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channel to generate interference between the nodul ated, phase~ffset carrier
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13. The method of transmitting a Cl MA communication signal recited in claim
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i ncremental phase ot-~sets) and conbining (24) the nodul ated, phase-offset
carrier signals in at |east one communi cati on channel to generate
interference between the nodul ated, phase-offset carrier signal(slf ayé 200
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The separstion d between the antenns elemeats 24a of the transmitter 70 (shown ia F1G. 3)
results in an azimmthal veristion of the beam pettern produced by the array 24n dus to the time-dependent
phase-space charscteristic of the CIMA signal. In other words, as the phase space of the CIMA signals
changes with time, the beam pattern of the array 24a scans. The time dependence of the beam pattern's
directionality is shown by the following beam-pattern equation:

D(f)= ga, cos(, + na, ¥ + 2and sin 8/ 4,)

where 4, is the amplitude of each CIMA carrier, o, + 00, is the radial frequency of the o™ CIMA carrier,
Aq is the CIMA carrier wavelength, 6 is the azimuthal angle, and d is the separation between the array
elements 24n. This characteristic of the CIMA beam pattern may further enhance the diversity benefits of
CIMA. Prior art shows that changing the beam pattern of & tranamitting antenna aids in diversity



34. The el ectromagneti c-wave transmtter clained in Caim25 wherein the
carrier nodulator ( 12) applies pul se-anplitude nodul ation to t@eldct@g
signals and the output coupler (24) canbines~the nodul ated) phaSe rrrers
in the at | east one conmunicati on chann | to produce at |east one

pul seanplitude nodul ated CLMA signal . The el ectromagneti c-wave
transmtter clainmed in Caim34 wherei n the out put coupl er (24) conbi nes

t he mmmpiwmmmmqwe)mshbwaleI&SéAcmm%émdmﬁ.dhuﬂnel to

glr gg?fom&gnet | cﬂggileuwansm ter % g&"gm%%%gé%%]ﬁggﬁn% OJL#EQH The

coupl erlobegand therats ﬂmmMngmMsﬂlchmmﬂummne
cormunlligt i on channel to produce CI MA signal9 that conbine destructively in
zer 0- phase space. 37. The el ectromagnetic-wave transmtter clained in aim

25 wher ei n tHiG. tkihaws s frequenty- M(dftahgckmumm&mmahnmmnmmdm{he

o or coclhh AR heduel BERLLE 72 pRRGe b tlibe Fobroc PR EpCR, o7

pr edet é‘requm;d-skiﬁed ﬂmb srecredisd. W/hgﬂ&d@m@&xgnd is énpet mammﬁvemmﬂa

or ovi adie Bl FRflgach ki 78, T Bmieiy une7 il o5 3bistirarth ot (A0

train ofs light cirealates eodghahescavity 84, itfisishiftedrin &Wemyttgrmzmduh)f.a&umeupm
neh o JPiErhe FimeRes iR 16 THE rnielngbuaa =i 96 AR optegtvely Sirosti rebieiy
39. ﬁln mmgmtwmcmmwwﬂywmemf

t t
o ovi ofge Sricea A Sfmee GEAA L K oobtl B o P8 S TR e B i)
conpo nmle,tahe\ommmumm)tdmm paaging thraughiit the ligitGPthey fedbaelnine ted cavity
conpond A M iiiBiased porbn ot i BELJ6fiadt o bymieR G TP Sy e P 18
si gnal comayeadbdoiad euipit colplerined show), fon xunipie, wn intering, wlocusiliy. elehiznt, or & connector

el ect rgorrgtgnet | czwave receiver clained in Caim39 wherein the cccciver
furthe ls@’?a phase-space del ay cornpensat or (60m1) o z au~ 200

41. The el ecthe E&infboWEoﬁ bl Béantl|of! indFechen iy Uéla

gg\a;;steys(ﬁce de?éﬁ rrpensat 60rmE s a ffequeECﬁ-snl f;eg fee?‘(g’?&ﬁera ]

t?:ngMU me int q?\%mﬁﬁ*ﬁt at ﬁgg? one Con%#ﬁwe

Unt er f RBEORG gw M&@MW&M&VW to the

St gnal “ﬁ?ﬁ%@?&“ﬁﬁwmwt T e Al
f rgm a°BYS“'c?r Paysjegth MR@?& Sﬂ”gﬂ&m 781‘??3“&“
el ect r ahdphiedl o natW m MWW'AW

si gnal t hat _sanpl es one or npre interferin er sig S
ool el o 19 el el il eiedi 8 gpions o e

I nt erfwml,m l?ﬂﬂd’ 5@“ M th the
I nt ended user sﬁ?a to canceFﬁrruftl us I nt erfer ence 45. The W
el ect r@mtmmmmei dgiemity s gensmitsignshhaving tesame ner

(62mM  RfiMidils
corrponent s to COWWW carri e? I nﬁﬁ??ﬁ%?
mul t | pl@%(kg@&( )the:dirmetionalityicam be asjusted simaty by shanging thelength of the travelling-
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mofthcmavedCMAsMLxdnmﬁmhFSFC 70 is separsted by wavelength to
identify the different phase-space samples of the received CIMA signal. These pbase spaces will be
substantially linear if the cavity 74 does not cause chromatic dispersion. Linesr phase space sampling
matches the phase spaces of the received sigaals provided that £, >> N°*f,



a delay controller ( 16n) capable of applying a plurality of increnental
phase offsets to the carrier signals for providing the carrier signals with
a predeterm ned phase space at a predeterm ned tinme interval, aqﬂ7aﬁU©uﬂBﬁt
coupler (24) capabl e of conbining the nodul at ed) phased carriers in at

| east one communi cation channel to produfe at |east one CIMA signal havi ng
a plurality of carrier-signal conponerns an el ectromagneti c-wave receiver

Paw ng a recd'hfﬁﬁcgbeﬁnntm(m?.)womy&bluadaég«eae:d\mhg\ !xgx&ksfbﬂﬁmduamgﬂh’:ﬂarﬁh
roma | . Ohodd! Qne_se receive
rrultrfrégu ncy Carofpgfg-gig&ﬁ% c%orr%c?(ri:e %%mg't‘ﬁ%h‘ﬁ‘pgﬁ%m ‘}coﬁ'ﬁ" ?'ﬁ’g a
conbi nerum(\&mwd opicsitbiase mﬁmb G‘hibompm gf thi cayrilingswave gavity 74 décecoliimbar superpocmon

fti d t t
const 7 uet CORA el § S8 ooci P RARUR lrD YIS nd BBl Frpdpons TR R
si gnal . sepammhawaam&m mremxchmzapme&nods imdulgemhe EMAGighhls lwithah iforenation

char act SRRl T dfsoniiriiinih ve RS mhe, DieirgeEih iton b Be it

si gnal skighkiean be¢hauey o 0ompensits fob chirgatithdispersivh fof thie OV dafreny asithey pecpagiter
siyals Iélo ﬂ&'lﬁr te a predetermned tine-domain profile for a superposition
of the ¢ 1~ls, providing ( 18n) a gain profile to the cattier

signals to pmmt&wbnmmmmwmsmmwﬂmmmmmerud.fram

(20) "t naPonBh T e R Bty B rerstond A e R af, T oot

super podight ie meaﬁut&heudwml?rprapogmu&o the\indeg of fefraction) mwamnm with@d

Spr cad. SO BRTER RS B i L PRl e rout diteresh (ademion) of

offsettloﬁm(pdlﬁehnﬁimdtﬁtoa@b dpticel fib&e gain profile, and conbi ning (20)

the carrier nerates a t S e ce .code sjon nul ti
access si gnali:llgﬂ‘g'b"?'ﬂg“ %‘ﬁ gbﬁé &: d‘!fum
si gnal %WNeMﬁ%%@MWWW ;ﬁh&ﬂaosohw' n

profile to t carrier, signals includes dul ati ng an nforrrat;lon si, gnal
onto t h&esayse ‘g% ﬁa@hﬁ ‘gf Bg F&‘H‘Egﬁmg periodic relgtigmsdig, g

a mul ti Fof biafiple)§ RREiPérdhovinglat the %bumwumgm&&muﬁw phise of the
el ectrona netr‘cécarflr er s"r‘ngnalé.ﬁ6a ng a EI ural i te/ of equencragalp% heo

i nprove

plurali TnilmB&-df MW'WW&%&M&WWCMWOW di ng
the carrjer S|gnal S Wth a predeterm ned phase space_at a_ predeterm ned
WMWMMWW

time i ntloEReT, oA digpessive medium, thegyvo
pr edet elbgdadekolidiof te'chrriets hatdirdviid Aithér if phaitk MR tSllowrhifleRatict SBowEthe (#f&ence

capabl o of conbi ning the nodul at ed, phased carriers to produce a spread
in wavelength between adjacent CIMA carriers:
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This is a nonlinear relationship in which the wavelength difference AA between adjacent CIMA carriers
increases as the wavelength of each carrier increases. This is illustrated by a phase profile 123 of carrier
maxima in FIG. 4. The frequency separstion f, is selected with respect to the dispersion characteristics of
an optical fiber 150 to match the velocity profile of the casriers with their phase profile. Then partions of
the carriers sre selected to constructively combine to create CIMA pulses at predetermined locations
aloag the fiber 150.

The CIMA carriers sre pulse-amplitude modulated in a time interval 133 in which the phase
profiie 123 occurs. [n that time interval 133, the composite signal 130 resulting from the sum of the
carriers is negligible, As the carriers propsgate through the fiber 150, the relstive phases of the carriers
change. During a later time interval 135, the carrier signal phases line up at a specific time 125, which
results in constructive interfarence that causes a pulse to occur in the composite signal 130. At later time
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e characterized by:

phase offsetting (16n) each of the plurality of carrier signals wherein the phase offsets are
incremental phase offsets, and

combining (24) the modulated, phase-offset carrier signals into at least one communication
channel to generate interference between the modulated, phase-offset carrier signals for providing at
least one transmitted CIMA signal having a plurality of multi-frequency carrier-signal components.

2. The method of transmitting a CIMA communication signal recited in claim 1 wherein the step of
generating (14n) a plurality of electromagnetic carrier signals includes generating a plurality of
groups of carriers having identical sets of carrier frequencies, each group being assigned to one of a
plurality of users, and the step of phase offsetting (16n) the carriers includes providing a unique
relative phase to the carriers of each group to provide cach group having a unique time offset,

3. The method of transmitting a CIMA communication signal recited in claim 1 wherein the step of
generating (14n) a plurality of electromagnetic carrier signals includes generating a plurality of
groups of carriers, each group having a unique set of carrier frequencies and being assigned to at least
one user, and the step of phase offsetting (16n) the carriers includes providing a relative phase to each
group such that each of a plurality of users may receive constructive superpositions of signals in the
same time interval.

4. The method of transmitting a CIMA communication signal recited in claim 1 wherein the step of
generating (14n) a plurality of electromagnetic carrier signals is characterized by a step of providing
variations to the carrier frequencies with respect to time wherein the frequency variations for each
carrier in a group of carriers corresponding to each user are substantially identical.

5. The method of transmitting a CIMA communication signal recited in claim 1 wherein the step of
modulating (12) the carrier signals comprises a pulse-amplitude modulation being applied to a
plurality of the carriers, the pulse-amplitude modulation having a duration that is longer than a
constructive-interference signal resulting from a superposition of the carriers, and the step of
combining (24) the modulated, phase-offset carrier signals into at least one communication channel
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constructive-interference signal resulting from a superposition of the carriers, and the step of
combining (24) the modulated, phase-offset carrier signals into at least one communication channel
being characterized by generating an interference signal between the modulated, phase-offset carrier
signals having a duration that is shorter than the constructive-interference signal.

7. The method of transmitting a CIMA communication signal recited in claim 1 wherein the step of
modulating (12) the carrier signals is performed in at least one predetermined time interval relative to
the phase of the carriers, and the step of combining (24) the modulated, phase-offset carrier signals:
being characterized by generating a signal having modulated carrier-signal components that occupy‘ at
least one nonzero-phase space and combine destructively in zero-phase space.

8. The method of transmitting a CIMA communication signal recited in claim 1 wherein the step of
generating (14n) a plurality of electromagnetic carrier signals being characterized by a step of
tapering a frequency-versus-amplitude window of the carrier signals, and the step of combining (24)
the modulated, phase-offset carrier signals being characterized by producing a transmitted CIMA
signal having reduced time-domain side-lobe energy.

9. The method of transmitting a CIMA communication signal recited in claim | wherein the step of
combining (24) the modulated, phase-offset carrier signals includes coupling the carrier signals into at
least one of a set of communication channels including a waveguide and a free-space channel.

10. The method of transmitting a CIMA communication signal recited in claim 1 wherein the step of
phase offsetting (16n) the carriers is performed to match relative phases between the carriers to a
dispersion profile of the carriers in a waveguide such that the dispersion causes the carrier phases to
have a predetermined phase relationship after propagating a predetermined distance in the waveguide.

11. The method of transmitting a CIMA communication signal recited in claim | wherein the step of
combining (24) the modulated, phased carrier signals is characterized by coupling the carrier signals
from an array of transmitter elements into the channel.
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the transmitter elements.

13. The method of transmitting a CIMA communication signal recited in claim 11 wherein a separation
between the transmitter elements is selected with respect to carrier-frequency separation to control the
shape of the array beam pattern and the period in which the array beam pattern scans.

14. The method of transmitting a CIMA communication signal recited in claim 1 wherein the steps of
modulating (12) and phase offsetting (16n) the carriers results in a train of pulses in the time domain
modulated with a spread-spectrum code.

15. The method of transmitting a CIMA communication signal recited in claim 14 wherein the spread-
spectrum code comprises an information signal and a pscudo-random CDMA spreading code.

16. The method of transmitting a CIMA communication signal recited in claim | wherein the step of
phase offsetting (16n) produces at least two received constructive-interference pulses that overlap in
time.

17. The method of transmitting a CIMA communication signal recited in claim 1 wherein the step of
pbase offsctting (16n) includes a decision step (66) that allows for at least two received constructive-
interference pulses to overlap in time when the number of users or channel usage increases beyond a
predetermined limit.

18. The method of communication recited in claim 17 wherein the decision step (66) includes a step of
identifying the users and assigning a priority to each user that is used to determine which user signals
overlap in time.

19. In a method of receiving Carrier Interference Multiple Access (CIMA) communication signals
comprising receiving (52) at least one transmitted CIMA signal from at least on¢ communication
channel to produce a plurality of received multi-frequency carrier-signal components, the
improvement comprising:

combining (62m) the multi-frequency carrier-signal components in phase to generate at least one
constructive-interference signal indicative of at least one information signal.
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20. The method of receiving CIMA communication signals recited in claim 19 wherein the step of

combining (62m) the multi-frequency carrier-signal components includes providing (60mn) at least

one set of predetermined delays to each set of received carrier-signal components wherein the number

of sets of predetermined delays is equal to a number of different phase spaces in which the received

CIMA transmit signal is combined.

21. The method of receiving CIMA communication signals recited in claim 1 wherein the step of
combining (62m) the multi-frequency carrier-signal components includes providing (60mn) at least
one set of predetermined delays to each set of received carrier-signal components to compensate for

relative phases between the carriers in order to combine the carrier signals in phase.

22. The method of receiving CIMA communication signals recited in claim 21 wherein the step of
providing (60mn) at least one set of predetermined delays to each set of received carrier-signal
components is performed by a frequency-shifted feedback cavity.

23. The method of receiving CIMA communication signals recited in claim 19 wherein the step of
combining (62m) the multi-frequency carrier-signal components in phase includes a multi-user
detection step (66) in which interfering signals are weighted and combined with at least one intended
user signal to cancel contributions of the multi-user interference to each intended user signal.

24. A method of communication between at least one transmitter and at least one receiver comprising
generating (14n) a plurality of electromagnetic carrier signals, the carrier signals having a plurality of
frequencies, and modulating (12) the carrier signals with at least one information signal, the method
characterized by:

phase offsetting (16n) each of the plurality of carrier signals wherein the phase offsets are
incremental phase offsets, and

combining (24) the modulated, phase-offset carrier signals in at least one communication channel
to generate interference between the modulated, phase-offset carrier signals for providing at least one
transmitted CIMA signal having a plurality of multi-frequency carrier-signal components.

receiving (52) the at least one transmitted CIMA signal from the at least one communication
channel to produce a plurality of received multi-frequency carrier-signal components, the
improvement comprising a step of combining (62m) the multi-frequency carrier-signal components in
phase to generate at least one constructive-interference signal indicative of at least one information
signal.
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comprising;

a delay controller (16n) capable of applying a plurality of incremental phase offsets to the carrier
signals for providing the carrier sngnals with a predetermined phase space at a predetermined time
interval, and

an output coupler (24) capable of combining the modulated, phased carriers in at least one
communication channel to produce at least one CIMA signal having a plurality of carrier-signal

components.

26. The electromagnetic-wave transmitter claimed in Claim 25 wherein the output coupler (24) includes
an array of transmitter elements.

27. The electromagnetic-wave transmitter claimed in Claim 26 wherein each transmitter element
transmits a different carrier signal, thereby creating a time-dependent beam pattern.

28. The electromagnetic-wave transmitter claimed in Claim 26 wherein each transmitter element
transmits a different carrier signal for each of a plurality of users, thereby creating a time-dependent
beam pattern for each user.

29. The electromagnetic-wave transmitter claimed in Claim 28 further characterized by a multi-frequency
controller for controlling the multicarrier generator (14n) to adjust frequency separation of the
carriers, thereby controlling the scan rate of each beam pattem.

30. The electromagnetic-wave transmitter claimed in Claim 25 wherein the output coupler (24) includes a

coupler to a waveguide.

31. The electromagnetic-wave transmitter claimed in Claim 25 wherein the delay controller (16n)
provides a plurality of incremental phase offsets to carrier signals that are uniformly separated in
frequency.’

32. The electromagnetic-wave transmitter claimed in Claim 25 wherein the delay controller (16n)
provides a plurality of incremental phase offsets to carrier signals that are non-uniformly separated in
frequency.
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pulse-amplitude modulation to the carrier signals and the output coupler (24) combines the
modulated, phased carriers in the at least one communication channel to produce at least one pulse-

amplitude modulated CIMA signal.

35. The electromagnetic-wave transmitter claimed in Claim 34 wherein the output coupler (24) combines
the modulated, phased carriers in the at least one communication channel to produce CIMA signals
that occupy at least one nonzero phase space.

36. The electromagnetic-wave transmitter claimed in Claim 35 wherein the output coupler (24) combines
the modulated, phased carriers in the at least one communication channel to produce CIMA signal.i‘
that combine destructively in zero-phase space.

37. The electromagnetic-wave transmitter claimed in Claim 25 wherein the delay controller (16n)
provides incremental phases to the carriers to match a chromatic dispersion profile of a waveguide for
causing a predetermined phase relationship between the carriers to occur at a predetermined distance

in the waveguide.

38. The clectromagnetic-wave transmitter claimed in Claim 25 wherein the delay controller (16n)
provides a plurality of incremental phases to the carriers to generate a train of pulses, the transmitter
further characterized by an amplitude-control system (18n) for providing a predetermined amplitude
to each carrier signal to modulate a spread-spectrum code onto the pulse train.

39. An electromagnetic-wave receiver having a receiving element (52) capable of receiving transmitted
signals from a communication channel for providing at least one set of received multi-frequency
carrier-signal components, the improvement comprising:

a combiner (62mn) capable of combining the plurality of received multi-frequency carrier-signal
compounents in phase to produce at least one constructive interference signal indicative of at least one
information signal.

40. The electromagnetic-wave receiver claimed in Claim 39 wherein the receiver further comprises a
phase-space delay compensator (60mn).
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42. The electromagnetic-wave receiver claimed in Claim 40 wherein the phase-space delay compensator
(60mn) samples within at least one predetermined time interval to detect at least one constructive
interference signal in at least one zero-phase space.

43. The electromagnetic-wave receiver claimed in Claim 42 further comprising a signal estimator (66)
that estimates the at least one information signal from a plurality of samples in a plurality of phase
spaces.

44. The electromagnetic-wave receiver claimed in Claim 39 further comprising a signal estimator (66)
that samples one or more interfering user signals that interfere with an intended user's signal, weights
the sampled interfering signals, and combines the sampled interfering signals with the intended user's

signal to cancel multi-user interference.

45. The electromagnetic-wave receiver claimed in Claim 39 wherein the combiner (62m) provides gain
adjustment to at least one of the carrier-signal components to compensate for flat fading.

46. A carrier-interference multiple-access (CIMA) corﬁmunication system comprising:
an electromagnetic-wave transmitter comprising a multicarrier generator (14n) capable of
generating a plurality of electromagnetic carrier signals having a plurality of frequencies, and a carrier
modulator (12) capable of modulating the carrier signals with at least one information signal, the
improvement comprising:

a delay controller (16n) capable of applying a plurality of incremental phase offsets to the
carrier signals for providing the carrier signals with a predetermined phase space at a predetermined
time interval, and

an output coupler (24) capable of combining the modulated, phased carriers in at least one
communication channel to produce at least one CIMA signal having a plurality of carrier-signal
components

an electromagnetic-wave receiver having a receiving element (52) capable of receiving
transmitted signals from a communication channel for providing at least one set of received multi-
frequency carrier-signal components, the improvement comprising:

a combiner (62mn) capable of combining the plurality of received multi-frequency carrier-

signal components in phase to produce at least one constructive interference signal indicative of
at least one information signal.
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providing (18n) a gain profile to the carrier signals to provide the at least one predetermined time-
domain characteristic to the superposition of the carrier signals, and

combining (20) the modulated, phase-offset carrier signals to generate the superposition of the
carrier signals having the at least one predetermined time-domain characteristic.

48. The method for generating at least one spread-spectrum signal claimed in Claim 47 wherein
the steps of phase offsetting (16n), providing (18n) the gain profile, and combining (20) the

carrier signals generates a direct-sequence code division multiple access signal.

49, The method for generating at least one spread-spectrum signal claimed in Claim 47 wherein
the step of providing (18n) the gain profile to the carrier signals includes modulating an

information signal onto the carrier signals.

50. A spread-spectrum signal generator comprising a multicarrier generator (14n) capable of generating a
plurality of electromagnetic carrier signals having a plurality of frequencies, the improvement
comprising:

a delay controller (16n) capable of applying a plurality of incremental phase offsets to the carrier
signals for providing the carrier signals with a predetermined phase space at a predetermined time
interval,

a gain controller (18n) capable of providing a predetermined gain profile to the carrier signals,
and

a combiner (20) capable of combining the modulated, phased carriers to produce a spread
spectrum signal from at least one superposition of the carrier signals.

51. The spread-spectrum signal generator claimed in Claim 50 wherein the delay controller (16n) and the
gain controller (18n) provide phase offsets and a gain profile, respectively, that provides the
superposition of the carrier signals with a direct-sequence spread-spectrum signal.



