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i nvention relates generally to wavel ength division
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5 mul ti pl exi ngrdenmul T1 pl'exi g e Vh EPPRASTRYEIbPrTaC LENBESOPt i C | enses.
BACKGROUND COF THE | NVENTI velrength diviston multiplexing (WDM is a
rapidly emerging technology that enables a very significant 10 increase in
t he aggregate volume of data t Nnabe  RTEN over optical fibers.
Prior to the use of WM nnsthg%%gg ?P ngrg mergkggéd to unidirectionally
carry only a S|nglﬁhdapneshnhnehventmna w&dekeﬁg@hnéﬂailyxmnc concept of

WM is to |aunch nd retri ve nul | t,
respectively, wapte %Blf‘ % lsf?Be Bﬁ?ﬁé‘gﬁﬁ anne llﬁe){lrngga_r%? T A a
uni que WﬁveM%mﬁibulﬁmﬁyhetmaw&bemghb$haﬁﬂvaﬁnm@pr|ately sel ect ed such

t hat the channel s. do npt ter ch ot her,. and,.t tica

tr sn155|onIW6% %ﬁl?% iEbB}eﬁﬁggl VifEFayS?t Eﬁhﬁgﬁgf systens
exi st that eﬂﬂﬁmtfxéngég,transn133|on of 2 to 100 sinultaneous data
channels. WOMis a cost-effective nethod of increasing the volunme of data
(comonly terned bandwi dth) transferred .25 over: optical fibers.

Al ternate conpeting technol ogheKGROUND UF el novvaaNTveNt h i ncl ude the

burying of additional fiber optic cable or |ncreaS|n% t he opti cal
transm ssion rate WA¥elengtlafivisepn THA thRdprAGJofl Iﬁﬁd@ﬁ(ﬂuﬂaﬁ%Qkﬁ

optic cable ig ey COSEhNoBSgyt that éﬂam%%eat k% r9n lile 1ideintof  $15, 000

to $40,000 per kiToneter. Increa3|ng the optical transm’ssion rate is 1 WO
01399657 PCT/iyggpasmi1in the aggregate volume of data that can be

transmitted over optical fibers. Prior to the use of

WDM, most optiéal fibers were used to unidirectionally
carry only a single data channel at one wavelength. The
basic concept of WDM is to launch and retrieve multiple
15 data channels in ‘and out, respectively, of an optical
fiber. ,Eacﬁ data channel is transmitted at a unique
wavelength, and the wavelengths are appropriately
selected such that the channels do not interfere with
each other, and the optical transmission losses of the
20 fiber are low. Today, commercial WDM systems exist that
allow for the transmission of 2 to 100 simultaneous data
channels.
WDM is a cost-effective method of increasing the
volume of data (commonly termed bandwidth) transfetred
7.25d jfd:;- over. optlcal flbers . Alternate competlng technologles
o -'M"for 1ncrea51ng bandw1dth 1nclude the burylng of
additional fiber optic cable or increasing the optical
transmission rate over optical fiber. The burying of
additional fiber optic cable is quite costly as it is .
30 presently on the order of $15,000 to $40,000 per
kilometer. Increasing the optical transmission rate is
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limted. eed and econony of the electronics surro i he fi ber

optic syg%%%gﬁfig of the primary strategies for electronikggﬂggW%ﬂ?%asing

bandwi dt h has . en, t 2 tinme division multiplexing (TDM, which 5 groups
or nultipl exés%m%u etQil ﬁ%elﬁ%o S earbc?eeccf‘?rb‘?ﬁ% e B nieYet her into

a single verypurirglurrdiing ditennfilber Optsid eofdvgy dias JOrtHd G Pardir¢0 years
been very eggﬁﬁgég%fénfggmrea I.ng bandw dt h. However, it is now

i ncr easi ngl y SHEAFECSS (85 % 16 SIHTF &Gt PansvHd th thasn a

t echnol ogi cabeand tan veseortinmiec ali vaitsireap eiuTit i p MM f @)t heppatient i al  of

bot.h an econqum cal_ and chnol ogi cal, sol ution to increasi ng bandw dth by
usf‘:’ng many ParafelCic %&ng'ex‘g%r i IRASV S ek R ienedestramsic TaMa That

i's, VDM can ehbawelsn}ogjethlcranedes ahisdhgh® Vs HigH ¢ Al A channel s
f WOMto I ncrease

to be passed Bver a inql e glptical fiber. The use 0

bandwi dth re fLFegetc%B‘o £S48 G3FeFPleshenda st @ siecast baeny wepnwhet ri cal .

The first defifeetiivearoavenerehl idigybainehithi Phexie Thiss 2Q qdeyj ce

takes nmultiple beans facg.gith discrete wavelengths that are initially

spatial |y sepBFREBFLPALY dhiddcuiidter dmpaeyea transmissi onpspiesidsy

coobi ni ng albothf Febr di EEenabl ghengkh Jbe bt Lngle .

pol ychromat i ° eam_sui t abl e foropgﬁn%h?%g F%t%%gﬁbg%?FgaE%g%g%ﬁlger. The

nul ti pl exer ﬁB@ 8g%§r€oﬁBFeP@F?nE&§§i9§ ofhi eal egonpméced mmy i ncl ude

el ectroni cs td@hn608EEB4L]1 0501 KOkt E : e | ti.pl exer.
n 018PDbH0Eo Eﬁch?eaé%ggpggﬁggd&mﬁt ﬁ?})’&s.ﬁ@gl

The input to the nmultiplexer is typically acco
fibers, altHb¥iy% Patatleloabanbelst heFuspheral WEMuLsesofiplimpnabsy he

enpl oyed. Astmentiongd abovgpmt 8Sn ONY P 1 Iplexer.is a single
pol ychromatic beamwhich is typica ?’yagi Iﬁéiégg%&%aﬁ%ggg%ogﬁtﬁégp fi ber. The
sbtond devi CeFIRFRVERAIPR FaheEPM nghande Vs stonbedpassedpbeser a shhgidevi ce
is functionalgtyidde pipesite 35 of the wavel ength division nultiplexer.

That is, the 2 ,
The use of WDM to increase bandwidth requires two

basic devices that are conceptually symmetrical. The
first device is a wavelength division multiplexer. This
20 device takes multiple beams, each with discrete
wavelengths that are initially spatially separated ‘in .
space, and provides a means for spatially combining all
of the different wavelength beams into a single
polychromatic beam suitable for launching into an optical
25 fiber. The multiplexer may be a completely passive
optical device or may include electronics that control or
monitor the performance of the multiplexer. The input to
the multiplexer is typically accomplished with optical
fibers, although laser diodes or other optical sources
30 may also be employed. As mentioned above, the output
from the multiplexer is a single polychromatic beam which
is typically directed into an optical fiber.
The second device for WDM is a wavelength division
demultiplexer. This device is functionally the opposite
35 of the wavelength division multiplexer. That is, the
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WO 01/ 09657 PCr/ US00/ 14814 - wavel ength divi sion demul tipl r lves a
pol ychr oM MO92am from an optical fiber and provides a rﬁﬁésag’i&(i‘bat ially

separating the d'kfferent .wavel engt hs_ . of _the pol ychromati c beam The out put
fromthe 5 JUATPLERIERAIVISIOP| ARRPIETPLEXRENbREPOREEi @ beans which are
typically di petyeRrbmieie beanespefndangoptueal i fybet a@@t%eabiaéeeés or

phot odet ectors. During the EgSt 20 years, varigus %gpes 0 have been
proposed and®@@RBnetraPabLaEbY SRBAPREING 15hey I LIRS VAYBACRESRRI ed

Opti cs, Vb'-oﬁGthébpoﬁicHPomgﬁﬁg'Bégﬁ. (8. ol frém)theC. Livanos et
al ., Applied Physics etters, Vol. 30, No, 10, pp. 519-521 (15 May 1977);
(3% H. Ishigewelaipleset #gl 2oPlerght irvel TereeRERRat 6| Deams\ghigh pp.
448- 463 (Augard 98¢ icaflyHiikbatadeingd. a é&ﬁ@%ﬁ@m&%kﬁkaﬂﬁ yel . 28,
No. 13, pp. 1268-1270 (1B June 1992): (5) A E. WIiner ot al.. TEEE

Phot oni cs  TeRhheRboyiPeFs eP%, PROFOdELeREOTS. pp. 838-841 (July 1993): and

(6) Y.T. Huang etp@ling (Pl CphstebbeyaryO!l varidus NoypLe, o BPwDE2Ra 4631 (15
Nov. 1992), all disclose 20 sonme form of WM “devi ce "and/ or net hod. However,
the WOM devhees RFRPOTederhdddemeretbaeedi n ke e¥fwelei st2H. Wpdibl i cati ons

ajg all claspbepln QP | CoshRsed MM capPyoRChEs, %.C%,egpgé pyz]vg?;f%P@&i c
| enses that are adequate only for use wth multinode I ca | bers and 25
are i nadequatZug orlU58 i th Al ebivarodprt ol - f i ArepbiedebBhysécshe core

di anet er of ' e e gptigal f4b (dy & 5oL YPy |.$, much
smal | er thanﬁ?ﬁgglg%'r e‘m)lg'l a?r@t eb?@bf{%' %ﬁi iérrloﬁeszolpt {)lc§al%4%y b%??ﬂ? e.k,?)
typically 62.5shicnmet Tat, | Souduel tof t hegheravd diechiehses, evpl ayed 30

e O S PREE AR A LB, Wil TR, S,
p:pbl i cati onSEbécﬁsztmﬁitrt@ et ters.ei el armB,t er_smiEI, cm:_t.i cﬂ&ﬂG&_)emrBof(mn and to
It e U N SR WL ST R
Technology Letters, Vol. 5, No. 7, pp. 838-841 (July
1993); and (6) Y.T. Huang et al., Optical Letters, Vol.
17, No. 22, pp. 1629-1631 (15 Nov. 1992), all disclose
20 some form of WDM device and/or method. However, the WDM
devices and/or methods disclosed in thé above-listed
publications are all classical optics-based WDM-
approaches which employ very basic lenses that are
adequate only for use with multimode optical fibers and
25 are inadequate for use with single mode optical fibers
because the core diameter of a single mode optical fiber
(i.e., typically 8 um) is much smaller than the core
diameter of a multimode optical fiber (i.e., typically
62.5 um). That is; due to the very basic lenses employed
30 therein, WDM devices incorporating the principles set
forth in the classical optics~based WDM approaches
disclosed in the above-listed publications are unable to
receive and transmit optical beams from and to single
mode optical fibers, respectively, without incurring

35 unacceptable amounts of insertion loss and channel
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PCT/ USQCQ' 14814 crosstal k. These unaccept of
|nsert|g*6&§§§%7and channel cr-osstalk are largely due to the |%@ ggeate

i magi ng capabilities _of these very basic . |lenses, which pi.cal 'y
formed of stﬁﬁ@ﬁ?ﬁaéﬁtlcgpeéﬁa§§aﬁ§F€FP§9§ levels BFO&8§ EJESltS’Tv“u 5% to the

above- descri hgd eRhheall croReitad koaekl amrhes ybeaee t@ ate asdiddqaale | enses
formed of standard optical %Iass materials to $DM i ces, -thereby
resul ting |nlmEﬂ466vFéE§bHé9 A& SdGdbItBeSe: VR YePaSigndeRFES hi nunber

l'ens configugpti e9picBY19d¢oraell ofhgtanadeidt bphakaheaiesst matBMidaw .ces,
wherein the added | enses typically have alternating high and | ow
rebraction |ndex@§e REEPPEEC0RS 18E4o8d tRaithPy abpvengesprdbechoPtistdr e of

the |enses aiﬁ g%k&shém%a%eb%@n%b addoWaMEtioRR 1l Nendrsedoaarld i S
associ at ed mnt t hese additional |enses due to the direct cost of

the additionél st@ﬁ§é§d apticel gdapgemphgiriade EosPEM gevd@ested with t he
i ncreased COEH&?éb%A’r@QEh"t%'d‘ t hngrpmMd Sek 8 2880 hERA KGR GbuEARkI | taflgile\eDM

devi ces having nu tlg | enses. 20 _Anot her proposed solution to the
above- descri#ed evpni bauheragungepsr denencaadigusationsse yadidding

gbract've | pgXe! 8088516829 1eﬁ%@§'%E‘hﬁﬂsﬁéklb%stN%eQ% MiCehe HReyse of

eése gradient refractive 1ndéx |enses results in a significant
i nprovenent lensés QSquaﬂﬂwyhéWEthétﬁwagtnggsyégbnﬁwdtﬁpw WBfrgsriicoss.

However, Cosiﬁdééégc'?ESQrE%HBn@aBHEQEHU hﬁﬂlkhﬁggth%r%gh%QEc%ﬁfraCt'Ve

i ndex | enses 18 srgnhifticantl reater sts aSsociated with
nanufacturlngasuaﬁdafdthhohsgeﬁéoageln@égctéﬁgéy caospiled omg .-f act t hat

both are 30 kdpbgall Vol oiRdaheq" 2adRr §50BLLERL a0kASR TR Bk, 10 view

‘of the foregoing, there remarns a real nee
pbSsesses orth¢$©m@ddbtlanalthensehadaeteplEhecdlaﬁctlGﬂG@ogﬁ,th@nponent

i ntegration, ,enyi sonrentALeand LhGLTRl 5t 2Rk Lhys LaW chagae

associated with the increased complexity and resulting
decreased manufacturability of WDM devices having
multiple lenses.

20 Another proposed solution to the above-described
optical imaging problem has been to use gradient
refractive index lenses (e.qg., Gradium lenses) in WDM

~ devices. The use of these gradient refractive index
lenses results in a significant improvement in the

25 . -quality of the imaging system within WDM devices.
However, costs associated with manufacturing these

. gradient refractive index lenses is significantly greater
than the costs associated with manufacturing standard
homogeneous index lenses, despite the fact that both are

30 typically formed of standard optical glass materials.

In view of the foregoing, there remains a real need
for a WDM device which possesses or allows for all the
characteristics of: low cost, component integration,
environmental and thermal stability, low channel

35 crosstalk, low channel signal loss, ease of interfacing,
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35 crosstal k, | ow channel signal |oss, ease of interfacing, 4 WO 01/09657
PCT/ USOOMQIHP657 | ar ge nurmber of channels, and narrow chaffrPS®348ldng. g
Accordingly, it would be desirable to provide a WDM devi ce which overcones
t he above- dederigee chundrete pfachesinedisd singt negmowy shapmielle spessiaesd ng or

al I owi ng for »ald, ofin h%.ta%\(ﬁ'cﬁtﬁét e BhakAd &1 SRS e R Fele OF THE

| NVENTI ON The primar j éct of the present Invention is to provide

wavel engt h didgvdicen whilah giverasgiede e igplose9g s atdbiese d naidagvagies
diffractive i Iqﬂﬁgﬁf chj I NG, [ ; f ATBNAGE o S

wel | as r:edu%g%i %él\?i ce (:ltcr)1 ts? S}g%%e%i%tsf%%as%g@engﬁg gg’%ﬁ'ﬁ&% ﬂ?)irsk. %Tr?efa
abdve- st at ed tjpel moyestsitadted ahapeldtexd sétilesr. obj ects, features, and
advant ages, of the present invention will becone readily apparent fromthe
following 15 detail ed description which is to be read in conjunction wth
t he appended draw ngs. SUMVARYBQECTSEOFNVHETIENERFEONdi ng to the present

the appended drawi ngs. = SUMMARBBGECTEEOPNFERTIBRRIEGONGi ng to the
provided. In 20 405 GFAPPEd SHISHTEA EoERRIEREPOyEd "RATePedEn & vi si on

mul ti E\I exi ngpateviide :wageaedigfthr aldtvii@tlolgr @h}lmgpgekinlquﬁﬁmhagi@lpb;umgl i lty, of
nmonochromatic, optical  bheans into__a .tiplexed, .polychromati ¢ optica
beam The i REVGSEReHPFR P8 PRSTE6H WavaPEAGt felFErson 258183  pl exi ng
deng ce conesihegeeskd deeiek pedifbirmaatcieyeasopkilt asl redacedgdeoddsi ng | ens
for coIIinating t he pghurality-of nonochr omat.i ¢ ogtkcal beans traveling
along a firS§P5&rr EOPPIR*EEYr hald PAPHERFEHEGPL: FA§X-and for focusing the -
mul ti pl exed, pol yeheoabbive-gptiedl pbenargOobravel i g ak0Ngas sederd
direction_frothhg diffrgction ﬁrating. The sec%ng direction is
subst anti al | §*8FHGSy t Ee2EHESPY r 8RdgPARERFBASSThE o RFr REBPERgrating i s
typically a hiatkactibrewdillif baebmenrgediilpgappheahedfabm the following

15 detailed description which is to be read in conjunction

with the appended drawings.

_ SUMMARY OF THE INVENTION
According to the present invention, an improved

wavelength division multiplexing device is provided. 1In

20 a preferred embodiment, the improved wavelength division
multiplexing device has a diffraction grating for
combining a plurality of monochromatic optical beams into
a multiplexed, polychromatic optical beam. The
improvement in the'improved wavelength division

25 multiplexing device comes from the use of a diffractive
optic collimating/focusing lens for collimating the
plurality of monochromatic optical beams traveling along
a first direction to the diffraction grating, and for
focusing the multiplexed, polychromatic optical beam

30 traveling along a second direction from the diffraction
grating. The second direction is substantially opposite
the first direction. The diffraction grating is

typically a reflective diffraction grating oriented at
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5 11 WD 01/09657 PCTJUSO0/ 14814 the Littrow diffraction angle w.th respect
to the TWo910968hd second directions. The diffractive opti FCT/US00/14814

col limating/focusing | ens has substantjally ﬁlanar front and back
surfaces, arfda BiFrEeBsebpiraphieRr Andseoli bkheleiPeRtt he BPRef fa&sitve optic

~can be fonngh&wgéﬁéﬂ@rdif@cgygﬁgant|aIIy pl anar front surface or the
substantially planar back surface. The diffractive optic

colllnatlng/focusTﬁ@ dihsraghive %ﬂﬁlﬁfCO%%V@?E}HQ§§%§u§hEE 48nst has

exanpl e, \;@éﬁfaﬁtiéi tpygnéﬁ Ppbhe gﬁaSbQékasEfsée@g difhfyractive optic
| ens. The d ctive |c col l'imating/focusing | ens yplcally oper at es

irbthe inf ra\FJterc(E’r@p*@gP@ht@Fntﬁésoélé‘é?‘ﬁoﬁhbhethé SpbErraRiyPnePtiki s is
the region %%etf@rﬂg&%nl f@héftﬁﬁ@ueﬁw@zneﬂglﬂy faﬁaenf%n%' lica 15

based optic rs is ver ow. Accord g th fractive optic
coII|natHuyﬁuiﬁﬁﬂ¢mpreh%el%ubﬁ%aﬁﬁ}a¥lbe h%@robagknﬁﬂéfaéﬁ selbeted from

Lhe 97 oup COnsy 814001 v o A Sco LI YR LN NEocAIng! 8844 CoaliopBebheasl O

any of a nu appropriate naferia icrenth
transmit cuns&xﬂr&ﬁ%ﬁ&p¢$l$mmh|a$raied %X&Upl¢egadhl@athéléfeectmnagnetic

spgetrum | rbpfi%tcﬁrijé'r%eoi""é hFPéé}Fél a&ﬁf"ff§%91vé Sl &5F : | nvention the

I ‘npr ovenent e 1 nproved wavel engt I SI on eX|ng devi ce can be
the use of a 25(ﬂﬁérdﬁifRﬁ;tﬂN&(ﬁptx¢l¢¢¢ﬁlmg¢i@@éf¢©msnngllaaS|ng t he

plurality of ! ang\?an%gélca}@ tlng r%%%ﬂ(cgl ggltg)l ?é)(ggon O% {__ﬁ& di rection

to the dlffr dr f Ive cusi hg lens for
f ocusi ng theleuﬁnomﬁgn@ﬁncangaﬁwummﬁlmsemmhtaJi@eﬁmetragﬁbnnghareng a 30

Seeon O CHORILAN A, I JL{BRLLCI. g1 ARULRL IS, grogyy e secpne

direction is f erent opposite I n
daccor dance \matsedtdyari ceslp eftittse o8 Jts1ev¢nr‘_esbasw Accordingly, the

diffractive optic collimating/focusing lens is typically
formed of a material selected from the group consisting
of glass, crystalline, and plastic, as well as from any
of a number of other appropriate materials that
20 efficiently transmit optical beams in the infrared (IR)
region of the electromagnetic spectrum.
In accordance with other aspects of the present
invention the improvemenﬁ in the improved wavelength
division multiplexing device can be the use of a
25 diffractive optic collimating lens for collimating the
plurality of monochromatic optical beams traveling along
a first direction to the diffraction grating, and a
diffractive optic focusing lens for focusing the
multiplexed, polychromatic optical beam traveling along a
30 second direction from the diffraction grating. In this
case, the second direction is different from, but not
opposite, the first direction.
In accordance with other aspects of the present
invention, an integrated wavelength division multiplexing

35 device can be provided. That is, an integrated
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invention, an integrated wavel ength division mltiplexing 35 device can be
provi ded WOrGkA9657s, an integrated 6 WO 01/ 09657 -PC7/ US00/ 1 REAUSOd8K gt h

di vi si on nultipIeX|ng device can be provided conprising a diffractive
optic col | i mpaivagehaetsdigilsdas Irﬁldltl@(lleb(ilmt 'deglaepl:anab'et yreofvided
nonochromati c opti.cal beaggf rav% ng al é % dir ctlon qd for
focusing 5 SORRFLFPPEx8daLEEs HP&W&PI&COSP} dPafing P&VEFPﬁg &%ng a
second dLreCEanFfum1mht$nqa&eﬁlh?a1aeg8pd ﬂbnechromatn& Optlcaj | .
agai n-substapti a site the first direction. rated wavel engt
G0V o7 on il PRBRE.ERG TRYaDECa LARG0 S0 S Es B4R EPYL ABbGBReS0S B RIEK  boot
less 10 affbxﬁdthpubﬁedlfﬁb&?tht@mﬁﬂthoﬁ@hbhmabéaﬁ/EQQU&&E@g'%ﬂ&nbor
transmtting the plg ali%é of nDnochr natlc %hcal bea fron1the
diffractive BpPPECREoRLFRELERY, f odlsiE ésléﬁ§eal § FﬁEOP di r§CEdORi on, and

for transm tikngghhg -Bubktphexadiypebpekiesathe @pfsgaaliécbgaﬁlto t he
diffractive optic colllnatln [ f ocusi along?the second .direction.

ng | ens
The first honogen&BBsiPhEEX2 BﬂoWaV@ﬁgnHE dipiaher PREEIPLREIRG  face. The

i ntegrated vwaueheaghsdi ¥babonsaY! hi Bl eXtNHomdg¥he6us Ui hbek BOBRI 1888 a .
diffraction gratlng formed at 20 the planar interface szrface of the first
o}

héRogeneous PREE%XEBoEP FRAsILEFrachbIAi ARLEReCRLtBRF199I6EOCHSABENr omatic

opti cal bean§eh§tﬁofheraﬁéﬁiﬁtgﬁgdthepphuﬁgipﬂytbﬁ RehbERFoRgARE and for
reflecting the nultiplexed, pol chronatlc optical beam back into the 25
first honngeﬂ%%hga}nﬁ%%m505¥omeﬁ #hngPFF%EEt?BEngratlng is typically a

reflective dbéiiﬂﬁétﬁﬂgﬂf@&ﬁ@ﬂng01éﬁ§tQﬂoﬁé the tiféfO&iﬂééfiéﬁt'Qﬁdang|e
with respect to the first and Second directions, In accordance with

further aspe®s Eﬁam$m42ﬁé%@n¥he3@uihw3k?¥eﬂ PRy FlorRBRE6USPT AER% boot

| ggs can be bé&ﬁof&ofﬁée@lfﬂchth@edbﬁfi@C&behﬁﬁ%iﬁg/E&%ﬁéﬂﬁé'DQA&OCUS'ng

| ens such that the diffractive optic
along the second direction. The first homogeneous index

boot lens has a planar interface surface.
The integrated wavelength division multiplexing
device further comprises a diffraction grating formed at
20 the planar interface surface of the first.homogeneous
index boot lens for combining the plurality of
monochromatic optical beams into the multiplexed,
polychromatic optical beam, and for reflecting the
multiplexed, polychromatic optical beam back into the
25 ~ first homogeneous index boot lens. The diffraction
grating is typically a reflective diffraction grating
oriented at the Littrow diffraction angle with respect to
the first and second directions.
In accordance with further aspects of the present
30 invention, the homogeneous index boot lens can be
incorporated into the diffractive optic
collimating/focusing iens such that the diffractive optic
collimating/focusing lens has the planar interface
surface at which the diffraction grating is formed.
35 In accordance with still further aspects of the

7



col l i mati ng/ focusing | ens has the pl anar interface surface at which the
di ffract |Vl5‘g°¥j99<§ﬂ ng is formed.*35 In-accordance with still| A48 hect s
of the 7 WD 01/09657 PCT/USOO/14814 resent invention, the diffractive
optic col | i REEERHLF deysmtd rendhea FiyeaPRtiGit erface surface for

accepting th%o@'l‘ifn%'t' hé/@odﬂ?s‘l@@fl@mt ican ORieCA dIemBEr fipfePtadeast one
optical source optical, fibers, |aser diodes), and for outputting

the nultipl 6¥& abﬁoﬁ?éhPGWEH@&QﬁnFH%ﬂPqﬂﬁﬁ%%F¥aﬁfIqﬁﬁﬂcnﬁﬂﬂanﬁlcaI
‘receiver (e. QFtJ.QBtl' GRlandsl B8k ANalRdal Re{OhricdiN aapdapcey W th stil |

further aspects of the present invention, the |ntegrated wavel ength

di Wi si on 1009|§I1FB|5I &ibeg sdeiasen gioges)oommd foF L HRBHAR®OMR)eneous
i ndex boot Eﬂit@%ﬁb&%@ t%dﬂ%&ﬂ?&ﬂ&ﬁ%ﬁ'dﬁ%ld%ﬂ'ﬂééﬂ”ﬂd 'fEH§@gH§%“9 I ens

for transmttin I"ur al |te/ of nonochromatic optical beans t
diffractive @BttiéaéolrIGF#éfveﬁg/ feo®usi @@tll@@sl aﬁl&ﬁjfﬁtrh@@qdﬁffsqctﬁﬂ%)c{ i on,

and for transn1tt&ﬂgagggfggdaéﬂw§%%dst ﬁygy fronlthe
ens al ong the second [

diffractive optic colllnatlng/focu5|ng I rection.
The second hpiregensoisvienddenpodhel é@iqslrr@ft@damayfeﬁ@l%h pligrisgiamt er f ace

Swface for aﬁieﬁfghgglhg d@wc%'ghfy: Aer2Qd Qq%@rsormta r}&a' beans from

| east one opt urce outpu ting the nu T exed,
poIychronatlbomgpeneaqueadﬁﬂob@ptlé&@ﬁ afdixed dal hhﬁxﬂhﬁﬁradﬁnwmcordance

with other aggectscsithe aerelyinrentaneod auslsnah i iglon

mul ti pl exi ng device can rovi , a wave
mul ti pl exi ngpldesléeycad benpcbvbmgdlcomptusadgb@amdfmndﬂuwe optic

col | 1mating LepgeLat 68! LbRatl 13, BLutal intctle: PG ol apt i cal

beans, and a Fact ratin inrng
cdBl i mat ed, ﬁmnethdmnatt¢030 apﬁn@at meamsmumtan@ mManmmkbmgiexed

pol yehr omat i 6, ppL} £8ha+ pEABLeaBd 1| BeahEL 8R! LAY L1% MRStk c

pol ychr omat i
collimating/focusing lens along the second direction.

The second homogeneous index boot lens preferably has a
planar interface surface for accepting the plurality of
20 monochromatic optical beams from at least one optical
source, and for outputting the multiplexed, polychromatic
optical beam to at least one optical receiver.
In accordance with other aspects of the present
“invention, a wavelength division multiplexing device can
25 - be provided. That is, a wavelength division multiplexing
device can be provided comprising a diffractive optic
collimating lens for collimating a plurality of
monochromatic optical beams, and a diffraction grating
for combining the plurality of collimated, monochromatic
30 optical beams into a multiplexed, polychromatic optical
beam, and for reflecting the multiplexed, polychromatic
optical beam. The wavelength division multiplexing
device also comprises a diffractive optic focusing lens
for focusing the reflected, multiplexed, polychromatic

35 optical beam.



optical beam The wavel ength division nultiplexing device also conprises a
di f fractWQBYRA687 ¢ focusing |l ens for focusing the  refl ect BRET/URYMBM exed,
pol ychromatic 35 optical beam 8 WD 01/09657 PCT/USOQ 14814 |In accordance
with further aspén sabridemae eddéht fumtéetri espethe wdvEhengtriesenti si on

mul tiplexin Vi C f r rys | . .ef | I, el ement
for reflech%gnkﬁgnﬁlﬁﬁﬁ %@&ganggﬁFFﬁgﬁgg%nngﬁgé gg%ﬁ?ﬁg ?gg%?%ca| beans
towar d t he dihf factther gorpirige amdleasst oneeaefleontingf kdemenyy €benment for

reflecting th ref.l ec , |t , t ] Lcal am t owar d
he di ffracteodoshire FosELasiasy Sk oA LRd5RAT" hondRbipRIeT: " hat
t ke above- pptdeadr bleadsi mpwavrdd thavdifdgbabtdbri grahingl t epbdérirngt devi ce;

i ntegrated wavel ength _division nmultiplexin devi ¢ and, wavel engt h

v o on' mitEPSFeRbitg TaA eet hee SRR P e FE S terimal ERE™ Thies {he

i mproved wavelféegtled, dimviltipd exeldt, i poéxychgoneviceopahcallsbebg abwamgr oved
15 maveleng%? divi?ion denultigleiing devircl‘eh the integrated wavel ength

di vi si on mul Fpﬁé;'ﬁacﬁéyfcgpg fi aP§5°pB9an® thegrated wavel engt h di vi si on
denul ti pl exi ng davi ¢kisapdinthetwahehedgbh dotedi bhatuthiephbsirag devi ce can
al so be a veleﬁgth.divisi%n denﬁltiggeétng devi ce,, 20. BRL EF DESCRI PTI ON
&R THE DRAVPRESTEREGr dBPTPECPaWPYELERETE PUFIEFOUNERt EtBAGEABY0r the o
present invaaviea, tiategeaced wanelefigdh HoOvibtoAppebttfdledingi ngs. These.
dr awi ngs shguld not bg consﬁrueg aa. Liniting éhe presen i pvention, but

are intended@®VdSBe 3BIYANSLEPYITENPY VIELGH B ELPESRIRY 2oV ER BFSa

wavel engt h divi Bi@nreatlibhplledbtigcdevi CEhtiayi the aifibfdvaat wyeedphyth

col | i mating/ focusi ng Iigs ?nd.a rgflective diLfr ction ,grating in _
accordance WVhSEAB PrESERLSFADENEFENCE362RI JUFR PB 7R HPERVEFew of the
wavel engt h gavésength division demultiplexing device, the integrated

wavelength division multiplexing device can also be an
integrated wavelength division demultiplexing device, and
the wavelength division multiplexing device can also be a

wavelength divisioh demultiplexing device.

20 ' BRIEF DESCRIPTION OF THE DRAWINGS

In order to facilitate a fuller understanding of the
present invention, reference is now made to the appended
drawings. These drawings should not be construed as
limiting the present invention, but are intended to be

25 exemplary only.

Figure la is a side view of a wavelength division
multiplexing device having a diffractive optic
collimating/focusing lens and a reflective diffraction
grating in accordance with the present invention.

30 Figure 1b is a top view of the wavelength division
multiplexing device shown in Figure 1la.

Figure lc is a perspective end view of a portion of
the wavelength division multiplexing device shown in

Figure 1la.



mul ti pl exi ng device shown in Figure la. Figure is is a i end vi ew
of a pWOPWIWESHT the wavel ength division nultiplexing de@él I(ci eEg@hggv[lm% in

Figure la. 9 is WD 01/09657 PCT/USOQO 14814 Figure 2a is an end _and a
cross-secti onal FtigeweoRaa isbenaepddiahtr accrossoperEiread NafWngfa2
concentric_circul af. tter.n _of steps r L QuReLNg 8op8Bhekikai sed region
et ched int81Pﬁ§Y|§ﬁ§%%§F§ﬁp§|PPEEEiES?E ?b ?sban end and a cross-secti onal
view of a ciresnalr @bttbautbfeS¢ppﬁcSM§ﬁ9uné@FEgaaCEBHEEnFPP§Edcircular

pattern of pegks surroundi e I i-a¢d3region applied to the lens
material . FE§PE §§c%§%aq8 gs%g%tﬁ%gsv#%%éo %a COUEIing device 10

gont ai ning a pl @hahirey 2bf isaser etidodasl Bocressraerhgonnd vrlr 8 @y of

tical i t fi in_th | ti Rl exi ' hie K la. Fi
SPt1 S | bR LIS Al oo pemBabestaure | P ure

upling device “containing a plurality of
phot odet ect@reiiar paptarnngflpeaks shuravndingf aogenEgr rad§e% i bers in

the demultiplexin evice shown.in Figure.4a. Figure 4a is a side view of
a mavelengFWQ&PFi§%@ ey IFﬁﬁléfgﬁghggsgééiﬁaving a diffractive optic
col I'i mating/ f ocysigigel 8as iand perspleattivee viewf pdcei 6A1RS igdadieVd Sen

accordance with the present inyentioon.. FEi gur b £ | f. t he
lwhvelengthC@Pﬁﬁépdﬁgpﬁu Pﬁﬁ&%%ﬁgoéggﬁggrsﬁgﬁﬁe%nfh?ggﬁgq%ggb iéﬁf% 5a is.a
side view ofi 3a1iiRegraopd ivalelieapgith fitherissiion thel mipldplegidvi ce having
a diffractive optic 25 .col].imating/focusing |lens and a reflective
diffractioﬁeW$Q%ﬂsﬁQWPnl&c@&ﬂ&éﬁcggvdth the present invention. Figure 5b is

a top view of the guteeabatied avpeaispratti vediniiesi of aulcouplésigngeydriece shown
'n Figure Sa Flodre 63 1$:31543° of SHotoclelibedr 2bed repvelany h
15 the plurality of optical input fibers in the

demultiplexing device shown in Figure 4a.

Figure 4a is a side view of a wavelength division
demultiplexing device having a diffractive optic
collimating/focusing lens and a reflective diffraction

20 . grating in accordance with the present invention.

Figure 4b is a top view of the wavelength division
multiplexing device shown in Figure 4a.

Figure 5a is a side view of an integrated wavelength
division multiplexing device having a diffractive optic

25 collimating/focusing lens and a reflective diffraction
grating in accordance with the present invention.

Figure 5b is a top view of the integrated wavelength
division multiplexing device shown in Figure 5a.

Figure 6a is a side view of an integrated wavelength

30 division multiplexing device having a front extended
diffractive optic collimating/focusing lens and a
reflective diffraction grating in accordance with the
present invention.

Figure 6b is a top view of the integrated wavelength

35 division multiplexing device shown in Figure 6a.

10



30 division multiplexing device having a front extended di | optic
col I'i mat'i"WGPVBELi ng 1 ens and a . reflective diffraction gl;réz'ilrfl ng %‘ﬁ‘
accordance with the present invention. Figure 6b is a top view of the

i ntegrated wavel enBLaUres7ai dissofide Miisrefiin FrieH QIS T3V H IR 6a.
10 WO 01/ 0965&i€£§ié§0ﬁ{11é%&_ex%%urd_%v%é haiitifle WAk adxednded egr at ed
wavel engt h di vision mul tiplexing device having a back extended diffractive
optic col | i me@ihEFasti¥engPliss cond iga tig/daGuaing 15§13 Yrating in

accordance W £8ri B8t i 9ePHEFERE tAVENGrAtiny AW & ddbrdarecd api th eyhef the
I nt egrated wavel ength division nmultiplexing device showmn in Figure 7a.

Fighre 8 is apsedenyi énventaoRavel ength division nultiplexing device using

a diffractive optig;gabbi 7Rl iiR0a ¥Qd 8A%w & Mitfd aGid dPr LPLA Cvd PEUShHER
lens, and a reflective diffraction grating in accordance with the present

i nvention.  DENALSEONDEBERLPHEENNOR deREERREDWENVBIDI VENMS: Referring to
Figures |a and 'b,ﬂgggs @rgssgom B da %féet%gﬁmpdwfg&on

respectively, of a p erre enbodi mrent of a wave di vi si on

mul ti pl exi ng We¥tiplexdnpndevdored msdadnia [ditffa aatdsentophive ned bhimahibng
mul {i pl exi ng Lce_1Q. L |5 | .Qf |cal A | 2,
anhlﬁnput fi be?&éghpf‘i gé%gggicgg 4?)}%#!2?o|# (r?1 c'?llcg\/ﬂesc'opatrfmjil:ni)uit.e{iggﬁf‘v‘éL
col li mati ng/ fdtEStagtiensgratiag ref lassindandief Wwiddt itdre grrasenit 18, an
out put fi ber iﬁ9gﬁg£8§ device 20, and a single optical output fiber 22.

- All of the above-1déntified conponents of the nultiplexing device 10 are
di sposed along an optical axis 25. X-X of the nultiplexing device 10, as

it Coc oncloor | RRPRARE T O e RS elbonbithilse 1oL o

Referring to Figures la and lb, there are shown a

15 side view and a top view, respectively, of a preferred
embodiment of a wavelength division multiplexing device
10 in accordance with the present invention. The.
multiplexing device 10 comprises a plurality of optical
input fibers 12, an input fiber coupling device 14, a

.20 diffractive optic collimating/focusing lens 16, a

reflective diffraction grating 18, an output fiber
coupling device 20, and a single optical output fiber 22.
All of the above-identified componehts of the
multiplexing device 10 are disposed along an optical axis

25 - X-X of the multiplexing device 10, as will be described
in more detail below.

At this point it should be noted that the optical
input fibers 12 and the optical output fiber 22, as well
as any other optical fibers described herein as being

30 . used in conjunction with WDM devices in accordance with
the present invention, are single mode optical fibers.
0f course, however, this does not limit the present
invention WDM devices to use with only single mode

optical fibers. For example, the present invention WDM

11



as any other.. ical fibers described herein as being 30 upggnisdori4sis
conj unct'%(;l\//\ongg“{? WDM.devi ces in accordance with the present%q‘{dnventllon, are

single node optical fibers.. O course, however, this does not |limt the
present i nvaevigEs\oMdadsede xgee with Balyinodg| erdgal dibiesa:

fibers. For exanplg, Jdhfi1d esESY %gv&&%%&afﬂg%ﬂ%ﬂeVﬁhQ%ﬁB&@i&qg device

PCT/ US00/ 14814 devi ces can al so use th multi mede optical” fibers'. It

shoul d al so Bé.nétsedvaldatas mrnmether HPHgdeeires deecrabegehersdmmp ot her
VDM devi ces geSeld Rgr NESE Qe dSin b&’é@&ﬁ&ﬂ/&?e%iEtésfPQR) peegkdance with the

present 5 invention, Is operating in the infrare region of the
el éct r omagnetinyesydety,urh irrexrRipbrg wik etkagihfraredsi(dR) mrediisne wing

(DWDM) devic | 8o tIREEAA NG M ann ayi el spacings
of 1 nmor Igtshs% .eqe& couara&sﬂeé,\gjh%mv\%%???ﬁi §Ed‘§e§é§8? ]%lb%gtl%?%g'@lpr esent 10

i nventi on WDMidehaices muwl thia hex bmg y (DVEM) ddevies. (Foe ., expeplad inchevigitesent
invention\/\Dl}g Vi : r g YoM vige |.e. \ating
with data char?ﬂ%l S %ﬁlargle?lr%gq%:%glnlﬁil C@%%@?%ggpgreaggrb?hzn%‘ Ejrlr:q) _l%%gs[)u.r ni ng
to Figures | ®fambursdherptevati tyhds ddésopovtchiminpthef present2 are

gr,quped into . - irM?i Lop Lber artay~f{i.€.q...a 1 x 4._array) by
thlcebui nput fi blglr‘Pegl(;eculpclq} ng de(gelr\?iec%%,H%’Ah]{)%gggh(gn%Yan]gM 88»}’?—8&5 'outEg)l]:t fi ber
22 i s securecxamptlley diipuirdsdmet imveptiog @M dev20esBoth Bliso bput fi ber

coupling devige 2 ‘@ﬂg . put fiber coupling deyvige,20 are used for
pur poses of esg:s?émgafrlcgp |caﬁ&eh§$l|"g%‘%’ Eia'%ff n%p%% Pﬁ?%cw%}e‘l\énaaﬂa‘ag rrfte,slsand
can be fornedhafing athaaxselpl spa@insgs i gpeatdr gtivanel assenbly. Referring to

mult 1 pl exi ng devi PO REATY o AOHET kS PR o1 t 6 PEBFEREaY Pifput 11 bers
12 %re groupeghtintad timpuwmetilskienb? oand gnpubedi betcaar ayeby the input
tiber COUp”'&imé%?@éﬁ%f!&nﬁﬁ¥jf%ggérg&fégg%f.gpfigai guhngrEQQGByzz s
the input fiber coupling device 14, while the single
optical output fiber 22 is secured to the output fiber
coupling device 20. Both the input fiber coupling device
20 14 and the output fiber coupling device 20 are used for
purposes of ease of optical fiber handling and precision
placement, and can be formed of, for example, a silicon
V-groove assembly. Referring to Figure lc, there is
shown a perspective end view of a portion of the
25 multiplexing device 10 revealing how the plurality of
optical input fibers 12 are grouped into the one-
dimensional input fiber array by the input fiber coupling
device 14, and how the single optical output fiber 22 is
secured to the output fiber coupling device 20. Figure
30 lc also shows a monochromatic optical input beam 24 being
transmitted from each of the plurality of optical input
fibers 12, and a single multiplexed, polychromatic
optical output beam 26 being transmitted to the single
optical output fiber 22.

35 Each of the monochromatic optical input beams 24

12



secured to the output fiber coupling device 20. Figure 3 hows a
monochr¥e®iMessdpt i cal i nput beam 24 being transmitted f?gr]].@ggé:lﬁ&}) the

plurality of optical input fibers 12, and a single nultiplexed,
88{ ychlr orra:beﬁ_tngf)_mraz&kznébmwufb@ant% pbinglitdnefi eptécad £RBUS| ngl e

i cal outp | C 3 f IrC I gal gl nput beans
081 S2) o B, 22 eder FO51 8 gLl Sr0EhETRL £Cadbh 681l il bear
3£t;fal {EpudquiﬁwﬂveBé?g$hgawhy¢hgla Bragesabhinnbrtorogarg i r8d uni que
wavel engt h, ich is prefer ; n equj;k 0 , Wwthin the
infrared (I mﬂ?%@l%ﬁF%#nt essi%Fgggégnggﬁét?gbéggc?guﬁPgThe si ngl e channel
of data thaledisroeidgetacrspdcbyumachThensithgdaachansptdi €4l defgut beam 24

i s superinposed on each corres [N [ agt .
| aser di od€ %BHH%é?%ﬂnQoc?ﬁﬁlggrﬁya??gﬁ %?ﬁ88??§§ E?%pEFQ¥Fgg?gﬁfg$,gﬁhich
are not 10 péewphere sudewhipbsdd antebohnrcarpaspopfingi ¥nid@@ention, but

are.melllknomn [n the art. The uni que | qE negh tic
optical inpt®Y %5%954bya?8a3ﬁp?8p Fét%%%ggrggghggtg né%%ﬁgghgg Fﬁgadata
channel s de1@pilinyesfeoptivchh eaphtofhbergi 18), whéch pgelRo&yf fi ci ent

channel spacing), and.the optigcal trapsplssign SS@s ough both th
&Pt cal inpﬁ?og%p%?gelﬁnanﬂﬁfﬁg dSpPPgaﬁbgﬁt%uPa%?bé? §§E§reglom4 as ig
al so wel | kpgwenton} heuar areTheldi kgbenmiht theerat,. p&hgchnd ¥ c optical

output 20 beam 26 being _transmtted to the single;optical thy i
is carry|ngW%Vﬁiﬁ?%F?§ygSfE@ﬁaﬁﬂBP§g5PmH§%§ gpngﬁé Eh gﬁeb%%%%rg# thgegfzz
each of theapkusghtbirohtelpnpebsetetiedopuichalthatpthebdars 2hanied s

p

Bingle mil (#pI BREALABOFSCREOAEPo 2850 BAPeButgue  boTie 50 through the
g%gb't Egdrgflg{elgtt%tsgeﬁt thandelf patiivig) , ophidc thel bpicaigtrenssiisglodns 16
losses through both the optical input fibers 12 and the -
optical output fiber 22 are low, as is also well known in
 the art.
. The single multiplexed, pochhromatic optical output
20 beam 26 being transmitted to the single optical output
| fiber 22 is carrying a plurality of channels of data at
the unique wavelengths of each of the plurality of
monochromatic optical input beams 24. The plurality of
monochromatic optical input beams 24 are combined into
25 the single multiplexed, polychromatic optical output beam
26 through the combined operation of the diffractive
optic collimating/focusing lens 16 and the reflective
diffraction grating 18, as will be described in more
detail below. .
30 At this point it should be noted that the input
fiber coupling device 14 and the output fiber coupling
device 20 are disposed offset from, but symmetrically
about, the optical axis X-X of the multiplexing device 10
so as to insure that the single multiplexed,

35 polychromatic optical output beam 26 is directed to the

13



di_‘ffract;wm?‘{gg# ng 18, as will be described in nore detapér/ogbaiusi430 At
this point I't 'should be noted that the input fiber coupling device 14 and

the output fiber couplin devi ce 20.are djsposed qffset.fro but
symetrical | fl%tof)pq)rfgajbp‘?‘i”&%‘ilta Rexg %o eFHE-eauF:Pi Ep'f‘gxf’r}Tf]g,rjphlgvi ce 10

SO as tg insm&éﬂwgﬁoaﬁﬁrﬁ@ rtgéxej_cﬁmlzd)pl@pg@d;/mBStpohnyhbﬁrrghieCprtria(laItyI

out put beam 26 is directed to e 13 01/ 09657 PCTI USO 4814 singl e-
optical outp®f fqu@.rcaglz Ry e%jﬂ?%r? h%%/\ooﬁ?'ﬁﬂ’fegf EBG%EO&IBPP%Q%&E\?FCG 20,
~and no]E Lo ar@mg:‘llitr{ge i i1y, &f @@wﬁafeiafwé.fi Eﬁ&s %?fse&ur ed to thef
I nput fiber coupling device, 14, or,B an ere_else. This set spacing o
the input fi bsé’ra‘gﬁlﬁj qlﬁgtlh%vjrrt%uﬁf%ﬁ’i tﬁ%upaab?guflef’ilﬁérgéoﬁﬁfji %&edevi ce 20

| s determ nedbuigafd fiM¥Y oo DeYSHEwieVed 05 BBeednk heacbiavedopipoh
collimating/focusing lens 16, as well|l as the characteristics of the
di ffraction g ifRFUBRAPITRY 19F wehvel @hEER3CHEVEaBRTSF t he nmonochromatic

optical inputeoibeans: s/ FeE@S1hHI1 8981 N6} Oaki gHL@Sakatard | b, each of the
plurality of nmonochromatic optical input beans 24 are transmtted from

their correspordiar optsekes iabuthe i deffaactropngsathedaild gpscdhSet ween

the i nput fiRefvlQttHY ofleyise d4 and hbfolhibhastikVeptical input
optic.collimating/focusing lens 16. Wthin this air space, the plurality

of nonochr oR&3®S &4 cal i nput beams 24 are expanded in dianeter unti

they becone inci dGraiiofhg Negdid T¥ACki¥Ere0 B! hEaCob) | BRERNG/T REes] NG
lens 16. The diffractive optic collimting/focusing lens 16 collimates
each of the puradity of meonmeehromtlec optical input beams 24, az®d then

transnmts ea 4 ' ' ' : e "ot e
el ecti ve. At e RO PTa L Fe LR bBPHERCERRAL SUBEETC ha
t & optical ldiintef the afif fspace \eeopeer thel innvutngibectusngliogs

.device 14 and the diffractive optic.collimating/focusing
lens 16. Within this air space, the plurality of
monochromatic optical input beams 24 are expanded in
diameter until they become incident upon the diffractive
20 optic collimating/focusing lens 16. The diffractive
optic collimating/focusing lens 16 collimates each of the
plurality of monochromatic optical input beams 24, and
then transmits each collimated, monochromatic optical
input beam 24' to the reflective diffraction grating 18.
25 At this point it should be noted that the optical
axis of the diffractive optic collimating/focusing lens
- 16 coincides with the optical axis X-X of the
- multiplexing device 10 so as to insure that the single
multiplexed, polychromatic optical output beam 26 is
30 directed to the single optical output fiber 22 secured to
- the output fiber coupling device 20, and not to any of
the plurality of optical input fibers 12 secured to the
- input fiber coupling device 14, or anywhere else, as will
be described in more detail below.

35 The reflective diffraction grating 18 operates to

14



16 coingkﬂ@ ofdst h the optical axis X-X of the multiplexigecsehefal0 so as
to insure at the single nmultiplexed, polychromatic optical output beam’

26 is 30 directed to the single optical output_fiber 22 secured to the
out put 11 bR, DR G IR LI 6 SR LLRAE SR sty of
omi/\ﬁal i nlli)@tiorfddlﬁ:rqinallt&cf)%ﬂ_ di&dalt gi.rfj}hﬂ: Heung d2f4 bgclsy gmr&:h@g%ﬂwse 14, or
anywhere el se, as w e described in nore det ai el ow. e. .

oy Voot fve % chnadsnty MR WA LRREL SF SR G B L urality

PCT/ US00/ 14%¥4 candwlaaidd, didpimeondtei Plaftalddy adpwolbedms eglg:r | .
mynochronatic optical .input beans 24' by an amount that _is, dependent upon

t Fe wavel engtdf e Teadiheofr §iHe FiieaId i ragtian 19t de HonbRhromatic
optical inperikeass 2t a Sgadiidielandie (iefd sctinee mitfdFaetion grating 18
is oriented at a special %ggle Sl.el, the Littrow diffraction_angle, ai)
relative todfEIGSHCER angle/x ) of e lehd VRUFPi SPExPRG1GEY C¥if0 5 Sfder to
obtain the lghet Wt i@ilfdxiae idivicendid 19 Jrfe e RIP ain bgden hawt Agwa 10
wavel ength that lies within or near the wavel ength range  of the plurality
of col | i nmat &¢I fFesddRrom@adl g AT ampRt is@dnPeam harfingid ¢ r ow

diof fracti onygeRdichigth thadUilies Wiaih i) oroRldLaltHReamna diwtleningn and
reflected back froma reflective diffraction grating at 15 the exact sane

angl e. Ther &foitde PLugalltye afe splilimadfshr @R EMatElS |QREL G t he art

that the refilhgehl YRan@ fignact itgr ariatdrg B frs-d636Gd eaRia fbmear - Littrow
diffraction for each of the plurality of collimted, nonochromatic optical
i nput beans T2HULTES ThEL @t OBk G M di¢ afgidlend; on anfkterni ned by
the vel | -knows 1Al fHRf iaGHAUR iR diferacdd dbidrlingherein mis
the diffraction order, Ais the wavelength, d is the diffraction grating

dPoove spacithg, exagtaisede; pagles cdhesieiorg e idr Widdi dendeeatid ¥ ef | ecti on.

It will be apparent to one skilled in the art that the reflective
diffraction grating 18 is used to obtain near-Littrow
diffraction for each of the plurality of collimated,
monochromatic optical input beams 24‘;

20 : The Littrow diffraction angle, o;, is determined by
the well-known diffraction grating eqﬁation,

mA = 2d(sin o)
wherein m is the diffraction order, A is the wavelength,
d is the diffraction grating groove spacing, and o; is the

25 common angle of incidence and reflection. It will be
readily apparent to one skilled in the art that the
Littrow diffraction angle, «;, depends upon numerous
variables, which may be varied as nécessary to optimize
the performance of the multiplexing device 10. For

30 example, variables affecting the Littrow diffraction
angle, o;, include the desired grating diffraction order,
the grating blaze angle, the number of data channels, the
spacing of the data channels, and the wavelength range of
the multiplexing device 10.

35 At this point it should be noted that the reflective
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readi | y appar to one skilled in the art that the Littr i on
OB RLERk Werodooh ik

angl e, S upon nunerous variables, which nay be varie
necessary to optimze the performnce of t he mul ti pl exi ng deV|ce 10 For
30 exanpl e, Vaffascdsiog faatingthe cantbewfarredaérrdna Fedietyaiot i ncl ude

the desired qaldgd fdddaly o Padetey B?etgl’:ﬁhhaﬁle@ 2z goaNgh@mihg number
of data channe spaci'ng of the data channel's, and the wavel ength

range of the,thmmaf;ﬂe@amge daif EragbionsonatingslBoran ib@ ficgmed Ry rfot ed
that the reflsoldaicy 0001 096885 PLH UR0Q/ A48IAerdhiblinaet, | o @at i ng 18
can be formed froma variety of ?erla I's and by a variety of techniques.
For5 exanpl e, raﬂﬁ;qaﬁnngna\ﬂﬁ@h¢mlaelanrQlad|mgsmsrcyﬁtbeafawﬁéﬂkﬁy a

t hr ee-di nen5|n[%[{laé | ogr r d

mechani cal ly ru %steﬁmb%ﬁagg%)%gﬁe}:ﬂgngaﬂ}’mgF Ql\éngt‘%?%dg;%gs% e

pol ymer is owerdoat,ediighly mefheéatinegheyalelbperi suchewsl: ITprer such as,
for exanple, ati | el iV | I on
grating 18 caﬁg%ggf ﬁ&%ﬂ%\ﬁyﬁ%ﬁﬁ%% P@ 10%2%% F%EQVE?& %Elaﬁgﬁﬂﬁ%%QS%%
such as, for d&&ﬁqﬁaxloqﬂqmaixmgslBlcan behifohmed hysohemeC@ddned with a
thip hlghly fl ectid v t e r_exa

alqum num As ep;e;cgjv ﬁqis %gom%tﬁ%%%? %ﬁgg%g??ec}l%e g(f?Bactef%%!pqleS grating
18 operates1gia£&ydnusgdxb@mershlthelplalablbyerobatehlwu&he@,thln,

nmonochr omat i t| cal eans he ref lectiv [ ffr tjon
grating 18 r %C;%U‘F t:\%gr a??’%n 8Fcflhgspl GPaI | f‘ylen ol C'Lr(r:iratt ed,
nnnochronatl@nnﬂhumﬂnmmput beans 24', and reflects a 20 S|ngle colllnated

l'ych i | 26; b the d ff t
B oorL o P R BRI BRE e Lt Pt

outjut beam 2f'atciong aummpaacint@é tdaeaughmely/adﬁeispegtsbs thef pllleradlidnal ity
of COlllnate%ﬁ'co Ch%&m%} mo ééﬁgématlc optical input beams 24°'.

Thus, the reflective diffraction grating 18 removes the
angular separation of the plurality of collimated,
monochromatic optical input beams 24', and reflects a

20 single collimated, polychromatic optical output beam 26’
back towards the diffractive optic collimating/focusing
lens 16. The single collimated, polychromatic optical
output beam 26' contains each of the unique wavelengths
of the plurality of collimated, monochromatic optical

25 input beams 24'. Thus, the single collimated,
polychromatic optical output beam 26' is a single
collimated, multiplexed, polychromatic optical output
beam 26'. The diffractive optic collimating/focusing
lens 16 focuses the single collimated, multiplexed,

30 polychromatic optical output beam 26', and then transmits
the resulting single multiplexed, polychromatic optical
output beam 26 to the output fiber coupling device 20
where it becomes incident upon the single optiéal output
fiber 22. The single multiplexed, polychromatic optical

35 output beam 26 is then coupled into single optical output
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25 input beans 24'. Thus, the single collimted, polychrg | I cal
out put BEXH9E7 is a single collinmated, multiplexed, poﬂ§gﬁ&%ﬁg¥ﬁé opti cal

out put beam 26'. The diffractive optic collimating/focusing lens 16
focuses t hefsbagl 22 cbbkri tmépdnigelionpkbredthrdghol ychromati c opti cal

out put beam 26',,an e ansm e_r i n I ngl lLti pl exed,
pol ychromati c op%?chiEoﬁ?%é? %ggéﬁggapoagﬁgﬂogfp%P%F?bgﬁagg5pe?ng devi ce
20 wher e iingretofielser ncodphingpdavibe $knghd tpei caltpoit fiterf i ber 22. The

single multjiplexe hr | .cal 35 -qutput._ beam 26 is then coupl ed
into singlec%%ﬁl%§? gg %é qugté)§§%8§§§9 BE%FG%OSF?E8T%Uinber-22 for
“tBansm ssi osyitmhet et bablighabdtitt htkepophiical akdsl ¥-Hgeifnthe noted that the
i nput fiber_coupljng.device. 14 d the, output fib C li_n evi ce 20
r 6" di sposREF R L% 08 0EF1 02 28 s B, B RYSupsatharn 88, cnBgIs o X x
of the nmulmuptigxlegedevpokydhrematsct optihsaleotiptitt beasi 2@l ds
mul ti pl exed,, polychromatic optical output beam 26 . di,rected t he
single opti%ﬁ.e%%?%uﬁof%%Ersgﬁgg%cﬁPgaB?% OPﬁBuguFbgFrf?%eFe886ﬁgi%& devi ce
20. :—Iowevgrthé I’bliﬂbﬂ’dgfilaéfl tOuphi?ggﬁéeﬁteS{aaci ngowfevbl‘ﬁe iaput fiber
upling device 14 a e output fiber,coupli evic 20, the single '
iﬁltipIexed?é%bWﬁ%%rgﬂn£?%Soﬁ%?ﬁﬁF SHepLtY ggaﬁﬁ?GlpguglgégFﬁsured of being
?i rect eilSt O;éxlrr]plsﬂl@gdli@vi@@t'1¢ai_m@u1|:nstoﬁtpeg zzb}a_n gglupuﬁgf Hieloﬁeat rrannlerk )
i.e., very |ow insertion | osses and. ne i bl e, changnel _ crossta
by Vi Ttue ofr HSEITHRELE FIAbHROCIabob ALY RREORABAF OBELCAN DUERE24 and
out put optisedm bean 26a6dhinsutbe 68| béphgxtingedesiceol@nkhsatghet he use
of the diffractive optic, c llina?éngéfocusing I%ns_16. This 20, ,enhanced
"maging of BOUHEAheOTHRLE bHRFEars bEAnE BarHn8TIAGLARE BAPRER (beSnt 26
Wt hin the witR i véexi Dowdenseetldn 16s8edi 888t negsikib0E thannel

col I mating/focusifig)1,ehs, 16, bel po, @ diffractive optic Lypg |eng, rat her
input optical beams 24 and output optical beam 26 within
the multiplexing device 10 through the use of the
diffractive optic collimating/focusing lens 16. This

20 enhanced imaging of both the input optical beams 24 and
output optical beam 26 within the multiplexing device 10
is é direct result of the collimating/focusing lens 16
being a diffractive optic type 1lens rather than a
refractive optic type lens, as described.in more detail

25 below.

There are two basic types of transmission optics:
refractive optics and diffractive optics. Heretofore,
most lenses have been refractive optic lenses, which have
been used in applications such as, for example,

30 eyeglasses, microscopes, and binoculars. A refractive
optic lens is typically fabricated such that the lens
material (e.g., glass, crystalline, or plastic) has a
varying thickness and smooth, spherical curved surfaces.
Incoming light is bent or refracted based upon the angle

35 of incidence of the incoming light and the change in
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refracti \o QPhdes;tyPe lens, as describedin nore detail 25 fehgeondfiare are
two basic ?ypes of transm ssion optics: refractive optics and diffractive
optics. Heretofore, . nost |l enses have been refractive optic | enses, which

have been us&®iTrEphYE chrfersaEuRhs 1ops, saxdafiee, FO & Jfisaides,

i croscopes, eégemt NGt 8éBendeseinaehevehiefnleds &S the gL Hdterial
fabricated such that _the | ens naterlalwge.%.“ gl ass, crystalline, or

pl astic) has 2SYAYFeght iekAEEeEnEOsHBICR, 18598 Mgal ight dF Rfttaces.

I ncom ng |ighto iel@nin®tmigr 2ehRe Bésad1Hpoe bh1NIRID Histdigh dence of
the incomng |ight and the change in 17 WO 01/ 09657 PCT/ US00/ 14814

reﬁ?ac;iveilﬁﬂﬁy%ﬁuﬁ%cﬁn@eﬂsl§ﬁg?aE@ﬁr?GtéVFe§§éﬁx Shadge Qﬁfqg%%ﬁ%es in
the thicknesssipfrdde deasragheréal elpecafifiect mhe igae e A dhivd

incomng light is bent. To bend |ncon1n% light at a large angle, both a
steep 5 cur vARK*E altP%eF affe PeFRAERIVe tPnBERIAdTHE &O FherledxRR f ace

are required.r %ﬁﬁé’é' For NHbiiPhet iRET 86t F¥EusIRlY QilyBRSEeS WfR-ARCessary to
bend light to the degree required for collimating or focusing |ight.

However, abeRQRFansoRestesRhGirgofif Phethseust ophehesiidadnslensiar of ten
caupe actual PAEIIANSE Aorha) ShERELLABALEY chepe BN RSIAd Mlss

demandi ng optical designs, |nclud|n3_ evi ces of e basi c "design
descri bed hertdlan desiee@dfortdemapedbbenpticas- dedgnst ypincdluding DM

expensive andieiddd it Lefl0- BREEC NADSPAAT HERL i BN Re b9t didd NAGHdd,

optic lens, on the other hand, works y reaﬁlng up an-rncom ng wave of
light into athgyereherr béngemmekers, twhichligcombifie ekpeheimen and

conpl etely A r [t r f the diffractive optic
| ens. The ne&?&gve S ?é%%ﬁﬁgﬁgaé%ﬁgpgé?%g??oggﬁﬁgg.20 is the same as or
di¥¥erent fromthet di¥etraohiveé opbici henmi ngnl thkt onhes Hepehdiwngkson the

profile of thy yidIraclive QptiSchfilfy Aadbl bEATILYE QRELC A §23 LN
number of wavelets, which recombine to form a completely
new wave or waves at an exit surface of the diffractive
optic lens. The new wave(s) can move in a direction that

20 is the same as or different from the direction of the
incoming light wave depending upon the profile of the
diffractive optic lens. A diffractive optic lens can
also convert a single input light beam into multiple
output light beams, focus an input light beam onto a

25 ' point or into a pattern, homogenize an input light beam,
or diffuse an input light beam into a controlled area.

A diffractive optic lens breaks up an incoming light
wave by forcing it through a microscopic pattern that is
formed on a surface of the lens material (e.g., glass,

30 crystalline, or plastic). The microscopic pattern is
typically formed on the surface of the lens material
using a photolithography process. It should be noted
that the microscopic pattern can also be applied,
transferred, or replicated onto a lens or substrate

35 surface using optical cement or some other optically -
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al so convert a single input |ight beaminto nmultiple ouppgfushdfifdia QNS
focus MOOMPWE?1i ght beamonto a 25 point or into a pattern, honpgenize an

i nput light beam or diffuse an i light beaminto a.controlled area. A
di ffracti veEARSR2TEHs IRRiRg (pe %ﬁ‘i‘e}ﬂ\'}%m ngPEi BﬁFroﬁﬁ981ﬁypﬁg£8Fﬁ‘g it

through a'EéHCEEKH”ﬁéﬂynféﬁﬁbtﬁ@t |§orf@h€E§uQﬁOQeSUEfaﬁelmhathﬁglens
material (e.g., glass, 30 cr%stalllne glastlc Q g\CfOSCOEIC pattern
is typicaland fiacising tHehkpeake Lp ?ﬁ% FORRCRaFEFPafReUBERGERT

phot ol i t hogy ARt iBPCesSe thicBbosbsibepaptedn hhgt thRe Eher @gsenpbs pattern
can also be applied, transferred, or replicated onto a ,lens or %bstrate

H surface<H§ﬂ¢ﬁp¥ﬁﬁ¢cﬁﬁr%%%@ﬁtP%thﬁﬂeogtﬁE?pﬁpPFCBFF§S FBT0P8E 89657

PCT/ US00/ 14814 n 142 NSPES &Nt r OO1GH N0a | BCHBL AYeceRBeraiCaDSQ@PRA pattern can
take many fornms but, for the purpose of collinatin and focuslng | i ght

beams i n actizRka%ish tORe pr¥Renet ﬁh@@ﬁ?FBﬁvetgBtﬁFciﬁgéo&?c pattern

may. t ake the; form of s DoCOREEHbELE EbASYI RRiBRL hEhBral 1§t BAS Blopkaks
surrounding ~a center raised region, all being centered about an optical

axis. One t&qkecﬁt%p$frak@¢§@eép¥YEel@ﬁsdigféaCBFH§r9PHFFfF&EFl%é Bptic
1gns. whi Chpﬂ@é&?él% @’ff@éc@i@&ko ’ciéseléﬁgpswhbaﬁt hehetupeyohadi ffractive

optic lens 1s a esnel diffractive optic |ens, which generally has
curved. peaksurved eredlng. t0R¢fgn¥én9at°tﬁégér?széhoﬁﬁeéﬁ ignghgwg an

cross-sectignal ,,vhew of ,a;biparyodhif¢agli ¥ aOBiharyens r¥tachaveng a
concentric Circular pattern of ~steps 118 surrounding a center raised

regi on 120.opwid5lengul b6 2having ai epbsenprécpairerharsPaksfmNePEhed into
the |ens mierlaly; feleribifalfoFhodisrel. LOgL kagishowngan gad and a

Cross-secti Vi'ew o resn ractive opticC lens 216 having a
~ thncentric Eigum a?a, palie enhcoéspenks paBtsupr anahayracEchedr 1R&Psed

region 20 240 1hEl e £ . tgﬁeféEEQﬁﬁogbCFﬂéﬁkﬁrQb'5t§@9@“1sapp|'ed {o

the | ens e SIze and spacing o
shown an end and a cross-sectional view of a Fresnel

diffractive optic lens 216 having a concentric circular
pattern of peaks.218 surrounding a center raised region
20 220. 1In Figure.Zb, the microscopic pattern is shown
applied to the lens material. The size and spacing of
the stairs, peaks, and center raised region determine how
the incoming light will be affected, as is commonly known
in the art. In general, the size of the features is on
25 the order of the wavelength of the light that is incident
on the lens.
At this point it should be noted that the
" microscopic pattern need only be formed on one surface of
a diffractive optic lens. That is, the microscopic
30 pattern need only be formed on either the front or back
surface of a diffractive optic lens in order for the lens
to be functional. 'Also, the microscopic pattern that is
formed on a diffractive optic lens is indeed microscopic
such that the surface having the microscopic pattern is
35 typically substantially planar. The surface not having
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t he stai kg opgaks. and center raised region determ ne how HJTUS00A48TSNY

Ilght mAII be affected, as is commonly known in the art. In general, the

size of the f at ur, isS 0 e order of the wave gth,of _the Li ht t hat

s i nei dent BF TREZOSROPIA RATSETD 1 FHo8ni HoRbRor SRR ey

m croscopi c pahhetn Nnaeek mMQmtnhétwbmxhomunﬁacesréﬁca df f faaditfifreact i ve

optic |ens. the.mcro pattern need O?|¥ be_f.or d on
Pt con 2%

either the f eﬁﬁbﬁl‘§ﬂﬂfa o r%?%l???%%f?% %BF eﬁ?dlﬁ or der for
the 1ens tobbekfun@anmwﬁnesturfadEarnnrmﬁc@pvergaltare that.ciad 1yf or ned
on_a dlffractl 0 ens i s indeed m crosc suc t .the surface
PaSing the nELPRLEaNE LIN BAAPAE B8 Byl e s SRaE v aSHRC PRy thRanar | Th
surface not haesegt 1HhveRHik)Geh Pﬁﬂfmﬁe@/éﬂwﬂte@hewucﬁem@@i @spaigt er n
is al so typlcally subst an fact that both_surfaces of a

W fractivb S8 b lane di A rdae R i FeR SEL 108 402U BRU 2EES 00

unpatterned swirkagetadn Wedewersa) are typically 5 substantially planar is
an inportant aspect of the present invention when formng an |nte rat ed

devi ce using onefoldifdrecdite LR %%@%c0¢%n%$@lcaélme§ehﬂsa& i mor e

daefoai | bel owpehd@inff ACigrea 1t | fode$1sn & sk t ¥dh dpyﬂlg' achieyendy, H@gpercent
or greater focusing or coupling efficiency, | e a conventiona

refractive oﬁpﬂéelén§QE¥ﬁﬂﬁﬂ%P%kxﬁﬁ#%%cEﬁﬁﬁcﬁPF%Eei?%ﬁsﬁgmpﬁﬁéﬁher to bend

light, a difiigpGidese Rl idr @i qpéh@@éfi%%%mgrse@%éﬂacuaﬂtw &h a
thi ckness as small as a thousandth of a mllTimeter. 15 Al so, "by choosi ng

the appropri & fEREEITEs SRIHE SRRS AN PerFrrstehe SAMehEUBEARSD Wi ths

possible to avehd Ynesll I8 NalL P! £en Suedh @8n sppes i ral 1apdeether types
of aberrations. Furthernore, diffractive optic |enses, when produced in

| d4Bge quant i ALES, R¥e CHOOSING diie | ARREIRE it hekgrPpnass ABAeSBACLBEM t han
refractive opifl ¢hkeR%@psf ¥r the peaks, it is possible to avoid or

eliminate problems such as spherical and other types of
aberrations. Furthermore, diffractive optic lenses, when
produced in large quantities, are often significantly

20 cheaper and more uniform than refractive optic lenses for
performing even relatively simple optical functions such
as collimating and focusing. Additionally, once an
original diffractive optic lens has been fabricated, it
can be reproduced through embossing, plastic injection

25 molding, or batch photolithographic processing, thereby
reducing the cost of multiple diffractive optic lenses.

At this point it should be noted that the plurality

of optical input fibers 12 could be replaced in the
multiplexing device 10 by a corresponding plurality of

30 laser diodes 28 secured within a coupling device 30, such
as shown in Figure 3a. The coupling device 30 performs a
similar function to the input fiber coupling device 14,
that being to precisely group the plurality of laser
diodes 28 into a one-dimensional input array. The

35 | plurality of laser diodes 28 are used in place of the

20



perform ng even relatively sinple optical functions suchp~Bgsfoilagiametin
and foé’i@f’ﬁ?}.ﬁﬂAdd! tionally, once an original diffracti Cl(’a opts‘lﬁ@“#llgns' hag
been fabricated, it can be_reprpduced t hr ough enbossing,_glastic i njection
(2:gstm)|o19| prgipt]grﬁaﬂaﬂ??fqummmtmmngmt ctiperesk?ng® EReR&BYC FBBucing the
i diffr | NSEEi t 5 LBy | ' o] be

not ed that q%ﬁfaﬁl]ur%'l?fﬁ%‘%@%@ﬁ%ﬁ?i?nputl??%e%ltsumig %gﬁﬁag %g Eg Fgged I n
égesegﬁlthhﬂ?ﬁmmekmn@e?Qﬁucz B0 cor Tlee pardavigopl Lrarrt $188e802Pa%88Y di odes

( wthin a €0 | [ Sy .4 | a. The
coupllng<mﬂﬁ%§?gﬁ)?£9 %?ﬁ@ga sziﬁglgge?ung?Po%ﬁ?gB?ﬁgaFﬁpg?gg?ggg coupl i ng
devi ce 14, 1drwds beo norévige etheebgsyrovppl fegpeadatheyleveshsa8MouBfodes 28

into a one-dinensi L nput ,a Th yrality of laser diod 28
used in pl ?ﬁg?%gai%%FyQﬁ%l%%%%%?lP%ﬁ?%%géy%&8l4y plurality o? g;tica?re
ngﬁ; ;Lbfrstlz_A@ thbmspoint het phombdiby neteadnEbAFoRAEI ¢ optical input

q ,‘iﬁig%éﬁgggégggeafg'CSslﬂelfhgsaégﬁyo@Tth@ser di odes 28 nay

operat e al h appropriate Tocusing 5 | enses to provide
t he best cqwm&iﬁnéxmh@h@ebbmestdesonhbedohesegnalmawsbeaﬁﬁe€ﬁ5ﬁﬁeﬁnp

crosstal k. At this point_ it should be_not 3 ; ' ' [
10" as el 14 (GOBTEr ST CRRELARFEF BF Bt dae TR L LR Pl R el £y b
oper at ed i ngdéh aa€0sNERREinoRi juueat anand AbdenThei gemrlhgprdesisg 40,

such_as shown in Figures 4a and.4b. . The | ] [ ' [
physi cal | y $@&HE? caf 19 ?H@sﬁﬁ?}%ﬁlégFﬁaggggv%égkﬁéiBgﬁgq?gbgﬁg?gfgfe
numeri cal | yaé¢epsifdpdand isutherbifoegenumehnécddiyl iidphéiifagddevi ce 40 is -

15 functional |y opposite to_the nultiplexing dgyi 1 .That is i ngl
mul ti pl exedSUHol ychPBREET ¢ Bb?iSEWHE%EBngﬁggn?§g§?§ 9Paﬁ§nitted’f?oi:?ﬁee
sgngl e optigghctibhel1g2oppodiaepkor ahet pudtipdradhgodeviceopli-cal out put

beams 44 ar%hééa?§?1étggngfetﬂﬁlgﬁgi%¥25¥ 8%188&&8ﬁ5tic optical
input beam 42 is transmitted from the single optical
fiber 22, and a plurality of monochromatic optical output
beams 44 are transmitted to the plurality of optical

20 fibers 12, wherein each one of the plurality of
monochromatic optical output beams 44 is transmitted to a
corresponding one of the plurality of optical fibers 12.
The single multipleXed, polychromatic optical input beam
42 is simultaneously carrying a plurality of channels of

25 data, each at a unique wavelength which is preferably,
but not required to be, within the infrared (IR) region
of the electromagnetic spectrum. The plurality of
monochromatic optical output beams 44 are each carrying a
single channel of data at a corresponding one of the

30 unique wavelengths of the single multiplexed,
polychromatic optical input beam 42. The single
multiplexed, polychromatic optical input beam 42 is
separated into the plurality of monochromatic optical
output beams 44 through the combined operation of the

35 diffractive optic collimating/focusing lens 16 and the
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20 fi ber 31 %},erei n each one of the plurality of nonochpefRsbaesnii cal
out put bea 3 Is transmtted to a corresponding one of the pIuraIity of

optical fibers 12. The sjingle multiplexed, ych onatlg opt.ical input

beam 42 is SiIMATEEGRSTYIERAFTIOG arﬁrapa E?y off REfankBes ddE tF3 Cd'atva?

each at a unigpiel navsl Bned gy Ebchsingeienablhy, anButheOorera@ditied to be,
within the infrared (IR) region of the el ectromagneti c spectrum The

plurality of Aol Bt 953 bHRY chf BH?EBFebESWQeﬁioépeaeach carrying a

si ngl e channeder@f1 Wt PeRing E@REESHRNMI Ng one of the 30 uni que wavel engt hs
of the single nultiplexed, ychromatic opti cal ut beam 42. The single

ol
mul i pl exed, poné%FdH%%?CP%g%Fch ?hﬁﬂ%dbéﬁnpﬂﬁeﬂst aspihg 8dumald tohe

plurality of IPnaoiy OBt Lepsi £8l coudlt Bt rQ?@%eﬁAflhhﬁ:ﬂ@gh the conbi ned
operation of the 35 diffractive_ optic collimating/focusing_|ens 16 and the

21 WO 01/ 0965Femuy isher 1ng1deviee| 8t PVeadrPrrasPPrafiggabilugald tyrifs, the
diffractive OmMisaSOLltdRsi N/ §06H8E80wEBASN1E 2BURLIRE S BkhATH B,

diffraction grating 18 operate to performa denultlpIeX|ng functidn. 5 At
--thls poi nt itswHodY Peowdpt by Fhawerehdbpl ulhei cpupdingpdeyalcef iers 12

oy d be rep'ﬁeﬁiﬁfj? theg ;e %t FRhEXiog ESV‘cﬁ‘é %Qb@f %069&5\31?2%‘4)6

pIurallty of etectors secured w thi such
as shown in Fl{ﬁnﬁh&ﬁ)bqimgcb@pprﬁglﬁe%ycgrsgplmhpepﬂurﬁélayspﬁiLar

function to i;l}?qéd&)@{%oto 6'5‘9 P:?E’ézg o&é»d&ﬂ@ks?ﬁhﬂﬁ EB ptegisely group

the pluralit tectors Nto a ons-di nenai bnal I npdt array.
The pluralityrhe photabstecodrehdBodeteatedsi A8pbhaeeuskd tihepdlagealofty of

ical fib ' t I ' f t I
ol put beans B o FREY Ehuritall BiBGEL 28 sETRRREET IS o
phidi odet ect orpslulSa Inetyy ocpérmreoelhmmatnc opyibelusedpwitt beamsprdpiirate
~focusing | ensgg, (R RIOV SPet 116y 08581 G8URL . "IThe array of

photodetectors 48 may operate alone, or may be used with

appropriate focusing lenses to provide the best coupling
and the lowest amount of signal loss and channel
20 crosstalk.

Referring to Figures 5a and 5b, there are shown a
side view and a top view, respectively, of an alternate
embodiment of a wavelength division multiplexing device
60 in accordance with the.present invention. The

25 multiplexing device 60 is physically identical to the

' multiplexing device 10, except for the addition of a

first homogeneous index boot lens 62 between the fiber
coupling devices 14, 20 and the diffractive optic
collimating/focusing lens 16, and a second homogeneous

30 index boot lens 64 between the diffractive optic
collimating/focusing lens 16 and the reflective
diffraction grating 18. The first homogeneous index boot
lens 62 and the second homogeneous index boot lens 64 are
preferably fabricated, for example, of fused silica (n =

35 1.444), although numerous other optical glass materials
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and the | owest anount of signal |oss and channel 20 crosstalk. Referring to
Fi gures WQOYB¥SEhL there are shown a side view and a t opPGFRR00/14814 - )
respectively, of an alternate enbodi nent of a wavel ength division

mul ti pl exi mgyded¥soebe6Osied.accordance with the. present invention. The 25

mul ti pl exi ng deyi.ce k.S L.cal I I cal .t e | t.i pl exi ng device
10, except for #hé gggf?igﬁg§ eggoh%régﬁ%on% gﬁé%ﬁ%&lﬁ%;bﬁﬁxﬂ | ens 62
bet ween t hplénber frootipbundadevic@as fo4, mAtk iagd witkd difef rididddxwe optic

col limating/ iLn ns_16,, an second. homogeneous. 30 i ndex, boot | ens
64 bet weeng?ﬁéiglﬁgf gg'(‘:’?f:\%g gét %(r:l% ?gl Falglﬁagcihﬁg/a’rs%@tjcsi geqzesnesculrbedand t he

Bef | ecti veoptlitblattibensgilat ang 28, TeepectditvelgnogaheouSibdgrdex boot | ens
62 and the_second h neo i_ndex ~boot, | ens 64 are ref erahl,

fabricat ed“°FB 1%§a§%ngeSfH?u§€§ éplﬁgg Fﬁezs§§ufﬁﬂ4 0% gﬁéﬁ”ﬁhnerous
ot her opti tal agtag2 mayebeakdth2? ¥WOuhtedd65aiRET WHReOI4NEd fimontal so be -
used. The first _ho eneous ..ndex bo | ens 62 S pl.anar front surface
625 for matPbRRP RAnE T FEEIRen 501 ChE BAoPeSs LE3mind s Aard G0 |
associ at edusenyr edtdcapt temkenti ber sohg anHe22pptaspaalyi telansphiend ber

oupl ing devices 14 and,.20 and the secured optical fibers. 12 and 22 may be
10 Per "o bR Ag AT AChRi Aley | dRRERARBAL UD0R: PYSE BB I cod Lo the

pl anar fropeqeurémneats2andusplidcapt bealn aeigninedt 20E 1oiszer optically
transparent 10.honding techni que, dependi ng upon system nobility

requi r enentS™ah eBﬁFF%BF‘bean1alignnent and | oss considerations. The first
honbgeneous i ndexebgotstenAsmbgedbkdashagadax bbamalehackzsunisac@ac2h for
mating with_a Iagar front 15 s¥%f%0e 16a . of the diffractive optic
coIIinatinB}?BgEs Agk PBRI2E6. °FRe IpFraMariBdck1istr fabd 2825- SFOPke fir st

1Bomogeneougutpgley peat okenne6dirgrhypical bytiei 8ed19hating/focusing
' lens 16. The planar back surface 62b.of the first
homogeneous index boot lens 62 is typically joined or
affixed to the planar front surface 1l6a of the
diffractive optic collimating/focusing lens 16 using

20 optical cement or some other optically transparent
bonding technique. '

The second homogeneous index boot lens 64 has a
planar front surface 64a for mating with a planar back
surface 16b of the diffractive optic collimating/focusing

25 ' lens 16. The planar front surface 64a of the second
homogeneous index boot lens 64 is typically joined or
affixed to the planar back surface 16b of the diffractive
optic collimating/focusing lens 16 using optical cement
or some other optically transparent bonding technique.

30 The second homogeneous index boot lens 64 also has a
planar back surface 64b that is angled similar to the
reflective diffraction grating 18 at the Littrow
diffraction angle, «;, relative to the optical axis X-X of
the multiplexing device 60. As with the multiplexing

35 device 10, the reflective diffraction grating 18 can be
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af fixed H) anar front surface 16a of the diffractivecgRisoériasie
col limating/Tocusing lens 16 using 20 optical cenent or sone ot her
rent _bondin chni he se d ha ene fpdex boot

optically t ans t Se
| ens 64 has %rmgﬁaﬁﬁ+n?r BanggFngem@%grfl rraaﬂcﬁgt 1§ A plflaér)lfallr Jk‘)ack
surface 16btwéntbe fbihedacbirvaf@pikied ¢ol lHhetdlrgidiodusiing2fdaeans6é4ls. The
pl anar front _suyrface 64 f the second 0 eneaqus i X boot lens 64 is
typically jof nEé ?ecaflgl B@fﬁ‘ogﬁnﬁﬁélspll&%xng% gltﬁqsagégfl%solrbq t he
diffracti veoppptht eehkhiubirngbhecwihry logns cdl usitroyacatt cement  or
sonme ot her optically transparen ondi t echni,que. 30 The. second
h%nngeneous ﬂﬁé?gbﬁﬁFLPéﬁ €64 gﬂg Hﬁggg'%ﬁ1 elﬁﬁéﬁ%ﬁj*%ﬁe 64b that is
angl ed sim a@fft:acthzen gebleati 18 diahf actficanegt atimg- By actnt’d:lee Littrow
diffraction angle relatlve t% the ptlcakﬁﬁfls X- X of

e

th
mul ti pl exi nB Lg8oF cbagk. SEE Tacen 6Re ol & ISBGHY FPRRAFNLPUD, rgex
reflective gbbtr aghkoB4gr @hb@ﬁb%a@z@ﬂ.d&@xg Zhe W i P6hy DEFIX0G/ 44814

f or med- u- S|ng a segarate material, and this material can then be 0|ned or
g

affixed to Ehe pré sptbgekdééﬁf-’égélmlb gr@rtlt% & dehd- ot Rt hdex

pgot | ens 64,48LRE 628! beakheCBRBLNA HRRyHMRIs GRldLalddot rpaspasent 5
bondi ng technique. Alternatively, the refl'ective djffraction gratlng 18

can be fornEd ELEBEL| ¢ash t fBe pridectiyek dffmeisnp Hrathrg skt

honogeneous},8dgX0RQ0hohBBENBAus! REIRRY Kowd didik tde 4, Nidge §FaBédi Xi ng
of the reflective diffraction grating 18 to the planar back 10 surface 64b

of the secoAdiohenvgthebhs Padéxapsdrd opsisy. collinating/ fegesinge
reflective dLfEragti 5ﬂ§ %@t EEEQS%SR%EI%g RGOl hyMaenes sndex boot

| ens 64 are Integrate |ffract|ve optic
&bl | i mat i ngfoBRUSI ﬁgmpéﬁ§ wlshd,t Badf ienstl nepmmdrelols dndiekheerrllens 62

to 15 formsg BQHpﬁﬁ&tlthqungaBQv‘i'&\é' reQﬁ”e"Iter '1%11?:%5&4’&1@& B {yre SEADI €
mul ti pl exi ng %eV|ce The 1ntegrated nature of
this mult1plex1ng device 60 is particularly useful for

maintaining component alignment, which provides long-term
performance in contrast to some non-integrated air-spaced

20 devices that characteristically degrade in alignment and
therefore performance over time.

At this point it should be noted tHat, as previously
described, the microscopic pattern can be formed on
either the planar front surface 16a or the planar back

25 surface 16b of the diffractive optic collimating/focusing
lens 16 without substantially changing the planar
characteristics of that surface. Thus, regardless of
which surface possesses the microscopic pattern, the
planar characteristics of both the planar front surface

30 l6a and the planar back surface 16b of the diffractive
optic collimating/focusing lens 16 allow for easy mating
and integrated assembly with the planar back surface 62b
of the first homogeneous index boot lens 62 and the
planar front surface 64a of the second homogeneous index

35 boot lens 64, respectively. These planar characteristics
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this mu[tiplexing device 60 is particularly useful for ' ]
conponeh%’@ﬂﬁé#nent whi ch provides |long-term perfornanggh?ﬁﬁ@gﬁ@?aSt to’
some non-integrated air-spaced 20 devices that characteristically degrade
in alignnment timel dxﬁﬁreﬁ:bx*éep@ptmneﬁéélmamnw fiecuainghilengoilét aire shoul d

be noted t o d g ttern can be
formed on Et%flt er %%fy ?%ﬁ%?l ?%%tﬁggﬁfgééngga 88ﬁggkﬁ§§grE§a%k 25
surface foﬁfﬁa¢¢mweh¢pte@t1@@50pvh&cbotyphﬁa1hg/heéugtngeaséngnse wi t hout
substantlegd%vqugg% £g-4 he planar characteristics of that surface. Thus,
regardl ess of which surface possesses the mcroscopic pattern, the planar
ZTharacteristicsTh# mm&tnthXpMQnd£Vicen60susfﬁneCBmonaélHnddehelpaénar back

surface.U%a(%héthf% {gg{ﬁ ggééc ?glé#?gﬁtngé£ogu§hggakens 16 al |l ow

for easy mating  and egrated asse he pl anar ck surface 62b
of the fi r@ecmeneomtlcndbxbb@mttrensmsssamzl efiéicieptandnef tont surface

ol anar chat et S8 ob U B1PEEea3 petr ot iieshEBREr REUEKY aotive
optic coItbwmmllgﬂéemnﬁﬁr@pdeﬁé,1ﬁeapectpaelyculHoWyvbeneévenaW1mhen vi ewed
14N conparison to a ,Ee§é$flp?exqgté tlggf %%g%cp¥% hae at | east one

curved sur ace I'ng dévi Ce y i dentical to
t he nultlFﬁfﬁa¢mpmhym(Mhéiprxc&btpénfoamamcghmf ﬂherma$elpme&mngcal beam-

transm ssi gn effl ency, h n he flrst and second
B e B0 TR xR B0l SOE R0 B v SiBver

hoaneneous Yhdex’” boot® Tenses” respec even wth
10 this sldmﬁratacrrx&asca:tm otmzpealeﬂmeamﬂmmﬁsa onefea’aa‘:tn‘,venoptithe
opti cal for nce

oD val DSRL TG P e, L RSN AG cRNL R, SPehs FEL | pRECL 0o e
15ype | ens d0rptdheiasly rriaésmgilﬁ@:ﬂ:usthng heasoflGa dhEfrastitd aptpeevi ously
descrlbedhttfuaf§§%(¥or éLffréEiiﬁgkfﬁg}EEQusing lens 16 can be
used to eliminate aberrations caused by the spherical
nature of a refractive optic type lens. And these
aberrations are still eliminated despite the addition of
20 the first and second homogeneous index boot lenses 62 and
64, respectively.

Referring to Figures 6a and 6b, there are shown a
side view and a top view, respectively, of an alternate
embodiment of a wavelength division multiplexing device

25 70 in accordance with the present invention. The
multiplexing device 70 ‘is physically identical to. the
multiplexing device 60, except that the first homogeneous
index boot lens 62 has been removed and the planar front
surface 16'a of the diffractive optic

30 ' collimating/focusing lens 16' has been extended so as to-
allow the fiber coupling devices 14, 20 and the secured
optical fibers 12 and 22, respectively, to be either
abutted against the planar front surface 16'a or affixed
to the planar front surface 16'a using optical cement or

35 some other optically transparent bonding technique,
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type lens for the collimting/focusing |l ens 16 can be useg, ﬁlh l.nate
aberr at i'oM@ 0U0265Td by the spherical nature of a refractiv 6618? o %Be

| ens. And these aberrations are still elimnated despite the addition of
20 the firstepaedsegongomo mygereso wsb iidxy boetul eesertslanddopsacal
respectively. Referring to.fFigures 6 ?:qu:i Le afg BROWN aseSi de view
and a top v¥8W PZ%E@&%Tn&elaﬁcggTo Hh Czaﬁ ern%%tié&?n%odi ment of g \%gvel ength
di vi si on nuichiepexirog cdpiic pata®eri) in beowedaercthet Plaharpbasknt

i nvention. The _nul ti.pl,exi evi ¢ LS; physi ly identical to the

mul ti pl exi ngU&&HEe 1 0‘,% é’)%getg}e tcﬁ%g]{)%%&f‘?ér]s@ﬁgémgeneous index boot |ens
62 has beencoemved iany Adwmgilandrerds o' witleee sebatantindlyiffractive
optic 30 coll&bnat.in/focuin | ens 16, has_pbe t d to' allow
the fiber c& F‘igﬁélggé'\]ﬁec ?af%r aa]:rladcl‘f%lgl%‘glccggecy glggﬁcgﬁgflg%gfs 12 and
22, respectisd@liyart adehai ertiphetieg deaiost 60hetheahntepresedsurface
16'a or affixed to | anar. front surface 16.a. Usi hcak . cement or
35 sonme ot hé‘ta%b‘ﬁﬁ (?zflt R&‘efﬁ'&ﬁsqifﬁ]eﬁﬁlrb%n%%bc? ej?:%nllgu%?gtggh%\%g&% 09657
PCTI USOO' 148%4 £ude myid infigl i iys t @smpoheh t t 11 gomenepewhscand opti cal
beam al i gnment and | qQss consideratjons'. In,this case the mc copic
Bt tern is P&Pﬁ‘é@%%tw_ﬁedﬂ%rp UMARTE 4ER FBPBEBPt BB PFFr %%?"I ve optic
5 col |i mati R@/feReusidy dignsdftedi ddolitesubssanthathyteehangicad liyne pl anar

characteristics of that surface.  Sinmlar }:o t he | tiplexi ng deyi.ce 60,
the integrattedrass dre ol THLHuI 33D BRERYE QBT | B%Pgﬁrﬁ“gnﬁﬁr PrEal arfyy

useful for rRERIIYIF SOMMPNENF] & | POMEAt fuMBt cbnd 01 pr ovedes changot erm
performance in contrast to sone non-_jintegrated_ai r-sg?ggg]tdevi ces that

char act er i sttih€amt tiRdAERg i 425 ¢yndBnt S2REPE hEPET Br orREREESSver
tigre. The nm tHgHi@dINGb&ayi earfdhi Ssisncéf pnal byciydenti eal the the

nU|t|pleXLn%é%29;¥aJ%Ltﬁ2«¥¥¥sg(goﬁggéﬂggﬁslQﬁéggsgoot lens 62.
Referring to Figures 7a and 7b, there are shown a

side view and a top view, respectively, of an alternate
embodiment of a wavelength division multiplexing device

20 80 in accordance with the present invention. The
multiplexing device 80 is physically identical to the
multiplexing device 60, except that the second
homogeneous index boot lens 64 has been removed and the
planar back surface 16''b of the diffractive optic

25 " collimating/focusing lens 16'' has been extended out to
the reflective diffraction grating 18 and angled similar
to the reflective diffraction grating 18 at the Littrow
diffraction angle, o;, relative to the optical axis X-X of
the multiplexing device 80. 1In this case, the

30 microscopic pattern is formed on the planar front surface
16"'a of the diffractive optic collimating/focusing lens
16''" without substantially changing the planar
characteristics of that surface. As with the
multiplexing device 10, the reflective diffraction

35 grating 18 can be formed using a separate material, and
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15 in optical beamtransm ssion efficiency due to the r ’c@!ﬁ;‘% dhe first
honoge BAYY65Hex boot |ens 62. Referri ng to Figures 7a‘§g:¥1J theére are
shown a side view and a top view, respectively, of an alternate enbodi nent
of a waveltbagt madiewiisilowam thiss &8 Neided @ SRFIHRG EQCHR RIRRERI th t he

present | Byeqt Lo The yRily RO dleier 804 Hphis! cal ly identical to

the nultiplexing I ce 60, except that the second honpbgeneous index boot
| ens 64 haslaemntrl@md\f@@m@q Rensp|lndr llﬁdé’fé SQRtheféEél 19PN HO% he

diffracti p Qs rg%g,sg 10y thashibegile extended out to
the refl eét(ta‘)lm\%"etogﬁzlfef?':5 tllgr?m:)}athgjng 8 and an I ed simlar to the reflective
sdi ffract i ﬁdtgznraltartngell&'atthehé?el_ﬁ]tqq’td\ive dilfﬁfrraﬁﬁﬁw Heptelngi 18 r&@tive to
the opticgl, ay el JiYectl % éJH’O'ttHeﬁ éﬂ?‘;irfag: demiic e85 add 18ieycase, the 30

M croscopicC pa rn1s tor anar front surface 16"a of the
di ffracti meoldmfcfr@muweatqmg/cf mwuw fomrsigd hrns shibstantial |y

changi ng tt?% %ho&n of?la{gﬁq__theer P%telrﬁ% f(ﬁf £ ACSE ASeW th the

mul ti pl exi ere ctl ractlon 35 grating 18 can be
formed usired lecsdyar a:hefﬁmcmmcm gratdne 6 S\G © 1710 652 IRaT/ BP0/ 14814 this

mat erial can _then g r f t anar back surface 16''b of
1§ he di ffrg&rlé? ?’?c ?Crlrla |(f;1igf; %ﬁsf‘%g C{&ngé 16" using optical cenent or
sone ot hercoarltlmaa:llhyg/tﬁmargeriierm)ricﬁ‘n'g t dohriidieer cagecrtkgi vely, the

reflective lf f rt;%(%}e' on r%td é‘oir{ga Hi rect+ @@l‘;ge pl anar
£610"% Ive 0%1

back surf&& | ¢Col Tt 1 ngl Tocusi ng. | ens
1611, thepedye mlldmﬂg:mfga’ﬁamuamg; dreraa‘ flidinpnd infteegratedoalorg

oot o e AL SR ae o8 b clotlsy
15 ef | ecti vVeotipalotac tiieri dyr atrich gerii reomheriiea Il ¥ famttﬁh@rmz@bly cstable
col i mati n%/lft%% Selxr}. gI K- esvilc6e" & iﬂgneiqaatt et% acl,lr§)é1qrnultiplexing
device 60, the integrated nature of the multiplexing
device 80 is particularly useful for maintaining
component alignment, which provides long-term performance
20 in contrast to some non-integrated air-spaced devices
that characteristically degrade in alignment and
therefore performance over time. The multiplexing device
80 is functionally identical to the multiplexing device
60, except for a slight increase in optical beam
25 transmission efficiency due to the removal of the second
homogeneous index boot lens 64.

At this point it should be noted that either the
first homogeneous index boot lens 62 or the second
homogeneous index boot lens 64 may be removed from the

30 ' multiplexing device 60, the second homogeneous index boot
lens 64 may be removed from the multiplexing device 70,
and the first homogeneous index boot lens 62 may be
removed from the multiplexing device 80 in order to
create additional alternate embodiments (not shown) while

35 still retaining the above-described benefits of using a

27



with thefinsigcbprogeneous index boot lens 62 to forma 1pcqAaaAds1a’ i 0i d,
and environnentally.and thermally stable nultiplexing device 80. Simlar
to the nmultipl exing device 60, the integrated nature of the multiplexing
devi ce 80 id1parecEuvar pptisetyref denpmilmsdisihPt ottt hye gPREHE,

whi ch prOV|gg§elgggstQ5g1Qg@fggq@qﬁgﬁggﬁﬁfdgagfﬁgniéﬂgsp@? non-integrated
air-spaced devices that characteristically degrade in alignment and

t heref ore perfor kafiesrdner toi fdgurige Snulthigfedis S ce shdejgiew of

functionall yni deBbraake! Sppblen@ii! bl Qg AR Hligxsept for a siight

increase in ogt[ca beam 25 transm ssion efficiency due to the renoval of
the second mhbhbpérEsns ded¥axehdf0 Hanf@prdangeivwiyoithe ipresentd be
not ed that gj Lhe hE&St g ' - A d£08:62 PLohhensecond
honngeneousf#% gglkgét Fg%s. g%ggygggggiﬁ%sé' fgbqlfte 30 nu?t?plex?ng
devi ce 60, phevieuvsay Hessydbedusmboddreidct by arsimgy ammseprrateaoved from

the mul ti pl gxi L,.ce : .he f.i I st equs dggﬁ oot lens 62
may be ren%éggg?ggéyghgggﬁft?gﬁ%&ﬁ%&lﬁgiﬂégﬂgggﬁﬁ g# é% th%reate
addi ti onal diféraatévenbopdiicedosuSiog dienen)l i lawd5 stefleceiwéni ng the

sgove- descr ;peg, RRELLT 5,0k 1% 8943 2L \Q Q4409057 PCT SO0l 14804,
diffractive optic type IPFens instead of a refractive optic ype Tens for
the col | i natefAyetbingi ngpgleebat6 isRefidifremegtt dcHRmurhe efhecking shown a

si de vi ew of n alterna di,nent. of . vel.ength divisiopn 5
ot vl ot oanall 85 858 bR TIBRA T Befir b SR Y S B S
mul ti pl exi ngidévaceivB0opditlitersliiimattibe lpmayilnes|go deisest dedtieserbodi ment s

oY b, 2 SRR ELE i ARk RYBRBR L UGN Sl 2 e ot

gbating 104théat transmitsguhedplarapdrtyt @ fatco lidfdaeedd ,Ngrangtier st ic s

different thap,the feblechblfls 309" $ookrl s Rt Yasdener L besh
grating 104. The reflective diffraction grating 104
removes the angular separation from the plurality of-
collimated, monochromatic optical input beams 24' and

20 reflects the single collimated, multiplexed,
polychromatic optical output beam 26' toward the
diffractive optic focusing lens 106. The diffractive
optic focusing lens 106 focuses the single collimated,
multiplexed, polychromatic optical output beam 26', and

25 then transmits the resulting single multiplexed,
polychromatic optical output beam 26 to the output fiber
coupling device 20 where it becomes incident upon the
single optical output fiber 22. The single multiplexed,
polychromatic optical output beam 26 is then coupled into

30 the single optical output fiber 22 for transmission
therethrough.

In accordance with the practices described above,

homogeneous index boot lenses can be added to the

multiplexing device 100 and/or either one of the

35 : diffractive optic collimating lens 102 or the diffractive

28



diffrac 4 C collimating lens 102 collinates the s
nnnochrg%aﬁﬁ@g%ptlcal | nput beans 24, and 15 then transn1ts t%e Bﬁhrallty

of colllnated nochr ona tical put begns 24' to . the reflective
Ot fehet | o tir EPesoiRd defs TBE E2n bE HieRPARR 5 geatenelion *refmves

the angul athsepavati esupl onyt Hevipker ali tyndothe eebhireat @@tlraarlochr omatic
' 24" and Orefle ts t he sing col | i mat ed,

opti cal t bea I
nultlplexegﬂbeﬁﬁl ?Bnﬁ??cfbéFFcﬁPuB t P&t Sgéﬁﬁ2§% BBt FECURES r act i ve

optic focusphfcdensin€bs Ipge ﬁééf:é@@:‘.ﬁ_krté@y,olﬁbl Bef eetBieRd alotitt )6 focuses
t he single collimated, nultlglexed chronaklc opti cal output bean126 ,

3nd 25 theRd2}BRkntEe PHADRES F?PﬁgSEESSFé Rél £ SIQ} & rachdivge RSt

optical outpLlimeeihgdbléRst Ne20gkpthefl GBEEracetpki agn@e\fb@:@saagvmer e it
becomes ingcident upon th g S|ngle opti cal outgut fiber 22. The single
mul ti pl exetelS pbP §ch¥ obt i¥eEptPciPeoRt pharnéaRPs6SHE faren OodP®ed i nto 30

t he Slng'edPPft&éilﬁ@t@ytlél86112§a%thtléﬁ§”l§§lQB thBergEF-QUdh vel N
accordance with the practices describ above honbgeneous i ndex boot

| enses carPBel@dEReEs g hkensul PPpreiRagoRETFas EGEeaﬁdPérS@mﬁher one of
16he 35 difdfpetiy £&%leC@££h§?&k8ﬁt|Baﬁdiﬁé eechh¢qdi! f tepenv@ng28 WO
01/ 09657 PCT/USO 14814 tic Tocusing |l ens 106 can be extended So as to
al | ow t heuBPeDeFYToRmp| Tolt é@YcéeﬂﬂléﬁEeFﬁé 3eduPrli6pti PEP™ fibers 12 or
the fiber £ouphh&igr deyh Cceo29 @aﬂsweraegaﬁgd PREI Bahefh B8 and?,
respectively, to be either abutted 5 against the planar front surface of
the diffra@etvbnents cassofiahadi Wathensing2thesehe diffractive optic
~focusing é%tﬂ%@fa@ﬁiti‘@ﬂaiOchﬂ%oHEﬁEé‘r aiéoa%?ﬂ'&faﬁié eb the
diffractive optic collimating |ens ractive optic focusing
1Pens 106 wesphgippextry deviepe bPOsamewenldiher thet Fearl yithakdgar ent
bondi ng t eghh Giifen HEPEESE Ploe 4PRBLSY St €8ENBBLEELY £REURGERENtS and opti cal

beam

significant benefits come from the use of a diffractive
optic type lens insteéd of a refractive optic type lens
for the collimating lens 102 and the focusing lens 106.
20 That is, regardless of embodiment, the use of diffractive
optic type lenses in WDM devices yields increased device
performance, as well as reduced device cost, complexity,
and manufacturing risk. Simply said, the use of
) diffractive optic type lenses allows for the construction
25 of a family of simple, low cost, yet very powerful WDM
devices, particularly for use in DWDM (i.e., high channel
number) applications.
At this point it should be noted that additional
lenses can be added to the above described devices if
30 such is required or desired to further increase the
performance of the devices. For example, additional
diffractive optic lenses or refractive optic lenses can
be added to the above described devices if such is
required to further increase the fiber coupling

35 efficiency (FCE) of the devices. In contrast to a
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al ignment_and | oss consi derations. The benefits and detri i at ed
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per f or mance of tﬁ@%e@f%ggﬁkggvgéggn%ﬁe} %a(rllgi%t itonaaﬂ% ld‘lnﬁncreacgfjﬁ}/eg%ogfelc
| enses or rabyathe vepepificl embedimant sbeeadadthetdo hielre iahov e rissed,i bed
ices if such.is requited to fur%h increas% t.he fi her coupling 35
i G ency (FEEJORT AL ELGRELEDS| RECEHEr BEF L a 1 TI6 RS 0 D057
PCT/ USO0/ 148dddi tbas ut - bhosasdescohbkdshertia, FGE10f ba \ARMaiedtceo
expresses the efficiren f.only the optical systemof, the WM device for
each data chalie? O up Ekbht 1 akifigat bt 67 OReEBENT OFRECHE ARSI The
diffracti on gidtadgompandihfedeanihysti oThusa buatemolfi fisdtvipirgaldne mde
between a small increase in the FCE and the additional cos associ at ed
wi th addi ng %?#%‘ia‘?ol gﬁ&@sw%ghéndESFcé.CO?ﬁeOgrEé @ntaﬁﬂ‘?\%’lrﬁq d—ﬁa}lénswot to
be limted in scope by the specific enbodi nents described herein. |Indeed,
10 various nodifications of the present invention, in

30



addition to those described herein, will be apparent to Kill in
the art WQUYRHHe foregoi ng description and acconpanying ﬁ%ﬁgé’.ﬁmus, )

such nodifications are intended to fall within the scope of the appended
clainms. 30 WO 01/09657 PCT/ USOQ 148GHAIMBAI NS WHAT IS CLAIMED IS: 1. An
i mproved maﬁg%ﬁggtBLg&Mkﬁigg,nultiplexing device ‘having a diffraction
grating for conbining a plurality of 5 nonochromatic optical beams into a
mul tipl exed, polychromatic optical beam the inprovenent conprising: a
diffractive optpg ¢ PLW@E'-Q%E?%Hg'tﬂgdk’é%ﬁﬁﬂr muﬁ.f?hk)'l@gln%g defg i ural ity
of monochromatic optical beans trdveling along a first directionto the
di ffracti omaddngrat dh§frantiipor gratiasonforheonbinipbere lugellyidiy ofat i c

pti cal bgﬁ@ ' a S precti (9 di ffraction
grating, the é%@%ﬁ%ag??eé??%ﬁgéeﬁggﬁgsggg?a&tﬁgﬂﬁégg%%%gfte the first

di recti on.p@lydheomnabiovepthaadl brgnh thei $inpmorehent| exipgiddnigce 15 as
defined in claim erein. th iLffr i . QR G i i.n ocusi ng

| ens. operates ?n&%ﬁﬁﬁ?ﬁﬁégFeangﬁi%ﬂﬁié#ggﬁgeékggygg#gggg%ﬁcgé%éctrunl 3.
The i npr ovedl hivvet Engt bhdi plerahibyl bEpherbohrdmaide opsidefli bedmsn cl aim -
1, wherein_the diffr ive_optlic,.2Q.collinmatinglfocusi | ens_has
substantia}¥?v f%%%rgfé%ﬁta g%%ggagkggﬁ#%§§e§9 ﬁ;gTﬁEE?%SFg&éa wavel engt h
1di vi si on nytatihexi agddeévrcéocasidgf thedmubtipaered, wbhéyehmoaariicr oscopic
pattern is__for dRon tFe su?stant'ally pl.anar faont gurfage. 2% 5. The

i mpr oved VR et SRyt APV FER BRI MIP L P ?BQiﬁgsag9Pge'15§C &PPn&d M 8Fain13,
wherein a dl £foscopos pahténg, i shef seseddoditbetsohsbamhial | y pl anar back

f . 6. The i d L di.vi S| .mul tipl exi devi
Surtace:  CouThenh TP PYETURE| RS, Sptialon gl 1 device as

2. The improved wavelength division multiplexing device

15 as defined in claim 1, wherein the diffractive optic
collimating/focusing lens operates in the infrared region

of the electromagnetic spectrum.

3. The improved wavelength division multiplexing device
as defined in claim 1, wherein the diffractive optic
20 collimating/focusing lens has substantially planar front

and back surfaces.

4. The improved wavelength division multiplexing device
as defined in claim 3, wherein a microscopic pattern is

formed on the substantially planar front surface.

25 5. The improved wavelength division multiplexing device
as defined in claim 3, wherein a microscopic pattern is

formed on the substantially planar back surface.

6. The improvedlwavelength division mﬁltiplexing device

as defined in claim 1, wherein the diffractive optic
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collinalirmﬁ ocusing lens is forned of a material selected fromthe group

consi sting of. glas crystal l.ine and _pl ' %= _The . mproved wavel ength
di vi si on nu‘F?Jrg+IB§]§?1]agé§9Fgélng %senéegisnef%&}dr?%cloéq M rI]r?‘aﬂv%erée)‘} n the

di ffracti vese@béttedcorbmmitigngirbopusions ilsdrisig o diarsy aiystakiines optic
| ens. 8. The iggig%gd wavel ength division multiplexing device as defined

in clain11,aﬁﬂ tfie diffractive optic 10 collimating/focusing lens is a
Fresnel diffractive optic Ilens. 9. The inproved wavel ength division

mul tiplexing devjice .as_defined_ in claiml, wherei ' Chl rating
is arefle tiveka?fﬁPQEPWSH 8?5??ﬁ&i§q(§%ﬂifﬁﬁnt egﬁﬁhﬁgéééQ§&%???gaction
aggle with gespe€intd thecliaist 1aneheeedmd thi rdch foarst ivid. oppi € npr oved
wavel engt h diyision.nultiplexing.device having a diffracti Lng for
conbi ni ng aCB?‘E?QF‘Ft‘L?géFOCHEﬁE?ﬁ}&ﬁ‘&t ite @p?ﬁl@aﬁ%%églnglfanfél\ggn%ﬁ%l exed,
20 pol ychromahk¢ optical beam the inprovenent conprising: a diffractive
optic collimating lens for collimating the plurality of nonochronmatic
optical beans traveling along a first direction to the diffraction
grating; and, a dirhEr agpréeedpiiatell @eain @ilvensi dromui Deiysl exihdede@bce

mul ti pl exed, palychromatic _optical beamtraveling along a second direction
fromthe diFFrQ%%FBﬁdgF&tFﬁﬁ}nkHe §@%ﬁﬁﬁ}n'&*F%é¥$%€%1é§aﬁfcﬁ??%ﬁent from
the first dipectiingRing)robhsifey Qved wavel engidhdli vdsi braceive topt exi ng

device having a diffraction grating for separating a 30 nultipl exed,
pol ychronat +€8R8ptical beaminto a plurality 32 11T TLITIT 111 1111111
L

9. The improved wavelength division multiplexing device

as defined in claim 1, wherein the diffraction grating is

a reflective diffraction grating oriented at the Littrow
15 diffraction angle with respect to the first and second

directions.

10. An improved wavelength division multiplexing device
having a diffraction grating for combining a plurality of
monochromatic optical beams into a multiplexed,

20 polychromatic optical beam, the improvement comprising:

a diffractive optic collimating lens for collimating
the plurality of monochromatic optical beams traveling
along a first direction to the diffraction grating; and

a diffractive optic focusing lens for focusing the

25 multiplexed, polychromatic optical beam traveling along a
second direction from the diffraction grating, the second

direction being different from the first direction.

11. An improved wavelength division demultiplexing
device having a diffraction grating for separating a

30 multiplexed, polychromatic optical beam into a plurality
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WO 01/ 09657 . PCTI USOO' 14814 of nonochromatic optical bea Cﬁﬂﬁb- ovenent
conpri s?’rﬂgqmggdi ffractive optic collimting/focusing | glrS]Ps or oh?glkl'i mat i ng

the nul tipl exed, polychromatic optical beam5 traveling along a first

di recti on ¢ némochronalei¢ cpptyral i hgamgndther impea¥pRgnthe plurality of -
nmonochr ongg i rpﬁﬁé:gl beans traveling along a second direction fromthe
diffraction ating, the second direction being substantially opposite the
first directi om QIfQEﬁCﬂh%ei%@FbVeﬁoﬁé@@PEhQG%fﬁFVﬁépgn1G§ﬁu¢PFblexing
devi ce as éﬁiﬁﬁﬁtizm cliad Mudile i Y0k 4D %Q?yghf:éfnéﬁibVGpt‘iEB'lcbeam
collimating/fTocusing | ens operates 1n the infrared region of the

%l ectronagreavel specateny a3fimse dapeotéanwaoerbagdhidracsion

dermul tipl exing. . 15 i i ped i el el i fractive
opti ¢ col P Tiag 1o o Ao e By Y "back
surfaces. detidgak beqroveravelbhenglondi & stoandedurerpiori Agomdédlhiece as

defined in J [Jo.a mer 3Cqs ern;hs forned on the
substantid?f%ﬁ%ggné?lf d%?iggbr?%%egégggaTﬁéggﬁg?%%egaﬁggeIength di vi si on
denul ti pl exilmgtanieid ey sopplesibedthea €iasin d8reahéenin a microscopic
pattern is forned on the substantially planar back 25 surface. 16. The

i nproved wavel ength division denultiplexing device as defined in claim 11,

“1@vherei n t hk2 di fThacinweoveptwavebéhghht dhyl $bonsdegulthplesifngrmed of a

Drncti o, AEYTE (A5 [AEIADE L PERa PRNEY P WYy 8 nOtRE s EkE R genc: 30 &N
PCTNS00/ 14&d¥ic 1501 ima t ipy ofecusene| bags hodevatesnidenbet ipiferired devi ce
as defined in claimdl, WNELELEnL 8 OLL LRELEYEn.

13. The improved wavelength division demultiplexing
15 device as defined in claim 11, wherein the diffractive
optic collimating/focusing lens has substantially planar

front and back surfaces.

14. The improved wavelength division demultiplexing
device as defined in claim 13, wherein a microscopic
20 pattern is formed on the substantially planar front:

surface.

15. The improved wavelength division demultiplexing
device as defined in claim 13, wherein a microscopic
pattern is formed on the substantially planar back

25 surface.

16. The improved wavelength division demultiplexing
device as defined in claim 11, wherein the diffractive
optic collimating/focusing lens is formed of a material
selected from the group cdnsisting of glass, crystalline,

30 and plastic.
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optic CO'\*’Q@P]&\@{%Q/]COCUSI ng lens is a binary diffractive ogdgusdnss4> 18.
The inpro el ength d|V|S|on denul ti pl exing device as defined in claim

11, wherein the diffractive tlc col tingl/.f oc |.ens |s a Fr esnel
Gi 11 ot ve 1ot | H¢ GHEoTd8ed TRevEARREY B CAad oF Bty LR

demul ti pl exideridd fevderinsddehi aedlmnml aivhiretdinwdyeeidi fifreaali e act i on
~grating is a reflective dtffr t|on ﬁ oriented at d* Li ttrow

di ffraction ORigte @t ?Sufﬁ l§n8 é&ﬁﬁ¥ F%ms'© 20. An

I mproved mawghgngtbeﬁgy|3|on denultlpIeX|ng 15 device having a diffraction
grating for separating a nultiplexed, polychromatic optical beaminto a
plurality of nonochromatic optical beans, the inprovenent conprising:. a

~diffractive xpti orkel ihpRéireg wWetelbaythollivigtong deh lidiglafingl exed,
pol ychromati¢c optical beamtravel

along a first direction to the
di ffracti on FUFHPS AL 2PBH %Paeégw dpri Whegeds &##%C%‘é%s. ng the

plurality ofogpneocks pIBhs€ifgy E6elishagneeehsayel bnm"x@ls@m EL Seeitive
direction fromthe diffraction grating, the 25 second direction being

different friaht®el®®$st direction. 21. An integrated wavel ength division
mul ti pl exing device conprising: a diffractive optic collimting/focusing
lens for 30 collimating a plurality of nonochronmatic optical beans
travel i ng al’%hg aThe rEmpEpPyYedt vanelgpathodivdsdonngenulidplexing

| 11101111111111&&%:1&&151&%151&&&1%%&% 93/ O%EQZ‘eEg/tll’l%%lllfdf&%tlon

mul ti pl exed, polychromatic ogtlca beam traveling al ontg-a _second
“direction, tHABERDNES d? reefloAtbEENGiEHBacaAPPANIR tPPosItientRd fak st

: direction; the Littrow diffraction angle with respect to the first

and second directions.

20. An improved wavelength division demultiplexing
15 - device having a diffraction grating for separating a
multiplexed, polychromatic optical beam into a plurality
of monochromatic optical beams, the improvement
comprising:
a diffractive optic collimating lens for collimating
20 the multiplexed, polychromatic optical beam traveling
along a first direction to the diffraction grating; and
a diffractive optic focusing lens for focusing the
plurality of monochromatic optical beams traveling along
a second direction from the diffraction grating, the
25 - second direction being different from the first

direction.

21. BAn integrated wavelength division multiplexing
device comprising:

a diffractive optic collimating/focusing lens for
- 30 collimating a plurality of monochromatic optical beams

traveling along a first direction, and for focusing a
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a hormg,?a%g ndex boot lens affixed to the 5 diffractpeguspiisis _
col l'i matIng ocu5|ng lens for transmtting the pIurallty of monochromatic
optical beans fromthe diffractive optic c IllnatF?g cu5|n | ens al ong

the first M¥eRIBEIaRPFHFRIOBAHT t PPhYCRheLeRT gxehd B PYEhPomati c

optical begpdiy tderdOr fbh f raws | yecondi gigettisnt baghgocusing lens al ong
the second directjon, the hoppgeneou |ndeé boo .l ens having a planar

interface %HP?%&%Fl%%%VaPEP?$+5%tF & HEEFEn l?ﬁ? L4t the planar interface

surface of the hompsneossus Ntede00bot eNeng 08 EORBENEBILhES the plurality
of nmonochromatic optical beans_jnpto the nultlglexid, pgl¥chronatic opti cal
Deam and FFET3EEIER (PR E heo bl Pe bLRILEOCHBEREht BREL £8Topti cal beam back

i nto the horpggneotsnd NdeE poetal £6$. 0 22modbehtdemheecaspdetunedebmscl ai m
21, wherein the 20 _honogeneous index boot |ens |s |ncor803ated into the

d|ffract|v@Ianthc%%ffﬁ%@?hﬁ?f%ﬁﬁ%?n§°1%h§a§ﬁEﬂ tASESLRE 18PFfracti ve

optic col l4ygdd ngid Of?ilﬁéﬂgdiﬁ@étb@ﬁ thed pbanerahbhettang sHeface at which
the diffraction gratlng formed, 25 23. The device as defined in claim

21, wher eititthipl ¢%m%gdﬁ%bn§h¥W@®§l%O%Pt¥§ﬁ% bean £pr&henonpgeneous i ndex

1§’°°t l'ens, 4ibe devi ¢ 515'€$c15'ec50139:[‘i§£t§h@gfoé‘u§_€ﬁ9nﬂeﬁ@”’ﬁﬂl@ﬂgoﬁﬁel ndex boot
ens affixed to the diffractive optic collimating/focusing |ens for 30

transmittisrEan® ireaties. ckhavhorprenasns sPErEaPoBEak8RSt BaVABRY

diffractive ﬂﬁ%ﬂ&fcggﬁégpgéggéﬁpggééngaﬁgns along the first direction, and
for transn1tt| ng the nultiplexed, polychromatic optical beamfromthe 35

ILLEET T 3 1difEragtion| grating SorreqynbirbeeByapey/ Usber fages
di ffractivg,opiig &P LhahbRg4EREsss NEnligRSHEbENTehBeroseeaREidihgCt i ON.

15 the plurality of monochromatic optical beams into the
multiplexed, polychromatic optical beam, and for
reflecting the multiplexed, polychromatic optical beam -

back into the homogeneous index boot lens.

22. The device as defined in claim 21, wherein the

20 | homogeneous index boot lens is incorporated into the
diffractive optic collimating/focusing lens such that the
diffractive optic collimating/focusing lens has the
planar interface surface at which the diffraction-grating

is formed.

25 23. The device as defined in claim 21, wherein the
homogeneous index boot lens is a first homogeneous index
boot lens, the device further comprising:

a second homogeneous index boot lens affixed to the
diffractive optic collimating/focusing lens for

30 transmitting the plurality of monochromatic optical beams
to the diffractive optic collimating/focusing lens along
.the first direction, and for transmitting the

multiplexed, polychromatic optical beam from the
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24. The qﬁ¥+ﬁ5&§5 defined in claim23, wherein the secondpbosgeEe4Is
i ndex boot I'ens has a planar interface 5 surface for accepting the

plurality of nmonochromatic¢ .optical, beans omat_| east_on tigal . source,

and for ou@bﬁ???ﬁ&lﬁﬁeqmﬂ%qnﬂé;lﬁﬂéﬁﬁﬂ%zﬁﬁ?ﬁﬁﬁ?% %??c%?oggaﬁﬁgo at

| east one optkead WaGRictdlon.25. The device as defined in claim2l, wherein
the 10 diffractive optic collimting/focusing | ens has a planar interface
surface for accepting the . plurality of nonochromatic optical beans from at
| east one opyi, calThes Qevaess andl defirged pin td hgim h23 ruvhepeérethe

| ychr omat i tical beamto at l|east tical iver. 15 26. Th
fov) co a5 ASPEABE POMAGAMRONE. SHASEAPR ol et 15 B PO S P el PRETECE

reflective dinffrhaet iy Haddgtingrientiurdlite of thonvcHrbhaadti on angl e

with respect to the first_ and second directions. f?. An inte ra%ed
wavel engt h @PFLERdN EaRA 155793 hgl et o%‘%‘?c%pgbﬁ% i SPHGCCa aﬁfif R&tive

optic colli gatbtg/ iUy mensiddxed Pl pd IpehAgmat il bppliesedbean to

pol ychromatic optical” beam traveling along a first direction, and for
focusing a &bl deaSt P SRINdEhr IrREEEVDt i cal beans traveling along 25 a
second direction, the second direction being substantially opposite the
first direction; a honpbgeneous index boot lens affixed to , the diffractive

optic colli@&ti ngheodedife |ahdebined rinsed 21 nglt NERRERLPpIFBRed
RQ ychronmat ig il Galvdese 30 dgomtdei s f 6265188 PBhkChas a planar

collimating/focusing lens along the first direction, and for transmtting
the 36 |11 ipternfiaqy isugfrce 1fion 3gcepting «the \ipl 81ab9587°PCT/ USO0/ 14814

plurality O}no%%&fa{n%@ité OPPidLR bdaREBtOnt e 18h6ET 8kl Mﬁt@l@bilc
collimating/focusing | ens along the second direction, the_honbgenequs
i ndex boot ﬁgmgqgﬂ”agg for outputting the multiplexed, polychromatic

optical beam to at least one optical receiver.

15 26. The device as defined in claim 21, wherein the
diffraction grating is a reflective diffraction grating
oriented at the Littrow diffraction angle with respect to

the first and second directions.

27. BAn integrated wavelength division demultiplexing
20 device comprising:
a diffractive optic collimating/focusing lens for
collimating a multiplexed, polychromatic optical beam
traveling along a first direction, and for focusing a
plurality of monochromatic optical beams traveling along
25 a second direction, the second direction being
substantially opposite the first direction;
a homogeneous index boot lens affixed to the
diffractive optic collimating/focusing lens for
_ transmitting the multiplexed, polychromatic optical beam
30 from the diffractive optic collimating/focusing lens

along the first direction, and for transmitting the
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a pl anaﬁvdd];o?gsf,ace surface; and 5 a diffraction grating fperrosdousisia he _
pl anar Interface surface of the honpbgeneous index boot |ens for separating

the nul ti plexed, . pol | Lca 3 [ h rality of
nDnochroné?f%;%%&$§d¥fE@%ﬁ%ﬁﬁgﬁﬁgﬁgg EPEE?g%tgﬁgm hgop?h%ality of
monochr onedi£foptited dpbbe ¢0lbinktingdfobushngodensoadongdékeboot | ens.

28. The deyvice_ as | i aj ek e equs iihrdex boot
lens is iH%%%%ﬁ?d?g§£¢€?%ntE%ﬁéd#??%ég?ggggo%ﬁﬁ%gcgfpggg?ﬁ%gﬁ%oé&%ing | ens
such that ahelamhffimcerfacepsicfaokli andi ng/ focusing | ens has the 15

| anar interface .ch. i hecdi agti g | ‘| rhed. 29, .
#he devi ce as d%f?#%%P%§t€¢%¥§#g?}hghgggﬁ%at%é Eﬂgn%géﬁgguéh?ﬁ g?%%oot | ens
is a firstshofagenedushe niewogénesvusensdekhbodviLessf Gprheepegapingi ng: 20
a second hanopgeneous. i hdex boot il : t di; active optic.
col l'i matin ?%@ﬁ'FH%l?%%g’f%&fy?égﬁéﬁ?g%iﬁgg%%glngg?wpﬁékéd?hgolychronatic
optical bepturébitpheoflihdnachromabpti optobhilnbeamng)f aodsifry | ens al ong the

first directipn,. and for transmitin he Lt romati c:
opti cal beﬁ%tf?¢55??h%h%igi?ﬁigiég 8gt%8n°§%?§ﬁ%%§¥né?FggﬁgFﬁggpéns al ong
16 he secondbaltk ettt ®Nth8thorbgedeviiseindedebooedlenscl ai m 29, wherein the
second honpbgeneous i ndex boot |lens has a planar interface surface for
accepting the nultiplexed,. polychromatic 30 optical beam from an opti cal
source, angiforTioeltqericegastdefphadalint glaimnPipcWhematinctbpti cal beans to
at least one optical receiver BieéIILIIL IIIIIIItIII.Hkiii [1101 CL MS

VO 01/ 0965 RRQES 48996% 34004 LeREy £ 8o 1RECHRPFAEES AREPaitHE27, wher ei n

the diffractivecopiécosoltisalingatonygifogubeng haasaspkhnahati wherface
surface fo&i?ggggéiy éggiguééifkgégghg/focusing lens has the
15 planar interface surface at which the diffraction grating

is formed.

29. The device as defined in claim 27, wherein the
homogeneous index boot lens is a first homogeneous index
boot lens, the device further comprising:

20 : a second homogeneous index boot lens affixed to the
diffractive optic collimating/focusing lens for
transmitting the multiplexed, polychromatic optical beam
to the diffractive optic collimating/focusing lens along
the first direction, and for transmitting the plurality

25 ' of monochromatic .optical beams from the diffractive optic.

collimating/focusing lens along the second direction.

30. The device as defined in claim 29, wherein the
second homogeneous index boot.lens has a planar interface
surface for accepting the multiplexed, polychromatic

30 optical beam from an optical source, and for outputting
the plurality of monochromatic optical beams to at least

one optical receiver.
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pol ychr oRgé bfyegest i cal beam from an optical source, and 5 f ®CTAROPI48I#Ng t he
plurality of nonochromatic optical beans to at |east one optical receiver.
32. The devige as _defined in_claim27, wherein_t pff ti grating is

a reflectivedif et %%l@?a??ngeg%Pan%gdcg?g hggtit F%&ﬁ'lf raction angl e
Wi t h respectdiffddr-tivee fopsicandlitmandndi/ fechsdng. 183s hagelmapar

di vision nul tiplexing device onprising: | ff Is t{c collimting

| ens for cd%qg%ﬁféﬁ? %95*@?3I¥?§ 3?cﬁ8g68§rgh§t#@ﬁkﬁ¥ﬁfgﬁxkeans; 15 a

di ffracti on wriapdhpi®t i covpt bcay beemplfuval bhyopticed! Isovatas, and
nmonochromati ¢ optical beans _jnto.a tiplexed ol ychr.omati.c. opti cal

beam and fofOT rAtFREEFHYth enB#PFBEE&@dBfp@P?@ﬁ%SﬁéF&%%néﬁé%ai%eanj and
20 a diffractdames ophi £t f Desstngnkeoptienlf eeusingri.he reflected,

mul ti pl exed, polychromatic optical beam 34. The device as defined in claim
33, further conprising: at |least one reflecting elenent for reflecting the
25 plurality3»nf cohdideiede apnaehringatie ephimal7heatrdionaitk t he
diffraction grating. K 35. The device as %Efined igé%lain133, further
conprising: @ttfeactiomedrafiadt tAg2elereRCTESR fEES TR F 2559
reflected, matidptexess eRLycheersli aigptrhetlobeamgllewaridh thesphdt riasti ve
optic focusing lens. 38 [I1IH 1111 111 11111 Il 1111 WO 01/ 09657

| / USOOY 148ate BErsth gddefeRgRfA BivPSTdATdenul ti pl exi ng devi ce
conprising: a diffractive optic collimating lens for collimating a

mul ti pl exed, polychromatic optical beam 5 a diffractjon grating for
Separating'tﬁg-C0$IW%%@%ﬂ?gt division multiplexing device

comprising:
a diffractive optic collimating lens for collimating
a plurality of monochromatic optical beams;

15 a diffraction grating for combining the plurality of
collimated, monochromatic optical beams into a
multiplexed, polychromatic optical beam, and for
reflecting the multiplexed, polychromatic optical beam;

_ and

20 a diffractive optic focusing lens for focusing the

reflected, multiplexed, polychromatic optical beam.

34. The device as defined in claim 33, further
comprising:
at least one reflecting element for reflecting the
25 plurality of collimated,.monochromatic optical beans

toward the diffraction grating.

35. The device as defined in claim 33, further
comprising:
at least one reflecting element for reflecting the
30 reflected, multiplexed, polychromatic optical beam toward

the diffractive optic focusing lens.
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mul tipl
opti cal
beans;

‘gﬁqﬁlm”ggl ychromatic optical beaminto a pluralitypcgfusobigsdr onatic

eans, and for reflecting the plurality of nonochromatic optical

and a diffractive optic focusing lens for focusing the

10 pluralit

of reflectd: rMriterebeRgte dbvishpnpdemeltin¥exing deVice as defined in

cl ai m 36,

refl ect

ing the <colTimated, multiplexed, polychromatic optical

dadhesingonprising: at |least one reflecting element for

beam 15

toward the diffs 2tfbragiavengptg. cohbipatibe AsngefPrefoils 1BRAIRI36,

COMRLI 51 ex &4, | §8BycRPSmAaei Eesbtnaat! BEBAL for reflecting the
ty of reflected, nonochromatic optical beans 20 toward the

lurali
gi ffractive optd cd¥bExarhioregtating forj pppprpting the collimated,
multiplexed, polychromatic optical beam into a plurality

further

10

15

20

of monochromatic optical beams, and for reflecting the

‘plurality of monochromatic optical beams; and

a diffractive optic focusing lens for focusing the

plurality of reflected, monochromatic optical beams.

37. The device as defined in claim 36, further

comprising:

at least one reflecting element for reflecting the

collimated, multiplexed, polychromatic optical beam

toward the diffraction grating.

38. The device as defined in claim 36, further

comprising:

at least one reflecting element for reflecting the

plurality of reflected, monochromatic optical beams

toward the diffractive optic focusing lens.
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