‘ WO 99/343539 (O P OY . 2. VKT, K11

"; abe3e\ YI (F6| T<Bf i WD 99~3~339 OPTI CAL HEVI CE FOR MONI TORI NG
VULTI - WAVELENGTH SIGNALS r~.. ~ ~ (r tf /tI1UWS. 7U 0 5 JtIN ZO(&ST&UMI\QWL
‘FI ELD Thi s invention relatesd an i Al deyi 0 ppd toring

I -
mul ti -wavel ength signals and oLHae -‘-’-‘ s~but put froma

diffraction grating) for exanphmﬁn.wmvmjgm@rrpbgmn! Gation system
BACKGROUND ART The ability to sanple the optical signal in different parts
of an optical communication systemis very inportant. This is usually
required to elc'%la THE urenent to be perforned on the signal, for
exanple of it il ; E ﬁngth, signal to noise ratio etc. The sanpling
process usual Myisr épginties fehetes nwompovpticaindefics ofte fanitodhg amuitPwalélength
coupl er structure, Th cougl i nﬁ_ ag{i on however te?ds to degrade the quality
of the transnSinals angn&IOTBy PANSHEY Y Wignals afeet fom awiffection) aratiog: ifeh
etc. This in efrs&dtiafth ; mance of the overall system
This is nade \%Iér@g%gy trff? ?éégct @ﬁa@léét}%nﬁg?li%ﬁse system power budget (i.e.
m nimse power loss), it is desirable to tapoff only a very snall

proportion ofmw practical realisation of small split-ratio
tap-of f coupl - : very difficult as they are typically very

fabrication, yRyebsngt fto 0samplearths abpfichiSsighbl |iMe diffdte W 9 [ptical on
Mul ti pl exi ng (VDM ggs'tem tEe Si tuaP_i on | g si gni f_ilcaﬁtﬁ mr?}c%ﬁpﬂp\élg?'ed.
| ndi vi dual waoemawgidationasysters, isbeerigmpantanbd Thistiseususily rgauinedato £nhble

ampl ing of  afderarealremenh (Bt BetirpeEon iR Signal Be RIS G ¥ maer
measur ement s wavéleng®y sighaeid miisepstld 6t2ammel samplng pridelss Bisublly FédhSreHe.
must be wavel ength insensitive to enable relative nmeasurenents between the

cﬂanne: s. Seg'_é]ﬁa’_tﬁoéT\ﬁQf‘f of W?af_ﬁﬁﬂé?fn% Faﬁ1|@ﬁ§oﬂﬁ{% g'e'tﬂé?tléf%thalthiBQeq@@gt h
Conds to be el fendt EEGIdLEg A of B XEnen A AT ny disidibg bs

within the despddtiupl,exbapst qusafisatione ety.st eThissiignitiiinc aadversbiantffgets Ssthe
achieved as the re uirer‘rrent for se aratf demul tiplexer is elimn d
Eﬁrﬂs h

at ed.
the oversd| v I§risSt madenwpiaen by theutastithat, to

However, sanmpPeFRIMaRGR\RTd
h | ft i i ; j g i f
e i e

a sanpling coupler pe
separ ati on r egffioniyca betywsroall ipnopartidniaif thesigmial. pdinespraticdl reslisdtion ofsmatls

eparat o couptb D REEGH ChUnke: ORI, dnARRLAITEYL AE Davae Bl VaTs

achi eve a unigFfatin, WaQdiehgbbepsianbatish sdrmigl. distribution to enable
rel ati ve neasurenents. The mven?i on provides an inproved nethod and

apparatus for nonitoring a signal which avoids or reduces these probl ens.
DI SCLOSURE CFlnl 'g\/%llgc\elngth Division Multiplexing (WDM) system, the situation is
significantly more complicated. Individual wavelength channels, being carried in

¥

the same physical fibre channel, must be detected on an individual basis. This
requires the sampling of all channels and thus their separation to enable
individual measurements to be performed on each channel. The sampling, in
this case, must be wavelength insensitive to enable relative measurements
between the channels. Separation of the sampled signals into the associated
wavelength channels is difficult and requires "demuitiplexer” functionality, which
tends to be expensive.
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According to a first aspect of the present invention, there is vi ded an
optical device far nonitoring nulti-wavel ength signals conprisi E@ aJUN 2002
-diffraction grating for dividing a nults-wavel ength optical signal into a

plurality of signals each of a single wavel ength or narrow wavel ength band,

first kv | 1] t ' i, | s f nt h
i v acti dh BF PRV e TP R0 h 10f A CeRieE Stevl 1 obe, SVH8Mhoans
posi ti onedigiifi¢AeiddwanBRIOr isTchidiednads fhHeoMeyuitetizptt @br | SWaEphAta P)th
diffraction order fromthe diffraction grating; and nonitoring neans

connect ed denylfiplexecisrliminatadyi Meowarem samplingindividial wavelengihssrem thae or

roni tor _priauidial Rt Ghabils M W BenIAERE " Re Wi e, “Tee:
Accor di ng itcorpofatiohhefl a asapesiingotoltifler per eatgutrchenher eignificandy iide@asss

I ntegrated optical transceiver conprising; a laser cavity fornmed between
first and 'e@AsWaicebagpRiakion refeined beiwerd indidduahogtplt PRESWHIGH HsuRlY | aser

cavi by Olre8ihThitcded dedtleYz4/a4g | ROAARIEH difi AARRMARY! ‘Aiso 2hflob ' Ot
recei ving neans, the diffraction gratifig being arranged to receive ?lght of
a sel ect ech separbtencpupledisfdsad togsdmpimadol dhaninel) itvaweine difficult tnachieve
transmt |ight, of the sel.ected wavelength to the,~~G- 4~~~w, W, yym ~. ty
YCT/ G ti o gty or: paeJocefeE@ §epipied 0ghan td'nsg'l%i“@f‘néo ngagkle r¢lgtive

di ffracti gregdipbimestsl So being arranged to diffract light at the said

| aci ng wavel ength in a higher or lower diffraction order than the
diffraction order used within the |aser cavity and conpri sing out put

i tori : ving.said Li 0 hi ah I .
i v act i goruertsh dpgBet 4P iRtds oAb athadis for rEWPRE 2t ed
fromthe Iskprl wiisH avoidSohesddceattHess paibléms. | nvention will be apparent
fromthe follow ng description and fromthe subsidiary clains of the

specification. The termdiffraction grating used herein is to be

I nterpret ﬁi%b‘ﬂd%gﬂ%E%FqNVEN;@@N on or transm ssion grating (e.g. as shown

i n Figure vegui de grating and ot her dispersive
grating stcootding$y aifirst aspen) di the preszmt mmntiph;gﬂﬁrgnsaﬁm\g%ed BRI Cbﬁﬁidcal I
DESCRI PTI OF W NGS. The j.nvention will now be further _described, nerely
by way of gélx&ﬁagg?n%'\'ﬁ'nﬁewhswewag%élg_ae@owanwlﬁg 2 iRl gratitghi ch:
Figure 1 sdiodividigss Maumaiway<lemdth ptiehl sa%ﬁélriﬁfoégldfb dff §l2%4eh of a

incorporat_i%&an optical device accordihg to the invéention; Figure 2 shows
a schemat gl wgvalength ar segonowavelength barsh Sirsl receiving: orgamsapasitipread

opti cal d?&’ i'&Ceei\?eCSRé %rr}ﬂoieosibﬂglsi 1"F'c\>/r'ﬁnatni A diffraction order from the diffraction
grating and second receiving means positioned to receive one or more signals
from a higher or lower (m + p)™" diffraction order from the diffraction grating; and
monitoring means connected to the second receiving means to determine
properties of one or more signals from said higher or lower diffraction order and
thereby monitor properties of one or more signals in the m™ diffraction order.

According to a further aspect of the invention, there is provided an integrated
optical transceiver comprising: a laser cavity formed between first and second
feedback elements; a diffraction grating within the laser cavity for determining a
lasing wavelength of the laser cavity; and light receiving means, the diffraction
grating being arranged to receive light of a selected wavelength, differing from
the lasing wavelength, and to transmit light of the selected wavelength to the
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" Fi gure 3'shows a schematic di agram of a WDM denul ti pl exer incor quajmgzpﬂ?
optical device according to the invention; Figure 4 illustrates € i

-and adj acent |ight ké@aivingmeanisrtnef diffraatidh fdratirad also t94ing iantangedhoasifigiovght n
Figures 1, 2 and 3; and Figure 5 shows an_ enl arged view of the main channel

spectruns froth tegerie 1asing” wayelengtis in sBdighers of lqves diffradtion order sthrn2the?2

Figures 1 andy: \{W Q1 j i i i .
accordi ng todqlﬁrea%pﬁéveon |0H5§€§ﬁ'?dgﬁ5§tlé%&?§ bga%%d@;?gﬁbg?@y §€{gyg?¥h6erﬁg)e”\r; ce
may al so be usedns foraebeivirappaidciight dmshe Fighes ubjlewer diffractionodrder g beserltoand
2 is also described and cl ai ned in, co-pendin atent application
G89727013. 6. BPQIRTENE PQW%R“%&F%@EEEWW%, framhe 4aser cavity.
silicon-on-insulator chip, on which the transceiver is forned. An
integrated wavegui de 2, such as a silicon rib waveguide, extends from a
first feedbadither demtnres3of the inventianpwilli shagparenttftom dheifoliewingcdésariptioR)
coating forned on a.face t _one .end t he wavequide 2 towards a

transm ssi on adﬂdé?qrﬁdg’%Sf’é?ﬁﬁytf?ﬁ'@sscgﬁf]@§p8?mﬁ§wﬁbw, shal | ow grooves 4A,
etched in the surface of the silicon chip. A further waveguide 5 is forned

on the chip 1 at a position to receive light at a selected angle fromthe
transmi ssi on Theatemny diffeaetionegeatingy usednhergin dal toabgl interpreteyl tnidnclagdeaa

sem conduct or, pfier:chin. to sec I t_ 7, such as
2 M an ref1 eset SRR Pateh B FLuBng e Sy h IR Ee B3 e poBVes
exanpl e showwavidaeidy griating arnpthies eispardive gaIting stAVctwres Cifich REIdgPabhic
apertures so it also tocuses the Eight transmtted therethrough. Light
travel | i ng alobR§asREraRESyui de 2 towards the transmnission grating 4
diverges into the silicon layer, as represented by the dashed lines 8 as it
| eaves the waveguide 2. Light |eaves the transm ssion grating 4 in the form
of an interf BRIEEDBICRIPHIQNMEFDRAWINGSe | i near array of chirped period
apertures formng the grating in the well-kno manner and c ri ses a
series of pea-{JIF’@ 'gf’eﬁﬁ"?"?é‘fa"iW%P&uf“é&%diﬁ*f'%ﬁ‘g%r&yﬁ%w ‘PfﬁgE%WPEe'dﬁ”th he
grating (i.e I ¢ i : i and co-linear with the
wavegui de 2) Te%g%rﬁ?é'p%éﬁsggggﬁ%hkg{gl ?"gér‘?{mg(;sf' %Wyzﬁ?i cul ar wavel ength or

wavel engt h band. The waveguide 5 is positioned so as to receive light of a
sel ected wavel ength ~ 1. whi.ch is 0o be the w | en transmtted by,.the
Cranscer ver . TISER SiovhAiRar s Berae Al erdh Bl bah T bhGaind e
bet ween the AR dgtiahl ddvice gagbﬁdm@ fdRhedatédidny in a known manner and as the
AR coating is only partially 1'"V77/ .l ~l~1r . v. Vv...v... .-..v a ~ ~u~
2002 reflective, part of this light is transmtted fromthe transceiver

t hrough the ati as t put . he tra jyer at th gth
~.,. Anot her%@gggi ggogsi ? a Z‘gﬂ'%lrt@vitdc'l%ﬁa@neqfhg c%%?gha{at foé&se#fegﬁaﬁ{gggkgﬁe
so as to recéicoepdrating anfopticat devide wavetdimptothe, idvéntiom; t he transm ssion
grating 4 and transmt this light to a detector 10 such as a phot odi ode.
The spaci ng required between the waveguides 5 and 9 so they receive the

respective weygl EROLA5Ws a scHEmaticcdidgrad dnaPsM dedBitiblexkP thddrf6iatifG &0 -

20

optical device according to the invention;

Figure 4 illustrates the main and adjacent diffraction orders for a diffraction
grating such as shown in Figures 1, 2 and 3; and

Figure 5 shows an enlarged view of the main channel spectrums from Figure 4.
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m crons dependi ng upon the di mensions and geonetry of the arr%geﬂﬁﬂ The
transm ssion grating thus acts to direct |light of the second gZﬂﬂ
teceived by the transceiyVv hr o t he artI anti-reflective tin

t he phot odi odd94&® @”Qﬂgepé M\Q@% g@f’ RV, qQiPRe '”S thGBF?%tQ 9§Pe
as part of aéc%éﬁ:fm?%'thﬁ .ﬁ@ém BRAVRMNIt WP Heabbhiecib thaf {Hi‘aCHbQi@:e(ﬁB)/
coated facet and 1T he hi ?h reflection (HR) coated facet 7 of the

seni - conduct @isq be eisedripofiarapriinaiinme. suhjact mgttar pkFigyeap 1 @nslel ig also

Came chip. THEGHAE RGO AEhRd it R b B AR R RO L T T sl by
being part of the laser cavity and acting as a wavel ength selective filter.

At the same time, the grating 4 also acts as a bandpass filter ensuring
that the detddg@e bshpwsian gaticaltchip By suseas & plisenOArgsUgtonRRI eRgyinish

The wavel engt“h.e %f‘én‘zs(&%fv\é'r g/ f8|fr¥léc9€ Bh Ei‘rt\t’egpatél(% W%\%&iﬁ@% & &RALLES, tsn{?:ﬁn rib

formati on of osed cavit or l'aser "OscCi one wavelen

and the free whaﬁegutdeorexoénmmhmea fived feddbrgkhelem2né B, sbeh detapbtmedr F@rﬂy
detector 10 is physicall art of the | aser _resonator bH tfw separated from
it in the wa@t ‘é’ﬁé@‘ﬁ'v@o cogting fraesiro defaeet i rGReh 8P rﬁfJ ﬁewﬁlé%‘g@ied% 9

acts as a hi ghl¥rfd tr%h%ﬁsﬁ&?ﬁmﬁ'\b @f&?n@ﬁ%ﬁ%@n&?%ffn%ﬁw SP%1 8y W grooyes

oscillations on that wavel engt y~S.~~SV I~ ~ ~ n~ar u~a
N 2002 Fi gur éAl etdHedsinrthe ssrfacé iof the slmcm cHipt néaﬂsttmrmvegmddﬁ thfateter om
wavel ength ~, Z t he .devi i.s, demul ti

W2 1S | ed I ed, b he
grating struéli‘%lp@pchgaE’Pﬁiﬂ'%agtrﬁc?'ﬁﬁYglgt?%a(ﬁn%‘?'ei@d agle &’i”?:ﬁf Haéﬁ%@%'o’i’ he

exanpl e Shov‘@rétquh%ﬂoele%d'ang BR'GHtRS! é‘mﬁf"ﬁér%dsu&\c%'d‘geﬂfﬁddﬂﬁztﬁr feRer
perform both gl exi ng and focusing. gure shows a second form of

transcei ver wmplifieuskip, fo eosanang feedbask el@man’m?t |&ughaaajafm@mefhgctnarr (R 11

mrrors 11 analied e oh i defeo Srptin ohe Fol Boa B e ab Mt Hifine
surface of t h@rrﬁ:lnbe@@nurﬁéurrarram@f bmmeaigpmaeémfescs‘o it Aksd farekes he light
determned b %kt?r ating demul tiplexer 12 by providing wavel ength

sel ective fe @B& herethrqlighe optical anplifier 6. The detected

wavel ength ~. 2 received by the device is directed by the mrrors 11 and
grating 4 to the detector 10. The grating 4 is thus again included in the
| aser cavityLighltravaiiewy rajpragldhdewai/egmdieﬁd riowahds rtiaeiitaarm]lmsa@inn@rating 4

I og e Breas S b ows er 5% stk B Wbl 1B g Toade

12 to the parls aicouRe 2 chiohtiea/asCthe, bafign Breing, 418, i R et
interference pattern generated by the linear array of chirped period apertures
forming the grating in the well-known manner and comprises a series of peaks
at different angular positions relative to the axis of the grating (i.e. an axis
perpendicular to the grating and co-linear with the waveguide 2), each peak

comprising light of a particular wavelength or wavelength band.

The waveguide 5 is positioned so as to receive light of a selected wavelength
A1, which is to be the wavelength transmitted by the transceiver. Light of this
wavelength is ampiified in a laser cavity formed between the AR coating 3 and
the HR coating 7 in a known manner and as the AR coating is only partially
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if the wavelengths ~,~ and ~, 2 are signifiéantly different, @ -
anti-reflection coating 3 can be designed to have a | ower vaI u Q LLN 21932
less reflecti ygechios, ba@ diezh%Cﬁ@q .Waﬂs@m&&@ froné% the trdn%rc@%rqmml e AR
efficiency and a higher value (1.e. be more highly reflective) f th
transmtted waoatirengtals the outputraddhe ranseeiversatithe wavetesigth AThe transcel vVers
descri bed above incorporate an optical device for nonitoring the |ight
emtted fromthe |laser by sanpling the light inside the |aser cavity using
the diffracti s&noweatwmguﬁ@ggg %Hd“ﬁro%ﬂbobgn ‘E't‘?é'cﬁllﬁé‘té%ef&rtéd’ d8bl 2ty
finite proportion of the laser power in a |ower or higher |ffr ction
order. This ceacebe tgpbed secand wavelengtrap, dfom whe darisdesidnagratingupl &di t o

a further photod rrect design, the
spatial separ E{?Pgﬁqg?'st"ﬁhgt%f’ éflﬁéer"t?fr“f%‘c}é}a%?fq?@%cﬁ) PE® order shoul d be
sufficiently different fromthat of the emtted and detected wavel engt hs

~., and ~.Z to allow wel | -spaced wavegui des at the focal plane. Figures 1
and 2 show a $hagipacing reduiratabetyeeatethis wavaguidedi § iantaP saphey freseivegtiiedes

b ded t t h f_th | t hs qf st
i oot 60 aboGSPEiE WEYRETBEAT GRdefs bBRIRChBIGRY e et GEer BB 1ka Bn o
I f
The vari ous. cogangoeRSingBoR RS, B PR T e i i o on

costs. Further details of SO chips and rib wavegui des forned thereon are
gi ven in W95L08787 Met hods of unt i co ot odi od
detectors on é’ﬁe éa SEHTHOR Eatng; ”B? &g R @%39%@@& ﬁe?cr’f&géﬂvad’@r@gie A2
appli cation NceffBA7HLIRE trarlsRullel dR0LBR 8. psRigSMERABLId ROHAR! 3 Bl then
of transm sm%r?eand %f | ection grati nggl n the rface o '\én ogtlﬁg? chﬂlhg by
el ect ron beanplwtogiodedl.t hogr aphi c techniques is well known so will not be
described in detail. The transm ssion grating 4 would typically be forned
of shall ow grooves a fraction of a mcron in depth (e.g. 0.2 mcrons) and

width and a fewe Wa%mgm Beleetigd Btrudilife BOS ek lrﬁegratédogg p@ﬂ%fﬂ@tﬂé@br cavit
typically vary froma ftraction of a mcron to a few mcrons. The reflecfion

grating 12 wolgrmedypetwaeny thee peaiyranticefieriiop ARheaatedafagess3d vand the high

fl
o Tre o0 BB o) e Re0 B IR PPeT il e ol g SRR e
mrrors 11 wogratingl4 ¢ beed donexd thy rdktipeavahsengths tafrishthathal frah ity and

t hrough the |1 ght %ui dj nﬁ; I,a%er) and be froma few hundred mcrons to a few
mllimetres vicdeivedndaly Indde theesamer ehiRn) yI e alieg «5 s8iewing ﬁrqflsdn' 8dso

t |1 t f t t
Such as a | EyAEAgtioBl e Iaser 8)!baRE SR It B REKE AT o AR a1
applied ther awvelésgthnsleleammj fﬂbove&t thleesgnetinmg, dimesl gtrammg)ms atsn doks as a

pr ocosaes, o AndasaRT As i FLftady CBfecolL ONTHRIPARY (helfet sdardey

i's repeat abI eoﬁpa\@p@,%thgg transceivers to be fabricated with accurately
mat ched transm ssi on ‘and recei ving wavel engths. The above arrangenent
enabl es the sanpling of individual wavel engt h channels within the

per channel . T ALY SeRPRIELONTE ofee £ etiio s ShabREhP Sids StePe on
by spatially gegsd eé\hfwfowés%?%éluaaan abené %v\éleg\‘aqm l\(‘@\'ﬁﬂltﬁég?éé @bmgh%f

i nto separate output wavegui des. In a conventi denul ti pl exer, the
grating is desighedwaueelepgthal.eai theadetpetor.f The dietéatactd mpbysieallwpedaaféhe by
devi ce performance requi nents, channel separatl on and ceg_&(; channe

r
wavel engt h an@sehéesanaton put sispieparatads fieakiltiis ethenwayplengti 1 dyRa bﬂ'fltpﬁncy
for this orde r e praper
content in al ‘?hoot%-ﬁgggdﬁ ér}g‘(':ﬂt‘afm@ ?)]%d\}gégéédf%e@ ?égg:%gaca%m@omv\gégﬁ Tabgg

desi gned to cand preveatsathle forrmatiomof esqiitatipns ohdhabwavéiengihgnal power in

| omer or higher diffraction orders, and in fact it al nost always does. As
descri bed above, these can be used for nonitoring purposes w thout
affecting the properties of the main channels significantly. D spersion
properties, relative power, cross-talk, tenperature dependence, channel
response shape etc, of these orders are directly related to that of the
main diffraction order, so neasurenents fromthe diffraction orders used
for nonitoring purposes can thus be easily |inked to the main channel
properties. The smaller proportion of power for each channel in such orders
can al so be focused into individual waveguides in a simlar fashion to the
main diffraction order. By correct design the spatial separation of this

hi gher or l.ower diffraction order should be sufficiently different from
that of the main channels to allow well-spaced wavegui des at the focal
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‘WU yvis~~sv rC. ~ ~ ~ esvamrasu ' 9 ~ 5 ~~g ZUU2 The diffracti g order used
for nonitoring does not need to be the adjacent order. Any hi éﬁ rd Zl}ﬂ@er

cord b d faor th T d d, d d
Lo have the. regars sdsitues BR0REn cblmeft SR PORaR R WANP P ST Ehe
conproni se, NEYRYEY infRihd YeiReU s BAANDIBERE Wys RS drbien@\ethirhlreduald ng

design to ensure the desired tap-off properties. A‘further enbodi ment of
t he inventi onillyminate e datasion HO.Filguindicatedagave, thesexampleoshdwmin Rigusad

focusing mrrors 15 toget h reflection arating , aLranged to
dami t1 ol ox ancogni P o sfiBad theuind el HeilerdRoddy pBFLERR00 2t on
order | abel | e@dct§iggnt h" order, is received by a first set of receiving
wavegui des 18 (for provi di ng the out put of the device) and anot her
diffraction order, Iabelled the (m+ p)t" order, is received by a second
set of receivy f ght ors_20.
Figure 4 ill u’ts'g Eaet ggls%%gﬂﬁﬁgaégﬁ%ng%ng r a??h%lﬁ u(;slre e?sccﬂﬁ%’ﬁ@h% %fz
grating basecbotll&maﬁng ahdxfecusﬂigemtyranﬂ‘n‘gemamdi hEIthﬁe Bdison ¢Hip tbgethet Qvith a
mcrons with 280 el enent s. ocal, Iength of 10mmis used at bath the input

and the out pue€ astianograting 12 Th QBHIIPES pi &dire §Cf(5‘&9@§'@6 1700%@5595"6\5’@{ 8
channel s, ad(‘?%gg @%r The incidence angle on the

grating 16 an %Fﬁr Sy a{cg%gglg@n%flfgbﬁ?h& in all cases. The different
wavel ength signals are shown closely bunched |n Figure 4 but the individual

Froure 4t hel iR PRBBOHEVaIPrY PRt the st 4P srINRIEY 414 P oRosmUikped2
Some pr ovi de g penépgywavé@ﬁsmwé eBbABREPAPH ARDSRAPaRBIfiE 6.ChaNNe

uniformty. on the“specific application) a design conpromse wll
be required to achieve optimum sanpling functionality. Typically, the

sanpl e power in side ord ffractjo is,11t0.10% n order
G Trackion ik ERaEa wevgradihay Brakeliny b ddidn ket et bying parrors 1

derul ti pl exer fink he
mai n channel asnpc)je rtartlﬂﬂ14?O#%Jgr@é&'ﬁg?:l'gegg@%ngt?@\g;ltsia@ﬁrgp%ﬁﬁﬁd gfg%'grsh%h
nodes is appriaserned\elyy rmOItlpiearmmsndndemlplexmgnshhewadmtedt lasimngevayveteridie
channel s (ch unl ess, than 1.5% st th

| f. the | rd
et o g et ThSUbP: BRtnEhng SR ERURG e dorcle nERes: 5Pl thee
channel di st rdé?éﬁtb@@ aﬁl’ﬂ%ﬁné B lEé&Ucfaﬁ/tt? w&wbén l?ﬁe'?ﬁéH @ﬂ%@tmﬁ%oﬁ%"@cbf‘?@?' s

Fi gur e, t he nonitor power for the cen hannel his case Is
appr oxi mat el ythe 1848, |tmmghtﬂﬂ@ngtatmgndemudil13éeml $2 tmhféeapenrtxaﬁxe aphtdflgiction

spaci ng betweg nnels is 8 mcrons and the channel
uniformty i scogb%{]%fgﬁ’gtotﬁﬂf @3}§vari ation. Achieving such a small split

ratio with little polarisation dependence would be very difficult with
prior art devices, especially with such good channel uniformty. The
non- uni f or mi tlyth@ama\ealgragtbé As @nddetare signi t:antb/ diffesany, thg anfierefiegpen epating
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There is little or no arisation, spectr an wave engt h dependence ©or

di stortion irhé hghttap;bhedgrmﬁfthertastearbwssamphng the light inside the laser cavity using
the diffraction grating. The grating can be designed to carry a small but finite
proportion of the laser power in a lower or higher diffraction order. This can be

coupled to a further tap-off waveguide 13 and coupled to a further photodiode
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The fabrication of transmission and reflection grating in the surface of an optical
chip by electron beam or photolithographic techniques is well known so will not
be described in detail. The transmission grating 4 would typically be formed of
shallow grooves a fraction of a micron in depth (e.g. 0.2 microns) and width and
a few microns in length. The period is chirped and would typically vary from a
fraction of a micron to a few microns.

The reflection grating 12 would typically be formed of deep etched features with
reflecting surfaces 5 - 20 microns wide, spaced about 5 - 20 microns apart and
the grating may typically have a length of about 500 microns.

The mirrors 11 would also be formed by deep etches, extending all the way
through the light guiding layer, and be from a few hundred microns to a few
millimetres wide. The mirrors are preferably concave as shown in Fig. 2 so as
to collimate and focus the light and may also have a reflective coating such as a
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In a conventional demultiplexer, the grating is designed to operate in a specific
diffraction order dictated by device performance requirements, channel
separation and centre channel wavelength and the grating is blazed to
maximise the diffraction efficiency for this order. The grating is also usually
designed to minimise the power content in all other diffraction orders.

The grating can, however, be designed to carry a small but finite proportion of
the signal power in lower or higher diffraction orders, and in fact it almost
always does. As described above, these can be used for monitoring purposes
without affecting the properties of the main channels significantly. Dispersion
properties, relative power, cross-talk, temperature dependence, channel
response shape etc, of these orders are directly related to that of the main
diffraction order, so measurements from the diffraction orders used for
monitoring purposes can thus be easily linked to the main channel properties.
The smaller proportion of power for each channel in such orders can aiso be
focused into individual waveguides in a similar fashion to the main diffraction
order. By correct design the spatial separation of this higher or lower diffraction
order should be sufficiently different from that of the main channels to allow

well-spaced waveguides at the focal plane.
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b o A first diffraction order labelled the m™ order, is received by a first set of
receiving waveguides 18 (for providing the output of the device) and another
diffraction order, labelled the (m + p)™ order, is received by a second set of

receiving waveguides 19, which lead to a bank of light detectors 20.

Figure 4 illustrates the main and adjacent diffraction orders for such a grating
based demultiplexer. The grating used here has a pitch of 10 microns with 200
elements. A focal length of 10mm is used at both the input and the output
mirrors 15. The demultiplexer is designed to operate with 8 channels, spaced
0.8nm apart from each other. The incidence angie on the grating 16 and mirror
15 in this example is 45° in all cases. The different wavelength signals are
shown closely bunched in Figure 4 but the individual wavelengths are more

clearly seen in Figure 5 described below.

As shown in Figure 4, the different diffraction orders provide different properties.
Some provide more power, some increased dispersion and some better
channel uniformity.  Depending on the specific application, a design
compromise will be required to achieve optimum sampling functionality.
Typically, the sample power in a side order diffraction is 1 to 10% of the main
order diffraction. This must be greater than the background noise of the

demultiplexer.



T s s resew s

g bC3 1 10%& ()- s109& ()-%0%& ()-0l:10% {9- 10 10 106%A0%&
Y1109 ()- 1109% & ()-S 1 109& ()- " 109& ()- s ! 109%& ()-

D5 2fyi 2n08'EPC

- 1109 () - SD7FRERECS SBOME dn) ehMrdfd&idy -dBthd rhaiichanrieVsHR¥EuM of Fidrgsa () -

my 1 109&' () - uV7& 10%g& () - $10%g&

()-" $10%& ()-Z10%& ()-s 10uu 10uu

&/O;u! ' &9;9(1/«6(131/2@ )aVﬁrmﬁwt@i@lsw;mw@aewiq})%?ﬂ(gdwi@mrwimﬁelyo%&nieyonw 10
o6 1 100 () STOURRITY L PTG OT R s (e anopb oty 5 gss fhens o

10g 1093 10%g&50).- sO@O%g& ()-.& 10%g& ()- !.Y: r!s!t!u! aVK@ 10G 10G

If the lowest third diffraction order (at -1700 microns) is chosen to provide

monitoring, the channel distribution shown in Figure 6 would be achieved. As

shown in this Figure, the monitor power for the centre channel in this case is

approximately -18dB lower than the main channels. The average spatial

spacing between the monitor channels is 8 microns and the channel uniformity

is approximately 9% variation. Achieving such a small split

ratio with little

polarisation dependence would be very difficuilt with prior art devices, especially

with such good channel uniformity. The non-uniformity can also be corrected as

it is caused by the shape of the diffraction patten for a single grating element

and is thus well-known and should be repeatable. Furthermore, the monitor

channels should show almost identical, thermal, polarisation,

properties to the main channels.

cross-talk etc.

The embodiment shown in Figure 3 uses a reflection grating but other forms of

grating can be used.

The optical device described above thus has a number of advantages over the

prior art:

o |t has a simpler configuration and does not require any coupler elements.

e Monitoring is achieved automatically at the same time as the signal is

demultiplexed.

e There is little or no polarisation, spectral and wavelength dependence or

distortion in the tapping off mechanism.
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The optical device described above can be used in any WDM system but, in
particular, may be used in transceivers, such as those described, for use in a
communication system.
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1

An optical device for monitoring multi-wavelength signals comprising a
diffraction grating for dividing a multi-wavelength optical signal into a
plurality of signals each of a single wavelength or narrow wavelength
band, first receiving means positioned to receive one or more signals from
an m™ diffraction order from the diffraction grating and second receiving
means positioned to receive one or more signals from a higher or lower (m
+ p)" diffraction order from the diffraction grating; and monitoring means
connected to the second receiving means to determine properties of one
or more signals from said higher or lower diffraction order and thereby
monitor properties of one or more signals in the m™ diffraction order.

An optical device as claimed in Cléim 1 in which the first receiving means

is connected to an output of the device.

An optical device as claimed in Claim 1 or 2 in which the majority of the
power of the multi-wavelength optical signal is output in the m" diffraction

order.

An optical device as claimed in Claim 3 in which 10% or less of the power
of the multi-wavelength optical signal is output in the (m + p) diffraction

order.

An optical device as claimed in any preceding claim in which the
monitoring means comprises one or more light detectors.

An optical device as claimed in any preceding claim integrated on a chip.

An optical device as claimed in Claim 6 integrated on a silicon-on-insulator

chip.
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transceiver.

11. An integrated optical transceiver comprising: a laser cavity formed
between first and second feedback elements; a diffraction grating within
the laser cavity for determining a lasing wavelength of the laser cavity; and
light receiving means, the diffraction grating being arranged to receive light
of a selected wavelength, differing from the lasing wavelength, and to
transmit light of the selected wavelength to the light receiving means; the
diffraction grating also being arranged to diffract light at the said lasing
wavelength in a higher or lower diffraction order than the diffraction order
used within the laser cavity and comprising output monitoring means for
receiving said light in the higher or lower diffraction order in order to

monitor the power output of the light emitted from the laser cavity.

12. An optical device or transceiver substantially as hereinbefore described

with reference to the accompanying drawings.



