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FI ELD OF | NVENTI ON 5The present docunent relates to a photonic integrated
circuit (WO@p1doan77aqul ti pl exi ng optical signals in a waveCempeé10s6586i on

mul tiplexing (WDM system |In particular, the docunent relates to a nethod
and system for reducing the size of a PIC for nultiplexing optical signals
in a WM system 10 BACKGROUND PI Cs havlie been devel oped to reduce packagi ng
costs and the footprint of nulti-wavelength emtters. One nain market is
the metropolitan area network. 15PICs are now foreseen for the access
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10 BACKGROUND
PICs have been developed to reduce packaging costs and the footprint of
multi-wavelength emitters. One main market is the metropolitan area

network.

15 PICs are now foreseen for the access network. In the next generation of
access networks, wavelength division multiplexing (WDM) will emerge to
increase the flexibility of access networks, the number of subscribers and
the optical budget (power splitters might be replaced by wavelength
demultiplexers, which will also increase the number of possible

20  subscribers).

In fiber-optic communications, WDM is a technology which multiplexes
multiple optical carrier signals on a single optical waveguide (e.g. an
optical fiber) by using different wavelengths to carry different signals. This
25 allows for a multiplication in capacity, in addition to enabling bidirectional
communication over the same optical waveguide. In a WDM system, a
multiplexer is used to merge the different optical signals corresponding to
different wavelengths together onto the same waveguide, and a
demultiplexer is typically used to isolate the different optical signals from
30 the waveguide. When a device does both simultaneously, it can be used as

an optical add-drop multiplexer.



30 the wavegui de. Wien a device does both simultaneously, it can be used as
an optical add-drop nultiplexer. - 2 - SU MVARY In access networks, the
cost of mwOwordw4crponents, e.g. the WDMtransmtters, PESTAR20IMPESBEN
issue. As a result, WoDMw || nost likely be 5 coarse (e.g. with a 20 nm
wavel ength spacing) in order to use uncool ed optical emtters. Furthernore,
in order to provide a WOMtransnitter -a&- | ow manufacturing cost, it is
desirable to achieve a high degree of integration, i.e. it is desirable to
provide a WDMtransmtter which can transmt light at a high nunber of
different wavel engths on the limted io space of a PIC. The present
docunent dﬁgﬁ@h§ﬁ§ such a WDMtransmtter and a correspondi ng nmet hod for

i mpl enment | a WoMtransmtter. According to an aspect an optica

transmi ttenn ojcRt i K&wdRL,! tthe tostd@FChétidstk kBmpahbheyl arg. @fe owpivcal CVWDM
emtter or transmtter is 15 described. The emtter or transmtter may be
i Nt egr at ed tEaNSAipiess,oisi @n iiMpegiaat dasus. rauat resPItO)WDNhwilt maestnlikalygrberay be
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The wavel erptital Epyittees. Putthermsf) nbiderl@DBravité anYepm Tirenshiiaedrngt bet ween
t he wavel engths 20 may be about 20 nmor nore. The transmtter may conprise

a first andoW swrwhectebingecosts Hodprdesimgle to achieve a high degree” of
integration, i.e. it is desirable to provide a WDM transmitter which can

transmit light at a high number of different wavelengths on the limited
10 space of a PIC. The present document describes such a WDM transmitter

and a corresponding method for implementing such a WDM transmitter.

According to an aspect an optical transmitter or optical emitter is
described. In particular, an optical CWDM emitter or transmitter is
15 described. The emitter or transmitter may be integrated on a photonic
integrated circuit (PIC). The transmitter may be configured to generate a
plurality of optical signals at a corresponding plurality of different
wavelengths multiplexed onto an output waveguide. The wavelengths may
be in the 1300 nm to 1600 nm range. The spacing between the wavelengths

20 may be about 20 nm or more.

The transmitter may comprise a first and a second converter comprising
different first and second active materials configured to emit light at a first
and a different second wavelength. The first and second converters may be
25 electro-optical converters configured to convert an electrical signal into an
optical signal. In particular, the converter may be configured to convert a

modulated electrical signal into a modulated optical signal.

The transmitter may comprise a first converter waveguide traversing or
30 passing through the first and second material of the first and second

converter. The second material may be at an output end of the first



different first and second active materials configured to emt light at a
first and a different second wavel ength. The first and second converters
may be 25wel2ectmoriopti cal converters configured to convect/ERnoleloedsss i cal

signal into an optical signal. In particular, the converter nay be
configured to convert a nodul ated el ectrical signal into a nodul at ed
optical signal. The transnitter may conprise a first converter wavegui de

traversing or 30passing through the first and second material of the first
and second converter. The second material may be at an output end of the

first - 3 <copwerier wavegdideqndthefigst matérialsmaydrecat ah inpyt eed 4€.gard i nput
end (e.g. a_rear ,e of . the transmtter upstream opposite of the
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be configurepd tof aksofibstt kenlémb whvédifde eepicalaviehdnotd- thEhicutpay be

achi eved by sel ecting appropriate sem conducting materials, e.g.

appropri at Ve8Pl ti ons of Indium (In), Gallium (Ga), Al unminium (A),
Arseni de (As) and/or Phosphorous (P). In particular, this may be achi eved
I f the second 15wavel ength is smaller than the first wavel ength. The

convert er s Timeysdtnaepetivd edateyiad ragyibe ansRpant tocthedight qroshd ifised at an
output end of the first converter and at an input end of the second

conver tir, Wavelengtht PartbeAthet haad) tha Brstnstivg wakialmawberonBigrerd i ve to

to absorb the light at the second wavelength. This may be achieved by
selecting appropriate semiconducting materials, e.g. appropriate
compositions of Indium (In), Gallium (Ga), Aluminium (Al), Arsenide (As)
and/or Phosphorous (P). In particular, this may be achieved if the second

15 wavelength is smaller than the first wavelength.

The converters may be separated by a semitransparent reflector positioned
at an output end of the first converter and at an input end of the second
converter, the semitransparent reflector being substantially reflective to
20 light at the second wavelength. By doing this, rearward crosstalk between
the first and second wavelengths can be reduced. In addition, the
semitransparent reflector may be transparent to light at the first

wavelength.

25 The first converter may comprise a first laser using the first active material
and the second converter may comprise a second laser using the second
active material. The lasers may be distributed feedback lasers (DFB). Such
lasers may comprise a grating along the first converter waveguide. Such a
grating may comprise a periodic variation of the refractive index of the

30 material of the first converter waveguide, wherein the length of a periodic

variation is typically referred to as a grating period or grating pitch A. In



20 light at the second wavel ength. By doing this, rearward crosstal k
between the first and second wavel engths can be reduced. In addition, the
sem t r answanrero4i®hl ect or nmay be transparent to |ight aPCrhP2611/064586

wavel engt h. 25The first converter may conprise a first |aser using the
first active material and the second converter may conprise a second | aser
using the second active material. The -l4asers nmay be distributed feedback

| asers (DFB). Such | asers nmay conprise a grating along the first converter
wavegui de. Such a grating nay conprise a periodic variation of the
refracti ve pandexlasf thentirss@oaverteaimay cemprisé adirst grating at aviirse grating

wherein the length of .a perdodic variation.is typically referred to as a
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the first grating period is selected based on to the first wavelength, i.e.
the first qravelengtperlnoadditionssibei aeeandaiconverier fmay tCcafapdses @gisacond
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second wavebrtéd babed to ithe seesfdvayebingtly, Rer itiel sbéorrth geirt périvd i t he
second wavel ength. The first and second gratings, i.e. their effective
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conver tlr s Waglength, respegtiyaly. Fusthesmore, the fifst Rnsecand ehating maxtbe s to
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of convert gesondKwamglebgtlyrespectivslyequal to 2, 4 and/or 8. K may be smaller
or equal to 4, 8, 16 or 32. N may be greater or equal to 2, 3, 4, 8. N may

be smaller or equal to 4, 20 8, 16 or 32. Each group of converters may be

conf i gured 4@ GSRGHALE Hagp& aﬁﬁhséiKg eru?g%er %n\l’jl@rﬁgﬁg%ﬁ 2%1;“.“.”1( and

mul ti pl exed onto a correspondi ng con r waveg d'result a
seri al lig mu=tlj.pl,sxeikhoit 1 carld $i>gndlhaBkis ctonpay, silngdditibnf tertbat firshvaidengt hs
Akn, n=1,.. be obtai ned at the ou end of t?e converter

., N, m ut.,
wavegui de : . t i 't
\ﬂﬁco'ﬁz&f’%}’%ﬂ% Ve DAY RfuPeIoR paotf‘;ESt BHUP O ONYBHEEYt Hie
i de t ; ' ; i ' VK f
wavegui de tFﬁj}SH1?t%?”Ha>/ercoHﬁ)Y156°€HHitﬁﬁ1ai Uér‘o@ﬁ% W%&E&%r%%%ﬁeﬂp” gre

t he other additional groups of converters: e converters Ckn
di f ferent a@ceatee aregqrial &b 2, Mkamd torf.i umadbe smatler drieghial &6 4, 18 Maorl engt h
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20 8, 16 or 32. Each group of converters may be configured to generate N
optical signals Sy, at wavelengths Ay,, multiplexed onto a corresponding
converter waveguide Wy. As a result a serially multiplexed optical signal Sk
comprising N different wavelengths A, n=1,...,N, may be obtained at the
output end of the converter waveguide Wy. That is to say, in addition to
25 the first converter waveguide the transmitter may comprise further
converter waveguides Wy for the other additional groups of converters. The
converters Cy, may comprise different active materials My, configured to
emit light at the wavelength Ay, respectively. That is to say, each
converter may comprise a different active material configured to emit light

30 at a different wavelength.



30at a different wavel ength. - 5 - As already indicated above, the first
and second converter may correspond to the converters Cl1 and Cl12,
respect i webyn12dget7aer nore, the first and second active mraT@EPR@EI1D6HERY
correspond to the materials ML1 and ML2, respectively. In addition, the
first converter wavegui de may correspond to 5 the converter wavegui de WL

traversing the first group of N optical>converters Cln, n=1,..., N In a
simlar manner to the first converter wavegui de, the converter wavegui des
VW, k=1,...,K, traverse the N active materials M, n=1,...,Nof io the kth

group of optsiadegadycindinated above, tdiehEirstvandisgcondctonyesigy rody eprriespond
converters s, traversed by a_dedjcated cqnverter vequi d . Wthput |oss
of gener ar IPythe AERTSIES fi BN i CoRer ik, P BT e B 1 ai s i<
such that Gbesndildctik FRiteRibBl mdyNchireglor toUEHRUIm ARGl M heandwegui de Wk
and material Mi is at an input énd, upstream and/or 15 opposite of the

out put end resectivelyndncagditienkhe fistogerertey wavaguide may seirespond to
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wavel engt h cBlyemtetdCi,<h=1,Thi®. condition may 20 be met for all i,j=1,...,N

)

Alternatively or in addition, material Md nmay be configured to absorb
light at a wavelength Akj with j>i. This condition my be nmet for all

i,j=1,..., n_.qt.her rds, dif f.er eri VK y
sel ective %S%r% |tc%i(r?{ 8% ngs%%g&gf lf{rlgtghct%fﬁt’ﬁggén\g%gég@c}%’t htgE \A/é:\g'g?]%’r‘?\%’?h Akj
of the |ighWavekuihs Wi, la=MavH, engidrséithe M hbtiy<imatyiala®g,, trhd, 25Meder i al
Md, while Iigl(m at a wavelength Akj with j> may be absorbed by materi al
MM 10 the group of optical Converters. In other words, each group of optical
converters is traversed by a dedicated converter waveguide Wy. Without
loss of generality, the indexing of the converters, wavelengths and
materials is such that (for all k) material My is at an output end of the
waveguide Wy and material My is at an input end, upstream and/or

15  opposite of the output end, of the waveguide W,.

In order to perform the serial multiplexing along the k™ group of
converters, the material My may be configured to be transparent to and/or
to leave unaffected light at a wavelength Ay with j<i. This condition may
20 be met for all i,j=1,...,N. Alternatively or in addition, material My; may be
configured to absorb light at a wavelength Ay with j>i. This condition may
be met for all i,j=1,...,N. In other words, the different materials My; may
cause a selective absorption or passage of light, depending on the
wavelength Ay of the light. Light at a wavelength Ay with j<i may pass the
25  material My, while light at a wavelength Ay with j>i may be absorbed by

material M.

The transmitter may comprise an optical combiner configured to multiplex
the K serially multiplexed optical signals Sk at the output end of the K

30 converter waveguides Wi onto the output waveguide. This may be done



The transmtter may conprise an optical conbiner configured to nultiplex
the Kserially multiplexed optical signals Sk at the output end of the K 30
converterwoaveydites VK onto the out put wavegui de. Thi s PORIEPR@ 1066586 \NO
2012/ 041776PCT/ EP2011/ 066586 - 6 - using parallel multiplexing techniques,
such as AWG (Arrayed Waveguide Grating) nmultiplexing or M (Milti-Mde
Interference) nultiplexing. The K grougs of converters Ckn may be laterally
spaced with respect to one 5 another such that the output end of the K
conbi ner wavegui des W are at a |ateral distance with respect to one

anot her . | nisinghparakket deyltiptexigg diesbnisiuesosver tasr AWmmyAtsayed aeguidear al | el

wth respe 0 their. respect onybi, ner vequi de t he conbi ner
wavegui des%{mE‘P?i\MEPH‘Fé‘ %%rMK@HgEN\S’%eJ\é\%}i tegfgfakvﬁumr}ge parall el .
The conbiner may conprise a io first merging section, where the |ateral

di stance between the K conbi ner wavegui des Wk i s progressively reduced.
Fur t her m)r d het h greunsmefneonveriers Erphiayda ldesdhdspasedi wigh 3esRed o alifer e t he
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Wi t hin a j Qaﬁétrallélsm%ﬂﬁerek@@éﬂ tt0oih® ahbehedUlip btheteweeds, dRe gFbEpd bf st
merging section may conpri se El urality of S-bend vvaveagjl des configured to

progr essi v@ppveré@tscmmé)edpéa én uaearaé@h witle respedbitaethainViespeeide V.
Pr ef erab'ycgg?qqaeorggégﬁaewew9! e\é‘%n{b?n{rowgvggl&é’s W, tPav: ?&Rg'{ﬂb%’ S- bend

wavegui de. duce  t Cross Weeh \wavel S 'whi ch

are mul ti plgexgss efitcondeiternCycatayl berparalegurtse cdinbihdre nast tompnséeri al s
Mkn and the. correspondi ng wavel entg@nhs Akn may be arranged such that for
sonme orl0al |1r§bme§gwg sestigpovhers \?é?'faérCHSt@BFe bgtween dhet Rcortingr oup of

the set “of "R M, FOERAS RIS Fhnd RS BRE bRl R T ar o
greater thaomprisel Emgtétoﬁldl Hnerging t edcﬂixyn comlveret etheCklight aatd differestr t han

wavel engt h Aki em}1 ﬁ\g converter Cki.. In an errbodl ment , Lhe active
material s MAVERNEINE Hen EJTIRS BLRRE KEMRINYT WRYEHE ﬁ&uWkrdye b¥hsre sRgdd such

30that Aknzehblly hAltiREYed dptiA il N trel Hipdi¥ipbsdlt within a joint
y Pt p pétitip j

15  waveguide leading to the output waveguide. The first merging section may
comprise a plurality of S-bend waveguides configured to progressively
reduce the distance between the K combiner waveguides Wy. Preferably,
each combiner waveguide Wy is coupled to a corresponding S-bend
waveguide.

20
In order to reduce the crosstalk between wavelengths which are
multiplexed onto a joint combiner waveguide Wy, the active materials My,
and the corresponding wavelengths Ay, may be arranged such that for some
or all pairs of neighboring converters Cy, Cyi.s of the k™ group of converters

25 along the combiner waveguide Wy, there are K-1 wavelengths of the set of
multiplexed wavelengths Ay, k=1,...,K and n=1,...,N, which are greater
than wavelength A,.; emitted by converter Cy.q and smaller than
wavelength Ay emitted by converter Cy. In an embodiment, the active
materials My, and the corresponding wavelengths Ay, may be arranged such

30 that Ay> Ain, for any k>i, and Axn> Ay, for any i>n.



- 7 - As outlined above, the converters Ckn, k=1,...,K and n=1,...,N may be
| asers, in particular DFB | asers. As such, the converters Ckn may conprise
correspomaiprgigmatisngs Gk, k=1,...,K and n=1,..., N at gPaTiErg0IPAsi58€ls Akn,
k=1,...,Kand n=1,...,N, respectively. The gratings G n nay be inplenented
5 as periodic variations of the refractive index of the converter wavegui de
VW within the converter Ckn. That is td-say, the grating G n may be

i npl enented within the converter wavegui de W, and the grating may be
different for each converter traversed by the converter wavegui de.

Al t er nat i véisyoutlined abidve, the canyegtess ihgs ki, -n. , kegndhen+Inpl dhendedd n a io

of "the or attsars o Renricn e kR ate Sy Ae ERny AE Songfiedhs ConBaRadiRRE 1 oAk
i s reflect e@rresp6ndihBayrafiagd Gy, PR, 0d KSR Of=1t he N batdrainSpetiomYARE

associ ated with the wavel ength Akn. Furthernore, the grating period Akn of
t he grati nd=tk-aKroagd mel, selMootespedtinaly + R gratings Gmanayhedmplementestht at

Choner S e Rk B o T R4 gk o B B e WAReBipbipo, oo o
light at waviehiangh8 lbivertdr CsK. That as esrbadi, Memé , gidtmgdIGL,i Athypasd od Akn
is selected as 1 Akn Akre , 2neff 20wherein neff is the effective index of

the gratindmelemantad within theconvegegmavesyidseWoandithe er@fingrmay bfay be
sel ected t %iﬁgr%flt?ﬁré ﬁéé’d?ma' cc%th/eFt}(]—:‘F ‘E‘Pa%%#%@?@jﬁﬁ'et (BHvtet h%a%’gq‘ﬁé? er.

According to a aspec a nmetho nerating a pluraryty of 25

optical siguedraativelg oofin esditidhN@he! graginigs YGiaf mdy fberimplemeneddngtas
mul ti pl exed onto an out put wavegui de I s descri bed. The nethod may conprise
the stdp ofSePRIAiedayRy Rarallekto Hheycorvaiker wanegide Wic ohgratiithpeided fer ent
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step of proefldctedl, d.4.i thet graningepérdod My ef thderating €,s inmgy bbeaskociatedand

with the wavelength Ay,. Furthermore, the grating period Ay, of the grating

Gkn may be selected such that it is transparent to light at other

15 wavelengths than wavelength Ay,. In particular, the grating period Ay, of

the grating Gy, may be selected such that it is transparent to light at

wavelength A;,, for j<k. In an embodiment, the grating period Ay, is

selected as

1
Akn = //i‘kn ’
2n,,

20 wherein ness is the effective index of the grating Gg,. That is to say, the
grating period of a converter may be selected to be proportional to the

wavelength emitted by the converter.

According to a further aspect, a method for generating a plurality of
25 optical signals at a corresponding plurality of different wavelengths
multiplexed onto an output waveguide is described. The method may
comprise the step of providing a first and second converter comprising
different first and second active materials configured to emit light at a first
and a different second wavelength. In addition, the method may comprise

30 the step of providing a first converter waveguide traversing the first and



- 8 - second material of the first and second converter, the second

mat eri al being at an output end of the first converter wavegui de and the
first natwoi2al2/dei7’ag at an i nput end, upstream of the oRCpEP2@N®66586 t he
first converter wavegui de. The second active material nmay be transparent to
5the light at the first wavel ength. The output end of the first converter
wavegui de may |lead to the output wavegdi-de. According to another aspect an
optical network, e.g. an optical access network, conprising the optical
transmitter or optical emtter described in io the present docunent is
descri bed. s¥aendpratesial raft the Kirsmypanflusedond comeriere the sgrdandamatediakni ssi on

di f ‘ 1 tti | ¢ipl i cal si | ., Furth h
opt | oal etk ey BitplT @t of eCEEd aPhy Epe MadleBhisec by BB oper”
DESCRI PTI OM&deribtibeidaRian HpiR @itloghstredng off thrRDBatIt Undiner B ings i n

accordance wi th enbodi nents of the present invention are now described, by
way of exaggheerdar yavesdidg. t the seeenschastive materiad cdap e itranseredatngs, in

mul £ 1 pl Exer A o P VIR ot pBtat e BT U, SR gfiten ang 2

show vi ews vafveglidexaapll€adto ehdblitput wavdlger®s, and a plurality of
el ectro-optical converters; Figure 3 shows a schenmatic view of an exanpl e

of a M nmultiplexer and a 25plurality of groups of electro-optical
convertersAL&%&ﬁngecrol ghotrﬁ'élrtésff)lea('d?wg;optical network, e.g. an optical access

network, comprising the optical transmitter or optical emitter described in
10 the present document is described. The optical network may further
comprise an optical transmission medium for transmitting the multiplexed
optical signal. Furthermore, the optical network may comprise a

corresponding optical receiver.

15 SHORT DESCRIPTION OF THE FIGURES
Some embodiments of apparatus and methods in accordance with
embodiments of the present invention are now described, by way of

example only, and with reference to the accompanying drawings, in which:

20  Figure 1 shows a schematic view of an example of an AWG multiplexer and
a plurality of electro-optical converters;
Figures 2 and 2a show views of an example of a MMI multiplexer and a
plurality of electro-optical converters;
Figure 3 shows a schematic view of an example of a MMI multiplexer and a
25 plurality of groups of electro-optical converters using serial multiplexing;
Figure 4 shows a schematic view of an example of a group of electro-
optical converters using serial multiplexing;
Figure 5 shows an example of a MMI multiplexer and a plurality of groups of

electro-optical converters using serial multiplexing; and



Figure 4 shows a schematic view of an exanple of a group of electrooptical
converters using serial nultiplexing; Figure 5 shows an exanple of a MM

mul ti pl exwo 2areb4a77pl ural ity of groups of el ectro-opti calPCETEPI@N0EF86 USI NQ
serial multiplexing; and -9- Figure 6 shows a schematic view of another
exanple of a MM multiplexer and a plurality of groups of electro-optical
converters using serial nultiplexing. -®- DESCRI PTI ON OF PREFERRED

EMBODI MENTS I ntegrated CADM emitters which generate light at a plurality of
wavel engths (e.g. four wavel engths) may be based on different concepts. The
concepts mijgurefd elnowatmemﬁqmw ohenbthgiitexgenae aafeal M mumimlreaeﬁty of
CV\DM | i ght squrce | pl exed gnt Qi nt _pptical wavegui de,

first opti 31[? n@f"f"ﬁm’e)? §r?LFPe§ ﬁc%grﬁ?e%(bé’i)it‘rcéfe ?n\ﬁgﬁfef‘i‘ R ﬁﬁ?a se an
Arrayed V\a\f@lgwpd@( ating (AW based on silicon on insulator (S01). An AWG
mul tiplexer is usually built as a PIC, where the Iight coning froma

mul titude of input fibers, i.e. a multitude of optical channels, enters a

first 1 hr ough sever al maveQU|des of
differ egt %&Q@féﬁtﬁﬁF%ﬁ@ mm‘%e section, and is finally
coupl ed i ntigteaRatedt NOWDM bé&mittdav elRictt Nyeferdded! HtNtti sa bpEREIIGN &M
interference effect and the different optical pat Ien?t hs of the

wavegui des:wayelengibs (e @efopF dpyehRNStEonmaN i ba&fd oRedifigsant £ppesps20
te t
rp(raggfltgg ?rcfrﬁ?#gn h%gm\gg Ir(r%\)%?ﬁhr?f\grgytetﬁgtnce‘% Bg ?E@é@%@n& E%gﬁé of the

at | east smvﬂma%mmmﬁﬁ@n&mpte@dme aljoditogstic vasegpide.y schematic

view of a PIC conprising a plurality 25 of electro-optical converters 11
(e.g. fBur discrete CWDM | asers) and an AWG nul tipl exer. The AWG

nul tipl exery ' . 10 : Iy | t{ node
section 13, QP%I cﬁﬁa@f F §ﬁqolﬁt]§lr%@5% é\ﬁ/g@étg‘ﬁ?&?@@ﬁ%‘%%&\g%gﬁ%th Ptlm:'l é
section 16 AxreyednWavbguidevarseing (EWG4.bakbd @ siticon- @*pﬁmsmdtocqscbar tAaf s 11
are configured to caonvert electronjc 30signals to op i cal gn? e.g.
I%L,v(j g from a

pul ses of AW atmdttiRlexefelsi vsua kit tedty@nP pgre the 1ght comi

multitude of input fibers, i.e. a multitude of optical channels, enters a first
15  waveguide section, then propagates through several waveguides of
different length and enters a second waveguide section, and is finally
coupled into an output fiber. Wavelength multiplexing is based on an
interference effect and the different optical path lengths of the
waveguides; at least some frequency components of the input fibers
20 propagate through the waveguides, and the output in the output fiber
results from the superposition (interference) of these contributions of the

at least some frequency components.

Figure 1 shows an exemplary schematic view of a PIC comprising a plurality
25 of electro-optical converters 11 (e.g. four discrete CWDM lasers) and an
AWG multiplexer. The AWG multiplexer may comprise a plurality of
waveguides 12, a first multimode section 13, a plurality of arrayed
waveguides 16, a second multimode section 16 and an output waveguide
14. The electro-optical converters 11 are configured to convert electronic
30 signals to optical signals, e.g. pulses of light at a specific wavelength. Light

from the electro-optical converters 11 propagates through the first



fromthe electro-optical converters 11 propagates through the first - 10 -
plurality of waveguides 12 and enters the first multinode section 13. From
t he firstwoubtyw@wde section 13, the |ight enters the arpaysseawedss des 16.
The arrayed wavegui des 16 are of different |l ength so that an interference
pattern is produced at the second nultinode section 16. The plurality of 5
wavegui des 12, the first nultinode seclPon 13 and the plurality of arrayed
wavegui des 16 are arranged so that the produced interference pattern
focuses the signals into the output waveguide 14 (e.g. a nmultinode

wavegui de) pluralith of wexyegtideed Zhark éntars ttheIfge multimpdessagtion 135w rom

mul ti pl exi l.osses...The AWG .based ltiplexers,can be scal ed .for hi gher
number of Ag e Mutimgdelsertign i3, e yehRisafeisstng, 3traYesh FAYSRHASE 18 engt hs.
However, tHihe &@hydd WaveBYides 1%edre 608aifferens éhgthtdeetHatkdd thteffepsi@t i on may
require delicate alignnent between passive and active wavegui des and

15conponentPattespds ayoducgd ahdhamespnd indltimeds)sactiom 16y hecpldiralityl ek ge PI C-

w1 afer SRRt he st Bt o tousRe”f Al B UG o ifgd Y
mul tipl exerwavbglides 26 drel dirahge@rsomtivatbendprotuésd antiirferenter gatitbm | 1 ght
comng froma plurality of input fibers propagates through a nultinode

wavegui de deeusesnthertsdgnals ot uthenorspul dsayeguide gttt dgtg.cal mMulsisngde The
basi s of M J@gh{deﬁl exers is the self-imaging principle of M. That is to
trng

say, by sel'6t he wdth and |l ength of the nultinode wavegui de section,

sel f-images of the different 25 wavel engths can be coupled into the out put

wavegui de. _Figures 2 and 2a show_schenmatic exenplary views of an MM
nul ti pllexerlhenusorhiAYEei asedi Myltiplexearsamayyleal 1@ Ky moulsiplexiag lessvert ers

iévégﬁ?defs%re QM bas! Shultiiexd 4! B PLEXES f8RY aC RiBNer SRumbRl upal 1ty of
channels, i.e. for a higher number of different CWDM wavelengths.
However, this solution may be very costly as (i) the hybrid integration may
require delicate alignment between passive and active waveguides and
15 components; and as (ii) the monolithic integration may lead to large PIC-

chip dimensions.

Another option for multiplexing light of a plurality of CWDM lasers is an
integrated MMI (multimode interference) device or multiplexer. A MMI
20 multiplexer may be built as a PIC, where the light coming from a plurality
of input fibers propagates through a multimode waveguide section into an
output waveguide (e.g. an optical fiber). The basis of MMI multiplexers is
the self-imaging principle of MMI. That is to say, by selecting the width and
length of the multimode waveguide section, self-images of the different

25 wavelengths can be coupled into the output waveguide.

Figures 2 and 2a show schematic exemplary views of an MMI multiplexer in
combination with a plurality of electro-optical converters 21 (e.g. four
CWDM lasers). The MMI multiplexer may comprise a plurality of waveguides
30 22, a multimode section 23 and an output waveguide 24. The electro-

optical converters 21 are configured to convert electronic signals to optical



30 22, a multinode section 23 and an out put wavegui de 24. The el ectro-
optical converters 21 are configured to convert electronic signals to
optical sw@ral2s41E6g. pul ses of |ight at specific wavel eQgtErP2011/DbE86

el ectro-optical converters 21 may be distributed feedback (DFB) |asers. The
light fromthe electro-optical converters 21 propagates through the
plurality of waveguides 22 and enters-ffhe nmul ti node section 23. Typically,
the 5 plurality of wavegui des 22 corresponds to a plurality of S-bend
wavegui des. Each node in the nmultinode section 23 propagates with a

di fferent pignads, velgooulyesant] lighticat apecificewheelengthspakheeteqtso-pptidated t hat

I s dependent on_.the ,Positiora. l.on e | §i secti-Qn 1252)#3 sgel ecting
he v dth aRBVRRREy A B1ov e G BDfksl edBick S HPBEIRER Hheteu PRLME T on and
position ofelé@réloptiedt PebnVEYegUI T Pfoskbanss r earough tihe npluralideosect i on

23, the different wavel engt hs provided by the plurality of electro-optical
convert er s WavegHidese 2dupnfipeaierd the omUHém@demetm{\/elgzi depicallypr geer abl y,

curvat ufe SR BaGRRHGESZ Ghi@nrt g adliaRe s PRRE Ry 07 0
order to avwacH ribdaah theseeEimdde S&dtedn POIptdpaddies wtly at difereAatpHasd s
preferably sufficiently large. In other words, the el ectro-optical

convert er s Velodeandthenae1ap vrederengedpatiern éngrodused: that ds siepgndentegui de
22 | eadi . ' . 1 0 toh £ ot 3
2o b el 2 A o TR ST B BONIERE A A BB BEEIH O, T

predefi ned léhgtassfotie mitEmidde wxatiohi 53,ngnd ehe coflitaaier sndpdsiaionVdf
mul ti pl exer to@&enerate four optical channels as depicted in Fiégsch and 2a
0

may reddi r shar@iyt vanegvide gdr dawnsteeamTafatthe gnuigisage sgption Qevi ces
R T T e g R S
around 6 dBpnwitets Zhoahbemupipteaidihtaithd catpoowhesguitordyver, for 8 CWDM
channel s, i.e.
Preferably, the electro-optical converters 21 are laterally positioned such
15  that the curvature of each waveguide 22 does not exceed a predefined
threshold in order to avoid signal losses. In other words, the curvature
radius is preferably sufficiently large. In other words, the electro-optical
converters 21 are laterally offset and the length of the S-bend waveguide
22 leading from a respective converter 21 to the multimode section 23 may
20 be selected such that the losses due to the S-bends are kept below the

predefined threshold.

The PIC comprising four CWDM lasers and an MMI multiplexer to generate
four optical channels as depicted in Figs. 2 and 2a may require around 2
25 mm? per device. That is to say, up to 3500 devices comprising the CWDM
lasers and the MMI multiplexer may be manufactured from a 4 inch wafer.
The multiplexing losses of the MMI multiplexer are at around 6 dB, which
can be compensated with a booster. However, for 8 CWDM channels, i.e.
when doubling the number of channels, the size of the device will roughly
30 have to be multiplied by 4 to maintain the same curvature radius of the S-

bend waveguides 22. This will reduce the number of PICs which can be



when doubling the nunber of channels, the size of the device will roughly
30 have to be nultiplied by 4 to maintain the sanme curvature radius of the
5- bend wioeguides622. This will reduce the nunber of PPC3/BRRé1GI6Esa® be -
12 - manufactured froma 4 inch wafer to | ess than 1000, thus increasing
the cost of the integrated CWDM transmtter. Mreover, the MM nultipl exer
| osses may be greater than 9 dB, and th&-passive wavegui des of the MM

mul ti pl exer may be much | onger. As a consequence, the fabrication yield 5
and the nmultiplexing | osses m ght becone prohibitive when increasing the
nunber of Imarsfaciuyegdifsemda Brivdhawefey (o less thanvEdAGrhusincrensingatiw e

ti d nultiplexi. ich based A EFig. 1).and Y
(Figs 2, a5t o 1ReuBbaAT Tl Gendeet aforalief offs, M, milimtEkenc
schenes ar goddes eRAEBeadreabér ALY A8 ARG thegbHssivel @hedliadds bf aReawn| ural ity
of parallel (i.e. Taterally spaced) electro-optical converters 11, 21. In

order to alm@iplexeranpy dgieemucht @gear.i 4 aotonsegnenceaanthe fabsication weld n or der

Lo o B S AR BIR stls LB BB, BREELALGA: B0
15mul ti pl exuftbedlofviavahey Pldted BFBIESerd Gasl donvehers 21).0wi ng whi ch can be
used alternatively or in addition to the parallel multiplexing. Figure 3

shows a schematic view of an MM multipl exer using both parallel

il 1 bl oxi e T BRIEPoEd s ORRREhE Stndnen ienArdltescl AOAVETTR: 51an

3lab and 3hbhand3dmmmil @egsd 3, mHewilebealcttrget te & pavallepatuiltipkexdng,3as
illustrates two branches or groups of two converters 3laa, 3lab and 3lba,
31bb wiPch taeeS%mQSgar%ommﬁgtsénéF dndltinlgring atheyilighér @rgingtingl BREt 1. As

descri bed w : t.o Fi ' uged to 25
mul ti pl ex wﬁ%all]?g&fbggﬁlﬁer%éﬂﬁ g%%fﬁyﬁ%%gmey%'bgpg%?%q op elrggﬂ, ?:gnver ters
3laa, 3lab,n 3der t3lhlbow Tioe dMighar intpgetion pf eVEDMbtrnsiterss 6se.ain
plurality of (S-bend) waveguides 32, a pultinode sectjon 33 and an out put
wavegui de @ﬁdé"r%aHemfcm 1%@6;ﬂt@abq39fn€W%anﬁ§wéhs Sk gEnRrateGht from
the pluralijy afunpvs@y des d@ ifnital tiglexed Lnpicthe Qtdiled serial

15 multiplexing of wavelengths is described in the following which can be used

alternatively or in addition to the parallel multiplexing.

Figure 3 shows a schematic view of an MMI multiplexer using both parallel
multiplexing as outlined in the context of Figs. 2 and 2a and serial
20 multiplexing. The converters 21 are replaced by groups of converters 31aa,
31ab and 31ba, 31bb placed in series along the signal path. Fig. 3
illustrates two branches or groups of two converters 31aa, 31ab and 31ba,
31bb which are configured to generate light at different wavelengths. As
described with reference to Figure 2, an MMI multiplexer may be used to
25 multiplex the light coming from the plurality of electro-optical converters
31aa, 31ab, 31ba, 31bb. The MMI multiplexer preferably comprises a
plurality of (S-bend) waveguides 32, a multimode section 33 and an output
waveguide 34. The multimode section 33 may be arranged such that light
from the plurality of waveguides 32 is multiplexed into the output
30 waveguide 34, e.g. by using the self-imaging effect as described with

reference to Figure 2.



30 wavegui de 34, e.g. by using the self-imging effect as described with
reference to Figure 2. - 13 - The electro-optical converters 3laa, 3lab,
3lba, 31lbworea2/dae776i ght emitti ng apparatuses. The |i ght PERIEPRIINGY66586
apparatuses may be light emtting diodes (LED) or |asers. The | asers nay be
di stributed feedback |aser (DFB) 5 lasers. In particular, the |asers my
be directly nodul ated | asers (DM.) or -ffasers using el ectro-absorption

nodul ation (EAM, i.e. so called El ectroAbsorption Mdul ated Lasers (EM.).
The material used for such converters 3laa, 3lab, 31ba, 31bb nay be

sem conductor material, such as Gallium arsenide, indi um phosphi de, gal lium

ti id d | | trid h
Seri ol mul VB SR SPUsaL B T ded T alderi rbt g gk aF) LERt ©
nul tipl exi r&n]mﬁ%dppardvmesmhtel PSR tindSa ppar &&ies mag 18 Vight BHiTkgig of CWDM
wavel engt hs can be multiplexed onto an out put wavegui 34 usi ng smal | er

MM nul ti pldiodass(LER) ¢ lﬁéﬁfé ﬂbeéamqnanbenﬁhlstnwt@ |f|¢gdb@@séa§erTHEB)ser| al

Convert or s Ls, ASRATIERNE 08 B3 YghY LCPIFEY ModfialBRl fef BN §24 7
t he cont extlagdrs ﬂsmgrélddlr&bbm%namo@mm%mEBMQ i.eheocesned tRRecrglaa,
3lab of Fig. 3. 20 The converters 3laa, 3lab conprise different active

material s AbseiRiiareModulated \lasersaiMi) edheimatersilgised fontsychrrappertess
si gnal . FWE}Q?L%‘?SB‘ 568 SW%!@&@ 9%1?1%0?8& i"arﬁafe?[gf”fﬁaw a0 @%pﬁ?'

maveQU|de r con i Ni’ng |ca optica

wavegui de Jfsdride,eingesn tphesphide ¢ galviart anﬁmbh&aa ﬁwtiaghlhum rﬁaﬁdecul ar, the
wavegui de 37 traverses a first 25 active material of the first converter

3laa arld a second active material of the second converter 3lab. By

el ectrical Ipy, ski t t - [ Aol first
wavel engt h F?%t %rs\rﬁg}ﬁg(érﬁ;% ggﬁ'{e(r?%avg %%?ﬁqg'wf”?{%ﬁg:/\/gcga\gﬁg h%]agy be
em tted. Bywsed dntadditibh wospanarubammgpld)engeﬁeml oRCMMI enutaiptexiag., Asight
within a second wavel ength interval (referred to %5[ 30l |%ht at a second
wavel engt hyesthl BEIWR NHEber f VOM Wayslangthy can \GxRd LAt \aN

materials, J oM walesaus o utifg shhdiidr M’ﬁ\Y‘ﬁ#&%ﬁ&e@?%Hkl@%véi&i@aﬁlé 14 -
15 multiplexing losses. The serial multiplexing is achieved by placing in series
two or more electro-optical converters 31aa, 31ab. The concept of serial
multiplexing is outlined in the context of Fig. 4 which shows an

embodiment of the converters 31aa, 31ab of Fig. 3.

20 The converters 31aa, 31ab comprise different active materials configured
to convert an electrical signal into an optical signal. Furthermore, the
converters 31aa and 31ab comprise an optical waveguide 37 for confining
the emitted optical signal. The optical waveguide 37 traverses the two
converters 31aa, 31ab. In particular, the waveguide 37 traverses a first

25  active material of the first converter 31aa and a second active material of
the second converter 31ab. By electrically stimulating the first active
material, light within a first wavelength interval (referred to as light at a
first wavelength) may be emitted. By electrically stimulating the second
active material, light within a second wavelength interval (referred to as

30 light at a second wavelength) may be emitted. By electrically stimulating

both active materials, light signals at the first wavelength and light signals



at the second wavel ength nmay be generated sinmultaneously within the
wavegui de 37, i.e. the light signals may be serially multiplexed onto the
wavegui dewB2orfo41ttve converters 3laa, 3lab. Wavegui de 37PeEEPh@106658€Ct ed t O
t he wavegui de 32a which corresponds to one of the 5 wavegui des 32 of the
MM nultiplexer depicted in Fig. 3. The wavegui de 37 may be a singl e- node
wavegui de, even for the short wavel engflhs carried by the waveguide 37. In
an enbodi ment, light emtted fromthe first and second active naterials my
be Iight of wavelengths in the wavel ength interval of about 1450nm to about
1750 nm Bptsthamee@ndqgvawéermthimyi bengﬂrarataads smeltmtservétiﬁmame 3lab

using a nodul ated elLectrical si naI m)dul cal ls at.a first
and second v\’/ﬁa\?gf’ {Sﬁ ]Fegﬁgc e?‘%nalﬁrﬂpa)() géerré lt]gkﬁg(@ﬁeoréttor%enent
il lustrat edvd\légﬁlcﬁs 373 cindhd, covertérel 3aa8 sARbal WhSeside! B7exhdlg 18 t he
light generated by the electro-optical converters, e.g. single-wavel engths

OWDM eni t t éoBNecked B Bedwavaguidge32ao wieh gﬁornfa$nqndwa\t@| engt Af BV

em tter e I J nunber
an A eRyRS 42 i SubBloRF aephaagh Fig, 3 aTndaeBuid 75 1

fea5| bl e i iy eecHRirwxé-nedd @D%lﬁ@léu%@eﬁffotf el shioge walleldmgehs agitried

di fference between different channel's, which reduces the opti cal

crosstal k 1yt thecwaveguide! ¥ - vini ah emthodiment| lightnemitted dxem. thenfitsteaandt t he
fact that the li gl at m%P&nél% d‘ﬁ%ﬂx"ﬁ?g@?%fh 98%6‘?1 B ik ;gegﬁgg&gggﬁﬁve”ef

31lab, the second matéri al usée econd conv rter

pref erabl y isgresit off ahwtle 1450hni itghabait 11780 frir s tByvetimutawiid) thassesvd hr ough
with low | osses. Therefore, b_{t)roprl ate electro-optical materials for the
first 39aaMmat@rioke of LANErters 1@énv?érapel=15‘ﬁﬁya peoddpied «lectricab$igndbodi ment ,

the materi gh,Qf afébeo{)hrEﬁlt Ef‘ré‘t@ 404 St é{@hdcwg Q%@g{mr}a q@gé&bﬁeﬁ&‘ad such

that the second wave I'sS snall er t firs

addi tion t@nzwabegehegatéhe materials to emt a particular wavel ength, the
materials may be designed such that |ight at higher - 15 - wavel engths than
the particular emtted wavel ength passes through the el ectro-opti cal

material u fftﬁétSﬁangérnéHPhuquPrSte%?‘%H”‘P‘ at er hgh 9f eﬁa%llé G serial
converter3lab nay be tdesigned to emt econd wav engt and 1t may be

desi gned tmnmlﬂtpl@ungmﬁa“he ligrgtgermraimdgbxarthwaelateogtmmal lkanverters, e.g.

single-wavelengths CWDM emitters, may be used, in order to design multi-

wavelength CWDM emitters with a large numbers of optical channels, i.e.

with a large number of CWDM wavelengths. In particular, this kind of serial

multiplexing is feasible in the context of CWDM because of the large

20 wavelength difference between different CWDM channels, which reduces

the optical crosstalk between channels which are serially multiplexed.

In view of the fact that the light at the first wavelength traverses the
second converter 31ab, the second material used in the second converter
25 31ab is preferably selected such that light at the first wavelength passes
through with low losses. Therefore, appropriate electro-optical materials
for the first 31aa and the second 31ab converter may be selected. In an
embodiment, the material of the first 31aa and second 31ab converter are
selected such that the second wavelength is smaller than the first
30 wavelength. In addition to designing the materials to emit a particular

wavelength, the materials may be designed such that light at higher



5second wavel ength (e.g. light at the first wavelength). It should be noted
that in addition to emtting light at the first wavel ength, the material of
the firstwoanzeui®s 3laa may be sel ected such that |ighPCatEPeéig/os@so©Nnd
wavel ength, i.e. light at wavel engths which are | ower than the iofirst

wavel ength, is absorbed. The above conditions regarding the materials may
be achi eved by sel ecting appropriate cdhpositions of el ectro-optical

mat erial s such as sem conductor materials conprising Indium(Iln), Gallium
(&), Alum nium 15(Al), Arsenide (As) and/or Phosphorous (P). The first
3laa and s&cvretergthy thanvihet particutac emptiesk wavelangth Igsseatraugbetiend 36ab

grating, re ctivel I n_order r ovi, de B.lasers. The first. grating
Joaa my have o gPRchhpdtereb dnarfReledy Mmuchond 38R0 psianilor, B0
wavel engt h.sedbd EbhivdrteBaab angy bedeifhnddald ahnt ihedseddRY Wwavdlamdtanait ed as
periodic variations of the refractive index of the material of the

converter vamayubgaesigneth pet ptiginglatelight iad highar waseleagthscthapethendex are

of  conver ¢ el W ue(roBty o nLeRE pE R B IR e BTy S ab gr ati ngs may have
25 grating periods which allow for lasing at the first and second

wavel ength, respectively. Furthernore, the second grating 36ab may be
t r anspar entlt shoulddefnqted that & additipn to emitting light at the first wavelength,

the material of the first converter 31aa may be selected such that light at
the second wavelength, i.e. light at wavelengths which are lower than the

10  first wavelength, is absorbed.

The above conditions regarding the materials may be achieved by selecting

appropriate  compositions of electro-optical materials such as

semiconductor materials comprising Indium (In), Gallium (Ga), Aluminium
15  (Al), Arsenide (As) and/or Phosphorous (P).

The first 31aa and second 31ab converter may comprise a first 36aa and a
second 36ab grating, respectively, in order to provide DFB lasers. The first
grating 36aa may have a grating period which allows for lasing at the first
20 wavelength. The first 36aa and second 36ab gratings may be implemented
as periodic variations of the refractive index of the material of the
converter waveguide 37. The periodic variations of the refractive index are
illustrated in Fig. 4 by a periodic succession of black and white sections of
converter waveguide 37. The first 36aa and second 36ab gratings may have
25 grating periods which allow for lasing at the first and second wavelength,
respectively. Furthermore, the second grating 36ab may be transparent to

the first wavelength.

In addition, the first 31aa and second 31ab converter may comprise a first
30 35aa and second 35ab rear reflector, respectively. The rear reflectors

35aa, 35ab may be configured to reflect the light emitted by the respective



In addition, the first 3laa and second 3lab converter may conprise a first
3035aa and second 35ab rear reflector, respectively. The rear reflectors
35aa, 35avomawe/iae77éonfigured to reflect the Iight em ttedTlpPahe6s8specti ve
- 16 - converter 3laa, 3lab, i.e. the light at the first and second

wavel ength, respectively. Furthernore, the second rear reflector 35ab, i.e.
the rear reflector of the second convedéer 31ab, may be configured to |et
pass (a high percentage, e.g. nore than 50% of) the light at the first
wavel ength. 5 The light at the first and second wavel engths travels

downst r eamcooveites 3tlaa, vdakgiiedeth@2lightaat dhenfirsthand aekand avavetangthl k

bet ween the _different Hel engt hs. can be, reduced. Fug.‘tsh rnore,, the overall
of 11 o ency TEIPcheRAC N EIROR thes oAl el Eilintal ot s8R0 o of
4-t0-1 MM rafikttioe! 67X Eie 98¢brl PamVest& 35481 MalyYbéebhfiplixeth tonpgsst g s 3laa,

3lab. As such, a multi-wavel ength CWDM enmitter using parallel and seri al
mul ti pl exi Migh pergentage,=2.8d marg thas IBkpNafekhe tlight &t dbediingt wayelangtihe 5, 8

2. | not naTeviifett H1e frfi i e BBl et A B i B e
shown i n Fitggneavéauide824li A2 asd) heiRickwalir& feosbalk FrMeench@SdiZfcpent?. That
means that although the CWDM emtter according to Figure 5 nmultipl exes 8

channel s, wavelengtbe canebaurdEeeds FuFRARRBPES t oxeealngfficignexef Bye t he

CWDM emi tt [ ' 2, the nunber of devices per wafer may only
decr ease b$5sf8€}09¥@8repﬁ,§rr§gécg, 20 serial multiplexing does not substantially

increase the nultiplexing |osses. As such, the use of serial nultiplexing
may limt the increase in dinmension and nultiplexing | osses conpared to the

i ncreade i MigHreensiows( 2y ppeaple ab@ogt-tont MME muls and rfiIpaiits| @i ng
| whi ¢l ; i | gl i .g.
osses it SRl AIGRIBKES ehnphiteruishog, QY. Beralchela L Rhpelchgu o9

mul ti pl exelQWDMhemititéf esingt pavallel andt desiajenattiilexingyistitlastratadkr netle 31aa,
3lab may be_arranged such that the wavel en thggi fference hetween serially

mul ti pl exedWRMATBRERITACIOEIIRE 4R Figtesd.ck ANREIE AreynuBPEedRNG our
nei ghbour i Qge%ﬂY@H%SM6ﬁ§nﬁ$W 250utld B e L tRe AWBM EhidkeF Wi ! | el

mul ti pl exin
15 uses only the 4-to-1 MMI multiplexer shown in Figure 2a, the dimensions

were preferably about 0.85*2.5 mm®. That means that although the CWDM
emitter according to Figure 5 multiplexes 8 channels, i.e. twice the number
of channels that are multiplexed by the CWDM emitter shown in Figure 2,
the number of devices per wafer may only decrease by 20%. Furthermore,
20 serial multiplexing does not substantially increase the multiplexing losses.
As such, the use of serial multiplexing may limit the increase in dimension
and multiplexing losses compared to the increase in dimension (typically
400%) and the increase in multiplexing losses which are encountered when
using only parallel multiplexing (e.g. when moving from a 4 channel MMI

25 multiplexer to an 8 channel MMI multiplexer).

The different wavelengths generated by the converters 31aa, 31ab may be
arranged such that the wavelength difference between serially multiplexed
wavelengths is high. This can be achieved by selecting four neighbouring
30 wavelengths (1417nm, 1491nm, 1511nm, 1531nm) for parallel multiplexing

and by serially multiplexing the following four wavelengths with the



and by serially multiplexing the follow ng four wavel engths with the - 17 -
respective ot her wavel engths (1551m 1571m 1591m 1611m. This is

il lustratwo2ore/EHiys 5. By attributing the wavel engt hs t @CTaPR@l/066586
parallel nmultiplexing in such a manner, the difference between wavel engt hs
which are serially nultiplexed can be maxi m zed. In the present exanple,
the 5 CWDM wavel engt hs are spaced by abbut 20 nm such that a | arge channel
spaci ng of about 80 nm between adjacent serially nultiplexed emtters can
be achi eved, thereby reducing the crosstalk. As outlined above, the

mat eri al ofrespeastivief dtdvee wavetengshs ¢t 35 ingn,pt 2F a1 59 inon s é6 Eaeld This is
appropriately. The material_ used.for emtting light at abput 1471 nm (resp.
Ta61m 101 Rstreredci g ' By 3 HneC e, WaiBisney 1§ sePaEABAPABHEL ¢ cr
3lab, may bRultipdA&REMHIERUCH @ BANél, e @iffcrdfed bdBhdeNaveRFIBthslARidh 1591m
and 1611m, i.e. tothe light emtted in the first converter 3laa. By doing

this, the muetsepiadlyi myltiplexed aubednpyimiredsdn ithe present expmele,nthean be

ool T YSHDRLTRIAanktS Bl O el At A SRR 150 "
converter %éaangftﬂﬂdb@u@@UmmtbékWeéhfa@Tj&hém%eﬁm@é‘rﬁ@"ﬂipﬁé)_(@b@#ﬁttéﬁﬂdamm
(resp. 1491m 1511m and 15316;? i.e. the light emtted in the second

converter Peachiexedidhahyhieducingsthesaradalk- 20 crosstal k coul d be reduced.
Alternatively or in addition, a negatively biased section, or a reflector
as outlined above, may be introduced between the adjacent converters 3laa

and 3lab i msosuttinetcaiovel e matersl bhehdatiffepsrtt comastarkkis preféraphpoul d be
noted that while the two electro-optical converters 3laa, 3lab of Figs. 4

and 5 dPe isplagied approrriatebni the mptaral Herd fo exititng igtt ataabewo 14 ¥ f er ent
wavel engt hs, . t unﬂ@' [ n ri-ncj pl rial | 41 i

ext ended ti“%épgs#’bi réw’nﬁfi éfpvocal{ﬂvxz?/e nerﬁgtfhgi t n '{]géir:]gerﬁzgl &t%gpﬁasfgfie
wavegui de dédandragnieraseB s&b, Nnagrbe kianspanena ttenhieeldgitoat abbdwer $55 N nihlaa,

3031ab em tting Iiﬁ/ht at different wavel engths An, n=1, bei ng an

ar bi tra(rjyf ;(Fﬁségéﬁ My d 5§18 3d (AANHhe) € Eac,thew@ameénijtéf m':'tlﬁgﬁ't%fs to a
- 18 - i . .n=1. ;
' c%he&&ew@\fsé.eﬁgtdtaﬂ{guﬁﬁgmﬁ ﬁhelpgrr]etk%losrsei\'caﬁyéd BV hé Qghall

generality, It is assune vel ength 1 nterval
or der edsac ouldipbexing cdedyee asdutg dwdwethamgidne, the ematéNat asgd ifeeentitting owest

wavel engt h?igﬂgdat-r%\bggm%iﬁeﬁmt r(]reesB! glt%g%mv,va)(%ﬁn tahnsd 1611nm), i.e. the
material used for the first converter 31aa, could completely absorb the

emission at about 1471 nm (resp. 1491nm, 1511nm and 1531nm), i.e. the

light emitted in the second converter 31ab. By doing this, the backward

20 crosstalk could be reduced. Alternatively or in addition, a negatively biased

section, or a reflector as outlined above, may be introduced between the

adjacent converters 31aa and 31ab in order to further reduce the backward

crosstalk.

25 It should be noted that while the two electro-optical converters 31aa, 31ab
of Figs. 4 and 5 are illustrated for emitting and multiplexing light at two
different wavelengths, the underlying principle of serial multiplexing may
be extended to an arbitrary number of wavelengths. In general terms, a
waveguide W 37 may traverse N serially concatenated converters C,, 31aa,

30 31ab emitting light at different wavelengths A,, n=1,..., N (N being an

arbitrary integer value greater than one). Each wavelength A, belongs to a



51n order to emt the different wavel engths An, the succession of
converters Cn 3laa, 3lab conprises different active materials Wi, n=1,...,
N, i.e. twe2eeveagubde W37 traverses different active meCemPadiz/ob4s86 Each
active material M may be configured to emt light at a wavel ength An

bel onging to io the wavel ength interval Tn, respectively. It is assuned
that material MNis positioned at the-&¥%tput end of the succession of
converters Cn and that nmaterial ML is positioned at the input or rear end,
opposite or upstreamto the output end, of the serially connected
convert er s differantovaeglengihdintervatl dinj aF1N.j 8. YWishoutolass oftgenkealityt put end

of wavegui de_W 37 d e 5 M s positio at th ar._end of
cavegu de. W e ftias TR iR e e aRg i i odRreg 36 TG ect e
l'ight at atw&k@a%ﬂ@wévaléﬂgﬂ&ghregﬁNCtdnli&w@wﬁbqa%bt wab@lrengthsTand for j<i.
In addition, each active material M nmay be configured to absorb light at a

wavel engt h CAMpsises fige highest wawelgngehsengt h i nterval Ti, for j> . As such,
t he Ingt emtted by material M passes through 20 material s M +1, , WN
Wi t hout "bei ng attenuated, in order to reach the output end of the wavegw de

W 37. Consegleedét ¥o ehrite tﬁ@ﬂif@éremwlvt/a@l@qgtng NG 2thdsudression 6 tonveftelow
mul ti pl exi glg | osses. On the other hand, the | |ght emtted by material M

whi ch travéns3egweilab qameprisasrditiegens agtiee \n@axégals(j@nwev,, -+ No.1.@htheh

travel s toygis, BRI Sy 8 Sy yblocbeRaRRP e AGIERY edvatpodigkvar

crosstal k. onal 'y, Faren regi ons a erl al's “may Be Separ at ed

by differ embateefal mtrﬁaysb&tonﬁgllred to erﬁﬁtlhghlratr‘@%t/et&ﬂgyh R, be&ﬁhgag:to ons, in
order to further reduce the crosstal k. The reflectors é e pl aced at

the redf 3dhempvslengthonteivabincrespastivelys leis &sumedraaatb@a iMuied to
fI h h -
1611 oL RSP L RAP EUSURIGLIS 1l Ty T AT oo

vvavel engt hsnatetiat walis Positfomed) anthelimpus arerear eatihepposité ectupsreamytde used
for providi ng converters Cn which conprise |aser caviti esrfggsAbove a serial

connect i on tB¢ QRYEENEs Of densrriybe sorreeedpern vertard le- Ja [ Wiss. A
pI urality ?ﬁat‘érﬁ%“f/@g Bhﬁon@ﬂ%‘{g@equteﬁﬂéﬁ& to?%v@g%d%%pba&r%jnia'ﬂeﬂﬁ{ allel,

.e. K such seria nectl ons conVerters may Be placed in para ont o
a Pl C, 1as shasupositipnedratRihg. rt'ear,éssldsomhav%untm W 370Ea¢‘ma<vtevet arateGRhMwi t h
n=t,...,N & gorﬁf?g:Ldréd't’oﬁ’eaivg una%f%lc c? l1wﬂte hta wavelength A; belonging to the

wavelength interval T;, for j<i. In addition, each active material M; may be
configured to absorb light at a wavelength A; belonging to the wavelength
interval T;, for j>i. As such, the light emitted by material M; passes through
20 materials Mi.4,...,My without being attenuated, in order to reach the output
end of the waveguide W 37. Consequently, the serial multiplexing can be
performed with low multiplexing losses. On the other hand, the light
emitted by material M; which travels towards the rear end of the waveguide
W 37, i.e. which travels towards materials Mi1,...,M; will be absorbed,

25 thereby reducing backward crosstalk.

Optionally, the different regions and materials may be separated by
different reflectors R, n=1,...,N-1, or negatively biased sections, in order
to further reduce the crosstalk. The reflectors R, may be placed at the rear
30 end of a converter C, Each reflector R, may be configured to reflect

wavelengths A, from the wavelengths interval T,. Furthermore, each



io converters Ckn for a particular value k are connected in series using a
common wavegui de Wk 37 as outlined above. The K output signals of the
wavegui dewowwk128A11may be optically multipl exed using par &CirarP2emiosdspé exi ng,
e.g. MM nultiplexing or AWG nul tiplexing. As such a CADMtransm tter or
emtter configured to generate and nultiplex K*N wavel engths Akn, wth 15

n=1, ..., N and k=1, ..., K may be provi ded?-The CWDM transnitter conprises K
groups of converters Ckn, wherein the kth group of converters provides N
serially multiplexed optical signals at wavel engths Akn, n=1,..., N As

out |l i ned aleflectarn8, seayabenaonfiguredi tg ledypbss aehvetengthpyAséramnt they
appropriate active materigls .. 201 n order to reduce the craqsstal

porween ¢ hd' ST HEng MHENA e 1 Mavdteiitner her (HIERIemEV ALy be
arranged Wfbhﬁfb\lid_ﬁﬂgrﬁ%hf/éﬁte@‘C&Wﬁi@fé&ﬁﬁri%[&séﬂ@ﬂwti@@l for some or all

pai rs of neighboring converters Cki, Cki-Fi of a group of serial converters

al ong wavegui de V&, there are K-1 25 wavel engths Akn which are greater than

el ong ) S SR G o e B I 0
arrangi ng tgbfefAnteeriserA \Wldrality tdfek niichi serfdl CdroupatofAkdrvettdts hay de>i, and

Akn> Aki, for i>n. - 20 - 31d of converters prior to perform ng parall el
mul ti pl exi M&Reest iy Rarallels-item sueh tsepirb a@nnepidorsuof | ¢RYErters HBay d1f ext  of

i gs. | £ pl ' . lj f id
52"l ¢ PR LB PR ST o B TSt SmtffECE .50

31lc, 31d ofcohvelteat Iy owithc ak1conMeahdr &=CQNPK, Se vbtadeed deRedid, the/b, 37c,
37d which traverse the three converters 3laa-3lac, 31ba-31bc, 31ca-31lcc and
31da31de, ce8pIEersy Eky foEac RafidCdaliValis Faarggonngeted FyperieavsiRg s or

h . o e . et al
or - conver (oMl AFSEELIdESHEDS 35 dutindl oBhUE" The'k Dyt gBRei s B ™ cacn
i 0o group 3lwavegilildes3¥c37 ddal bé opoivakty henlsipbeiddsudihg earatidltrpltiptedng\\DM
wavel engt hs whjch ar i pl exed using a 4-to-1 W

b | |
Tl L1 pl axere-31 MY el BPLERG Of dirRe PR BoAS SHe ySNBH BANSIETPexi ng
ight at 1% idersiguey lorBeh a0 ahd RRIARSCKIP SHavd ndRE L, CUWah a VDM
escrib es

transmtter has been ribéd which ma se of seria tiplexing of a
pl ural ity ofE=1pway 8l @arkhs,...|K noaydbe providedr daseCWDM thaasraitter benpeises

adj acent seriall | tipl exed wavel engths, 4,and to thereby reduce th

o bact ol k. Kafunk GhAcVBIERT f AHGET0T CBR s BUR: o COREATaTS PTRVIGES B exi ng
20 (e.g. usj hBHE%BEi r-%}g@ ty ) _fesuft, ad ow cost
and | ow | ﬁ?%%ﬁ“tﬁ ltg?(ng%ité g%?rgyg e p?%'ﬂvi\}ég\(yjééﬁ%ﬁ)éar)\ n|’cﬁl L’r’i"lléimﬁ
transm t t erosittined abdveghthegedel ahultiplexing matye beabclvievedybyesepectingled.
Such CV\DI\/Itransn‘i.tter%. mif% Fe.i rrR\Iﬁerrented as PICs for the use in optical
access net REPKYPNIE Ve DAt e Mot ed t hat the description and draw ngs
merely,yllustrate the principles of the proposed nethods and systens. It

wi Il thus be appreciated that those skilled in the art will be able to

devi se varilmuerdgrr dwgerduce that crasstabioubbtwesn ethys i wirtally desldinléxat] or
shown her ei

v&ldve?enr%(zﬁgl Atknr]ethe wavelengths may be arranged within the matrix of
converters Cy, such that for some or all pairs of neighboring converters Cy;,
Cwi«1 Of @ group of serial converters along waveguide Wy, there are K-1
25 wavelengths Ay, which are greater than wavelength A4 emitted by
converter Cy.1 and smaller than wavelength Ay emitted by converter Cy. In
an embodiment, this may be achieved by arranging the converter within

the matrix such that A,> Ain, for k>i, and A,> Ay, for i>n.

30 Figure 6 shows an exemplary schematic view of an arrangement where

three wavelengths are multiplexed in series in four groups 31a, 31b, 31c,



30principles of the invention and are included within its spirit and scope.
Furthernore, all exanples recited herein are principally intended expressly
- 21 - towbeowmildsy776or pedagogi cal purposes to aid the reai@EP2011/066586

under standing the principles of the proposed nethods and systens and the
concepts contributed by the inventors to furthering the art, and are to be
construed as being without lintation-2&-such specifically recited exanples
and 5 conditions. Moreover, all statenments herein reciting principles,
aspects, and enbodi nents of the invention, as well as specific exanples

t her eof , ar3ddi oft eonmadters pi@obppesfosming pheaited mulipexingFusinghar Adoel, it

shoul d be ed that any bl ock.di agr herein repkesent, i q concept ual
views of i I%}‘&Ismlﬁﬁptfge i féupfhy“eéﬁg%gﬁengfo[}ﬁe@tppfﬁ%gspl gst%?s’t .e ﬁ‘m ntion.
Simlarly, miltipléderbtaaPrRorfpraeed phahlignyoff We?bi@%ESBZ,f |20\ Gl REG RS |
state transition diagranms, pseudo code, ‘and the i ke represent various
processes WAEHON Bdyansk ag uMEpHhWayeByideedt-e Baggeelpsn3 tonpllt, e¥16; e¥l@adf e

comput et o R S IBUSRE BN RTINS aR Y etRRS e, L D57 7l Wpfn S
transm tterrpRnid Ghié afrdd copnatéise3 maPb il 3tha-dfbQiicaal1 @i gnplsdat a
correspondlngpplurallty of different wavel engths multipl exed 5onto an

out put waveddrdeespesiivelyhdach avavaguida 3éanmpfh.sdfg: 37d traverses or passes
through three different active materials, i.e. one active material per

converter 31aa-31ac, 31ba-31bc, 31ca-31cc and 31da-31dc. As such, each
10 group 31a, 31b, 31c, 31d of converters emits three multiplexed CWDM
wavelengths which are subsequently multiplexed using a 4-to-1 MMI

multiplexer.

In the present document a method and system of multiplexing light at
15  different wavelengths has been described. In particular, a CWDM
transmitter has been described which makes use of serial multiplexing of a
plurality of wavelengths. In order to increase the distance between
adjacent serially multiplexed wavelengths, and to thereby reduce the
crosstalk, serial multiplexing may be combined with parallel multiplexing
20 (e.g. using MMI multiplexers or AWG multiplexers). As a result, low cost and
low loss CWDM transmitters may be provided. In particular, CWDM
transmitters with a high degree of circuit integration may be provided.
Such CWDM transmitters may be implemented as PICs for the use in optical
access networks.
25
It should be noted that the description and drawings merely illustrate the
principles of the proposed methods and systems. It will thus be appreciated
that those skilled in the art will be able to devise various arrangements
that, although not explicitly described or shown herein, embody the
30 principles of the invention and are included within its spirit and scope.

Furthermore, all examples recited herein are principally intended expressly



a first (3laa) and second (3lab) converter conprising different first and
second active materials configured to emt light at a first and a different
second waweleryguhi76r espectively; and a first converter RaYEPI1AO6(SSTa)
traversing the first and second io material of the first (3laa) and second
(31ab) converter, the second material being at an output end of the first
converter wavegui de (37a) and the firs2'material being at an input end,
upstream of the output end, of the first converter wavegui de (37); wherein
the second active material is transparent to the 15 light at the first
wavel engt h;toieeorlyrfor pedagegigal puiposes tha@id ithe readgrvier yrdersianding the (37a)

ciai m 1, -wReGIGs ol Pie tBEBRE “msetidsa ot YoRRY 4if ot SCIRERS (P
i ght at thensaseed Wavel A@htorand ARG (HecateaRtthreauaiengidtricd Sl | er

than the first wavelength. 3. The transmtter of any previous claim
wher ei n t h@sf beig vdehasitt Emitation to sydn sppcfinatlyi secited fexasmpleasand usi ng

compr i sds 200Ut 1 EkPvel Ry "RakShBug hOR G2 nd BEIOES, Gy

transm tt erandf e@dBydiPi@ts fStHd avantidherRi wellhg §pectic Cé?(!awgﬂéﬁlthér%bﬁi,a)
conprises a first grating (36aa) at a first grating period 30associ ated

wi th the fiareintgadeddadgneompags ardivalants Heereetond converter

Furthermore, it should be noted that any block diagrams herein represent
10  conceptual views of illustrative circuitry embodying the principles of the
invention. Similarly, it will be appreciated that any flow charts, flow
diagrams, state transition diagrams, pseudo code, and the like represent
various processes which may be substantially represented in computer
readable medium and so executed by a computer or processor, whether or

15 not such computer or processor is explicitly shown.



WD 2012/ 041776PCT/ EP2011/ 066586 - 23 - (3lab) conprises a second grating
(36ab) at a second grating period associated with the second wavel ength. 5.
The transwDtbevo4of76any previous claim further conprisi RGT/EP2011/066586

sem transparent reflector (36ab) positioned at an output end of the first
converter (3laa) and at an input end of the second converter (3lab), the
semitransparent reflector (36ab) being2substantially reflective to light at
t he second wavel ength. o 6. The transmitter of any previous claim wherein
the first and second nmaterial are sem conductor materials froma group of
materi al s &dapns$ sing Gallium Indium Al umnium Phosphorous and/or
Arsenide; and the transmtter is a photonic integrated circuit. 15 7. The
transmtter of any previous claim wherein the transmtter is an optical

coarse wavql eRgtéptitali rapsmiteet idshEsuRA tbageirat@ra plurality &f apsighl ter of
any previous claim wherein 20the transm tter conprises K groups (3la, 31b,
31c, 31d) of NgrIswesetearsespendingaluralitylofgitferent wavelrngihsinutsmplexsd N>1;

compr'sfng ~ et L Pt 8 ERRRLRC BT B bl OB RERPLIT oi eved onto
a converter wavegujGestf31aa) and second (31ab) converter comprising different
first and second active materials configured to emit light at a
first and a different second wavelength, respectively; and
— a first converter waveguide (37a) traversing the first and second
10 material of the first (31aa) and second (31ab) converter, the
second material being at an output end of the first converter
waveguide (37a) and the first material being at an input end,
upstream of the output end, of the first converter waveguide
(37); wherein the second active material is transparent to the
15 light at the first wavelength; wherein the output end of the first
converter waveguide (37a) is coupled to the output waveguide
(34).

2. The optical transmitter of claim 1, wherein the first active material is
20 configured to absorb the light at the second wavelength and wherein

the second wavelength is smaller than the first wavelength.

3. The transmitter of any previous claim, wherein the first converter
(31aa) comprises a first laser using the first active material and wherein
25 the second converter (31ab) comprises a second laser using the second

active material.

4. The transmitter of any previous claim, wherein the first converter
(31aa) comprises a first grating (36aa) at a first grating period

30 associated with the first wavelength, and wherein the second converter



25t he converters Ckn conprise different active materials Mn configured to
emt |light at the wavel ength Akn, respectively; the first (3laa) and second
(31lab) comoentwiTerrespond to the converters Cl1l and CPRI/EPe@ipactsBael v;
the first and second active materials correspond to the materials 30ML1 and
ML2, respectively;, - 24 - the first converter wavegui de (37a) corresponds
to the converter wavegui de WL of the f2¢#¢st group of N optical converters
Cln; the converter wavegui des VW, k=1,...,K, traverse the N active
materials M, n=1,...,N of the kth group of optical converters; 5 material
MKN bei ng at &¥abutqemprised afsecord vgratiogi (@6alk adnal seaord igiatingiparidchg at an
I nput end, upstreagnqcif g{ out put endezl oft t he wavegui de W; material Md is
configured t 2B % 5§ npi%\f ats Q'vvavel ength Akj with j<i; and
iomaterial Mi is configured to absorb light at a wavelength Akj with j>i;
and the transmtter conprises an optical conbiner (32, 33)

5. The transmitter of any previous claim, further comprising:
5 — a semitransparent reflector (36ab) positioned at an output end of
the first converter (31aa) and at an input end of the second
converter (31ab), the semitransparent reflector (36ab) being

substantially reflective to light at the second wavelength.

10 6. The transmitter of any previous claim, wherein
— the first and second material are semiconductor materials from a
group of materials comprising Gallium, Indium, Aluminium,
Phosphorous and/or Arsenide; and
— the transmitter is a photonic integrated circuit.

15

7. The transmitter of any previous claim, wherein the transmitter is an

optical coarse wavelength division multiplexing transmitter.

8. The transmitter of any previous claim, wherein
20 — the transmitter comprises K groups (31a, 31b, 31¢, 31d) of N
converters Cyn, k=1,...,K and n=1,...,N with K>1 and N>1; each
group configured to generate a serially multiplexed optical signal
Sk comprising N optical signals at wavelengths A, n=1,...,N
multiplexed onto a converter waveguide Wj;
25 — the converters Cy, comprise different active materials My,
configured to emit light at the wavelength Ay, respectively;
— the first (31aa) and second (31ab) converter correspond to the
converters Cq1 and Cy3, respectively;
— the first and second active materials correspond to the materials

30 Mi1 and My, respectively;



configured to nultiplex the Kserially nmultiplexed optical signals Sk at
the output end of the K converter wavegui des W onto the 15out put wavegui de
(34). 9. Wheotwanwhitter of claim8, wherein the conver PETEPIKIN/OGEEPri Se
gratings Gk n at grating periods Akn, respectively; 20the first (36aa) and
second (36ab) gratings correspond to the gratings Gl1 and G12,

respectively; and the grating periods-Akn are associated with the

wavel engt hs Akn of the light emtted by the correspondi ng converters Ckn.
2510. The transmitter of any of clains 8 to 9, wherein the K groups of
converters Ckn ar etHeafisstatdnyestes veaveguide (Fapeorraspondetabioe kenverteh t hat

e U e o e, OFt e e s Wi Bhpfohgbet ) Aot ance,
e oo by 6 BRLEE Snylosicion DEUICETL s TR st e
mer gi ng section (3@ptenierMdy.t he1,... N of the k™ group of optical converters;
5 material My being at an output end of the waveguide Wy and
material My, being at an input end, upstream of the output end,
of the waveguide W;
— material My is configured to be transparent to light at a
wavelength Ay with j<i; and
10 — material My is configured to absorb light at a wavelength A,y with
j>i; and
— the transmitter comprises an optical combiner (32, 33)
configured to multiplex the K serially multiplexed optical signals
Sk at the output end of the K converter waveguides Wy onto the

15 output waveguide (34).

9. The transmitter of claim 8, wherein
— the converters Cy, comprise gratings Gy, at grating periods Ay,
respectively;
20 — the first (36aa) and second (36ab) gratings correspond to the
gratings G¢1 and Gy, respectively; and
— the grating periods Ak, are associated with the wavelengths Ay, of

the light emitted by the corresponding converters Ckn.

25 10.The transmitter of any of claims 8 to 9, wherein
— the K groups of converters Cy, are laterally spaced with respect
to one another such that the output end of the K combiner
waveguides Wy are at a lateral distance with respect to one

another;



5serially nmultiplexed optical signals Sk are superinposed within a joint
wavegui de | eadi ng to the output wavegui de. 11. The transmtter of claim
10, wher ewo 20te#04i176st nergi ng section (32) conprises a pCuERkItpeasBs S- bend
wavegui des configured to progressively ioreduce the distance between the K
conmbi ner wavegui des W. 12. The transmtter of any of clainms 8 to 11,
wherein the conbiner (32, 33) is a nuF£bnode interference nultiplexer.

1513. The transmtter of any of clainms 8 to 12 wherein the active nmaterials
Mk n and the correspondi ng wavel engt hs Akn are arranged such that for at

| east one pair of the gbmbinargcaoprises arfirsCinergyg sectidn (B2, kwiergr thep of
converters along t C i ner vegui de W, there . are K-1 wavel engths of
The set “of vavel engeradttanicer DetWegng o nis Combinr” wiaverUes Bhais or

20t han wavel engt h AlggtbssR/alY F&dlday; aaaverter Cki+i and smaller than

wavel ength Aki emtted by converter Cki- 14. The transmtter of claim 13,
wher ei n t he act i-vetheat@nbinles chprisend delcend onergigosadition (Bdy.ewbarg the Akn are
arranged such t hat '

Akr@ Al N f or aqrg.Zik?i, agd Akn> Aki , f%i any_i>n. 15.A
met hod Por gener at 351} AUliRlexed PRI _tsfg@élls k §HaPYPEiMRoY r’"@ﬂﬁ%ﬁ’di ng
plural ity of di ffef wagliaestduing theloaksst Wy ide out put wavegui de;
the nmethod conprising: - 26 -
11.The transmitter of claim 10, wherein the first merging section (32)
comprises a plurality of S-bend waveguides configured to progressively

10 reduce the distance between the K combiner waveguides W.

12. The transmitter of any of claims 8 to 11, wherein the combiner (32, 33)

is a multimode interference multiplexer.

15 13.The transmitter of any of claims 8 to 12 wherein the active materials
Min and the corresponding wavelengths Ay, are arranged such that for at
least one pair of neighboring converters Cyi, Ciii of the k™ group of
converters along the combiner waveguide Wy, there are K-1 wavelengths
of the set of wavelengths Ay, k=1,...,K and n=1,...,N, which are greater

20 than wavelength Ay., emitted by converter Cy.q and smaller than

wavelength Ay emitted by converter Cy.

14. The transmitter of claim 13, wherein the active materials My, and the
corresponding wavelengths Ay, are arranged such that Aw,> Ay, for any

25 k>i, and Axn> Ak;, for any i>n.

15. A method for generating a plurality of optical signals at a corresponding
plurality of different wavelengths multiplexed onto an output

waveguide; the method comprising:



providing a first (3laa) and second (3lab) converter conprising different
first and second active materials configured to emt light at a first and a
di f f er entweaomdimwavel engt h; and providing a first convecr@araawessss de
(37a) traversing the first 5 and second material of the first (3laa) and
second (3lab) converter, the second material being at an output end of the
first converter waveguide (37a) and thééfirst material being at an input
end, upstream of the output end, of the first converter wavegui de (37a);
wherein the second active material is io transparent to the light at the
first wavel engt h; piosiding a fiesto(i1@a) aavddsedondhE 1ab)y soneertee comprisinggui de

(372) is coupled tgif}ehrgnglﬁrﬁs)ytan\aa\s/g o%i gctgi?/’él)materials configured to emit
light at a first and a different second wavelength; and

— providing a first converter waveguide (37a) traversing the first

5 and second material of the first (31aa) and second (31ab)

converter, the second material being at an output end of the first

converter waveguide (37a) and the first material being at an

input end, upstream of the output end, of the first converter

waveguide (37a); wherein the second active material is

10 transparent to the light at the first wavelength; wherein the

output end of the first converter waveguide (37a) is coupled to

the output waveguide (34).



