; e3ef xsf nnoDpR. gqr 6$sTxs mJ1 6 MAY 2002 *t ~s* 1 SPATI ALLY VARI ABLE
FILTER LASER *02* WAVELENGTH MONI TORTNG/ CONTROL U.S. Pat ent No /p é‘@??&ﬂ?
has i ssued r| al No. 08/979,204, filed s Novenber @L
entire te’?ﬂ‘wwmm j ch are incorporated herein by ref erence BACKGRQJND
OF THE | n-order to increase datia throughput w thout the
installation of *N&w fi beroptic Iinks, Wavel ength Division Miltiplexing

(VDM sysmm "ﬂm m g depl oyed. These ~o systens rely on the tunability
of semico mml mps t OSRATESISLY WARBABPEBRILOERIIASHR spectrum t hat
optical fibergpsopagate. in data rates by
an order of magnlzt ude or %&@L‘gmﬁéﬁﬁi&@@g@(ﬁﬁmgat ed for the
channel spacings in these WDM ~s systens. The frequency spaci ngs are tight
for optical frequencies. For |aser diodes qperating at arou

m crometers (um) U-Bt Patgnt Dgi 620,199 dims gegpsrieirom U &-Seriak Mos Q8f93|9§40éh didedt o
Newor | <f an iy Gubgtag, 1937 E LS Cdi e P WA O HEL ARk SRR, o R B
channel slots. 20 How the Iaser di odes are tuned to operate in the vari ous

channel s of, t S the specific types of |aser diodes
used. The M‘é%ééﬁﬁ#ﬁw}giﬁgﬂback (DFB) | aser diodes is tuned by
changing the tenpepadedrts 195re£§éeddi’d a668ghple W fioat u{eeu@@natﬁ&i of %e\tvym&a,bdcy

i npl emented’ in the context of |aser conmmunication Zs nodules with a

t her no- el ebnks, Wewdength Dinisien Yhuliiplexing(Wadh) %@msmdgnrgsﬁ@pleyedef fldese i n
|
ity S P SuhE iRy of SERAER, 145881 LeBaa WARE RS of e

| asers ar espeum'enh gt b}ﬁiqaeﬁht:nsrmomdtei rifles caronesolinn ennncraamum@amcnamssby an
broader ra %e E El}@% 2002 -2 is acconplished by varying the |aser
di ode' s st PU¢E Bt @aey oééncﬂ§ changi ng grating frequency. Solutions have

been proposed for nmintaining the proper channel spacing in s these WM

systens. The proposals typically rel preci se factory  calibration, due
to i nherent rranug'fi‘étiﬁffiﬁ rkgavsabqeabmom gqt?fi cfPrstﬂilfi shanag! spadmes i |thessr ¥/D¥lor

exanpl ¢ a%% éﬁ?snuaflheffr&g.lng Fﬂnﬁgs Arger MoPRAHLA ﬁ@c}ﬁﬁb&?ﬂt P L8dr diodes

instal lati to detect ust” for wavel ength s rom agi hg and

envi r onmenopgratafg et epundol SUMWWC@S e, [ INWVENTPIONIYTAEO igaltartz (GHeht thisn
concerns e t HQl o] d

cyat oms. ACARERS Y o SRR RN, OR vl ok} Shirlubohal B3S LG
channel spgzcings Nmmcttanﬂal\dﬁl‘dkesmexgmg, whingh, ims@n¢ cases,ilmve pveugghtar clianmnel
reliance og tispati ally variable filter material to determine or nonitor the
| aser di od®°S" wavel ength. ~s This class of light filter provides specific
advant ages based upon its corrpact and tunabl e nature, which facilitates the
i npl enent ati on of in small well-regu) ated nodul es. According to

one aspect of t hléowrf\lﬁeﬂﬁebﬁlodeﬁefeetupgd o emraf@dn ¢ N obarRsls PH e VY
Lgts;agafo S% ;lﬁ?stde‘ﬁ@n&edﬂ 8 sp&SiPtyped BYlafer! BER% vQY I BR VAR erBBN6T B8 Huid

cedback (DFB) laser diodes is tuned by changing the temperature of the diodes.
Temperature control is typically implemented in the context of laser communication
25 modules with a thermo-electric cooler. These devices extract heat using Peltier effect in a
manner that can be elecfrically modulated. Fabry-Perot lasers are similarly tuned by
controlling their temperature. Distributed Bragg (DBR) lasers are tuned by temperature

and injection current. Tuning across broader ranges
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spatially varying filter material arranged to receive at |east a portion of
.the optical signal generated by the |laser device, wherein the spgtmal joy
varying filter material has a spatially varying passband that changes
across a face of the filter material; at |east one detector that detects a
portion of the optical signal that is received and filtered by the
spatially varying Zs filter material andZontrol circuitry that uses a
response of the at | east one detector to control the wavel ength of the

| aser device. In a.preferred.enhodinment, the spatially vatiahle filter
ool ndS it B YV g SEhdinde Sar Rty o 5 by ok e GRS ng
| ow pass, HrgieR®ss, or narrow 3o bandpass notch filter material could be
substituted as well as transm ssive or reflective filter material . 16
MAY 2002 -3 Further, the detectors are not strictly necessary. The variabl e

filter materi al i r freguen f eedback into an
arpl 1 or £ or t unkBies J38, et BRBKILEE P MR Boper SROREN shils P
enmbodi ment théseeVEPAtsiysteiny. \Tae ipadposalkitypiedllymel e on precivedfaetory ealitrativie due to
detector are arrabged to.filter, and detect |ight froma_ rear facet of the
aser - di oddme B Ing YhIEY i bhled b ek (BP o SHER BTGB ¢ he
device is HRfe hAMICOTtheWINIIBAY WaRkknPH Hertil@afdiRR foC8dtedtagRl adjhdWhy 1N
t he case of the dlggd_e. E"I n ot _h]er i mpl eman?%ti orﬁsl, ﬁowevero, gﬁf?ght f?(%m the
front facetwavslengthohiftuiipmagingrangd epuirenmentaleffegtsper i odi ¢ basis or during
factory calibration. In a first enbodi nent, at |east two detectors are

actual ly used. This configuration enables the detection of |ight above and
bel ow, 1vesBRVMARY, OBATHEEVYENTIONNt er wavel ength for the device. The

control circuitry, tunes the wavel ength of the laser (s diode o maintain a
o edeter m nod r ol THETBAEH BBRI e T IBe LR ahek coBligheakr Fonftomes
detectors. fdbreav@ode shfeiBOWEAs Subhpitt isOfaridifarasslicdbRAS mamthLinguds ahed
or controlled in dependence on_the conbined responses of the detectors.

Thi s enbodichmel gpasingseound in VPM fystemsd Fheelivention is prigpatiuitgcelifmasgen he
zo devices tar k! L e, nse
o oss: over By BRPRE e nalendl 1 e RARRE RiRoiter EhE BARL JavEERRS
wavel engt h Thes dagsiedtlight Bitemprevidgs sprcifieadvdatages basedipdn ite spapict tand thimeble

ot her, suc hat_ . sg _i.ncre . an r ver wavel engt i, change

or bt h equairy ViR ARARETRe PHERRRIAN M PORE AT Ra R RuS Sgsragnes

i ncreases mhdduisossover wavel ength is static. zs Two detectors, however,
are not necessary. In a second enbodi nent, a single detector is arranged
relative to the spatially variable filter material so that its active area
changes spati al | Wcobrdihg d@nkiakpeRt of Heanvéavieh eReiens bovidi@n: fee@ldcR!dosfolidt
mai ntain a_predetern ned response fromthe detector. 30 In another single
det ect 8¢ elSEFqraRuUNIcation deviee, CREIEISINEOY pAsedderdcs that igenaiates an Eatisalesignadnt
represents i : eI o) ) r G nd
nopect of TRuIpdaERRLERGe P himacd 1 et £ RO PR sael
system cogpnargiedyyahe hserdaviagdwherein thgepetidiyevaryingHiltep esatgrial has iacsphtjally

varying fil1¢ i r i | east . a portjon of the,light
beam gencr SPaeEsRisd i chAREHerb BBt hetiner BTGt § %l Bk o oo
mat eri al hdsteets apattial dfths optical isigpapthas vanckit dicdndcfiiered by dey gataky Vagingof
the filter H‘ateriaJ' dtectolr .that detects a

25 filter material and control circuitry that uses a response of the at least one detector to

contro] the wavelength of the laser device.

In a preferred embodiment, the spatially variable filter material has a spatially
varying passband. Alternatively, spatially varying low pass, high pass, or narrow
30 bandpass notch filter material could be substituted as well as transmissive or reflective

filter material.



portion of the light beamthat is received and filtered by the spatially
varying filter material and circuitry that uses a response of the detector
to nmonitor the wavel ength of the |aser diode. io According to ngh
aspect of the invention, there is provided a wavel engt hdi vi si on nul t1pl exed
I'aser communi cation system conprising a _plurality of channel subsystens,
each subsystem conprising a | aser di ode-that i s nodul ated in response to an
i nput signal to generate an optical signal, spatially varying filter

material arranged tp receive. at |least a portion of-the optical signa

gener at ed by the%flgg%rrﬁbel%e 1013 REF léc'fst ALt ARy sTI&ceY@E{g%er ﬁﬁf’falpalggﬁie%@s a
portion of bt hee@nbimalidsi pmdw tquency feedickesit@ng dniFiten fof atdndte hagow
spatially varying filter and control circuitry that uses responses of the
det ect ors ARIYHEY SRERIQRens to control wavel engths of the optical signals
of the laser diodes. In sone inplenentations of the system the spatially
variable filter material is zo shared between subsystens such that a single
spatialiy vari ablAdsd in ther preferied esinticsiiment] thepbmtislip yysstdasiltdvbnatenar and at

detector arrays spuch. as charge,coupl ed devi be used in control

e heree of e che et e ARhbea QR o tach BT Afedt B ths o 4 ik Yiode

i nvention, of BRpbHEfES D @ik des, IdTeithloskable pdsercambut el the Hedidedi§ &lot reduced,
conmmuni cat1 on syst em  conprilsing nmodul at i n a laser device inr espouse to

an input spPyeafallyordungren dhadresprcar drcedilghhl in fhe eese oy the diedsst In g3bert i on
of the optj | r V] Lt tiall ryi ng
i1 ter mat Srpspenelge, GRNELE Hopptichl the 258 fERGRL DL AR bie ol e
spati ahd y pengdiabagpaershaing fadtaty calibragien. across a face of the filter
material; detecting the filtered optical signal and controlling a so

wavel ength of the |laser device in response to the filtered optical signal.
According to a fid td faspedibodiméme at nleastt two, détbo® afe peomilgedsal. meThid

for nonitori wavel engf h of a | aser stem conprising generating a beam
wi sh @ noGSAMTERHIH ?flég{?_ﬁ; bt AFieiomet BEM ave aag&?hw,dﬁswtw% BR & goed
gener at ed BhidiGalela@ih Writhe devicd MEcARRR cirtdtr§ Ritdes @llu% KflaVélEﬂgtH Gffthd Falgcfry

material, wherein the spatially varying filter material |leas a spatia

varyi ngg padiopeumainiain @wamnmddgétlansmbewem maghitudes of thetrespaaises from
detecting el re i tori t r
response t eCReR: CHAERE TR Sl SbRCof HEYELCRRE O b gpofigea'd

i nvent i on, cdantmiled irsdgpenderde dndhprmuleiasd fasporsas ofthadetegoss.

wavel engt h-di vision nultipl exed optical conmuni cation system the process
conprising installing a plurality of channel subsystens in a nodule for the
system the chanmelk @bbsistenprovidedussriath ra@ubed Edxidility Cial ningfazhsingt the

di fferent vel engths; filterjng at | east orti,on of the optical signals
gener atled #9'%%e 'CHA 81“e§lﬂ§rs‘b§?‘§ SRR Wﬁ] E“ﬁ%{ﬁl’éﬁf thy TG%PP?F%B‘OF%'PY‘&PO nt
material, wheeefertdigpitPath@ldcitinf oy tid closd-bedr WieRdngtl isNaGuted Rt mdking
varyi ng passband that” changes across a face of the filter rfmaterial and

cal i brat i ngthendetegiopaath 1espeghve thneihas seeb theae thenreaprise dudressss and dressover
response t i i i . i t ect
of the- i nvaageth REREE AREUE BrosBl R Aesped SRRARMRR Bof SE AR A ARE
conpri si nginerepsesdt envpdaver wavelength pestaticat es anplify light; a nodul ator that
nodul ates the light in response to an information signal and spatially
varyinﬁ filter material having a spatially varying passband that changes
across a face ofTwbeletsatos, lRiwewer, afg ot hetebREAbACK ské@idt erhbédintehe d sisgle

anplifier to produce narrowed zo frequency .qQ e\rﬁiti on. The above and ot her
features ofetedir is apgschorelative|to drshepaiially yadatie fider material g0 gat als rastiveidteRon

and conbi i par he iq hdrl aintai
parti cul apéi% %/Ih ﬁgﬁtlggg %ﬁl{l htﬁ?gglgréng‘gé%ﬁﬁ%%ﬁggéso\rﬁhpéerllnf/@%& r avﬁ{mrﬁgzgmglnnda
poi nt ed oupredeternynedhresporse from the deidctorbe under st ood that the particul ar
nmet hod_and devi ce enbodyi ng the invention are shown by way of illustration
and not’ as a limitation of the invention. The princi pl es and features of
this invention ninyardethee kjighy detettor embodiment, a linear charge coupled device is used.

Each element represents a single wavelength bin.



30 " WD 991 27664 - PCT/US98125142 16 MAY 2002 -5 various and nunerous
~enbodi nents wi thout departing fromthe scope of the invention.q BRAEFL

~ DESCRI PTI ON OF THE DRAW NGS I n the acconpanyi ng drawi ngs, |ike reterence
characters refer to the sanme 5 parts throughout the different views. The
-draw ngs are not necessarily to scale, enphasis instead being placed upon
illustrating the principles of the invenfron. Fig. 1 is a block diagram
showi ng a | aser di ode comuni cati on device according to the present

i nvention; Fig. i s,.a schemati c,perspective.view of the filter, and
detector arr aggefgﬁﬁ??d‘% ©°n 3t ﬁeéopﬁiu\%ﬁ?‘ﬁv%f dRmitvetien; dhege dév?‘@@l,deai g.lageri 5 4

pl ot of tRhe, Rl MEBRHRBCY/RASSOARGAS: & T44BCEIRR Bfat TRAlrhRk lfi%'ﬂtt&ram;
position for spatially variable filter material; Fig. 41s a plot of

transmitt egaiggty vayingofiler metesal amendedrio gecain el keagit 4 poisiont dfethe gight heany

vari able fj| i . L.t Ition X 1 . 5 1 ._pl ot
of the derisopied B} B e dodl b eRBRY VB et + SuffieBke

| aser di oderyifg gpassband that khagdes dbiwgs arfadd dfbe el ngutdring; degptaniat ddteana of
the inventive laser diode comyuni.cation devices channel. subsysteng in a
wavel engt IPOUA &1 e HePt HRaxEAr ISP BRI BORFAG G SHue)EcaR negiir g, 7
i's a bl ockygeRgram oy Baeiseslh ABoRRHTRE $bdiONtodEHifoR tIRCF N cthipeh bPtha
second enbodi ment of thé invention; Fig. 8 is a plan view of the

arr angeneresepdiofiéen t he detector and spatially variable filter material in
t he second enbodi nent of the conmunications device; Fig) 9 is a schematic
bl ock di agram showi ng an alternative inplenentation 25 using reflective
spati all y vari abAeokdihg @6 avefidr aspect &ff the invéhtion, alnedé he preaidedda Meavielengibng an

sem conducfar, anpl ifier wth a notch |l.inearly variable filter material for
Speci T1c VAVEBNBRIPRISHer 11550 FRPRRREAO S§5tpy COmPIRnE,s RIMBIR o channc
per spect i w@byistind, BaoMéubBydtei8 coRplisile| la¥drdiedd @af islshuldiBd 81 Fedporise tb Unabl e
usi ng an actuator in the nodul e., ND 991 27664 - PCTNS98I 25142
input signal to generate an optical signal, spatially varying filter material arranged to
receive at least a portion of the optical signal generated by the laser diode, and at least one
15 detector that detects a portion of the optical signal that is received and transmitted by the
spatially varying filter and control circuitry that uses responses of the detectors in the

subsystems to control wavelengths of the optical signals of the laser diodes.

In some implementations of the system, the spatially variable filter material is
20  shared between subsystems such that a single spatially variable filter is used for multiple
subsystems. Moreover, detector arrays such as charge coupled devices may be used in

J control schemes of multiple subsystems.

According to a fourth aspect of the invention, there is provided a method for

25 controlling a laser communication system, comprising modulating a laser device in
response to an input signal to generate an optical signal; filtering at least a portion of the
optical signal generated by the laser device with spatially varying filter material, wherein

the spatially varying filter material has a spatially varying passband that changes across a

face of the filter material; detecting the filtered optical signal and comtrolling a

30  wavelength of the laser device in response to the filtered optical signal.

According to a fifth aspect of the invention, there is provided a method for
monitoring wavelength of a laser system, comprising generating a beam with a

modulating a laser; filtering at least a portion of the beam generated by the laser with



1 6 MAY 200Z -6 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Fig. 1 is
a block diagramof a |aser diode conmunication device 100, which has been
constructed according to the principles of the present inventi1(31MAAg]g%s
common in these devices, a | aser diode 110 generates an optical signal 112
at its 5 front, partially- or non-reflecting faces 114. In one enbodi nent,
the |aser diode is a distributed feedbatk®iaser that is tunable in a range
surrounding 1.5 umiInformation is encoded into the optical signal 112 by
nodul ating the,.laser. digde's injection.cyrrent.i.n respon to an.

| nf or mat | ofPASF Ik aYar g ST Maetlely PR, the s, VM e nitPuR bes 216,
typical ly gtign{pabryisk pirebaniiuniagtonsosdey e of thelfller mBCALY AStebis: the
information signal 118 and a feedback power error signal 120 from t he

devi ce 1ooﬁltmﬁ8 bewyh apé mazitoning g wayglen th\lasqrip sesppse te tre Biredbeame

| aser di ode 110 both to encode the information signal and maintain nom nal,
predeterm ned out put optical powers to conformw th both the device's
damage ¢ hr eshol dAceordingser a digh gepespedithe datantns, thefe id polvaledda peocest &,
however, that the invention.al.so appl.i.es to other nodul ated | aser |ight
oystons  FORICERA Bov A ABrNaR PULOR RIS SmBRE RGOS BePREiaced
W th a | asgimphigee ittt 8 PhabBtyStHaahar subdpeRingdn ¥ mdduje B Rhé ¥pdt@fiBihet he
| aser runs nominally in a ¢cw node with the information signal belng

provi ded tehappel seRRYSigMsr profiycmgemegdilates opfigglapignaly ats dtf%q;iﬁgnmav@angthﬁ an
optical fi : t [ pl . I ' | Lee
100 or Conﬁg%r%négatégﬁga ?g%a&rﬁ %fﬁg% g?ﬁl&f%?f@? e%x?ﬁ{geﬁﬁ)gﬁtg%gﬁb%%ﬂ?%tﬁl ens
126 ar eo ussxititldy canyphg file optdnedl whegmalthel Spatiablyo vertyego fifliec ahatéiidlehad ar

transm ssion.in a typical e i ment . tical i at.or 124.. ically.
conpri si ng*RABTHER gz%afibaﬁﬂgﬁagﬁggﬁeé?%ﬁfﬁ aclgaﬁb%i}-ﬁ?ro’?’ﬁrtegﬁf X‘ﬁs@bé%mﬁo 25
provi de i splatipebtivévaeslagithy 6f the dHansl &ubsy@tdiey inCrebinse o MestiRered aptiba
substi t ut ed. 1 6 MAY 2002 LT97-05A PCT -7_ Fiber-pigtail endface [ens can
be used wi #8248 without the discrete polarizers/ rotators/isolators,
depending on the intended application. As is also common, the tenperature
of the laser diode 110 is controlled by a therno-electric cooler |28. These
devi cess are usedAceoréingrtece sayvanthi aspecoof Hbatinventions thereeis pioyifted @ olaser

ntai ) . . . ' .
wavel engt retRtop BBALE LaRfRg ") TSt T fo e AT ORME, 2
t he t enperabduletonfthithmotulstes the dight in r€spohde peaeimfoanation sigpalr aidispatmillgnal

that is receive t rature control circuit 131 that uses both the
wnvel engt VBV I SRR Vi SERBLY yees Brsshine Ph sHiREreaaors b face of
oper ation @b rhiveriblhensipea! toCteeiisackOligNohey tHe2 Bisér0afpRfierofo paRhuce hRrloagar

di ode. During a power-up interval, the |laser diode's wavelength is tuned so
that % faffedepsY PRs2iMe capt ure range of the detector scheme (140, 142).
During normal operation, the tenperature control circuitry 131 controls the
t henno-el ectric cooler 128 to track the desired wavel ength. During this
oper ati on, howevBte atove anf etlr feasures of fiminvertog ipeludhwmgvasionh apvelstails of

t enper at ur s C i / I t e h t hat
the | aser GreucR sf SRR, NF oy, AN\ RCEAMGeL CHAF MM o e
present i meetidilaty dedcribedstitharegferendeoto thd Zcedmpanyingpiiiapahgssargingdinies out in
nonitored to detect the. |laser diade' s.instantaneous.wayel ength of. .

oper at ?Son.tlhf’ r‘f?atnﬁé' gb??’t‘@)?te e{SﬂO %i tﬁpﬁgxtcrpépé%ﬁgxgﬂgpg,an%fﬁgvggte}rg%ﬂdyg}ggtll@ i's
conveni entihyerfmre éhddyn 82 veist eitlusteationGind % iaé aNinit4tdm dfBe i®@htion. The

reflecting facet 134 of the l.aser diode 110. In .
principles and features of this invention may be employed in

(o)
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a preferred enbodi ment, the sanpled portion 132 of the optical signal is
passed through a collimation lens 136. Fromthere, the sanpled light is
filtered byWP ¥ae6dal |y variable filter 138. In the preferr®ETdisodehIaENt
the filter 138 is constructed fromlinearly variable filter material, which
has a passband that 25 changes linearly in the x direction acr osswwyfﬁn‘ie
of the filter. In this enmbodiment, two detectors, detector A 140 an
detector B 142, detect the filter ed optical signal through two different

| ocations on the filter 13 8. WO 991 27664 - PCT/ US98125142 g 1 6 MAY
2002 | ndi cat vayivss edd iheernesgebddimentsiedthoittaiegirting fportsescope ef theovi ded to
wavel ength and power error signal circuitry 144. This circuitry generates a
wavel engt h e¥Wehl08 gnal 145 typical ly based on the difference between the
response of detector A 140 algid the response of detector B 142 to control
the therno-electric cooler 128 via the 5 tenperature control circuitry 131.
The circui t r pRIBEDESSRIPEIGN QFEFHE MR AWWEGSer ror signal 120 that is

avai lable to the user external to the device and used by the injection
current control | el the accommpanyjagdravaigsolikestietfagiice ¢paraqters prfertatimpidnebased on

t he conbi ged . : - il . he
arrangeme%t Bér?sts[ E@“g}go}tt?{a cﬁlgﬁr\?gﬁ]g\g{gﬁ%%?g}ng%%%ngﬁié&a%s%gg{lg}é’gal%o 140, 142.
Speci fi cal | yemphaftinsteid Hetrppitded vpeailhbnaeig thegmadpledsf thaswentiinode 110
passes through collimating lens 136 to forma preferably oval illum nated
region 150 on a sPigl & 2 lark diagrap) shewingra lappsdjode compapicaieadeviget er nat eri al
138. The det : ~anged side by side behind the filter
138. In a prg ctg?grlxz%goéﬁ%gégﬁléﬁ‘%nﬁ]{é filter is approximately 500 m croneters
| ong and provi desFig. 3k 4 écheiaflc ersfectivamgéw s thkFilienambdetd e Qitan geaied$s i ts
face. Fig. 3.is a plot of the center frequency passband as a function of
spati al agsi 11 thp IV epiVe PEUBPHEILINS JeWesi i abl e filter material. The center
frequency passbang: f ¢ i I Q&{)ﬁ . . j al
position on the fﬁgt'gﬁs.&ﬁ%t {)ﬂlle1 ieﬁtﬁg%eﬁg%%gplgisgnp e,rhdi?ﬁgm%arbsftssggﬁgﬂﬁ%cr eases
i n wavel engt hofition fonspatiaBe saniabld filtersyadriadl .: 20 position across the

opti cal power s 51 Gt POHODF AR SRUEH PORET 5 DA S PREBACT ho
filter mater yal Xy ARESe e PmbiRlislue of SMiiry hoGEUERSY for the filter
material's passband, 7~(Xo). The filter material also has a defined
passband Mi dt h ( BFig hat a plet pEthatietectbrs’ responsesras 2 filiivition phtheloptick! 2ignelef | nes
t he transm’téed t:Q/azﬂel e géhs of light at a given location in the filter
material . Sp&CMFTE s?’)f? Sbstantially only |ight between ~.{Xa)-0.5B to

~, (X0) +0. 5B i s trapspiid 4 BdcRHi g dkirdiRgd SiplefentatioWaf Y idv&Eide - 9
PCT/ US98/ 25142 1 6 NMAY 2002 ) _
laser diode communication devices as channel subsystems in a wavelength division

multiplexed laser diode communication system;
20 Fig. 7 is a block diagram of a laser diode communication device according to
a second embodiment of the invention;
Fig. 8 is a plan view of the arrangement between the detector and spatiaily
variable filter material in the second embodiment of the communications device;
Fig. 9 is a schematic block diagram showing an altermnative implementation
25 using reflective spatially variable filter material;
Fig. 10is another embodiment using an semiconductor amplifier with a
notch linearly variable filter material for specific wavelength locking operation; and
Fig. 11 is a schematic perspective view in which the spatially variable filter

material is tunable using an actuator in the module.



Fig. 5 shows the spectruns to which detector A 140 and detector B 142 are
responsive due to their placenent with respect to the filter material 138,
Speécifical | WOW&e@t or A 140 is located in front of the spaticaiusgseaat abl e
filter material 138 such that it has a passband centered around wavel ength
7~,,. Detector B 142 is 5 located in front of a different portipg vfy Bhe
filter material 138 and thus has a pé%sband to which it is responsive
centered, around the wavelength ~,$. In the control scheme of the preferred
enbodi ment, the assigned wavel ength of the conmunications device 100 is ~~,
whi ch, in one specific inmplenentation, is hal fway between ~,$ and ~,,,. As

avel engt ' oPPSALCForapSeRtraRE THE AriREb DT CR T The

illustrated eﬁbodi:;gt? s d BloREHaEMBH 1 18sek BREEBoRIRGIckISh &80l wfich The
responses of the detectors 140, 142 are bal anced, thus providing feedback

control to nhistean notshectedsenrding theths prisnigleeofthh pedsent invenfibe Aoisf i gur ati on
of this enbodi nent ,provides particylar se and flexihilit 5 of

manuf act ur i n@‘.’mrf’l‘?@“g?hé& Hie adf‘sef_H@%F\kg@%‘éie@é‘?s&“somﬂtals‘@én&rﬂth‘é t he
response ar Oﬁ%ﬁ@?%"tiaﬁ?—' d?'tnoh-'?eﬁegﬁ?%ﬂchﬁrl 40 B emRRRedtN e 1RSPRBIEs a
(intensity mat Cross-over) an cation of the cross-over wavelength ~, ~
can be adj ustistituyednfordback kidrtieat ictetadt ora manghsurmepdiog 1tSopmhe ot her. This
changes the response intensity and ~,n. Alternatively, the |ocations of
both detectors can be noved equally with respect to 20 the mdpoint. The
response increasesggin ARG EaredCRRARE bhstaPRgMiat DBy HduIARE aliales Wer e
nmoved towards or away from each other, Trespectively, but ~ ™ Is static. In
a rel ated vedivdewinjeatigntcheeritinh tesponsataesn aforr@gonsighalrié8pépecifiallyhan det ect or
pair, changes.~,,,, ~.n, -~ acco date.di f.ferent assigned.wavel engt hs
B thout  comprBHtsHTERoREfsr 1 SFaRnEaD, St SEHS PP R PP RISy ¢ he

origi nal 1@et €66 Qi ti¥dinttRmatldl SghAal 1R DREINRK bbeet @forlSTERAT 1RGN
relative to manufacturing inventories required to supply |aser units for a
WDM syst em htha deyiogd 9., TAsc@mrollor [ ifomedulaiertha éliection cywprtraf thentestn liwdean be

produced t ha r acraoss, a_range of. tenti .channel s. nerally, a
particul ar D&é&%@? SReade s e Rion ﬂ%@g""%‘ﬂ%‘ﬁ%k 1%{’&#“{“"“1(385“%”“‘% 991 27664
- 10 PCTNS98/ 3hiphPoptical pdwer2Q3nfemonith Bdth yheldenrd's Aumbgd thdsuelds et s, for
exanpl e. This generic nmodule is stocked. Wien a nodule for a particul ar
channel is rdguge ergcifica@orgeneri ¢ nmodul e covering the channel is selected
and the variable filter installed and adjusted/set such that the nodul e
wor ks at the desired frequency. 5 Fig. 6 shows an inplenentation of the
conmmuni cats on devilcsholldbeantedNiadndler, Shid Siedhesmmioh Alsa appliesltepgich di vi si on

mul tiplex nodule 200. In such a system the |aser. diode of each subsystem
i s control | edadylatgidasey Hehlsystemss Fer @RmPlkaiict BHftiNe embodiments; gilsex e
tunability ofah BerdsRRed with ket BERON LY cretE RlodBIRIP TS picafl pbgROSed system
the | aser di oér(gas n ?ﬁ%nafV cent gr&%r equenccirees s%retch&??grgnrf’éa 9 to 191.7 10
_ TeraHert z ( Tispstemsyithelassrminsnoncidiyniela cepacdanysh dfe ihddmgiigadignd beinghe
- correspondi ng WaXeI e thsﬂéenters stretch from 1530.33 to 1563.86 nm with
“ an approxi maPEIYI%s 18 b%a‘ﬁB #'8% spacing. In such systems, tens-to hundreds
of separate channels are conveyed in the sane single node optical filler
10, yielding vast increases in the total data transm ssion rates of the
fiber rel2tive to Thewopticdl sigptldd@ds tanssyaderie an vyias! fiber @ghitdetypially
i npl emented together.in a nmodule 200. c ain _co nen may _.be shared
berween s bs FELEH 1,6 SoRprnsRigs et 00 B SeFeTRy B hber Figte?

Collimating lens 122 and coupling lens 126 are used to couple the optical signal 112

into the optical fiber for transmission in a typical embodiment. Optical isolator 124,

typically comprising two polarizers and an intervening Faraday rotator, is used to

25 provide isolation. Altemnatively, however, other coupling system can be substituted.



detectors 140, 142 in each subsystemare replaced with detector arrays or
charged coupl ed device ((CCD) arrays in sone inplenmentations to reguds 200ne
cost of the 20 nodule. Further, a single strip of filter material is used
for the entire nodule. Each of the specific subsystens accesses only a
portiondgf ﬁ ? p. Additionally, the wavel ength error signal circuitry
may be stri bet ween subsystens as separately functioning circuits or
unified contro r

anal ogf i g1t al THPRAT SHAEY RLERR, RUsRRRGPWAGE it bR EaBbens o
second enbodi nesthtoasfisdlhers| dsendidg onléhedotandediappli¢ation.devi ce. ThIS enbodi ment
differs insofar as it uses a single detector 143. This detector 143 is
arranged relative to the variable filter 138 such that the WO 99/ 27664 -

PCT/ US98/ 25142 1 65 M\ Q@ ninddch, ffﬁgg}hﬁéfﬁ*ﬁlecgf thd Bsdr %ﬁﬂ@ 'ﬁ@ 1svt%ﬁlfr@§ed’\$)1 h the

varyi ng wavel ength fromthe sanpl ed optical signal 13 Fi g. s a block
di agr am of t hetlweme@‘leomcmaleam sl‘iwsfr éﬂvws wmsegbioeeXtrraqttﬂ)eat flCBB or Héwe tiket ect or
143 itself sha he direction

S o the 1 el RIS T Rl PR a gt o e P et S BRRRE e B iR o
operation. For sexirpivelength féhbe v@ical £Hol mlz)fAtt}kEﬁémisa@raBods oide tddédesrglice to

i ncrease, the transm ssive portion of the filter material 138 shifts in the
positive x di ré"@?ﬁebar‘iureloﬁtheﬂéseb@@ﬂ? ik Lk eeneradests lEMPeeREs siepal dt Br ea of

filter 143 incrLeases by en&ﬁaelmaetcoﬁm 'E‘E&ﬁtxﬁ‘?§P9ﬂ{5ﬁs‘é§’bf)tﬂrth@wg'!ze‘féf@tﬁ"@d’cﬁl engt h.
As a result, the wavelendgth error signal circuitry 145 nodul ates 10 the

t her no- el ect ri enood@nérthelt@ape'awm e tqmedtdet@ detaperagion ¢S horibumosldvtlid at a

predet er m ned |evel n.the il lustrat X
odutates the Grfe28 PaidSs B EE! g BIRE plS BBV e il | g
to Fig. 7, sindpdt ha/adetezfgcli Briuded3o Claan itrfalls wilsin ltlye dmewseﬁgé ofthp@weétocont rol,

a separate power,. detect or 2 1to regy ired.to generate the error
signal 15 120. Sclhl’?mﬁt(lﬁ@r’ é@b%’lq’?ﬁﬁpgna toﬁéragﬁbﬂ%ytﬁ@paréf‘g%‘E?ﬂt’é"?ﬁﬁr@lh"ﬁéééil
These, preferabbpirdid thederhyRRctriclboRt ETERitRcRIR REFANISIRIEXNERE I n the
direction of the variability in the spatially variable filter material.

Each el ement ofuCORr#iopr koyeaves the tbepmrtaltlenwevteneéﬁ@mﬁutﬁ that tp tenpevesiiengt h of
the laser ¢ Odﬁoés%xﬁélﬁri'ncﬁ J‘ﬂ(&%‘?'l&x?gsn{xp%r cﬁ seth ﬁhﬁﬂ?‘izﬁ%{;&gﬁg

relationship inthe'in tensi ect I'n eac

Al t hough the |nmannnmnqhamkﬁmamnwg&trlbed for use in conbination with
distributed feedback lasers, it is broadly applicable to other types of
| aser di ode devices or other wavel ength tunable | asers. For exanpl e,

tenperature contr OA&@ehlh@&eme geyént eﬁveﬁmh aflBadtapoptione! 3 of tAS 6fticaPsignal
di stri buted Bra%g refl ector ﬁ frs GO 25 al so be ?sed Furt her, external
cavity | asers PABQnitored QRAeeridhgtaner (§ “E)%}anéﬂ °Qut VAYFlsnsth e PSraHgD ol

grating i s anofaebn@kiiRatiutested dkamipfd) tiRMptiBN |sBAMBITE 3bARRientlY Sampled by
20  detecting light exiting from the rear, reflecting facet 134 of the laser diode 110. In
a preferred embodiment, the sampled portion 132 of the optical signal is passed
through a collimation lens 136. From there, the sampled light is filtered by a
spatially variable filter 138. In the preferred embodiment, the filter 138 is
constructed from linearly variable filter material, which has a passband that

25  changes linearly in the x direction across the face of the filter.

In this embodiment, two detectors, detector A 140 and detector B 142, detect
the filtered optical signal through two different locations on the filter 138.



WO 991 27664 - PCTNS98/ 25142 ~ s Mar zoo2 -12 wavel ength error signal is
used to control an actuating elenent, e.g., piezo-electric device, that
physi cal |y reoabewmethe grati-ng to tune wavel ength. Fig. 9 shepsrangisher
enbodi ment of the present invention that uses reflective spatially variable
filter material, in which the variability of interest is in 5 the I§ MAY 200
that is reflected, rather than transni®ted through, the filter naterial.
Specifically, the light 132 enmtted fromthe | aser diode's rear facet 134
is collimated by lens 136 and then redirected, as a fold mnor, by the
spatial |y varindlehorfsi dftles red@Biive ddiecsre respoastg eregmmbvidelibacdvelengthleh@ and
detector B 142 receive the light to provide power and error signals 120,
145 as descri mrﬁrr@wsm% ICVCUI%ﬂéﬁdiTg'g czsﬁmtrnéexmatpmwaféméh praeT, Sigrak
spatially var 1:X§IC];,1 #}%@d NR% dl%lFreﬁ e%‘wée% tﬁe@ dil Ae?ec? ?é(?, %bréatﬁeri al

filter, or aI pass, ass

Fi g. 10 showses drsé oﬁm&&f&rB embamdﬁaatth@fhehh@ewc@mamer m@ﬂhitw ina
tunabl e | aser device configuration. In this enbodinment, a |aser anplifier 1

| 0-2 repl écegrrtm@mras@rrtrcd|C6@r@twLlﬁghthm@ug@hb%a%lmmﬁratqaéheaxqurferrer 110- 2
is transmttegd zﬁ’ﬁg E%‘E'&'a%ft?{bé f%n%l% eﬂe&ap{o‘%ﬁéﬁ{v?c% V&%]H'%géjd the

nodul at or has coa ectl ve face | nes t he

out put facet ﬁlﬁechbﬁcﬁleéiﬁlﬁ&ﬁtﬁﬂler ll@hrhel;ﬁa&zee)gtrbn fighad 20 ipréfbabBidagsd @nd of
; the anplifier 110-2 is focused by lens 136-2 onto spatially variable filter

material 138- the copbuiediresppnses of te dsisaiorsal40y144ari abl e filter material 138-2
is notch, linearly, linearly variable filter (NLVF), which is reflective at
only a narrow . . 20 band of frequencies at each |ocation along the filter

mat eri al . These reFigeishotes ﬁaé@ﬂﬁ@g’bﬁieﬁSof&hes@paM odrlaplevilter AB8 endddt@ist he
entire length of the filter material, prefe in a linear fashion. In

the pref er] ed1 &k 44i ﬁé?ﬁlﬁcaﬂlﬁélgmd% frap ‘PFFF@J'?%C%%W@}}E&&%@T fliwded 1434 of the
Lifi |
e T 10 R LGRS SR OO A Tl

gener ate an essenings, byitay pgee of spatuipneyiabladeter mArial ¥38s e, deteb@rd Baer
anplifier wwll lock onto this reflected ggvel nthr?nge 1 6 MAY 2002
' %

LT97- 05A PCT J43aeierangrfaifeayesidn bantdshe dright s &n ¢ Rreleiedemhodipmmenhe ¢ s

" wavel ength no i A
separ ated det g?:%%%é%’é%ggb %rgrnt {?feylﬁlﬁ %n%rgﬁgeéyﬁlﬁgﬁg%gﬁ#ﬁééﬁtsl ally

due to thdisr MWMMhacaossomﬁmel schene is based upon a subtraction, or
di fference between the response of detector A 140 and 5 detector B 142. One
advantage of this systemis the need for a phase conpensator as avoid,

which is comon t opfaknya Bk 6 melc¥hier fraﬁeﬁcsj pakdbaAd hda fuliktbn drkpa@ws one
potential nodification to the previously disclosed

position x on the spatially variable filter material. The center frequency passband

for the filter material is dependent on the spatial position on the filter. In the

illustrated example, the passband increases in wavelength for increases in the spatial

20 position across the filter.

Fig. 4 illustrates an exemplary passband, plotting transmitted optical power
as a function of wavelength. At a given position on the filter material X, there is a
unique center frequency for the filter material's passband, A(X,). The filter material
also has a defined passband width (B) that is relatively constant. This passband
25 defines the transmitted wavelengths of light at a given location in the filter material.
Specifically, substantially only light between A(X;)-0.5B to A(X,)+0.5B is

transmitted at spatial location X,



enbodi nents. In sone cases, it may be desirable to fix spatially variable
filter materigl t the tinme of manufacture to set the frequency of
operation fof P?{%%‘Evi ce. 10 This is anal ogous to set-and-f dFe¥Ssfipidach.
Alternatively, the invention can be tunabl e post-manufacture b?/ W @ er.
Specifically, a filter actuator 164 :Mﬁ? connected to the spatia ﬁ é rabl e
filter material 138 via an arm 162, I'ch all ows nmovenent of the linear
variable filter material 138 along the x-axis, i.e., sliding novenent. In
one inplementation, the actuator 164 is a sinple set screw, a head 15 of

which is prefer abl §igaé cbaws the spesgums imwhich detraiordddland AptectenB Y erey

m croel ectricgl i tem t ) . ahe, possi bl e al ong
wi th ot her ap%rS %%ﬁe%gd&sc E@Lhegréﬁasc%gﬁt%ﬁ %T%?C%ﬁt\tgqn%er f;}&ér\@[;%%%a?lg%d pi ezo-crystal
based systensSparifigally] @ectGiA V40 is@bREdNi foged e grtibipYdrRElctfiltbr Rehtdral ei t her

an open or closed |oop control scheme. 20 Wile this invention has been
particul arly SHosishdha idhes @ prisbandgenterededrendivayslensthoye Rstgctat Behdoidi nent s

t hereof, i i 11.he wnderstood by thos kil led. in ajzart that various
changes i ntsf ﬁ"r%a‘&ﬁa‘_’ ﬁggta(if%sd?ﬁg mt?@“hoé’aogt #éltleéinhat%"% hgf?nd& BaPsitng fr om t he
scope of the pLaneBad 10WwHish iERfegREs Y cdnbRe@RRRAE 1 wivaleiBth 425 ITese skil | ed
inthe art will recognize or bé able to ascertain using no nore than
routine exper Fendrtl sehieone, of Weaiyreferrad vmbedimsnt; thetapugradavaveleogtbrebdl nent s of

t he invention descri speciftiecally herein. Such equjvalents .are.intended
to be encorrpagg ulmncgﬁ?c: %Xlgﬁéb(gfs Ji"hvé'ﬁﬁ Al FEe Spec}%@’ L?”fﬁ%gm-" ]iéaelé@l‘d NG
What is clai meetwesa Agadd AN Aegedzakkhewaidialghieshd R9eF eseBRdGingason devi ce,
conprising: a |laser device that generates an oc[l)_ti cal signal; spatially
varyi ng fil0t egenfaRies ? ¥Rveeneihgaer sigmal toceniyel the dipdesyavelength, whichoh thee
optical signaly, aenenak®dafient REchRRA i RURELMRELEIE: 1S SRAULBLLY 2T Yi NG
filter material has a spatially varying passband that changes across a face
of the filter thededdctdrt 140; 102 afe Habmsdd, e petetidiag fedbdeiconted @€ naimdaip@id | on of
the optical signal that is received and filtered by the spatially varying
filter materid@serdigde'cyardastheatdeuitry that uses a response of the at |east
one detector to control the wavel ength of the |aser device. ~s 2. A | aser
comuni cation device as described in Claiml, wherein the spatially varying
filter material andhehbenfiguriteasif tlinembalimentqrovddes particaig egketaad flekib#ity and
detect light froma_rear facet of the |aser devijce., A |l aser

comuni cat’’on °4BiAnEEcENg - The plaesments of the %ﬁéeﬁﬁtqﬁallgﬁfémﬁq@e EISBPMS, zo
further conpricis8@valpdifas theliie 9&%@&3;&1%%9&%@&6{1&6&@99%cf&sk%%r\je to the
spatially varying filter material to detect |ight above” and bel ow,
respectivel y, and lasg8omofitie cront-ever mavekrgihhcandre adhwsteddyimevingleithar | aser
comuni cati on .devj ce.as descri.bed in aim 3, .wherein.the.control zs
circuitry tunélstef{?é“vﬁ\faﬁpéﬁé? e qhg%sgrb%r}geﬁg\;irgsgop% TSP AR Aa

predet er m ned Ajfindtivelysihe RodaBbvEsT o iFRdbictdislem Hefméa cheaRomEefespdcotd t he
detectors. 5. A laser communication device as described in Clains 3 or 4,
wher ei n a Yowdhe widpgint. Fhe resporise insreashs\or decreasedienenading @n whethepdsdence on
conbi ned resp tect ors i i on Vi ce as
Gesri bed i n O aeRrE Vel aR SHEF by A5 fch 3R RN BM AT B5h S
spatially varying filter material so that its active area changes spatially
with the filter.

In a related vein, moving the filter material 138 with respect to the detector
pair, changes A,, A,, Ap, 10 accommodate different assigned wavelengths without
compromising the relationships in sensitivity afforded by the original detector set

25  up. This feature has particular importance relative to manufacturing inventories
required to supply laser units for a WDM system having many, 45-90, or more,

channels. A generic module can be produced that works across a range of potential

channels. Generally, a particular DFB laser can be manufactured such that it can be



1 6 MAY 2002 -15 7, A |l aser comuni cation device as described in any one of
the preceding clainms, wherein the device is installed within a nodule. s 8.
A lraser conmwevYareson devi ce as described in any one of the perpUsel/IBH2
claims, wherein the wavel ength of the | aser device is a controlled by
controlling the tenperature of the laser device. 9. A laser communication
devi ce as described in any one of thel® ains 1-7, to wherein the M@ engt h
of the laser device is a controlled by controlling an intra-cavity gr sting
of the | aser device. 10. A |l aser comunication device as described in any
one of the prgtaiaig neledions, tweherckimelshfor dednamie.oThis ganericarsdide 1si near
charge-coupl ed devige. is 11 | aser communi cati on device as described in

. A
any one of t hdogkeecBticRE Teodueor 2 paRicRianchappel i Eghirgfls thegenerc modulser di ode,

whi ch is nod i j ' . - ! j L.on

devi ce as deggﬁfgﬁ%ﬂ@%ﬁﬁ%ﬁfﬂgnéﬁ%%a %I%a@lrerg&%bi%%g%@grt%}%g%g%@ﬁg?éﬁ}ggtgsﬁjagevi ce
is an anplifiwstthd hodAlelvasRy atahatiasired Abquencyevi ce as described in Caim 12,
further conprising a nodul ator that anplitude nodul ates an output fromthe
anplifier. 2s 14. A laser communication device as described in any one of

t he preceding cl aiugsg, rel Il ] | r as a
spatially %/aryi ng 15?236 é%ntl&ésga:n\r/lg&%g]s%g%%h%ggﬁ °§W§eﬁ9“§:’%ﬁ% @%%oclr}%%dnee\h}i ce as,
descri bed i n sbyystsigs @fa Wheldpegodivisiog nolldples modtile 260.nI dveh apgaiterml thy varyi ng
filter material has a spatially varying reflective passband. 30 16. A | aser
wavel engt h nokser§radspf sy Sélmyszeawrcpgtrﬁ&d e opgiats et yilislgrent wavelgegth hattes

i ght beam o, - .| al i I r i arranged
to xeceive atwiﬂélgsdt.\@éng%{?@i ogr%&é(;]fa%%ﬁﬁed#i%%‘flg%gdmﬁgeefr)%lj?g%éo rg{) %hl aser
di ode, wher eisystehe tislasdr diddys n@ninahgnier frequenniet etratell frérad 98.93pavi al |y

varyi ng passband that_changes .across a face of the filfer material;
det ect or tRat Terabiens éT%Z)p‘(‘!%}E‘ TERIRm FW@“‘FH%WE”%@&&S@&‘& Fdz.r ' BR%i ved and s

filtered by tOe. Spaldifd Wiveldlsientbls!streich BBHF1930133 1805 £84 il Witk shhat uses
a response of%epécetlgéct o‘?e tg r?n%llltgrs rt ﬁe wavel engt h of the fasera di ode.
approximately 0.8 nanometer spacing. In such systems, tens to hundreds of separate

channels are conveyed in the same single mode optical fiber 10, yielding vast
increases in the total data transmission rates of the fiber relative to non-multiplexed

15 systems.

When the devices are implemented together in a module 200 certain
components may be shared between subsystems 100. For example, the discrete
detectors 140, 142 in each subsystem are replaced with detector arrays or charged
coupled device (CCD) arrays in some implementations to reduce the cost of the

20 module. Further, a single strip of filter material is used for the entire module. Each
of the specific subsystems accesses only 2 portion of the strip. Additionally, the
wavelength error signal circuitry may be distributed between subsystems as
separately functioning circuits or unified control of all subsystems may be provided

with shared analog/digital controller circuitry.

25 Fig. 7 is a block diagram of a second embodiment of the laser diode
communication device. This embodiment differs insofar as it uses a single detector

143. This detector 143 is arranged relative to the variable filter 138 such that the



17. A wavel engt h-di vi sion nul ti pl exed | aser conmuni cati on system
.conprising: -~ | urality of channel subsystens, each subsystem

conpri si ng: Wiofg%{g"ég" di ode that is nodul ated in response to af\%cf’h’ﬁ%ﬁ“%‘fzgnal
to generate an optical signal, spatially varying filter materi al rh,ﬁ?g@g
to receive at least a portion of the ﬁgti cal signal generated by the'l r
di ode, and ~s at |east one detector thdat detects a portion of the optical
signal that is received and transmtted by the spatially varying filter;
and control circuitry that uses responses of the detectors in the

subsyst ens t oneghtudelof itatespanse veries ofith the verpinecEavelingthairem die samplgdaser

di odes. 20 18. tA Jaaser1 I’qégn’rmni cation system as described in daim17,
wherein the o?)‘HCé‘ ﬁ’g%%d ls fromthe subsystens are coupled into a single
optical fiber. 19. A laser comrmuni‘cati on system as described in daim17,
wherein the spatially varying filter material is shared between subsystens.
25 20. A | aser confignBdea block diggemmidle driertori 198 dnd spatially warisble ke i&8n t he

trol circuj t t, .ength of. the.l . di od i nt ai
redet er i ned TPeRet R bR R AR doR For Bt IS isahEEn HEREPRR, The
detectors §orqf g flesPSetiivarHiREas prafdetaveftnBBl d¥pendedt ofe@itonOlIFok N a

| aser communi cation system conprising: nodulating a |laser device in
response to aexampetif tiegrratlengsh géthedzserdiafe bidt Werglto gicgreas the trangmigsive2002 -

17 filtering at_.lea ortjon optical. si | ..generat ed.by the

| aser device BPTR"S Q’teiafﬂ{éf ?aifﬂbgﬁgé’nﬁl 1{121}»3 et ixgﬁ%‘:%ﬁgﬁtﬁe PRIt i al 1y
varying filtepir8dof! thelacthdSréh Tt 843 creaddey s thaPRISHBRrebbakive fginges
across a face of the filter material; detecting the filtered opti cal

signal ; and sgivenwastlengly Asaassltcthgmavelengtherpnggal geqite 1fhmodslstesse to

he fil d jcal si | h | ] [ , f h
compr i i nd Oar PR AY-ranCpare juTRhgl e ReFRelaBts kAol (e the

optical signaprelde@ithied R3El. TaaRtilgdtratdieexbMBR! thd@iteEigy 146 nstlulfesiths hod for
nonitoring wavel ength of a |laser system conprising: generating a beamw th

a nodul ati ng diodg's éamperatimede tragk mwavedensth of laorti on of the beam generated by
the laser wiwth spatially varying filter material, wherein the spatially
varying filter material has a ~s spatially varying passband that changes
across a face of tRetihihg & Figal,8calklie dbedcatinbgar ha chsilyt ieradd begeweand
nonitoring a wavel ength of the |aser_in response to th% filtered beam 24.
A process for SeErql? SPARE ROWRAJRFEHgt R-1QiTAUEEo P BNETaIDINE PRUCLPTT Stnak o
comuni catjisonygystem the process conprising: installing a plurality of
channel subsystens in a nodule for the system ' the channel subsystens
produci ng nodul ated optical signals at different wavel engths; filtering at

| east a portion of _the optjical signa enerated by th annel .sybsyst ens
with spatially var W H@le Wlfoé]?’?’ﬁ’ﬁf’gli“? é&P?WEF‘EFFﬁo? I‘?’ge 'ésﬁgt ?g?sleypr%ﬁ'%l?%g
filter 2s mat ghiAlyPAT@ eRALIRbieYarMaEd BExRAS SPBREirlebtdin SRR RHLARY 0SS a
face of the filter " material; and
in the spatially variable filter material. Each element of CCD represents a separate
wavelength bin. The wavelength of the laser diode is then controlled to maintain a

20 predetermined relationship in the intensity signals detected in each of the bins.

Although the invention has been described for use in combination with
distributed feedback lasers, it is broadly applicable to other types of laser diode
devices or other wavelength tunable lasers. For example, temperature controlied
laser devices such as Fabry-Perot lasers and distributed Bragg reflector lasers could

25 also be used. Further, external cavity lasers that are wavelength tuned by adjusting

an intra-cavity grating is another alternative. In such an implementation, the
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substantially as hereinbefore disclosed with reference to any of the
enbodi nents shown in Figs. 1 to 11 of the accqgnpanying draw ngs. 5 10
.A[y. AnSL. AL. AGE. Agg. [hshgws still another embodiment of the présent invention in a tunable
laser device configuration, In this embodiment, a laser amplifier 110-2 replaces the
laser diode. Light 112 generated in the amplifier 110-2 is transmitted to a modulator
15 111. In a preferred embodiment, the modulator has a coated, partially reflective
facet, which defines the output facet of the resonator. Light 132 exiting out of the
other end of the amplifier 110-2 is focused by lens 136-2 onto spatially variable
filter material 138-2, Specifically, the spatially variable filter material 138-2 is
notch, linearly, linearly variable filter NLVF), which is reflective at only a narrow
20 band of frequencies at each location along the filter material. These reflective
frequencies are spatially variable across the entire length of the filter material,
preferably in a linear fashion. In the preferred embodiment, the light exiting from
the rear facet 134 of the amplifier 110-2 is focused or collimated onto the NLVF
138-2. This generates a narrow bandwidth feedback into the amplifier 110-2 to

25 generate an essentially single frequency laser. As aresult, the laser amplifier will

lock onto this reflected wavelength range.
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departing from the scope of the invention as defined by the appended claims.

25  Those skilled in the art will recognize or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the
invention described specifically herein. Such equivalents are intended to be

encompassed in the scope of the claims.
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What is claimed is:

1. A feedback controlled laser communication device, comprising:

a laser device that generates an optical signal;

spatially varying filter material arranged to receive at least a portion of
the optical signal generated by the laser device, wherein the spatially varying filter
material has a spatially varying passband that changes across a face of the filter material;

at least one detector that detects a portion of the optical signal that is
received and filtered by the spatially varying filter material; and

control circuitry that uses a response of the at least one detector to

control the wavelength of the laser device.

2. A laser communication device as described in Claim 1, wherein the spatially
varying filter material and the at least one deteclor are arranged to filter and detect light

from a rear facet of the laser device.

3. A laser communication device as described in any one of the preceding claims,
further comprising at least two detectors that are arranged relative to the spatially varying
filter material to detect light above and below, respectively, an assigned center

wavelength for the device.

4, A laser communication device as described in Claim 3, wherein the control
circuitry tunes the wavelength of the laser device to maintain a predetermined relationship

between magnitudes of the responses from the detectors.

5. A laser communication device as described in Claims 3 or 4, wherein a power
output of the laser device is modulated in dependence on combined responses of the

detectors.

6. A laser communication device as described in Claim 1, wherein the detector is
arranged relative to the spatially varying filter material so that its active area changes

spatially with the filter.
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5 8. A laser communication device as described in any one of the preceding claims,
wherein the wavelength of the laser device is a controlled by controlling the temperature

of the laser device.

9. A laser communication device as described in any one of the Claims 1-7,
10 wherein the wavelength of the laser device is a controlled by controlling an intra-cavity

grating of the laser device.

10. A laser communication device as described in any one of the preceding claims,
wherein the detector comprises a linear charge-coupled device.

15
11. A laser communication device as described in any one of the preceding claims,

wherein the laser device is a laser diode, which is modulated by an information signal.

12. A laser communication device as described in any one of Claims 1-10, wherein

20  the laser device is an amplifier.

! 13. A laser communication device as described in Claim 12, further comprising a

modulator that amplitude modulates an output from the amplifier.

25 14 A laser communication device as described in any one of the preceding claims,

wherein the spatially varying filter material has a spatially varying transmissive passband.

15. A laser communication device as described in any one of the preceding claims,
wherein the spatially varying filter material has a spatially varying reflective passband.

30
16. A laser wavelength monitoring system, comprising:

a laser diode that generates light beam;
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dE: / portion of the optical signal generated by the laser diode, and
15 at least one detector that detects a portion of the optical signal
that is received and transmitted by the spatially varying filter; and
control circuitry that uses responses of the detectors in the

subsystems to control wavelengths of the optical signals of the laser diodes.

20 18. A laser communication system as described in Claim 17, wherein the optical

signals from the subsystems are coupled into a single optical fiber.

19. A laser communication system as described in Claim 17, wherein the spatially
varying filter material is shared between subsystems.

25 .
20. A laser communication system as described in Claim 17, wherein the control
circuitry tunes the wavelength of the laser diodes to maintain predetermined relationships

between magnitudes of the responses from the detectors for the respective diodes.

30 21, A method for controlling a laser communication system, comprising:
modulating a laser device in response to an input signal to generate an

optical signal;
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varying filter material to filter the optical signal from a rear facet of the laser device.
10
23. A method for monitoring wavelength of a laser system, comprising:
generating a beam with a modulating a laser;
filtering at least a portion of the beam generated by the laser with
spatially varying filter material, wherein the spatially varying filter material has a
15 spatially varying passband that changes across a face of the filter material;
detecting the filtered beam; and

monitoring a wavelength of the laser in response to the filtered beam.

24, A process for calibrating a wavelength-division multiplexed optical
20  comununication system, the process comprising:
installing a plurality of channel subsystems in a module for the system,
’ the channel subsystems producing modulated optical signals at different wavelengths;
filtering at least a portion of the optical signals generated by the channel
subsystems with spatially varying filter material, wherein the spatially varying filter
25 material has a spatially varying passband that changes across a face of the filter material;
and
calibrating the respective wavelengths of the channel subsystems in

response to the filtered optical signals.

3 25. A laser communication device, comprising:
a laser amplifier that generates amplify light;
a modulator that modulates the light in response to an information

signal; and
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27. A feedback controlled laser communication device substantially as hereinbefore
10 disclosed with reference to any of the embodiments shown in Figs. 1 to 11 of the

accompanying drawings.

28. A laser wavelength monitoring system substantially as hereinbefore disclosed
with reference to any of the embodiments shown in Figs. 1 to 11 of the accompanying

15 drawings.

29. A wavelength-division multiplexed laser communication system substantially as
hereinbefore disclosed with reference to any of the embodiments shown in Figs. 1 to 11
of the accompanying drawings.
20
30. A method for controlling a laser communication system, substantially as
’ hereinbefore disclosed with reference to any 6f the embodiments shown in Figs. 1 to 11

of the accompanying drawings.

s 31, A method for monitoring wavelength of a laser system substantially as
hereinbefore disclosed with reference to any of the embodiments shown in Figs. 1 to 11

of the accompanying drawings.

32. A process for calibrating a wavelength-division multiplexed optical
30 communication system substantially as hereinbefore disclosed with reference to any of

the embodiments shown in Figs. 1 to 11 of the accompanying drawings.
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