals in each channel undergo a
phase shift of 290° and are combined with the signals of the other channel to isolate one
rotating signal from the other rotating signal. A phase detector can detect the loss of
quadrature between the two channels and emit a signal to a servomotor that rotates the
orthogonal-mode feed of the antenna to align the feed with the major and minor axes of the
signals.

' According to one preferred embodiment of this invention, an antenna diversity
control switch controls a plurality of antennas to track the incident signal. The diversity
control switch samples the signal strength in each channel during the IF stage, and selects an
antenna with sufficient signal intensity. Because the feeds of the selected antenna may not be
precisely aligned with the major and minor axes of the rotating signals, an electronic phase
shifter can provide quadrature control between the signals in the two channels.

Automatic gain control amplifiers can restore the signals in the channels to
circular polarization, if necessary. The first rotating signal can be isolated from the second
rotating signal by phase shifting a portion of each signal and recombining the phase-shifted
portion with the other signal. The two isolated signals can be demodulated according to the
modulation method used by the transmitter. Local oscillator tracking can be incorporated at
the IF stage with the use of proper filtering and phase-lock loop circuitry. The use of a
plurality of antennas and a diversity switch eliminates moving components, and is particularly
suitable for implementation with monolithic integrated circuits. Such preferred embodiment
is especially suited where compactness and/or low power consumption are desired.

According to another preferred embodiment of this invention, a control center
of a communications system transmits two circularly or elliptically polarized waves over a
substantial azimuthal area to a number of subscribers, each having a transceiver to receive the
signals. The transceiver antenna is relatively highly directional, and thus can be relatively
small. The subscriber can transmit a return signal back to the control center. Because the
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PCHUS96/04694—— —— —Fhe—pri or—a-r—t-—r—eierenses—d-l-s-e-u-ssed_above
fail to disclose a nethod or apparatus for a conmunications systemthat
can.restore circular polarization to a distorted wave, and can operate -
in an urban wodersaesrent at the nmillinmeter-wave frequenci es. BECHMEI$96I0469% S
appar ent that a communi cations systemthat operates in the
mllimeter-wave frequencies, provides dual

antenna is relatively highly directional, substantial directive gain can be achieved so that
relatively minimal power is required to transmit the signal to the control center. The return
signal can be used by the control center to select certain programming, or to adjust the power
level of the transmission of the control center to compensate for fading caused by
precipitation and/or obstacles.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and features of this invention will be better understood
from the following detailed description taken in conjunction with the drawings wherein:

Fig. 1 is a diagrammatic view of a point-to-multi-point broadcast system
accordmg to one preferred embodiment of this invention,

Fig. 2 is a block diagram of a transceiver according to one preferred
embodiment of this invention;

Fig. 3 is a schematic diagram of a portion of a transceiver according to one
preferred embodiment of this invention; and

Fig. 4 is a schematic diagram of a portion of a transceiver according to another
preferred embodiment of this invention.

DESCRIPTION OF PREFERRED EMBODIMENTS .

As used throughout the specification and claims, the phrases millimeter waves
and millimeter-wave frequencies refer to relatively high frequency electromagnetic radiation,
particularly frequencies over about 18 GHz.

An electromagnetic communications system that uses dual polarization for
signal transmission can effectively double the capacity of a channel. However, at millimeter-
wave frequencies, cross-polarization and fading effects due to precipitation constrain two-way
communications that use such polarization diversity. For example, rain, snow, or fog can
attenuate and/or depolarize such waves. Further, in an urban environment, buildings, trees,
and other obstacles can also attenuate and/or depolarize such millimeter waves. These effects
are particularly noticeable when a line-of-sight link is unavailable.

The method and apparatus for communications with electromagnetic waves
according to this invention include signal restoration and isolation circuitry that achieve a
communications system that can effectively operate in the millimeter-wave frequencies with
polarization diversity in an urban environment. The method and apparatus according to this

5



pol ari zation, and achieves relatlvely hi gh signal restoration and isol ation
i s Reeded. SR — SUWRARY OF THE | NVENTI ON

It is one object of this |nvent|on to provide a nethod and apparatus for
comuni cations with el ectromagnetic waves that elimnates or dgreatly

reduces the fwoioggiosy effects caused by precipitation. PCT/US96/04694
It is another object of this invention to provide a nethod and appar at us
t hat uses dual polarization to increase channel capacity and in which

the effects of gross- hg‘ml arization are negli |bIe

i s yet anot her Suchy, § cAMMpRIGations system in the Wﬂ’ﬂ“ﬁﬁd‘"ﬁ‘ﬁﬂﬁ‘?“at‘”ﬂ@

for a dual - p%@m{d&&mﬁ%comm cations systemthat can provide
comuni cations in I 1 et er-wave frequencies in urban environnments

despite negative effects Big. rleshaws: 8 cliagrammati/ wiewdof arpaintitormulti-paist dwodvay
to obstacl es. BSEm@Qh h
a conmuni cat i onwnﬁﬁwmwgﬁﬂfﬁaan zat | o%ﬁ@slﬁ{&ﬁ Zgg@%‘?o‘iic%ér
effectively douRd preferablycsirmiiandoy: bmﬂmmmm:mw&polmmmslmm@o
one prefered enbodi ge f this invention, tjcal]l r cirgul grl
pol ari zed wavesOBPISIt Egdﬂﬁlm 19 oneAngther. ;U t"ddw&r%rﬁ] t"?‘?ﬂ R,
A first wave  gdveredd @mbiriation 6Flined'ah® Birchlip/ef ?&ﬁlﬁblﬁ:‘mﬁ&&éﬂ%&éﬁ SAGBRRAE o
rotating wave. At mllinmeter-  wavel engt h frequencies, such as those

general |y over 8spthgsprefggred-emhadimens af thisdRveation, isigle rotating,circulsrly polarized wave

di £ racti on/ ref bestibAReslute ikl 50 e85y U5
attenuate and depol arize such waves %gé]sequent circul ar)dé/ polari zen(ﬁl

waves can beconpolanzedIWava ical, and the axes of the elliptical waves can
212 By ot 107t S e bl o b
The comuni cat i gthér i fefiadtedrsrAkifrakit byt Most Bbjacts ivabukdvdr eivirolifen, sudh
recel ver capabl ¢ of i gl ol 00 e Lo Aol arzalian Lo shh el pticall ¥o
pol ari zed waves29 precip precipr
the relative sense of rotation of the waves is preserved, however, the waves can become
elliptically polarized. Because the same depolarizing medium is acting on each wave, the axes
of the ellipse of the first rotating wave will remain closely aligned to the corresponding axes
of the ellipse of the second rotating wave. With the receiver according to one preferred
embodiment of this invention, as described in more detail below, such elliptical waves can be
restored to circularly polarized waves and isolated, thus eliminating the potentially disastrous
effects upon the waves from precipitation and reflection/diffraction from obstacles.
Control center 20 can transmit multi-channel programs having a variety of
contents and signal formats to subscriber 22 and/or subscriber 24. Control center 20 can also
receive return signals from subscriber 22 and/or subscriber 24 and perform switching and
allocation of available channels according to the needs of subscriber 22 and/or subscriber 24.
Control center 20 preferably comprises an antenna that has substantial diversity
in its radiation pattem, particularly with respect to azimuthal coverage. Aithough complete
circular polarization in all directions may not be possible, elliptical polarization with relatively
moderate eccentricity over a substantial area of distribution is feasible.
Precipitation zone 30, building 26 and building 28 may modify the polarization
of the signals in two-way path 32 and/or two-way path 34. If the eccentricity in the ellipse
prescribed by the field vector is not substantial, for example less than about 0.97, the two
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According to one preferred enbodi ment of this invention, the adaptive

r tronecha.n.L.caIIy_d.u.ALe.n_antenna,_\Mth_a.n___
ort hogonal - node feed that receives the dual rotating waves. Conponents
of .each ofthewaves enter each oftwo channels. The frequency

3 v @ 96151885 7 PCT/USY6/04694
PCT/ US96/ 04694 ofthe signals in the channel s can be down-converted to

an internediate frequency (1F). If the recei ved waves are elliptical, at
any given tinme, the si gnal s in_the channel correspondi 38 to the . feed

aligned with t Fetating mpcbpfmweba#bé2%m-mm &axybe disorimjpated with

greater nmagnit hadbrih il&ﬂ?«h? ﬁ%pg@mﬁ rhﬁﬁgﬂ,{gg&
feed aligned vm“ﬁ?efﬂ‘é&m nor gﬁs 0 Hb{' waves. Each channel pre eraGBF@
has aut onmatic g@\dwmmmbhhmmnlwmmdmgmhdm&mionasmgmlttoﬁtﬁﬂecﬁontahm
signals in the _chan el ti the si,gn n_each chann under.go, a
phase shift of F P '95‘ °§ﬁg’n§?§ g &H"ﬁi' %?M ﬂgf‘i‘é
CEannelOI to lSOIpﬂ\WB@choselt?t'&fndlﬂteﬁ}aﬁﬁahgﬁdpﬁfhi&ﬁaﬁb@ﬁni&ﬁﬁﬁnﬂt@nﬁb@%ﬁdﬂ A
t ect t, t
phase detector can rgayestcatlonca%be?nsstsallgd Because the placement of the additional control center
20 or relay station is determined by signal strength and/or polarization degradation specific
to a given environment, the method and apparatus for electromagnetic communications

according to this invention differs from conventional cellular distribution systems. Such

conventional systems use a regular cell pattern with a fixed cell area to cover a subscription
area. '

Depending on the radiation pattern required, control center 20 may have more
than one antenna. According to another preferred embodiment of this invention, separate
antennas that are aligfled for optimal overlap in coverage are used to transmit and receive,
respectively.

As shown in Fig. 2, combiner 46 can accept signals from antenna 41 and
transmitter 42 simultaneously. Controller 50 preferably coordinates the functions of the
receiver or transceiver, and can provide allocation of channels or other services. Because all
feed elements have finite signal isolation, a portion of the signal from transmitter 42 is
preferably injected into signal isolator 48 for proper signal cancellation so that the receiver
sensitivity can be maintained close to its intrinsic value. Additional signal isolation can be
achieved by dedicating specific channels for receive only, and through the use of filter
networks and synchronous detection. Demodulator 40 and modulator 44 can use spread
spectrum modulation techniques, or any other modulation techniques known to those skilled
in the art, to further increase channel capacity and signal isolation.

. According to one preferred embodiment of this invention, subscriber 22 and/or
subscriber 24 use a highly directional antenna. By using a reflector and proper feeds, or
microstrip arrays, beam widths, such as -3 dB, smaller than about 5° can be achieved with an
antenna that has a diameter less than about 12 inches, at about 28 GHz frequencies. Such an
antenna generally eliminates fading due to multi-path propagation. Further, a return signal
from subscriber 22 to control center 20 can be transmitted by retracing the signal transmitted



guadrature between the two channels and emt a signal to a servonotor  that
rotates the ort hogonal - node -feed ofthe antenna to align the feed with
the maj or and m nor axes of the si gnal s. According to
one:preferred enbodi ment of this invention, an antenna diversit cont rol
switch contrdY@%B18%rality of antennas to track the inci denl’cg’?; 24694 The
diversity control switch sanples the signal strength in each channel
during the IF stage, and sel ects an antenna with sufficient signal

intensity. Bec %ﬁfgj Qg%r; ﬁ'ﬂw SPhe BSHwaREbackw
precisely aligne WI t ! ?r%f'{)srutan m nor an];f o?%j’he rot ating si gﬁrglvga © an
el ectroni ¢ phaspropagatidn grocess ensuregtheprestevationeaf thetsemse of polatization between the bignals,
signals in the éngp chan&sl S to t ;%W ? nt rtol
anplifiers can Siern Bk 40 popive! copter 20 ik boef 28 ke ower
R T T R e
e secon rotating signal by phase shifti ortfion of each signa
and reconbi ni ng""l‘ﬁ@‘&‘? g!? ““‘3& \%“NF“BWE' befi37dp contyp) sente WO
i sol ated si 9”a|§e|€&'lh£ﬁmm&t§,ﬁd Qﬂibﬁitﬂgrﬁiﬂebf%hd-sge hﬁh‘son met hod

used by the transmtter. Local oscillator tracking can cor porat ed at
the |F stage with the usdnmmmpmmmmmmsﬂh&wamm?@oﬁﬂwolcentel’

o1 1 i nat os. movi A an e ol BT ol B2 RN PIRE il I B i o

i mpl ement ati on cuntpensatefod ﬁwhg.dfmagy ?-Medblmanmnd danodiilutionpfaahmltr-dmml signal
enbodi nent eci.al suited er e .conpagt nd/ or, ovver
consunption ar e%eéé%@ﬁ”ed%y array of modulators ‘? ‘ﬁﬁ afors With tf?F@P’ n5y rasking

enbodi nent of t&upsblhﬁagentlon a control center of a communi catlons
systemtransnmts two circularly or elliptically polarized waves over a
substantial azi manthal ar¥i WWW yewof it T8CeIVEE, POTtinm, of ytsansceiver

transceiver to e
: _ h@&@m;ecﬁagﬁffn Feifd of fifs ihveRfiSE Ame,haaﬁtcsﬂ%e.bémwam

relatively hig hus can be relatively The
subscri ber can Matmsmppos;te}yewldrmsmcmmlb@thﬂ' tAccondingdo one pﬂefemdtembodlwaﬁse

the this invention, antenna 41 comprises an orthogonal-mode feed. Components of each of the
two waves enter channel 56 and channel 58. Oscillator 64 and mixers 60, 62 down-convert
the frequencies of the signals in channels 56, 58 to an intermediate frequency (IF). If the
signals in channel 56 and channe} 58 have an equivalent magnitude, the signals are derived
from circularly polarized waves. If elliptically polarized signals are received, the signal in the
channel corresponding to the feed of antenna 41 aligned with the major axis of the ellipse will
have a greater magnitude than the signal in the channel corresponding to the feed of antenna
41 aligned with the minor axis of the ellipse. Automatic gain control amp 66 and automatic
gain control amp 68 are preferably electrically coupled with differential amplifier 73 through
diodes 71, 70 respectively. Automatic gain control amps 66 and 68 preferably operate nearly
identically with respect to each other, and thus can approximately equalize the magnitude of
the signals in channels 56, 58.

Channels 56, 58 are preferably electrically coupled to phase detector 88
through limiter 84 and limiter 86. Phase detector 88 emits a signal to motor 90 through amp
89 as a function of a phase difference between the signals in channel 56 and the signals in
channel 58. Motor 90 can be a servomotor that adjusts antenna 41 as a function of the signal
from phase detector 88. A quadrature relationship can be restored to the signals in channels
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PCT US96/ 04694 antenna is_relatively highly directi.
directive gain can be achieved so that relatively mninmal power is
required to transmt the signal to the control center. The return

signal can beoges®sSDy the control center to select certain FPCEGISSaMMMy, or
to adjust the power | evel of the transm ssion of the control center to
conpensate for fading caused by precipitation and/ or obstacles.

obj cct s and | eAPUYEe s o iRt areds frods angep 4 W3 @ fid s sy,

the foll ow ng dftheiellipfescofthe sopiting Sighslken i n conjunction with the draw ngs
wher ei n: Fig. 1 is a diagramatic, Vview of a
poi nt -t o-nul ti-point brom&wwmﬁgmwtﬂw'éﬂ%&ewm

Lal

enbodi ment  of tamoa,eu%y H f88d of the orthogonal-mode antennd, cOmpanehis of esthF khetoRting M
of a transceiver accofding to one preferred enbodi nent of this
i nventi on; waves exist in each of channel 56 and channel 58. The receiver according to one preferred

embodiment of this invention isolates one of the rotating waves from one of the channels 56,
58, and the other rotating wave from the other of the channels 56, 58. An example of how
this is achieved is as follows.

According to one preferred embodiment of this invention, two electrical vector
components of a first wave rotating in a particular direction can be identified as C and jC,
where j = +90°. Thus, the phase of vector jC leads the phase of vector C by 90°. The two
electrical vector components of a second wave rotating oppositely with respect to the first
wave can be identified as D and -jD, where -j =-90°. Thus, the phase of vector -jD lags the
phase of vector D by 90°. Assume that the C component of the first wave and the D
component of the second wave are absorbed by the lead corresponding to channel 56. Also
assume that the jC component of the first wave and the -jD component of the second wave
are absorbed by the lead corresponding to channel 58. Channel 58, after being down-
converted to an IF, splits into a second channel designated by reference numeral 58', as shown
by Fig. 3. One-half of the signal comprising components jC and -jD will enter channel 58' and
be phase shifted +90° by phase shifter 75. After phase shifting, the phases of the corhponents
in channel 58' will be: jC £ 90° = -C, and -jD £ 90° = D. Thus, after phase shifter 75 has
acted upon the signal in channel 58', the components of the signal from channel 58' entering
power combiner 78 are -C and D. Power combiner 78 combines the -C and D components
from channel 58' with the C and D components in channel 56. The C component from
channel 56 and the -C component from channel 58' cancel one another, leaving only one signal
in channel 56, which is the rotating wave designated as D.

In a similar fashion, the rotating wave designated as C is isolated in channel
58. One half of the C and D components from channel 56 enter channel 56'. Phase shifter 76
shifts the phases of the C and D components +90°. Accordingly, C Z 90° =jC, and D Z 90°
=jD. Power combiner 80 combines the jC and jD components of channel 56' with the jC and



Fig. 3 is a schematic diagramof a portion of a transceiver according to

one— preferred enbodi nent—of-this i nvention; and Fig
4 is a schematic diagramof a portion of a transceiver according to another
preferred enbodi nent ofthis invention. DESCRI PTI ON OF
PREFERRED ENB®DI9EIMEH As used throughout PEENUS6H4694
specification and clains, the phrases mllineter waves and
mllimeter-wave frequencies refer to relatively high frequency -

Al cot onmanofiPs TR of chafiel S, TR I shhBshERH i e, 5 ihesd thegd
signal transm saéﬁﬁbmﬁaﬁfmvsd Jeatifip Bhi§ thevotating davé desighated 840 ir\éHannel 58.

However, at mllineter- wave f’requenC| €es, cro(%s pol ari zati on and fadi ng
chaguels 56 5

effects due to precipitat Fesisclatedsignals i lovangpayres sombiners 78,80, arge
such pol ari zati giyepindet %alﬁm@&enﬁ?ﬂﬁﬁ%%&ﬁ toﬁﬂ%duﬂﬁot; #eth6d Used by control

attenuat e and/ or depolarize such waves. Furthér, 1 n an urban environnent,

bui | di ngs, treesenter 20. aﬁdlebmuom&?e@nd&msed foo tracking logal wscillaton64, and for
ot i coabl o ahon HepionBR gy it flREnE 0 7oy o W P ATY
met hod and apparatus for nghshowsih lsdrmmic ﬂhgnheoﬁthemgwatlbommbﬁs transceiver
i Toui try that MERTECIo faothel BEfian FRLRRGHS oF it Bynint, TRieodyer SeiaF 4
operate in the MWMWV&WMQWW&&WE@MMMU Eovitr ¢EHhihdry
in an-urban environnment. The net hod and apparatus according to this
5 99 receives a portion of the signals from channel 56 and channel 58. As a function of either
a magnitude of the signal from power combiner 99, or a difference in phase between the
signals in channel 56 from the signals in channel 58, antenna diversity control selects a
pamcular antenna 41 that provides sufficient signal intensity. '

Because the relationship between the feeds of each of the antennas and the
axes of the ellipse of the rotating waves is arbitrary, the signals in channel 56 may not be in
quadrature with the signals in channel 58. Thus, the quadrature control according to this
invention can be used to restore quadrature between the signals in channel 56 and the signals
in channel 58. According to one preferred embodiment of this invention, multiplier 88
receives components of the signals in channels 56 and 58. The output signal of multiplier 88
is fed to electronic phase shifter 104 through amplifier 89. Electronic phase shifter 104
restores the quadrature relationship between the signals in channel 56 and the signals in
channel 58. According to another preferred embodiment of this invention, a pair of
guadrature controls, such as a pair of electronic phase shifters, can be used to restore
quadrature.

The receiver shown in Fig. 4 requires no moving parts. This is particularly
suited for applications where compactness and/or low power consumption are important
factors. Such a design can be implemented with monolithic integrated circuits.

Intermediate frequency amplifiers 65, 67 can increase the magnitude of the
signals in channels 56, 58. As in the receiver shown schematically in Fig. 3, the signals in
channels 56, 58 can be restored to circular polarization by automatic gain control amplifiers
66, 68. The rotating waves can be isolated from each other with phase shifters 75, 76 and

10
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PCTL ' jon achieve such a_comminpjcations systemin the
mllinmeter-waveband with consi derabl e cost effectiveness.

Fig. 1 shows a diagrammatic view of a point-to-nulti-point two-way

br oadcast i ngygrokmyéyh according to one preferred enbodi ment opctibs®wnasss
invention. Control center 20 preferably sinultaneously broadcasts two
circularly or elliptically polarized waves rotating oppositely with
respect to one another. If the depolarization effect of the, nediumjs not

severe, a conbpowericombirers THhE Bower dividars P2.£04 ¢antprevide p portionofithe sigaalyine
used. According.t apet.he r . i I1Gcal DY&iTdtd
single rotati nM?l%gpasﬁfgp@fegrﬁéﬁfm%gﬂpwpﬁ\%ﬁ@ég tggfl ‘?clagzi%entl %‘ﬁgﬁ'ngfd _
capacity, and sclirondusciembdulatiih. t ransnits only one circular/elliptical

ol ari zed wave. . . \When twq.ci.rcuarl olarized ves . .
Iroot ating oppositely withWhilejthe q"ffge%ﬁpe"’ﬂ“g?ﬂgﬁs H&E&P&%M\@*ﬂg"d m
diffracted by rptione®b@tdiSpreferdd embbdimests titvdof, AR RiAhy deteils havé béuai setiortd for

26, or building 28, or when such waves encounter Rprecipitation such as

preci pitati on purpesesof illustratiop.cit will be ppparent to those skilladip ithe,arg that the ippgnpion jss
3 h . ST : .
preserve Ov‘ﬁﬁ&gﬁ%l% fbgardpfziliéﬁg eﬁ'n%g(lﬁﬂﬁﬁﬁﬁd that certain JFithe detdil d@&h?ﬁi Ketéin can be

Because the sane de umis acting on each wave, e axes
ofthe el lipse wvdried considerably wishaut departing feomttiel basic principles of ¢ks inventionned to t he
correspondi ng axes

11



of the ellipse of the second rotating wave. Wth the receiver according to
one_preferred enbodi nenLQL_LMS_an—gn—Mescuhed I n nore detail
bel ow, such elliptical waves restored to circularly polarized

waves and isolated, thus eli m nat| nmmﬂ“ l‘UmI H di sastrous effects
upon the wavewofmmsprem pitation a r.act i on PCT8IS96/04694 _
obst acl es. Control “center 20 can transmit multi-channel
prograns having a variety of contents and signal formats to subscri ber
22 and/ or subscriS@re 4. Control center 20 can al so receive return

signals from suf r 22 and/or subscriber 24 and perform sw tching and

all ocation of available channels according to the needs of subscriber 22
and/.or subscriber 24. Cont r ol center 20 preferably
conprises an antenna that lhas dumehodforegmmynicatiops pith electromagnetic wayet campasing
pattern, partlc%€ % th respect to azinmuthal coverage. Although conplete
circular polariza I'n all directions may not be possible, elliptical

pol ari zation with rel ati veiapsmitting aficitnotatiog saveandra second rotating wave shwultaneoualy,
area of distributjon is feas,bl ation zone 30,

bui |l di ng 26 and ‘ﬁllﬂ"T‘ ‘b eq%mﬂf%wgf%ﬁqgﬁa%%i %?"aﬁ\e signal s

in two-way path 32 and/ or resksviigiaid fifsh rotdting Waveund asaidaséond Qotaying Wabé) avherein
el lipse prescribed by the field vector is not substgntlal for exanpl e
| ess than about ompenentsaf saigfirst rotating wave and components of said second rotating wave enter

6 a first channel and a second channel; and
isolating at least one of said first rotating wave and said second rotating wave
from at least one of said first channel and said second channel.

2. A method according to Claim 1, further comprising detecting a
difference between a first magnitude of said first channel and a second magnitude of said
second channel, and equalizing said first magnitude and said second magnitude.

3. A method according to Claim 1, further comprising lowering a first
frequency of said first channel to a first lowered frequency and lowering a second frequency
of said second channel to a second lowered frequency.

4, A method according to Claim 1, wherein said first lowered frequency
is equivalent to said second lowered frequency.

5. A method according to Claim 1, wherein said first channel is divided
into a first channel primary path and a first channel secondary path, said second channel is
divided into a second channel primary path and a second channel secondary path, a first phase
of said first channel secondary path is shifted and combined with said second channel primary
path, and a second phase of said second channel secondary path is shifted and combined with
said first channel primary path.

This Sheet Has Been Re

T
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two-way path 34 can be di scrl m nat ed recel ver according to
this invention. In relatively ex { EMIH each rotating
si gnal can 2NEPE3ON? | i near pol ar same dir eRCTAIS9E(69

result of reflection at an angl e of incidence close to the Brewster
angle. In such circunstances, an alternative si gnal path can be chosen,
or, if no alternative si gnal Raﬁ‘g 6& ?dulrgé{g ﬁai %ﬂ%ls% s Eéﬂl

cent er 20 or a relay station can e | a ecause t acerren of
t he additi onal abeut908] center 20 or relay st ation is det er m ned by
signal strength and/or pol arization degradation specific to a given

envi ronment, the nethod and apparatus for el ectronmagnetic conmuni cations

according to this invention O rheRicR sbéchlihg ORI 5 Wieheis Bt soBid phadé (sl O

systens. Such conventional systens use a regul ar cell pattern with a
fixed cell arecabou9dver a subscription ar ea.

Dependi ng on the radi ation pattern required, control center 20 may have

nor e t han one antenna. According to another preferred enbodi nent of

this invention, separate8. Amhetimydascarding todClamal, ﬁ@hacboﬁmnsmgmlcuhtmg)uphdsap

i n coverage ar sed t ransmt and recej,v pecti vel
ne hown o B GitSnte vae befrest  brsffast Gmia i phannel s ekt e of said sepond
transmtter 42 chiniel, hith@hittfrig)a piast différeAce sightl a8 aFhfttiah b saidosHask diffbreficelvaRie.

functions of the receiver or transceiver, and can provide allocation of
channel s or other services. Because all feed el enents have finite

signal isolation, a portjon Oiﬁ ﬁ?@g?"m"%&?@‘wgsm&%‘@ﬁ“‘ng -ﬁsf"éﬁ an

preferably |njected I nto signa ator 4 proper sign
so that the reentenmafeed as a function of said phase difference signal.

10. A method according to Claim 1, further comprising detecting a first
phase of said first channel and detecting a second phase of said second channel and adjusting
-one of said first phase and said second phase to ensure a predetermined phase difference
between said first phase and said second phase.

11. A method according to Claim 10, wherein said predetermined phase
difference is about 90°.

12. A method according to Claim 10, wherein an electronic phase shifter
adjusts one of said first phase and said second phase to ensure a predetermined phase
difference between said first phase and said second phase.

13. A method according to Claim 1, further comprising calculating a phase
difference value between a first phase of said first channel and a second phase of said second
channel, and selecting at least one of a plurality of antenna feeds as a function of said phase
difference value.

This Sheet Has Been Reﬁlace
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sensitivity can be maintained close to its intrinsic value. Additional

Si gﬁa-l | sol-ati on can be —aehi peC| fic channels for
receive only, and through the use of fil ks and synchronous -
det ecti on. Denpdul ator 40 and nod umjl ﬂtl'lﬂﬁ spr ead spect rum
nodul ati on t ewbBespess, or any oth ni ques KknBGIYUSW/0469dS
skill ed in the art, to further ] ncrease channel capacity and signal

i sol ati on. According to one preferred enbodi nent of

this invention, subscriber,22 and/or i ber, 24 use_a.highl

di reéctional antenna. By ui‘f gWF@E‘E"GMF?OfME&" g &P "WS%P“X“S“'““
mcrostrip a”abﬁeoﬁ%ﬁﬁw&ﬁﬁmﬁ%&ﬁ&ﬁs&tﬂﬁoﬁﬂ&t hgnituld@ Bf SRRt chfiel dnd
can .be achieved with an _, _antenna that has a dianeter |ess than about 12
i nches, at abou® scepndmagnifude of said secondschapnel, antenna general |y
elimnates fiding due to nulti-path propagation. Further, a return signal
from subscriber 22 to control center 20 can be transmtted by retracing the
signal transmtted 15. A method according to Claim 1, comprising transmitting said first

‘F’,‘QT? ?J/Sgé/ggzmg 4 rotating wave and said second rotating wave from an interactive transmission station and

receiving said first rotating wave and said second rotating wave by a plurality of interactive
receiving stations.

16. A method according to Claim 15, further comprising at least one of
said interactive receiving stations transmitting a first signal to said interactive transmission
station as a function of at least one of said first rotating wave and said second rotating wave.

17. A method for communications with electromagnetic waves comprising
the steps of: _

transmitting a first rotating wave;

receiving said first rotating wave, wherein components of said first rotating
wave enter a first channel and a second channel; and

isolating said first rotating wave from at least one of said first channel and said
second channel.

18. A method according to Claim 17, further comprising calculating a
phase difference value between a first phase of said first channel and a second phase of said
second channel, and emitting a phase difference signal as a function of said phase difference
value.

19. A method according to Claim 17, further comprising adjusting an
antenna feed as a function of said phase difference signal.

This Sheet Has Been Re; m
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fromcontrol -center 20 to subscriber 22. The reciprocal nature ofthe

f - S t he—preservation-ofthe

sense of pol arization between i nd guarantees a return path
to control center 20 if subscr a!ﬂmﬁr "w"ﬂm ent power. Because the
antenna of swoss3tser 22 is hi cary , xoubstanti al diRCIAIS9@4694i N

can be achi eved so that the power required for the signal from
subscriber 22 to control center 20 can be less than 100 mlliwatts, and

thus within the range of _.solid-state anplifiers. . ) ln,
addition to providing coftuni ga‘@'?‘%g’r £4tighs vath glectrompgnetic waves COmpRSing:

20 can use the return si gammidsioR MemtsISQrantififting & fitsProbfling Wavé 12 S4RUSHd rofNiRg

of the transmtter to compensate for fading. if necessary. Mdul ation
and denpdul at i oyave simultaneously, wherein said secopknotating wave fotatescqountgete s9id first rateting
of nodul ators gpadedenodul ators with frequency tracking capabilities.

Fig. 3 shows a scﬁ’emati c view of an adaptive receiver portion of a

transcei ver “accor di ngreception mepasdorneceihgasaid ficst rotating eave midssaidsecontdi rotating
Antenna 41 can receiyve.two waves . .. Lotati.ng oppositely with respect tq
each ot her . - AcCBVB S SeaRAnSRet snd Bt BT RS ppripobesth otsald FHEiTE retpting
antenna 41 conave efitePdfildt Eiaafd) aAd a BERoAd EiRRAkl gm@nponent s of each of the
two waves enter channel 56 and channel 58. Oscillator 64 and m xers 60, 62 -
down- convert the fi eqiseletiprmeays forisolating at least ape of said Grst rotaingysave gnd;spid

i ntermediate frs@&iﬁﬁ%ﬁﬁx(%ﬁiveﬁ& msmonfmaa' 'c&rﬁ@l%&@iid?&oﬂ@&aﬁﬂ?ﬁ”e' 8
have an equi val ent magnitude, the signals are derived fromcircularly
pol ari zed waves. If elliptically polarized signals are received, the signal
in the channel corresponding to the feed of antenna 41 aligned with the

maj or axis of the ellipse will __have a greater magnitude than the signal
in the channel corresponding to the feed of antenna 41 aligned with the

m nor axis of the ellipse. AutonmafhisShee; edanp 66 and autonmatic
gain control anp 68 are preferably oupled with differential
anplifier 73 through di odes 71, y. Automatic gain control

anps 66 and 68 preferably operate nearly

15



identically with respect to each other, and thus can approxi mately equalize
t he—magnitudeof ——the-signal s+n-channel s 56,-58— .
Channel s 56, 58 are preferably electrically coupled to phase detector 88
through imter 84 and limter 86. Phase detector 88 emts a signal to

not or 90 t hr o ds/REY 89 as a function of a phase differeRCPUSKSIMSeN t he
signals in channel 56 and the signals in channel 58. Mdtor 90 can be a
servonotor that adjusts antenna 41 as a function of the signal from

phase detector 88. A quadrature relationsﬁy4)can be restored to the signals
i n -channel s WO 96/ 31957

PCT/ US96/ 04694 56, 58 by rotating the orthogonal - nbde feeds of
antenna 41 with the maj or and m nor axes of the ellipses of the
rotati ng signals. _ : Because the two waves rotating
oppositely wth respect to each other are both absorbed by each feed of
t he orthogonal - node antenna, conponents of e of the rotating waves
exi st in each of channel 56 and channel 58 recei ver according to one
preferred enbodi nent of this inventi es one of the rotating
waves from one of the channdDs\56,

°°°°°°°° -\—’26
° : A1
,-\oo/c
@Q/fot‘w 1
/:’30’0’ ° I /& =N
= !
} l‘-\ —
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58, and the other rotating wave fromthe other of the channels 56, 58. An

exaaple—ofhow— this—is—achi eved—s—as foltows——

According to one preferred enbodi ment of this invention,
conponents of a first wave rotating in a particular direction
t he pheruswsfodcoact or
vect or

vect or
can be identiwoessiesy C and j C
] C l eads the phase of vector

wher ej

C by 90[err].

= +90. Thus,
The two

el ectri cal

two el ectrical

conponents of a second wave rotating oppositely with respect to the first
wave can be identified asD and -j D, whereD,/
@'90

vector -jD lags the phase of vector
conponent of the first wave and t D
absorbed by the, | ead correspongin
j C component of\the first wave/an
are absorbed by {he | ead corrgspo
bei ng down- cepverted t gs/an

-90[err].
Assune that the C

Thus,

t he phase of

conponent of the second wave are

“channel

56. Al so

58. Ch el

annel

58' and

assune that the
ghe -] D conponent of €W second wave
Bg to channel
splits into a secon
by Fig 3. One- haIMf t he signal
enter channel
75, After phase shifting,

58, after
desi gnat ed

be phase
t he phases of

t he conponents el 58 wll be: jC< 90[err] =-C, and -jD < 90
= D. Thus, after phagse shiffter 75 has act ed upon t he signal in channel
58', the conponents‘of thg signal from channel entering power
combi ner 78 are -C and D. {Power conbiner 78 conblnes the -C and D
conponent s Q{r pr-ehannd . € RlSmleadalne|l  56.
The C corrpon‘efr:t&ﬁ m- from channgl 58’
cancel one anot hef, chann¢l 56, which is the
rotating wave desi na siymlat fashfom? the
rotati ng wave desi p| 58. e ha h of
the C and D conpomerfgsiE B ¢ L Ph&e shi Leep 76
shifts the phasesfofthe C agd D ccnponrntsa§90[er ]. Ac¢ordi&gly, E«90 =
jC, and D < 90 =j D. Powe 80 conbi nes|t he j € and j D cofrfoflent s
of channel 56' with the jC afd
\'4
U
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9 WO 96/ 31957
PCH-US96+04694——DB—conponent s—e+—channel- 58—Fhe-

channel 56' cancel the -jD conponents from channel 58, |leaving only the
rotati ng wave designated as C in channel 58. The isol ated
signal s in c/¥M¥I8S56, 58, fol |l owi ng power conbiners 78, 80PCHIIE96/04694

I ndependent and can be denodul ated according to the nodul ati on net hod used
by control center 20. Filter and PLL circuit 82 can be used for tracking
| ocal oscillator 64, and faN synchron denodul ation if necessary.

Fig: 4 shows a schbmatic di%®yram & the recéiver portion of a transceiver
according to another preferrgd enfjodi nent of this invention. The receiver
shown in Fig. 4 uses antgnna difversity control 100 to sel ect one of a
plurality of antenpas r cdnbi ner

T
FILTER
& PLL

80

FIG.3

89
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99 receives a portion of the signals fromchannel 56 and channel 58. As a
fu Lt ude -of—t-he-si ghal—from-power—conbi-ner—99.—or
a difference in phase between the signals in channel 56 fromthe signals
i n channel 58, antenna diversity control selects a particul ar antenna 41
t hat provi dewesdis198i ent signal intensity. PEDUSSN6M N e
rel ationship between the feeds of each of gghe antennas and the axes of
the ellipse ofthe rotating waves is arbitrary, the signals in channel 56
may not be in adrature w he signals in qga 8. Thus, the
quadr at ure con\ accordi ng hi s I nv sed to restore
quadrat ure bet the signals channe S I n channel
¢ntjodi nent_o mul tiplier 88
recéi ves conponehts of the signglsl ip ¢ghanneé he out put S|gna
of multiplier 88 Is fed to e qgrt phase Shlf I hr ough
anplifier 89. Electrgnic phase sghijffterZ04 resjofids t uadrat ure

9
9

rel ati onshi p betyeen fthe signal g i [he sTgnpls iQ
channel 58. Accofding to anotherl preferred e ht of th S |ﬁvgbt|on a
pair of qgquadr ature| control s, {su a pal e ectroan phagsa
shifters, can belused to restord p drat ure. = he
receiver shown inh Figl 4 requirgs pho ndiln parts This is paﬂnk*#arly
suited for appIiFatio s where cqnp ct an olv power fonsunption are
| mpor t ant fac s enented.mﬁth monol i thic
I ntegrated circufts. ‘ rne i ate| frequenpy anplifiers
65, 67 can increase the nmagnitud f the St ghal sjin chanpels 56, 58. As
in the recei 5 [ in Fig. X whgnal s | n channel s
56, 58 can b&gestored to circul p (i zg{ion] by pytongfip gain coglrol
anplifiers ' (es can be iso| 3t ed®f rpm each oEher
wi th phase shif S
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met hod for comruni cations wth el ect romagnet I C waves conpri si ng the st eps

T

of- : transmtting a first .rotating wave;, ' SN
receiving said first rotati ng wave, wherein conponents of 'sai d first _
rotating wave vertical aadfhmnt@hamlpo@&&)edMea s Elweo sybterh aaught byStie;'160 @atent

preferably operates in the 27.5 GHz to 29.5 GHz millimeter wave band.

U.S. Patent 4,264,908 teaches a polarization correction network that
automatically compensates for cross polarization caused by, for example, precipitation. The
network transmits vertical and horizontal linearly polarized waves. ' |

U.S. Patent 4,106,015 discloses a radar :;ystem that eliminates rain echo
signals. Pulsed, polarized waves are transmitted, and two separate receiving channels receive
orthogonal componenté of a rain echo signal. The rain echo signal is eliminated by adjusting
an amplitude of the .onhogonal components of the rain echo signal, and then adjusting the

phase of the signals to be opposite with respect to each other.
| U.S. Patent 4,737,793 discloses a dual-polarized microstrip antenna capable

of simultaneously transmitting mutually orthogonal polarizatioxis, including clockwise and
counterclockwise circularly polarized waves, to double the capacity of a given frequency

band. .
U.S. Patent 4,146,893 teaches a satellite commumcatxons system which

compensates for polarization distortion caused by precipitation and incomplete polarization
characteristics of antennas by predistorting a circularly polarized wave to an elhpncally
polarized wave. As the elliptically polarized wave encounters the depolarizing medium, a

circular wave forms and is received by the satellite.

U.S. Patent 3,956,699 discloses an electromagnetic wave communications
system which transmits and receives waves -having mutually orthogonal polarizations. The
system provides polarization control prior to power amplification when transmitting, and

subsequent to amplification when receiving.
'U.S. Patent 5,337,058 teaches a fast switching lens whxch is positioned in front

of a radar .antenna to mampulate the polarization of a transmitted wave to various

polarizations. The lens can also receive waves of various polarizations.
UsS. Patent 4,329,687 discloses a radar syétem which alternately radiates

clockwise and counterclockwise citculariy or elliptically polarized waves. A relatively high
signal-to-clutter ratio is achieved by analyzing the phase differences between the two
orthogonal components of the transmitted wave and the phase differences of the two

orthogonal componeats of the received wave.  [REp A rE SHEET]
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isolating said first rotating wave fromat |east one of said first. channel
(56) and said second channel (58), wherein said first channel is divided"
inito a first channel primary path (56) and a first channel -secondary-path
(56'), said second ch is _divided i . secqnd. £ 8h- primary pat'h
(58) and a second chaﬁﬁgﬁ%?stiaoé%ﬂdé’?%ngaﬁ%?g%oﬁ; W@&B%ﬂ@?b eeé%le%/ti%g a
first phase ommanidation Sistedh fiRéquessobaalr shafing by and coairBuritdidn, sysieshs,
shifted first phase with said second channel primary path, and shifting a
second phaseongfbeing @ pointdadoit anisedways deangasplopink @mﬁtb@mmrrhm 3 &P

shifted second phase with said.first channgl i, mar th. -~

> A S netREETY Qe SRR BRRERS Eruf net B Avisooay ittt ¢ ne
steps of:  one sense of rotatidn’ &8 Mpléyedd The fddsres PthdtdesSignWoete patieh plaseend
rotati ng wave sinul taneously, wherein said second rotating wave rotates

counter to swppress rigterferange i befweety ecircularly and linearly peletized mgavesi of fthe st
rotating wave. and sai d second rotati e, ‘wherein conponents (C, jC of
said first rBERYHG IS %’éfﬁg)oﬁ{lé‘[}-ﬁgpgé;sﬁtfﬁ) of said second rotating
wave enter a first channel (56) and a second channel (58); and ,
isolating at | east one of said first rotating wave and said second rotating
wave from at | east oneEwbpean gatbnt applidatiomeEP-A5H)8'BYd dsalodess @coystent fannel
(58), wherein said first channel is divided into a first  channel  primary
path (56) arf@munynigationc iy etleciramagastis waves, (1Be' yavesaibginge dgasmitiednakl i s

di vided int %ﬁ‘lirﬁgﬁtf’-@@vg rhaeﬂﬂgﬁcyPWhg@rt}ie Bﬁ‘feﬁna feed is used to separate the incoming
signals. o

U.S. Patent 3'883'872 shows a receiving system for automatically
selecting a desired one of two orthogonally polarized signals occupying the same

bandwidth.

U.S. Patent 4'310'813 discloses a cross polarization compensating
system for radio communication, in which two cascaded rotatable phase shifters are
-employed before an orthomode transducer to resolve two arbitrary elliptically

polarized waves.
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13 REVI SEFYO 9631957 (5g) and s&%ﬁh@%@‘ﬁ@@@ond&@ pafh (PSBIYSIERERI ¢ st

phase of said first channel
gonbined with said second c

of said second gﬁﬂp seco } h (psge ?r‘ﬁ’qgﬁéd- combi ned’
with said fi rsF rinel pri yqummg‘os)(%);ed ceeeses 10 paged ..ve.. 3. A
met hod according to C aims 1 9apgract urtﬁg@éd gpj[rpfdpcd gg .det ¢cting a
di fference between a first nitude of said first channe- (56) .and a

EATIARNRHC S¥AVESf i r st

second nagni t ude of- sai d* JB%iBefH Tom PrRABLNICERINS
magni t ude angbBpiging s of: MagNIi t ude. '

transmitting a first rotating wave and a second rotating wave

simultaneously, wherein said second rotating wave rotates counter to said first

rotating wave, the first rotating wave and the second rotatiﬁg wave are transmitted at

millimeter-wave frequencies and the first rotating wave.and the second rotating wave

contain different information;
- receiving the first rotating wave and the second rotating wave,

wherein components of the first rotating wave and components of the second rotating

wave enter a first channel (56) and a second channel (58); and
isolation at least one of the first rotating wave and the second rotating

wave from at least one of the first channel (56) and the second channel (58).
2. A method according to Claim 1, further comprising detecting a
difference between a first magnitude of said first channel and a second magnitude of said

second channel, and équaliz_ing said first magnitude and said second magnitude.

3. A method according to Claim 1, further comprising lowering a first
frequency of said first channel to a first lowered frequency and lowering a second frequency

of said second channel to a second lowered frequency.

4, A method according to Claim 1, wherein said ﬁrst lowered frequency

is equivalent to said second lowered frequency.

5. A method according to Claim 1, wherein said first channel is divided
into a first channel primary path and a first channel secondary path, said second channel is
divided into a second channel primary path and a second channel secondary path, a first phase
of said first channel secondary path is shifted aﬁd combined with said second channel primary
path, and a second phése of said second channel secondary path is shifted and combined with
said first channel primary path.

REPLACEMENT SHEET
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= WO 96/31957 . PCT/US96/04694 _
4. A method according to C ains Iﬂl“ || lﬂi “f nprisi.ng | owerirg":
a first frequency of said first che rst. | oweted freqUency

and lowering a second frequency of %ai *d" decdnd’ channel (58) ta,a gecond
| ower ed frequency. 6. A method accofiding to SlairetS)evhesein caidifirst plmsasashnﬁedl
or 2, wherein said first |owered frequency is equivalent to said second
Iovvered frequ@%‘}?o . 6. A net hod according to one of
the preceding C ains, wherein said first phase is shifted about 90[err]
and/ or wherein said second phase is shifted about 90[err].

7. A met hod accordi ng. to @ méthied dccefdidg fdiClalie 5, whedein sald@comd phsafs sﬂlﬂ’ted

a phase di fference val ue between a first phase of said first channel (56)
and a second about B@ise of said second.channel (58), and enitting a phase
difference signal as a function of said phase difference val ue.

8. A met hod according to Claim?7, further conprising adjusting an

antenna feed (46) as a §unct AGRetAbdd Stbfliing @ Maift [, AigtRAESSristipdalculating a phase
difference value between a first phase of said first channel and a second phase of said second

channel, and emitting a phase difference signal as a function of said phase difference value.

9. A method according to Claim 8, further comprising adjusting an

antenna feed as a function of said phase difference signal.

10. A method according to Claim 1, further comprising detecting a first
phase of said first channel and detecting a second phase of said second channel and adjusting
one of said first phase and said second phase to ensure a predetermined phase difference

between said first phase and said second phase.

11. A method according to Claim 10, wherein said predetermined phase

difference is about 90°.

12. A method according to Claim 10, wherein an electronic phase shifter
adjusts one of said first phase and said second phase to ensure a predetermined phase

difference between said first phase and said second phase.

13. A method according to Claim 1, ﬁxfther comprising calculating a phase
difference value between a first phase of said first channel and a second phase of said second
channel, and selecting at least one of a plurality of antenna feeds as a function of said phase

difference value.
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1}3r Fﬁglr SES:;)rginil?z detecting 94'"'"’3"'"]'”“”#“@2%”% trgtﬁgﬁll:ﬁ%g??ﬁ%)z
and detecting a second phase of sai'd secbnd”chlnrel ' (58) “and a_d‘jéusfti ng

one of said first phasel@nd iqii,g{pifgcg%gfg@%ﬁ@ameﬂ%@?ﬁﬁ“ﬁﬂ%@&&%gg‘d‘emt

phase difference between 'said Sai dseco

10. A net hofheaFa phiflitgof entéArdifiRdR as Wiiction of a ifiest PiAaARLEY of ARDfieéfafinel and

difference is about 90[err]. :
a second magnitude of said second channel

15. A method according to Claim 1, comprising transmitting said first
rotating wave and said second rotating wave from an interactive transmission station and

receiving said first rotating wave and said second rotating wave by a plurality of interactive

receiving stations.

16.° A method according to Claim 15, further comprising at least one of
said interactive receiving stations transmitting a first signal to said interactive transmission

station as a function of at least one of said first rotating wave and said second rotating wave.

[ 7. A method for communications with electromagnetic waves comprising

the steps of.
transiitting a first rotating wave,
_reéeivin said first rotating wave, wherein components of said first rotating

wave enter a first channel and a second channel; and
isolating said figst rotating wave from at least one of said first channel and said

.second channel.

18. A method ackprding to Claim 17, further comprising calculating a
phase difference value between a first phase of said first channel and a second phase of said

second channel, and emitting a phase diffexence signal as a function of said phase difference

value.

19. A method according to 8laim 17, further comprising adjusting an

antenna feed as a function of said phase difference 'gnal.}
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1. A nmet hod according to C aj | =Y, el ectroni c. phase shifter
adj usts one of said first phasE! w %Hm phase to ensure a -
predet erm ned phase differ c s first phase ‘and sai d second

phase. 12, A met hod according to Ctaim 1 or 2,
further conprising cal cul ating a phase difference val ue between a first
phase of said first chgnnel A(spderdNRr Zofdichtions WillaSctbmagnelicsaavssd
channel (58), and selecting at |east one of a plurality of antenna

feeds (46) aemprisingctransmissions ajedny K{4efogi trénsmitiog & Sirsigrotating wave and a

13. A method according to Clains 1 or 2..further rising.sel.ecting

at | east onéefﬁ“%am&tﬁ\ga%?‘feyS'B?‘Stéﬂ?oé‘ﬁWaatf ‘B&H?"%&'&a"sgﬁgﬂﬁ? ?Jcﬁ?:st‘ N redﬁ%éldfi r st
magni t ude ofseSdGotating fWave kotafea BoGIterd( 18 RAid FR6t BtafifE Wade;TRYNI t ude of said
second channel (58). 14. A et hod according to
Cains 1 or 2, conpri seception amsans t(#1)nfpr edeiving saidi fisst rotating waye wad saidnd

said second rotating wave froman interactive transm ssion station and
recei vi ng saFePIGIPYUNE ¥aYE3 ng wave and 'sai d second rotating wave by a
plurality of i nt er@?[ga'!c &hyi Ng stations. . 15.
A nmet hod accordi ng to fai er(?gz‘glcgﬁl urther conprising at |east one of

sai d interactive receithé figst o@tihgGve aod e decomraating whvestagnah differsad d

interactive information, that components of said first rotating wave and components of said
second rotating wave enter a first channel (56) and a second channel (58) and that the
system further comprises isolation means (48) for iéolating at least one of said first
rotating wave and said second rotating wave from at least one of said first channel

(56) and said second channel (58).
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15 REVI SED transmission station as a function of at |east one

said first rotating mv%uwﬁ I !Hond rotating wave. N\ENT SH%TET

16. : A system for cor ! el ect r omagnet.i
conpri si ng: transm ssion neans (4 o) ransmtting a
fizr;st rotating wave receptions neans for receiving said
first rotating wave, wherein conponents -
12 REPLACEMENT SHEETS  SG
_ O Description : paged ... to paged ....
REVISED J¥Claim(s) :paged.'d to paged.l]

I Drawing(s) : paged ... to paged..”.
0O Abstract  :paged..”. to paged

CLAIMS DATE OF RECEIPT 0700‘19%

1. A method for communications with eclectromagnetic waves
comprisiz;g the steps of:
transmitting a first rotating wave;
receiving said first mmﬁng wave, wherein cornponents of said first rotating
‘wave enter a first channel (56) and a second channel (58); and
isolating said first rotating wave from at least one of said first chanmel (56)
and said second channel (58), wherein said first chaonel] is divided into a first channel
primary path (56) and a first chanmel secondary path (56°), said second channel is divided
jnto a second channel primary path (58) and a second channel secondary path (58’);
shifting a first phase of seid first channel secondary path and combining
said shifted first phase with said second channel primary path, and shifting a second phase
of said second channel secondary path and combining said shifted second phase with said
first primary path.

2. A method for communications with electromagnetic waves
comprising the steps of:

transmitting a first rotating wave and a second rotating wave
simultaneously, wherein said second rotating wave rotates counter to said first rotating
wave:

receiving said first rotating wave and said second rotating wave, wherein

components (C; jC) of said first rotating wave and components (D; -jD) of said second

rotating wave enter a first channel (56) and a second channel (58); and

isolating at least one of said first rotating wave and said second rotating
wave from at least one of said first channel (56) and said second channel (58), wherein
said first channel is divided into a first channel primary path (56) and a first channel
secondary path (56'), said second channel is divided into a second channel primary path

REPLACEMENT SHEET,
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(G JO of said first rotat] r first channel (S%ENFW nd
channel (58), wher ei n sﬂiﬂmﬁm&ﬁﬂmrﬂjﬁi i's di V@WE AN s
channel primay path (56) ands LSt oS nnel se y path (56'), said

second channel is divided into a second channel prinry path (58), and a
second channel secondary path (58');: I sol ati ng nmeans (48)
for isolating at | east one of said first rotating wave fromat | east

one of said first channel (56) and said Becond channel (58); and

first phase shifting neans (76) and first conbining neans (80) for shifting
and resBEMIER| y conbining a first phase of said first channel secondary
path (56') with sai d second channel primary path (58) and

second phase shifting means (75) and second conbi ning neans (78) for
shifting and respectively conbining a second phase of said secgond channel

secondary §hand a sesend chpnns! seqopdaryr ath (A8nal fist iphase, o atid izt channel
17. A Sysbidiry bath (568 iR dndtombined wRieald SU¥BAN Shirnel\BNMary path (58),

conpri si ng: transm ssion neans (41) for transmtting a

first rotatidhd seeané phasg of said ssernd channel segondaryRafe (33 iy thifledhard gombined i n
sai d seconqithcgaﬁ;#-mcm‘ éﬁm}fga_tgqs@ger to said first rotating wave;
or

recepti ons neans receiving said first rotating wave and said second
rotating wave, wherein conponents (c; jC of said first rotati ng wave and

components (D -RD) of @%ﬁh@d Sl tPERNh V @Bk 4 nel
(56) and a second chghnel At ; 3k b ygﬂl‘ %Bmin§1h§§feteﬁﬁﬁ£

a difference between a first magnitude of said first channel (56) and a second magnitude

of said second channel (58), and equalizing said first magnitude and said second

magnitude.

4. A method according to Claims 1 or 2, further comprising lowering
a first frequency of said first channel (56) to a first lowered frequency and lowering a
second frequency of said second channel (58) to a second lowered frequency7

5. A method according to Claims 1 or 2, wherein said first lowered
frequency: is equivalent to said second lowered frequency.

6. A method according to one of the preceding Claims, wherein said
first phase is shifted about 90° and/or wherein said second phase is shifted about 90°.

7. A method according to Claims 1 or 2, further comprising calculating
a phase difference value between a first phase of said first channel (56) and a second
phase of said second channel (58), and emitting a phase difference signal as a function
of said phase difference value.

8. A method according to Claim_7, further comprising adjusting an
antenna feed (46) as a function of said phase difference signal.

07 0CT 1958
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16 REVI SED wherein said first channel (56) is divided into a first

channel primary path (56) and nel secondar

sai d second channel (58) is dlmmmm munmgﬂnond chaREeP 8EW$%EET
(58), and a second channel secdndaryt path 5 58'

i sol ating neans (48) for isolating at |east one of said first rotating wave
and .said second rotating wave fromat |east one of said first channel
(56) and said second channel (58); amd first phase
shifting nmeans (76) and first conbining nmeans (80) for shifing and
respect i B& nmbining a first phase of said -first channel secondary path
(56'") with sai d second channel prinary path (58) and

second phase shifting neans (75) and second conbi ning nmeans (78) for

shifting and res ectlvel sec ase o) ai d second,channel
seconda?y pat h P y X tﬁod ac%o %lm%*l frunﬁer comprising detecting

a first phase of said first channel (56) and detecung a second phase of said second channel
(58) and adjusting one of said first phase and said second phase to ensure a predetermined
phase difference between said first phase and said second phase.

10. A method according to Claim 9, wherein said predetermined phase
difference is about 90°.

11.  Amethod according to Claim 9, wherein an electromc phase shxﬁer
adjusts one of said first phase and said second phase to ensure a predetermined phase
difference between said first phase and said second phase.

12. A method according to Claims 1 or 2, further comprising calculating
a phase difference value between a first phase of said first channel (56) and a second
phase of said second channel (58), and selecting at least one of a plurality of antenna
feeds (46) as a function of said phase difference value.

13. A method according t Claims 1 or 2, further comprising selecting
at least one of a plurality of antenna feeds (46) as a function of a first magnitude of said
first channel (56) and a second magnitude of said second chamnel (58).

' 14. A method according to Claims 1 or 2, comprising transmitting said
first rotating wave and said second rotating wave from an interactive transmission station
and receiving said first rotating wave and said second rotating wave by a plurality of

interactive receiving stations.

15. A method according to Claims 14, further comprising at least one

of said interactive receiving stations transmitting a first signal to said interactive
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(58") with said first channel primary path (56

A system according to one of Jﬂ"ﬂlﬂ"ml ﬂﬂ fur LAC ENTSS%T&ET
detecting neans (73) for det m' "m e bet we I rst magnitude
of said first channel (56) and a‘seton¥ naigmitude of said second channel
(58), and - equalizing said first magni tude and sad second magnit ude.

19. A-system according to one of the Cains 16 to 18, further

conprising cal cul ati ng means for cal cul atS ng a phase difference val ue

bet ween a first phase of said first channel (56) and a second phase of
sai d sedAdSERannel (58), and emtting a phase difference signal as a
function of said phase difference val ue. 20. A
system according to Caim19, further conprising adjusting neans for
adj usting an antenna feed (46) as a function of .sai d.phase.difference

si gnal . transmission station as & csmy&%fﬁaab%ﬁ af fyd L riate WaYe andspd 16
to 20, fur &nd ro I"(pi‘}él ng further first, respectlvely second detecting
means (88) for e |ng a first

16. A system for communications with electromagnetic waves
comprising:
transmission means (41) for transmitting a first rotating wave;
receptions means for receiving said first rotating wave, wherein components
(C; jC) of said ﬁrst mmmimve enter a first channel (56) and a second channel (58),
wherein said first channel is divided into a first channel primary path (56) and a first
channel secondary path (56°), said second channel is divided into a second channel
_primary path (58), and a second channel secondary path (58°);
isolating means (48) for isolating at least one of said first rotating wave_
from at least one of said first channel (56) aud said second channel (58); and _
| first phase shifting means (76) and first combining means (80) for shifting |
and respectively combining a first phase of said first channel secondary path (56°) with
said second channel primary path (58) and
second phase shifting means (75) and second combining means (78) for

shifting and respectively combining a second phase of said second channel secondary path
_(58”) with said first channel primary path (56)-

17. A system for communications with eclectromagpetic waves
comprising:

transmission means (41) for transmitting a first rotatirig wave and a second
rotating wave simultaneously, wherein said second rotating wave rotates counter to said
first rotating wave; | |

receptions means for receiving said first rotating wave and said second
rotating wave, wherein components (c; jC) of said first rotating wave and components (D;
;;Qlof said second rotating wave enter a first channel (56) and a second channel (58);
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I st

[
REVI SED * phase of said ffi and de ?ﬁﬁ@h@ [d 3,
phase‘of said second channel (IM”mE"m,IMJmLU ng ong'%‘igi'l?j ﬁ%éa
and said second phase to ensure a prédeferﬁiﬁéd' phase difference
between said first phase and said second phase. 22. A
system according to one of the Clains 16 to 21, further conpri si ng
further cal cul ati ng neans and respectivell$ sel ecting means for respectively
cal cul ating a phase difference value between a first phase of said first
channel REISEAd a second phase of said second channel (58), and
selecting at | east one of a plurality of antenna feeds (46) as a
function of said phase difference val ue.

v

_wherein said first channel (56) is divided into a first channel primary path (56) and a first
channel secondary path (56°), said second channel (58) is divided into a second channel
primary path (58), and a second channel secondary path (58);

isolating means (48) for isolating at least one of said first rotating wave and

said second rotating wave from at least one of said first chanmnel (56) and said second
channel (58); and _ _
first phase shifting means (76) and first combining means (80) for shifting
_and respectively combining a first phase of said -first channel secondary path (56°) with -'
_said second channel primary patﬁ (58) and '
second phase shifting means (75) and second combining means (78) for
shifting and respectively combining a second phase of said second chanmel secondary path
(58") with said first channel primary path (56).

| 18, A system according to ome of the Claims 16 or 17, further
comprising a detecting means (73) for detecting a difference between a first magnitude
of said first channel (56) and a second magpitude of said second channel (58), and
equalizing said first magnitude and said second magnitude.

19. A system according to one of the Claims 16 to 18, further
comprising calcﬁlating means for calculating a phase difference value between a first
phase of said first channel (56) and a second phase of said second channel (58), and

~ emitting a phase diﬁ'erence signal as a function of said phase difference value.

20. A system according to Claim 19, further comprising adjusting means
for adjusting an antenna feed (46) as a function of said phase difference signal.

21, A s&stem according to one of the Claims 16 to 20, further
comprising further first, respectively second detecting means (88) for detecting a first
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23.° A system according to one of the CI al e 16 to 22, fur:ﬁﬂ EET
conprising further sel ect| cting at @F ENT SH
plurality of antenna feed Illlﬁmiwtﬂmﬂalrunct i on of i rst magnitude of

said.first channel (56) ano acsecond nmagm t ude sai d second channel
(58).

17
REVISED

phase of said first channel (56) and detecting a second phase of said second channel (58)
" and adjusting one of said first phase and said second phase to ensure a predetermined
phase difference between said first phase and said second phase.

22. A system according to one of the Claims 16 to 21, further
comprising further calculating means and respectively selecting means for respectively
calculating a phase difference value between a first phase of said first channel (56) and
a second phase of said second channel (58), and selecting at least one of a plurality of
antenna feeds (46) as a function of said phase difference value.

23. A system according to one of the Claims 16 to 22, further
comprising further selecting meéns for selecting at least one of a plurality of antenna feeds
(46) as a function of a first magnitude of said first channel (56) and a second magnitude
of said second channel (58). |
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