OPTI CAL LI GHT SOURCE Cross-Reference To Rel ated Application 5100011

This application clains the benefit of priority of Singapore patent

application No. 201208824-1, filed 29 Novenber 2012, the content of

it being hereby incorporated by reference inits entirety for al

pur poses. Technical Field 10 [0002] Various enbodinents relate to an

optical light source. Background 15100031 In next-generation
hi gh- bandwi dt h | ow power conyiting, tiegr€oveRig onal on- chip copper
i nterconnects, which route the electronic signals, will becone

bandwi dth-1imting and al so cause excessive el ectrical power
consunption. Silicon pho&?&%ﬁﬁﬂ&%ﬁ&?r@ tﬂﬁﬁi i t&hgQnnects are

consi dered as one pot entTat—sotuttom, %ﬁere‘%?@%i%andmﬁdth opti cal
signals are routed through integrated | owloss optical wavegui des. In
cont r ast the electrical interconnects.(the_copper wires),. .
opti cal Pt i B, ela%mhea%ﬁ?aﬁ& g 8§9nt§u%fﬁslag HOBWPEIFRis FtpdicRion
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Most inportantly, optical interconnects are expected to providé a
nuch | ar derrefsmagoindtsentireiy farlall painoeesr i cal i nt er connects.

Wavel engt h-division nmultiplexing (WDM technol ogy provides a way to
fiirther increase the data capacity. 25 [00041 An optical |ight
source is a key conponent for apdchaicabFisldsuch as | ong- haul and

dat a-center optical comunication and on-chip optica

i nt er'%nnection. In the past ten years, silicon photonics has

exper i enqego2NpiRGSEaPsERMehIs eMtD td 4h sRREAIMA ek, devel oprent
activities, as a possible technol ogy towards next-generation

mul ti-channel optical conmunications and optical interconnects for
conput er comuni cation 30(conpcomp, V. silicon, as an indirect
bandgap material, cannot emt lig ently. Wiile SO
(silicon-in-insulator) is a promsing material platformfor |ow cost

15 [0003] In next-generation high-bandwidth low-power computing, the conventional on-
chip copper interconnects, which route the electronic signals, will become bandwidth-
limiting and also cause excessive electrical power consumption. Silicon photonics based
optical interconnects are considered as One potential solution, where high bandwidth
optical signals are routed through integrated low-loss optical waveguides. In contrast to

20  the electrical interconnects (the copper wires), optical interconnects have many
advantages, such as low crosstalk, immunity to electromagnetic interference, and low
power consumption. Most importantly, optical interconnects are expected to provide a
much larger bandwidth than the electrical interconnects. Wavelength-division
multiplexing (WDM) technology provides a way to further increase the data capacity.

25 [0004] An optical light source is a key component for applications such as long-haul and
data-center optical communication and on-chip optical interconnection. In the past ten
years, silicon photonics has experienced unprecedented growth in research and
development activities, as a possible technology towards next-generation multi-channel
optical communications and optical interconnects for computer communication

30 (compcom). However, silicon, as an indirect bandgap material, cannot emit light

efficiently. While SOI (silicon-in-insulator) is a promising material platform for low-cost



| ow power - consunpti on devices for on-chip interconnection and opti cal
communi cations, yet it lacks an efficient |ight source. This neans
that it is required to adopt an off-chip optical |ight source for
signal transm ssion. [0005] Although silicon is an indirect bandgap
material which is not considered as an 5efficient |ight source,
various solutions including erbium (Er)-doped silicon |aser, hybrid-
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among whi ch the hybrid-integrated evanescent |asers, such as a hybri
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OlH: Sil.: . -chip Light sources. Thanks to the
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| oW poverinfgRtddnilah &ReiiastQbRI Se-3HOSH 1 :hlaaggyungsrbp&%a,r@ﬁu hich the
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from 20  for some advanced light sources, such as mode-locked lasers where optical loss is critical;
2) The light is mostly confined inside the Si waveguide with only ~ 4.3% light confined
in the III-V gain medium, thus the amplification efficiency is low; 3) Cleaved/polished
interface(s) for the formation of a laser cavity provides less optical control and low
productivity.

25 [0007] Therefore, the problem for conventional hybrid Si lasers is the relatively high Si
waveguide loss for the laser cavity, leading to a high threshold and high power
consumption. Such high loss could be a major issue for advanced hybrid lasers, such as

the mode-locked lasers.



5 each other to define an optical cavity therebetween, an optical
gain nmedium and a coupling structure arranged to couple |ight
between the optical cavity and the optical gain nmedium [0009]
According to an enbodi nent, an optical light source is provided. The
optical light source may include a wavegui de including tw Bragg
reflectors arranged spaced apart 10 from each other to define an
optical cavity therebetween, whereigygfigry/avegui de includes at |east
one of a silicon nitride-based matérral or silicon oxynitride-based
material, and an optical gain mediumoptically coupled to the opti cal
cavity. ' AWON f I 5 0l. ] | ,
et or avOf) ARREED Aol B 3PPR e obiedF proliled. the SHM I

t he diff ewent mayusludthewdvapmidegacladiag neb efeeas aniahyed spasahhgart from
enphasi s i nstead genperally bein | aced. upon illustrating the

o nasor e ol 40 T BR Pt R REEPERERy HoSuicEh erBom ey gl 2
enbodi mendosipifg dukMeMeEP R RUFleHRECHIRES the bptidaBERL9RAE tHeQptibg gain
20f ol | owi ng_drawi ngs, in which: [0011]] FIG |A shows a schematic
cross- secp¢®B¥al view of an optical |ight source, according to various
enbodi ne [ \ : i -sact < V] of
an_opt | car o7 ROk iozh oSl o oBAOE TR uftE AT H0E) 198 0rcs il
FI G 2 showseangemnsinde ta wavegnideiafludimg opd Beadg detlgdidrs sorangael, spaceioapditng
to vari ous enbodi msntg. 1{?0014. Fl G. Bﬁ\ sgows a gjross-secti onal. vli w
of an'Copt TERFGH O & Befitedn REEH FRY NG EEOPAPTH HL LG g de includes

[0015] FldeleastBon b@Wsilich nltli@base®@mhatciantilscoh bxshifridRRBdd MRAYEHUrden
structures of the 30 enbodinent of FIG 3A .
optical gain medium optically coupled to the optical cavity.

Brief Description of the Drawings

15
[0010] In the drawings, like reference characters generally refer to like parts throughout
the different views. The drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following
description, various embodiments of the invention are described with reference to the
20  following drawings, in which:
[0011] FIG. 1A shows a schematic cross-sectional view of an optical light source,
according to various embodiments.
[0012] FIG. IB shows a schematic cross-sectional view of an optical light source,
according to various embodiments.
25 [0013] FIG. 2 shows a perspective view of an optical light source, according to various
embodiments.
[0014] FIG. 3A shows a cross-sectional view of an optical light source, according to
various embodiments.
[0015] FIG. 3B shows the light confinements in different waveguide structures of the
30 embodiment of FIG. 3A.



[0016] FIG 4A shows a partial perspective view and a parti al
cross-sectional view of an optical |ight source having a

stack-1 ayered structure, according to various enbodi nents. [0017]
FIG 4B shows a partial perspective view and a parti al
cross-sectional view of an optical |ight source having a

wavegui de- enbedded structure, according to various 5 enbodi nents.
[0018] FI @mﬁﬁq@h@%h&wm ghrtiaf pdriiRchad Gl ahed paffaf DRkl Yectib @ Side OMm
bet ween the different wavegui d% l'ayers of the enbodiment of FIG A4A
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refers toptibd hglaosqaery hagng rawravgsuiddambsidedy, stioytuvg yacobrding to various
illustratiqgn,. specific details and enbodinments in which the invention
15 may bee“ﬁ%‘jg’d’fl d. These enbodi ments are described in sufficient
detail tqoersEIE. AQE6wS Kipldt @d tHecalduutd fntdnSitPhrABlHone bbiReh el e
Qt her enmbodi nents may be utilized and structural, |ogical, and

el ect ri caraverdfybyergy thsembgadianspt PG 4departing fromthe scope of

t he i nvenhhn wid&h i i i t
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enbodi mrenvaegwdé byens o€ e 2hbedinumit nEREG 4B[ 0021] Enbodi nents descri bed
in thl% context of one of the devices are anal ogously valid for the

ot her “devi ce. [0022] Features that are described in the context of an
enbodi ment may correspondi ngly DeandPhesaiptont 0 the same or simlar
features in the other enbodi nents. Features that are 25 described in
the context of an enbodi mnent may correspondi ngly be applicable to the
ot her e 'GTEI'BS doa it ECl i i e

enbodi rremr:11tg gi Fu%t l;?tlalrgér({o e{iét?ilgkgi ?‘?%ﬁéﬁcging%f%rrs qggt(ﬁ i%gﬁ%%gkgn%?ggég%m
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a feature or elenent includes a reference to one or_ nore of the
f eat ur es SHPctarablagica, and electrical changes may be made without departing from the scope

of the invention. The various embodiments are not necessarily mutually exclusive, as

some embodiments can be combined with one or more other embodiments to form new
20  embodiments.

[0021] Embodiments described in the context of one of the devices are analogously valid

for the other device.

[0022] Features that are described in the context of an embodiment may correspondingly

be applicable to the same or similar features in the other embodiments. Features that are
25  described in the context of an embodiment may correspondingly be applicable to the

other embodiments, even if not explicitly described in these other embodiments.

Furthermore, additions and/or combinations and/or alternatives as described for a feature

in the context of an embodiment may correspondingly be applicable to the same or

similar feature in the other embodiments.



[0024] In the context of various enbodi ments, the phrase "at | east
substantially” may 5 include "exactly" and a reasonabl e vari ance.
[0025] In the context of various enbodinents, the term "about" or
"approxi matel y" as applied to a nuneric val ue enconpasses the exact
val ue and a reasonabl e variance. [0026] As used herein, the term
"and/ or" includes any and all conbinations of one or nore of the
associ at §0033) h ek borie -of MaLORhbiEmbiE dhdl 8fRIeR “a® NanP AR S Ohs LER
formof "at least one of A or B" may include A or B or both A and B.
Cor r esporiditthepegrd to idegnicas elagiont neludey arraderencgtto joag of merreoighe fagressoror
C', or ingluding fiirther listed items, may include any and all
conbi nations of one or nore of the associated listed itemns. [ 0028]
Vari ous dfg]ilnehd sontent afetaaibes embédislents, iheqihuabe rigt Sdabti abstartBilly” may

photonics_(.e,q. Si, ,,15 nano/ m cro-photoni cs), optical comunication

system dﬂ% %%Fﬁa%gﬁﬁﬁquﬁm@%¥% 7€al interconnect. [0029] Various

enbodi rrer[t)@zsmu tRY E0HtER AN aARs Gfbodihet, RO Wir@e ab8utd.or Zapprbiin@teB as

| aser) usin nmul ti-| ayered wavegui de structure. Various enbodiments

may proviag @mﬁwcwaWﬁwwwgmeﬁéa@tVﬁ%ﬁm @refa@@nabwaamqecal
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aser ium an

an optic cavity, an tica aln a cou
st r uct ur enare of thicessvetitedtlstddaiears. therebetmeen for coupllng Ilght

bet ween t vequi de and t he opt.i,c ai.n d ium limt.i
exanpites 037 RipRe ety o e P g Bt d5obiH Yo OR e PPt
or sili copBPoxyivth A 4d K. @dﬂ“é}sp(frﬂingﬂﬁ%d ﬂﬂ@e'oﬁ%foﬁrﬁ\bﬂ% leadt b&n@tedor B
[11-V layer_or structure as_ the gain nedium and anorphous

silicon (@G pr fl?&}vdm‘%}ﬁb?rdgstqdwémﬁ, ipdugn Wganﬂeatlkr@@rbﬁm@nsspf\wwr
Si ON wavegih deqandsoeRedlilsted e F@yer Various enbodi ments nay enpl oy
chi r ped dlstrlbuteg Br agg re ectors (DBRs) as the mrror reflectors
to defi | ne 092 ‘oo anbedimienty maytrelatei to fighds nedfliding siheom®y) fhetdnmsifed. $is
part | t he Q i waviequi de. Var.i ous enbodj nents opt ..
PrverSe cHiRROp o RhER SRHF s BaryRR® ey R PR R 8 Rnscdlng
the a- 3Qffercoangeti ng structure, and/or between the a-Si coupling
structure and the I11-V layer. [0030] Various enbodi nent
provi de dR0ZbtYaigps Pmb?ﬂlmgatar%f r(lewse a&Oh%} llahtspuqcsé%g)a le.sshrwgsldasel)
| ow-1 oss déﬁﬁ%eeng'uﬁﬁlayéﬂé& RvaRSgilid SRR VEAAS hrBloMdnddfs Dbl bfRide 2 triple-
oxyni tride he | aser cavity wavegui de, and/or” using
di st ri butlex¢ray a/ggegwdf?oﬁglcumﬁg) thfedrptls:aiehghisweurce,ahmqg AL mmasgen&[n@(oﬁﬁ]
lAag’:ar'\Eog;Vv? vgg‘uﬂ@@"c‘éﬁfi'éu‘iigd TEYanPE e IG: FoskPENRS Sn VBRI LSS Lt Gnd a
couplmg structure or intermediate layer therebetween for coupling light between the

waveguide and the optical gain medium. As non-limiting examples, the optical light
source may employ silicon nitride (SiN) or silicon oxynitride (SiON) for the long laser
cavity, a bonded III-V layer or structure as the gain medium, and amorphous
25 silicon (a-Si) for enhancing the light coupling between the SiN or SiON waveguide and
the III-V layer. Various embodiments may employ chirped distributed Bragg
reflectors (DBRs) as the mirror reflectors to define the optical cavity. The mirror
reflectors may be formed as part of the SiN or SiON waveguide. Various embodiments
may adopt inverse tapers for the coupling between the SiN or SiON waveguide and the a-

30 Sicoupling structure, and/or between the a-Si coupling structure and the III-V layer.,



A Si N wavegui de may have a propagation | oss of about 0.6 dB/cm while
a Si ON wavegui de may have a propagation | oss of about 0.1 dB/cm as
conpared to a silicon wavegui de having a propagation | oss of about 2
dB/cm Therefore, using SiN and Si ON wavegui des may significantly
reduce the cavity loss. A reduced cavity |loss nmay enable a 10 | ower
threshol d voltage and a | ower power consunption. [0032] In various

enbodi menphe30)evraoay em8odHnthQmay 2k BBRE obfeal AERR bR PRLI @%bHWQEser)

cavity may allow a control|able fabrication process that nay enab
pot ent i alusigssloprleauwevagnideanigh aagiliseronigideH SN0 silicon @x it a(@é)N) as

pol i shi ng fh‘!e%%it@ak?%&eo In&BPh4iA d{sg{butewé?agg H{IIQ‘{)IISQB%g fc{?yt%ér Pisér

15[ 0033] rlous e nts may pr a hi gh=perfornmanc
| aser vmt&wmyhnmwmhreshold and a | ow power consunption. Various

enbodi e a cost. effecti brid | aser, for silicon

s ogroar Aot s & SPBoSayeRie ey eridhe T -lesh antide PoE 1R Bital
view of an gINt wwdguidleg:my SV @ SpraPidatiGt ¢k AifMaboliP 0\AABRHS while a SION
enbodi ments. The optical |ight source 100 includes a 20 maveQU|de 104
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medi um 110, a co structure anan to cou
bet ween tweyegptiescmby s:tgmf bgmty(}édta:ndhet tryity rhd;sscﬁlrecgmed]camghlmm:ﬁawenable a
source 100 may include a

0035 t h d t h t | ht
\[Naveg dg Yeanre l\f{:'ﬁ&é{ghaﬁ afqﬁl%@l‘{’?%g’f’}”grc‘% UK and a second refl ector

106b for fIBOBZPHn@QﬁdnﬁQﬂnBoﬂuﬁéh@s WEYRGHOINIEHR ONBBRE ks Forfethk il 1ab&6a
and the second ref|l ector 106b may define an optical cavity 107 in the

spaci ng F@YiRe st A iancemeollpkle hﬁl@éwlmzw%?ﬁﬁ thad ey epabieppeatial] masst
pr opagat Qddcﬂoﬁ Qﬁd@pdrk{aea%d.tﬁ@m %el'h(gld O(HQltuh hd %}ﬂtgéﬁecﬁm&agg&?&

may urt I ncl’ude optical gain ne may provi
opti cal qanmnguﬁkbﬁg$mnpn®pagatlng in the optlcal | i ght 30source 100

and iC act s t he optical um 11 The optical
ant S U BRGNS abbdmeRRapR hoPined bt R b RS Botrld Be@ B 1ow
opti cal | wheshud etddta)ldvh@)o&rﬁt ic6unpivh! Yadéhs afbodifentophdyCptoviRi A cost
medi um 11 [ 0036]..In v us embodi nents, |ight may be coupled

bet ween thECREBEEA dasen &S@ﬁ%}ﬂﬂi@%ﬁﬁhl@a}ts -gai n medi um 110. For

exanpl e, [hoBHFIERYARGLGOURCEGNAR GofldelidnaPRich! OMd HRical light source 100,

according to various embodiments. The optical light source 100 includes a

20 waveguide 104 including two reflectors 106a, 106b arranged spaced apart from each

other to define an optical cavity 107 thercbetween, an optical gain medium 110, and a

coupling structure 108 arranged to couple light between the optical cavity 107 and the
optical gain medium 110.

[0035] In other words, the optical light source 100 may include a waveguide 104, and a

25  first reflector 106a and a second reflector 106b formed or defined in the waveguide 104.

The first reflector 106a and the second reflector 106b may define an optical cavity 107 in

the spacing between them in the waveguide 104 and serve to reflect light propagating in

the optical cavity 107. The optical light source 100 may further include an optical gain

medium 110 which may provide optical gain for light propagating in the optical light

30 source 100 and which interacts with the optical gain medium 110. The optical light



5wavegui de 104 to the coupling structure 108 and then to the opti cal
gai n medi um 110. Light nmay al so be coupled in the reverse direction.

[ 0037] hi various enbodinents, |ight propagating in the optical
cavity 107 may be reflected by the two reflectors 106a, 106b and
coupled to the optical gain nmedium 110. Light rmay be coupled to the
optical gain medium 110 one or nore tines, where the light 10 may be
anpl i fi edoutBa08fRtyeRurthftEntMBe & %Bﬁ;ﬁﬁltg%ﬁct&&t?ﬁ)s o};%@mmplet«l% AR 61%51
gain nmedi um 110 (y cooperate to cause lasing within the optical
cavity 10¥WﬂYh01ﬁ1§hmamuﬁiﬁénﬁwﬂumhlﬂbaV|ty 107 may act as a Iaser

cavity or i I f L h' n
the opti Pﬁl%ﬁﬁaﬁg%gu%%%&%ént%? r;I?asrlhb:e ‘g‘%eﬁfqe@ﬁ&fﬁﬂ% a?’mﬁ/ e
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arr anged WHegud G\gﬁgtq SR Ft&t?“ﬁfﬁzi%gﬁg t8|5 ‘?Eléﬂcag&?lﬁ rﬂ"@f‘ﬁrﬁo
110. The 1GEmMRhAYWIsShd dbfupléti §n HeBevErde ddRciddd. anged i n between the
optical cavity 107 and the optical gain nmedium 110. This may nean

t hat the [8837]1dal vagann embadimentst dishaprapesaipaciadthapanticalf eayifyt HE may be
d t hat
the vavedeioe e Xod8hicds 168 fop Hg valpid (e obtaf fmERA 1162

structur ddg]ﬁ}&n@nbh d:dm@ledpb nlmﬁptlgall gmmmddmm mDOJnHmyntwe amesg Rgeek tha light
stack _struct he cou str.uctur 08 nmay he arranged .
over the BHt Sa?m ;ﬂt}‘foOYSn hF?f%rls g rqgﬁ HETOOW&%F n
arranged Iﬁétﬁ‘dimtm@ nﬁ@lﬂab;bdﬂﬁte% ea@é lhrsﬁiglﬂ&m {ﬂa%ﬁéé}rc@vn}lhﬁ OPihisCRby, the
i ght source 100 may include a triple-layered structure |nclud|ng t he
wavegui deoptioa cavifel Floupy pHgs 8dasaearits oL bsingsavibhibalopey ensblegaplifipgtion
medi um 1 i8N 4

coupl i ngjogt r%‘gtgﬁt?%n andl t%é%gglglgcgﬁ %}g?rﬁttfr}ri HX@ %{BQ‘R I%%Ebe %glr%rt%ld
as respecfmmdlemptlpaidlght gugle 108ypens optid@Dsigjall n vari ous errbodl ment s,
the 104 thec I|n structure 108 optic

o w1 2005 ey tRenst e i Gy 107G R T i Een
enbodi rTEPthé wavégel&qmplamaghes@mu@lt aile mt@RnTEN. 78e a6upARY SGudtireOOBIRG be
with the opti caI cavity 107 (and therefore also the wavegui de 104)

and/ or t HEraBERg @ahet\@%qnﬁhﬁ@atlw_am 1Q70mulothe ppticah epigrsedivb dd Ondhis gnay
the couplhog BIHCEHCE dAP BN P Bl AHEPPOIGHQVS R BR waveguide 104 and

the optical cavity 107. Further, this may mean that the waveguide 104 having the optical

20  cavity 107, the coupling structure 108 and the optical gain medium 110 may be arranged
in a stack structure, where the coupling structure 108 may be arranged over the optical
cavity 107 and the optical gain medium 110 may be arranged over the coupling
structure 108. Therefore, the optical light source 100 may include a triple-layered
structure including the waveguide 104, the coupling structure 108 and the optical gain

25  medium 110.

[0039] In various embodiments, the waveguide 104, the coupling structure 108 and the
optical gain medium 110 may be formed as respective or individual layers.
[0040] In various embodiments, the waveguide 104, the coupling structure 108 and the

optical gain medium 110 may be formed at different planes.



5 with at | east one of the optical cavity 107 or the optical gain
medi um 110. The entire coupling structure 108 nay overlap with the
optical cavity 107. The entire optical gain nedium 110 nay overl ap
with the coupling structure 108. [0043] In various enbodi nents, the
coupling structure 108 nay be anot her wavegui de. [0044] In various
enbodi nents, the optical gain nedium 110 nmay be arranged over the 10

wavegui dqowg,mf@ﬁowaﬁpécﬁmem_@,rth& REu MRk Gt wFAVIE Hay B4 a%fééeaqﬁ doftatihe
wavegui de 104. The optical gain medium 110 may be arrange _ _
over | appi wigh tictapticd savpt | Ybnd teiefgre aly theTwavegpide l 84)otlioe e qpéical gain
medi um 110 Ay querlap with the optical cavity 107. The optical gain
medi um 110 may be optically coupled to the optical cavity 107. [0045]

I n var i ou§042itdadiariewt anbodimémg siie anelingftheatron 0D mal he atramged efvbdatpaires
106a, 106b.., 15 may allow light taq exit fromthe optical |ight source
100 For Wi ApI<as qriten B SHEPH 6F1IBGIT o BBIHPHEY BE et i The entire
refl ectorcoufling $tQWnFOMBS e dvetlsh RathMtBE bRtdal Bavaiyd 00T Re bhtd loplital RS
transm ttcedﬁ_tuﬁér ough the seagpgg %ef | ect orﬁ%Gb v'?tg be err?tted Frlom%t%lﬁ]e
optical |mehemddlmay ovedap with thercouplingstroeidiend$t s, the first reflector
106a may : 0 i f

various e % iﬂr}gh{lg{see bg)ﬁ%%e{%ﬁ, Fhr?%o{g@ygcsﬁjﬂ?%Fel%@%n%/bebaégglgggl%eggme'
spaced apéf44]finomrieds dretariimans thé optival ggih nsdiunt AV0 may Ha anangddnever the

optical gain nediym110. This may nean. that upl.i st ruct.ur

108 oy Btvegdar ORGRT Sxenile oneh e Bt can b Uf aeR i Bkqpeveside 104
optical geieopiRel ghin HtdiunfUId BaY be ahbScdaycBdmd Wah tﬁé‘%ﬂtfé@pﬁvh?gm.
structure 108 may be spaced apart fromthe wavegui de 104. 25[0047] In
t he cont ekite @tirs,pticalgrinmsdiamblt may etrslapaxidhe gpticrbgaviyl 07 nEheuensical
mat eri al pabh:e of g ' ' : lness than 2 dB/cm
Thereforeg%ﬁlﬁg‘hlﬁ%lﬂelpi a ofdb'?iﬁgl}\?\%\g gg%@g%gg&%ng@&%elogapabl e of

i nduci ng [#045] dpagabuoembabmenthait least bes sefleb@n of st tWooreflsctbisciioa, Wtibch

has a propagat,ion.l oss of dB/cm ar re. As -limting exanpl es,
The miPeREP O hiatP3E i Forh Haf Dol THLE g 100, Por il B8 e
pr opagat i 1efledi@SIDED imay@ss gahtiul re3Rai ot allbwbsod B/ 1M tol RS Sflédi@lnnaReme 1i&kh0
dB/cm or |l ess than about 0.5 dB/c for exanple a propagation |oss

of about @ bGErERNItEAtHouEh Hhegsrenh EHeAYOLRObI0 Perpiied fropthe gptical light
propagat i @ik 496. Bl variBas erBedimentd BhE Fystlr R iogy! hgg b%%ﬁmxg&?or ara
referred to as a | ow | oss waveguide. [0048] hi the Context of various
enbodi nemast,lalrfﬁbcmayegui de 104 may include at |east one of a silicon
Pr:at ;Ir;ﬁlgl_ bfaﬁt?(ﬂ mrggéds%lmb(oﬁingénts?thl\el)coglr)linsgl sltrlu(c::t%?e Pd%yr?l‘l'cl}t’ e gr?én%gg sel.%ced apart
from at least one of the optical cavity 107 or the optical gain medium 110. This may

mean that the coupling structure 108 may not be in contact with the optical cavity 107
and/or the optical gain medium 110. Further, this may mean that the coupling
structure 108 may be spaced apart from the waveguide 104,

25  [0047] In the context of various embodiments, the waveguide 104 may include a material
capable of inducing a propagation loss of less than 2 dB/cm. Therefore, the material of
the waveguide 104 may be capable of inducing a propagation loss that is less than that for
silicon, which has a propagation loss of 2 dB/cm or more. As non-limiting examples, the
material of the waveguide 104 may be capable of inducing a propagation loss of less than

30  about 1.5 dB/cm, less than about 1.0 dB/cm, or less than about 0.5 dB/cm, for example a
propagation loss of about 1 dB/cm, about 0.6 dB/cm or about 0.1 dB/cm. With a



5 (e.g. SION). Asilicon nitride-based wavegui de 104 may i nduce a
propagation | oss of approximately 0.6 dB/cm while a silicon

oxyni tride-based wavegui de 104 may i nduce a propagation |oss of
approximately 0.1 dB/cm Therefore, a silicon nitride-based wavegui de
104 or a silicon oxynitride-based wavegui de 104 nay be a | ow | oss
maveguide 10[ 0049] In various enbodi nents, the coupling structure
108 may RMs bmetshﬁaaﬁvavmethdﬁelv%egf@é 16X 8P b8 refeRBd GPHPh IR
structure 10 may be enbedded in the wavegui de 104° such that at | east
one sur f dews wAveghide.coupl i ng structure 108 and at |east one surface of
t he wave @

t he cont gg?&gfﬁ\?ger %%’R(;%rftgg aﬁlﬁb(ﬁ esagltééua)fib%%l%%ﬁ rucrlfl1 %?’r %gg%]c léagt
have a ther@f:r axht:orvmtnddbased maetalgerg. SBperx siliven mejmmdﬂbu&dl mdueﬁels

of the veg 04..and th cal n dlunt In vario
orbodrerbe SIAD: Aoriidet piade ik SGredlies’ Ll g a pbar@vion oy
be bi as echpbﬂ)%ﬁﬂglytmedmﬁf ik Weilidad V% y@itridenRs@Phhkeahidd a0s mRdhdite a
110, for exanple close to the refractive index of the optical gain

medi um 1FoPagagon dess| ehsappubnttabit Odl 14p/srat dhewiare eheilicet migidebesed

i ndex of nﬁ@%&l}é'foﬁ' of & RTBH AlhidGe bl LRRIHIC! Thd i C‘B@tzg;tBWQ§ssbe

vari ous e nments, ther Ive index o waveg Grde- 1
i n a rangeawefuilet ween about 1. 45 (such as a Sl ON wavegui de) and about

2boutts doifu e Safod ERBsk ke, he" RRTE Hredti TR Dn iR B lisdiied NG theng

about 2. Gvave8882]104N Fohex&akt exie &fupl'iﬂ%lsﬁﬂ&uﬁmpwlnﬁ'@nb§ erdbB@ded in the
refractive index of the optlcal ain 25 medium 110 may be in a range

of betweetpvaByde 184 sucknhagadeast sn%surfaéﬁ Oétlsﬁ@ml%@mﬁe d688@nd 3t tr:a@tnd
about 3. %ne*g&tfy&%@t@%tﬁéd&maﬁbg 1ea°gt %Jbg&ﬁﬁ%ﬁ&%g@%ﬁ“t 3.2 and

about 3.8 or between 2 and [n the context
of vari odgﬂﬁl}ﬂmdhmtt@gt af haripesf cladelments e xogplinghgructupl 9h guay have a
structure ran bout e.

ol y ey delfivRgar Sa dipieh S bete BRI e e S fedlae Jos apd e
anor phouspfital GaiPheigms! roUGh sHigdus Modﬁm&m) ltig: RethwBenndabeUihe Zobplad
about 3.8, between about. 3.5 and about 3.6, or between about 3.8 and

about 4. GUruptessHB may betiased fowares e r?/féa}qlﬁﬁgldéﬁﬁﬁﬁlie PEf¢al gainpeedisn dlPing
struct ur gol B8Py Y & el RIrGHRE SRR MNGE rbgﬁmlgaléﬁeatmnaﬂﬁ ahout 100

nm for exanple between about 50 nm and 5 about™ 300 nm befween about
50 nm andubsieniially otitoheg thibe vedieatiebiodex afobe nph@hghllamdwnﬁﬂ@ nm

bet wegn 3auy 1399 dRPGe ABH! cAB%iMBhis Ahe PRSI mABOH 200l Ra e

may be in a range of between about 1.45 (such as a SiON waveguide) and about 2.0 (such

as a SiN waveguide), for example between about 1.45 and about 1.8, between about 1.45

and about 1.6, or between about 1.6 and about 2.0.

[0052] In the context of various embodiments, the refractive index of the optical gain
25  medium 110 may be in a range of between about 3.0 and about 3.8, for example between

about 3.0 and about 3.5, between about 3.0 and about 3.2, between about 3.2 and about

3.8 or between about 3.2 and about 3.5,

[0053] In the context of various embodiments, the refractive index of the coupling

structure 108 may be in a range of between about 3.5 (e.g. a poly-crystalline Si coupling

30  structure) and about 4.0 (e.g. an amorphous Si coupling structure), for example between



[ 0055] In the context of various enbodi ments, the coupling structure
108 may i ncl ude anorphous silicon (a-Si) or poly-crystalline Si
(poly-Si). 10[0056] In the context of various enbodi nents, the
optical gain medium 110 may include a nultiple quantumwel | (MW
region, with an arrangenent including but not limted to 8x

I n0. 653Al 0. 055Ga0. 292As wel I / 9x | no. 45Al 0. 039Ga0. 451As barri ers.
[0057] | mub¥a 3. 9bsd £HROSBNRAMEen dbB8 PPhAERA oubdRbNorMRetidéMabdid 30Bdhd about
further include at | east one separate confi nement heterostructure
(SCH) | ayk? arranged over the MQWr egi on At 15 | east one | ower
separate t I di.t

al t er nat i@gﬁl Lﬁgﬂé;?érg%geﬁ(‘%%g#ﬁ%l &ﬁm ’| pl)lle ergiJj é%lgr%t %}}nl’flc\%g Ilb%/él%lryolﬁave .
vari ous ehhbnﬁssrbmcm &bo&em\nmtaadcabaﬁtﬁﬁ@ e forleebmaplo detvecch ubtmt(SS(ﬁhi) and

| ayer may hav. fractl dex t t be .| owner hat t he
Voo 1 o, hock 0 el bbb abgue ol pdrpont Xk eRHEn bt g Pghend abort
20[ 0058] 300 Ima,ruem»&n%b@tdlm snd hmt 2P heRbr BaivBe"BSHuY DDA A SMYabout
further include a cladding |ayer. The cl adding | ayer may be arranged
over the 4®Ategi on. The cladding | ayer may al so be arranged over the
SCH | ayer [ r
may have 1904015 05 SRR (BloXOh R G AR, Thly dlEw R AR g i
m cron (gm)o,rplfcms sémamfal—Sa) bepalperysaliowtSi Qpdly-§ih and about 1.0 gm

betvve nd. abou bet ween ab

about 01, G008t 15 2he ssar b ivions g bedtndnbs G Shgedtim 0L B el
0.3 gm andnalplétq u@ntﬁmhrélﬂ-@\lQW)Q‘@%Qﬂl wifh MPdrtREEm eTHRMUIBRNES not Ffited to
optical gain nmedium 110 rmay further include an underl ayer or slab

bel ow th "I\@u\‘lﬁf"elg@séﬂ’laf)ZWﬁé“@H@ér%ékO@ga@Bléﬁ b3ifpe in the formof a
wavegui d [ I [ h QS , QN
of the og'? ?52@ Igggl?%]usrfcg}jbfog%nﬁl%gg%n&g g\églnl?l gurgg@ gdsjd arl%1 ?,ltéet?d? (%:aﬁéa&
absor ber aestiiaone catfmementdictirogruseics (SSik1)déyer herargot iogeai the NEOW rng'dil uém

110 ngy onfigqured_as o] t|o

gai n Buctish o b oftts pornEe heRre iy TorE Hie rBlioweRey
may be eladeinaticdy | ye |a&ﬁingécbobeﬂdv®mtkhmg@la e@tuno nwoll ie@emop]hl Gfahous
gain nediu élo The term" turab e absor ber secglon nmean a

Sect | on \TEITRGNS AISCRATHE (CORIRSMERY frierosHetole S QHL Yeh Ty hive & asiiieng

light i ntigmsi i mBY bRV R thaA tﬁﬂtdﬁte@mw%%w%r éﬁsétfva@ cohfRin@ RichCA
| i ght SOU£C§IQ1V30 may be configured as | ocked | aser.
the region.

20 [0058] In various embodiments, the optical gain medium 110 may further include a
cladding layer. The cladding layer may be arranged over the MQW region. The cladding
layer may also be arranged over the SCH layer. In the context of various embodiments,
the cladding layer may have a thickness between about 0.1 micron (um) and about 1.5
micron (pm), for example between about 0.1 um and about 1.0 um, between about

25 0.1 ym and about 0.5 pm, between about 0.5 pm and about 1.5 pm, between about
1.0 um and about 1.5 pm, or between about 0.3 um and about 0.8 um.
[0059] In various embodiments, the optical gain medium 110 may further include an
underlayer or slab below the MQW region. The underlayer or slab may be in the form of
a waveguide.

30 [0060] In the context of various embodiments, a section of the optical gain medium 110

may be configured as a saturable absorber section. The remaining section of the optical
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[0061] In the context of various enbodinents, the optical gain nedium
110 may include a I11-V material, for exanple in the formof a lll-V
bondi ng | ayer. Therefore, the optical light source 100 nay be a
hybrid optical light source (e.g. a hybrid laser) integrating a

101 1'1-V optical gain nedium 110 with the wavegui de 104, for exanple a
silicon nitride- based or silicon oxynitride-based wavegui de 104.
[0062] | nuaiheaRt €20 naf béaohAbise® AP M Rlofon $h@ctidid fe\é BdRrhsik gaﬁy
be selected fromthe group consisting of alum niumgallium arsen

(Al GaAs) ,seefiamyi Hi uariqral smbpsimends, uhe shivsable desotbsr Gastivm) mamhs:rrelmtumlly

al | m
OF i i unr i ' 3 Rlin oA O WD Sl Ry R PR, el Bl bt
(BN), borabmrbho&pﬂlmﬂenéﬁﬁh)ean ga;bc’:tiourwlmrsdm abeorpGat\sT ligigahby dearsass evithde
I i h h

PGt ok e et B A h B P e Pt SRAR) L
i ndi um gablice TOPRAS BB e dukdiERR) modendi kb ifNet.r i de (1 nN), and indi um
phosphi de (1 nP) 8[0063 In the context of various enbodi nents, at
| east ond® lltlhéhetcmthéml wEtogs smboBments 0bp opigapl g@nmedmli%mama@l@e
Br a r ef @}I%ﬁ f 0 a t

Br agg refa{ gﬁ?gﬁatf%é%o.r eﬁl %?ﬂaglg fjﬁﬁ-ﬂ) Igf %dm vge"aT r?%g:éf ﬁéeo%%%l
a varyi ndighpenircdi@ oy be i lndirid oghticyt lrﬁt scaxrte {,@ |anl¢§dm<id léwr) iascgmrng a

Cpeci i c T2y oBhEddan Seui, TRE pridhe Bl ATAL Tole RV B e e

| ight. I rbay@{rdr@uﬁ;ogmagdﬁag%gd whegBdaom.ref | ector may be a chirped
Bragg reflector, e.g. a chirped distributed Bragg reflector, where
vari ati orf99621dp éher %ﬂfmea% tOif YariqusaRbogimantss tanil-Yeoaarrialgney be peleatest framy

be non-pepi %Qi&%e(:%sd?ﬂg &iﬁlﬂlﬁl SOUFQQ‘%] aﬁs&lamﬁrtﬂ&sﬁxmuﬂ{m rgaﬁﬁm

enbodi nent s opt 1 cal ce 100 nmay f I nc
subst r at endiwmeplosphide \(\Alﬁb@;ﬂﬁ)delumumagalbananmﬂnq&ﬁm)e rhwginom ghdum

Si'TTcon e IR BhmEn PRaRl BN nebiib B PESHEL far Barh

nitride (BN), boron phosphide (BP), gallium arsenide (GaAs), gallium arsenide

phosphide (GaAsP), gallium nitride (GaN), gallium phosphide (GaP), indium gallium
arsenide (InGaAs), indium gallium nitride (InGaN), indium gallium phosphide (InGaP),
indium nitride (InN), and indium phosphide {InP).

20 [0063] In the context of various embodiments, at least one of the two reflectors 106a,
106b may be or may include a Bragg reflector, e.g. a Bragg reflection grating or a
distributed Bragg reflector (DBR). The Bragg reflector may have a structure with a
varying (periodic or non—periodic) refractive index, for example alternating refractive
indices, which may generate a wavelength specific reflector that may reflect one or more

25  wavelengths of light. In various embodiments, the Bragg reflector may be a chirped
Bragg reflector, e.g. a chirped distributed Bragg reflector, where variation in the
refractive index of the chirped Bragg reflector may be non-periodic (or non-uniform).
[0064] In the context of various embodiments, the optical light source 100 may further
include a substrate, where the waveguide 104 may be arranged over or on the substrate.

30  The substrate may be a semiconductor substrate, e.g. a silicon (Si) substrate or a silicon-

on-insulator (SOI) substrate.
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[ 0065] In various enbodi nents, at |east one of the coupling structure
108 or the optical gain nmedium 110 may include a tapering region, for
exanpl e having an inverse taper configuration. Respective tapering
regions of the coupling structure 108 and the optical gain nmedium 110
may at | east substantially overlap with each other. 5[ 0066] In the
context of various enbodi nents, the waveguide 104 may include a first
wavegui d tl : i i

e Fi o e e F P ip SERTS 1B bt

i ncl ude agdin medivoodpd immy iscodé araperingmgedn,t for erupple hiavightanbievewse tipthe

first wavegui de.secgfion.and the optical. gain dium 11 and .a second
coupl i ng. CBLETEH0S 3aRG TP fes et B R e RBE e da 3 e S5t
wavegui degahegiediom MO mdadatldiet upétherilly @abdapeith ebgh dier. | n vari ous
enbodi ments, the second coupling section my be spaced apart fromthe

first coudPptigndbe crrt qioterys PROWmEBtSs hemaBHent 84 may nelde agirst
portion of,JeBEdt t&csibn WRY § JiHoHE wa Sl R BB s?gceﬂr aRgsth @t g Ieguide

substantially overlapping with a portion of "the a?l rst coupling
secti on, wseigbnatnd destouplippsiticome dP8 iy isdudmal fivsd vouplingesestenat aromgedito

be arran t,. ubst.anti al | 15over | appi ng..wi,t h. a rti of

Phe seooiailpRlich RSN SHAR AN\ Friatae RANE LAPRE Wt | 3n PR 100, faa

wavegui deses@glt dooplimnstetitie afringstl (€ oouplld HghtSeerdeanhdrtohd wardgiedction
each other and. the

of fset (e.q., horizontally offset) relative {o . ,
secontf wa‘ngh? gericelesingnedinm 1 fenswishe eleeeéww& 186 88908 chupfingesection
arranged i B dpale&l dpart MM ALMAILYpIREIS@loh. rel ative to each other.
20[ 0069] In various enbodinments, a first portion of the optical gain

medi um 111006 \In yerieys embpsldments, |aé degst asprsomef hel firgt warsehide peatign whayhbea
portion Q [ i ian, n ortion of.the
I LT S S B SIS
over | appiadeasi 4 pordopof tliearcaid whegside seutiot oyl bengraagal atdeast fdbstantially

optical gain nedium 110 ray .he arrgnged. of fset (e.g. horizontally

oFrsel) Brllpniue Voh & ROReBP ottt COTRBBS TG 25 sect] on and the

second cogpés] e vageds xibodimdne el \bmgé‘{aé Y&kidh %ncﬂ-@l%-ﬁr&t'l:oﬂﬂ%ﬂgﬁﬁ@tion
ma e

enbodi ments, the opti cal ?f?gj n nmedium 11 i

g not overlap w't
first wavegubeleraegedi difseh . thesizewalbn affortl welpiive do saeh pdar afd trojecond

vor oue. STRRINTEDLS o 6ol 5L SCOMR!LARIREC By, U5, 35" AR A0
cavity 10%.g. Bojz006fAllY offretymldtive o exwbodienent s, |ight may be coupled, in
Seque{(l)ce, [Obéb]a[ncyagiggst tiall%oc{illrrlgnrg, a first portion of the optical gain medium 110 may be
arranged at least substantially overlapping with a portion of the first coupling section, and
a second portion of the optical gain medium 110 may be arranged at least substantially
overlapping with a portion of the second coupling section. The optical gain medium 110
may be arranged offset (e.g. horizontally offset) relative to each of the first coupling
25 section and the second coupling section of the coupling structure 108. In various
embodiments, the optical gain medium 110 may not overlap with the first waveguide
section and the second waveguide section.
[0070] In various embodiments, the first coupling section, the second coupling section
and the optical gain medium 110 may form part of the optical cavity 107.

30 [0071] In various embodiments, light may be coupled, in sequence, in a direction from

the first waveguide section to the first coupling section, the optical gain medium 110, the
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the first wavegui de section to the first coupling section, the
optical gain nmedium 110, the second coupling section and the second
wavegui de section. Light may al so be coupled in the reverse
direction. Therefore, a first optical path may be defined between the
first wavegui de section and the optical gain nedium 110, through the
first coupling section, while a second optical path nmay be defi ned
bet ween tfgomIeeapkh NRYESHEhS @&bh@aza_aég@i&}seg%dﬁlpugﬁahlag%ilsa r??’%ﬁ%ﬁfﬁbin

n

110, through the second coupling section. is way, lig e

at | east beiberessstdigicion.f Thersforgoapireldontisak path opay bekelgradnbatweinytie 1firer.
0072] | i ] ; fl ' ect | n e

L0721 | KBRS SRRt TROY s Uy Sk S SR R B,

copl anar wihiteha eohd optiet pathnddyobe tiéfneflibesteca abpbdcogd sactguide otbr 4

second coupling, sectian e arranged at | east substaptially ‘

T Ocoplandhe BRI B8 Frediey 10, e B dpal PORLnG SegtRniene iy

wavegui denes tabtQbafdiall eulfyl dovpled @bk opficad 84h nRAidRY1de arranged

spaced apart gg.gz vertically separated) from each other, and the
ildegage

second wd{&3{U &% ¢robodiments,Hae Sistt oyryeswdp beotign sad tthesecard Wareguide
arranged I i . 0 r
15 0074 TagonrgBE siratdlhe IMEL LR oORARA! SR chOEIHER Ty 08 Ty
arr anged copploedseatiar dnd thegecondrdouplilg seci@pmapbe djrafigedmt tidest fubs@ahtially
coupl j ng se%tion and tgF second coupling section. [0075] FIG 1B
shows'®a SORBRAEY T ABEMLect i onal view of an optical |ight source

120, accqog73)dn veriMalenedingih) HerMbt Wwavedii@e SRtibE ahd thie it c@ﬁﬁfl%%e&%%
i ncludes a 20 wavegui de 124 includi ng two Bragg reflectors 126a, 126b
ar r anged MBHakeHTaEat sPaced ApasaElE- seke#!ln wrarete hEomrpaglp piberland thej segondn 7

t her ebet vwaglgg@ qeaidh Lie tﬂ@\éf‘&ﬁh dnguﬁﬁnﬁg s Q6 HoH dﬁ§¥ ﬁageg[g%%gd el afdrt

silicon nitr - based nmaterial or I con oxynit d terra

and an opftigcwrtigdlyrseprededinfrandacbptheral | y coupl ed to the opti cal

cavi tlys' [0074] In various embodiments, the optical gain medium 110 may be arranged spaced

apart (e.g. vertically separated) from the first coupling section and the second coupling

section.

[0075] FIG. 1B shows a schematic cross-sectional view of an optical light source 120,

according to wvarious embodiments. The optical light source 120 includes a

20  waveguide 124 including two Bragg reflectors 126a, 126b arranged spaced apart from
each other to define an optical cavity 127 therebetween, wherein the waveguide 124
includes at least one of a silicon nitride-based material or silicon oxynitride-based
material, and an optical gain medium 130 optically coupled to the optical cavity.
[0076] In other words, the optical light source 120 may include a silicon nitride-based

25  (e.g. SiN) waveguide 124 or a silicon oxynitride-based (e.g. SION) waveguide 124. The
optical light source 120 may include a first Bragg reflector 126a and a second Bragg
reflector 126b formed or defined in the waveguide 124. The first Bragg reflector 126a
and the second Bragg reflector 126b may define an optical cavity 127 in the spacing
between them in the waveguide 124 and serve to reflect light propagating in the optical

30 cavity 127. The optical cavity 127 may be a lasing cavity or a laser cavity,
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[0076] In other words, the optical light source 120 may include a
silicon nitride-based 25 (e.g. SiN) wavegui de 124 or a silicon
oxynitride-based (e.g. SiON) wavegui de 124. The optical |ight source
120 may include a first Bragg reflector 126a and a second Bragg
reflector 126b forned or defined in the wavegui de 124. The first
Bragg reflector 126a and the second Bragg reflector 126b may defi ne

an opti cao0TAVhtwiriduslerhBbditiéht S RATh A DnE OF MRANOIEYEES FoTlcbBR MBY eDéhdeay
124 and serve to reflect |ight propagating in the optical 30cavity

127. The sprimsay inglads ¢ gistripuied Byaggacteqterd DR @a v Brgegoellection grtingayi t y.

0077
Eef I e!:t oﬁgyﬁég%?%%%ﬁ%ﬁ%rﬂé t&?ﬁgﬁlgg% dgjl%ltlg‘? ut gléiﬂ %geéig(éver the
ref | ect orwq{voBiyle d24 afoBleazggalc eftretht iopticay cavityn{R7. [T(h@b&%}lcdl rgainamedium 130
nmbod t i cal [ i 130 b d, o t
o B P S B PR Bl B 65 TSR g .

gai n nmedidesdrib3@ abovery include a I11-V material. Non-limting exanples
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nore features as described in the context of the optical |ight

sour ce 1089841 dogepld\hsr apptrsiakady Befitheprticaldight sowte O may @ﬁmde &ane pj gate
source hauiRs Qg&sgﬂbéaqﬁ EheQfonteRt $f}}ﬁe B}ﬁwa H@Qour%él'iooa | ow | oss

waveguide to formthe [aser cavity f hi gh- performance optical |ight
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reflector (DBR) mirror design with controllable optical properties and mass production
potential.
20  [0082] The optical light source of various embodiments may adopt a low-loss SiN or
SiON platform for the optical or laser cavity, for example in the form of a waveguide. A
ITI-V gain medium may be fusion bonded onto the passive optical light source device for
optical gain. The optical light source may adopt amorphous silicon (a-Si) between the
SiN or SiON waveguide and the III-V gain medium for enhanced light coupling.
25 [0083] FIG. 2 shows a perspective view of an optical light source 200, according to
various embodiments. The optical light source 200 may include a silicon-on-insulator
(SOI) substrate having a buried oxide (BOX) layer 202. The optical light source 200 may
employ a triple-layered waveguide structure formed on the substrate, for example over
the BOX layer 202. The triple-layered waveguide structure may include a waveguide
30 (e.g. a low-loss optical waveguide) 204 with a first reflector (e.g. a distributed Bragg

reflector (DBR) or a Bragg reflection grating) 206a and a second reflector (e.g. a
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SiON platformfor the optical or |aser cavity, for exanple in the
formof a waveguide. A lIll-V gain nmedium may be fusion bonded onto

t he passive optical |ight source device for optical gain. The opti cal
| i ght source nmay adopt anorphous silicon (a-Si) between the SiN or

Si ON wavegui de and the I11-V gain nmediumfor enhanced |ight coupling.
25 [0083] FIG 2 shows a perspective view of an optical |ight source
200, accafighip@ed BrasarbMéforeDBRYiFE 'F}r% rEN&:BRHARL) 20BNb dSH &foptRA
may include a silicon-on-insulator ( (.g]) substrat € havi ncg‘ra?iﬂ uried

b
oxi de ( BOX)lasengavitypapoptiphlegaiipmicdim 21i0g whichauaychs nole frap Ioy banded
triple-l i ;
exampl e aar ENb A Rief VRGHIE 208 7 Sl RS Bl Bom or

st r uct ur effidyntiligbt ccadeling baweguthd eva8€uideqd204and dw-dptiss gafmtmedilun 210. The
wavegui de) 204 .w a first reflector, (e..g. a distributed Bragg
refl ect or‘z'?vﬁgﬁjig%ﬁs‘{]’éi‘flﬁp’é’g' e@éf’?"éeisi%‘iijed?g%%&‘fy'zow and a second
refl ect orjoésy] (_T-heaoptiihlsﬁéﬁihbﬁb&idmsﬂﬂggnz{yefdcﬁﬁﬁOar stabIBRiraRfenfenBlifd8ding a
reflection gratlng) 206b to define an optical or laser cavity, an

optical daRAPyriwoMDl (MRVG Hegieny 295k The setlearfapgemert nzay) furthey inderttean
| ayer, a | i r '
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oai n Secarinndt VR e AR B liEtioR gt L fir e i Feaieh RRGe o
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el ect ri cdN98F] dbespenlingstacty 2@nmay hi Enmicdon ddreef tho davesidde 2&k and the

appl igati f -ectyhecal  signal, (e, d. voltage), to t sat urabl e
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[

conpared to _a.cPropa ation loss of 2°dB/cmfor a silicon (
wavegui deéxynitride {S1ON) waveguide which may have a propagation loss of about 0.1 dB/cm,

30  compared to a propagation loss of 2 dB/cm for a silicon (Si) waveguide.
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[0087] In various enbodi nents, the optical gain nmedium 210 may

include a Ill-V bonding material, for exanple including an indium
phosphide (InP) nmultiple quantumwell (MM structure 260 whi ch may
provi de optical gain. Such on-silicon Ill-V gain material my be

achi eved via wafer bonding technique, for exanple fusion bonding. 5
[0088] The sandw ched wavegui de structure 208 may be provided for

ef fi ci enqyogupl va@up Wihedmsents, hy dpticdl Sga@iridQdivie 119, m@? ihé18de a HI-V
refractive index of SIiNand SIONis apprOX|nateIéd2 while InP has a

ref r act i VeOnAipganatetialg 5 regamplet apkpding anhisdiamyphosphide KEP) éﬁéé@leuqﬂanmm
f f ty,
the opt 1 call BRI Rehcliro 8 AAHCAGRRy biRRide Dlrhl, aliE Sl (R 100 80
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the 111 efr ctlve |n ar i us e i t.s .
ver pitoud ORI s e dy el et St 20 Ry O R B on S v somelinege
struct ur gufiBes. Thi Sraﬁ@dé eRBoditdeals, abethwajagetivie ifdek Ust Be 208 siEy ke
an anorphous silicon | ayer. By |ntegrat| alll-V optical gain
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oxynltrl t
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206b so tdyalon! lapt BYEMeRMihg fd ATV Bﬁtmtaptghﬁaine&lam b x'sﬁlctoh%%%%d
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out plut dp?mvegmge ot g ghcomwmagéﬁ basgd mwgﬂgieo@moogizal ¢laltom &oyll"cnﬁyo lmay bea
coup rovide optical gain so as
to an%l|#§bbﬁglﬁﬁ(ﬁfﬁ$hg$lce a%nhl Q?ﬁ“?ﬁe optical gain nmedium 210.
By passi qgosm 1o tmgéraﬁdsre light meﬁbrc@agaté withincthé heveginﬁdec:}m g1auha opfcalregiitym

210 | t d the | b
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| aser (e.§ {heaoﬂiﬂﬂrdadltyslna%r 8e %@ecte@,\’at ¥l e [asiRbEiha Bk 1@%% B66a and

section 211a, the optical |ight source 200 rmay be configured as a

mode- | ocKbeistcane :feﬂﬂptmé’-@]ib Fiight may Shdulty eefleried dysthe firsimefleciirfibaf andn
opticgl | 0.V
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BOX | ayerg aﬁp@edlﬁﬁez 108 @edidteop3Rdl Hayidg 8 abipliss th\é@\gﬁgﬂhhﬁxﬁtéﬁe&%@é Mﬂmhe
305a and a second wavegui de_section 305b arranged spaced apart from

the firstoriigdletpin smedsue 2] @nByosesingriapughotie, optipd sregud dee gpucaggin
i ncl %e r§ed1ﬂg'2\fb q%g‘k%ﬁtg oﬂlm\é@\{%g#%rg% 5&% Elﬁ)d]ﬁg?%ﬁltlxﬁéd?es%g@ﬂged In _this

wavegui de section epar at’e eac wavegul de
section thmtltﬁélghmm Zﬂa\lmgwcdazs shedri(og. sﬁﬁjmdrmyasbe Bylha\nggmeat
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G ot 11 DB I GuroToet BB | barts Sisen it otiser D el b qeRauht f 2

t he flrshnmﬁmgguﬁdﬁwﬁectlon 305a, and a second reflector (e.g. a
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in the sd@&Md Elavagsheres & eeps-enstions plev Qf@lqptIWélgbmqum 300; gsprdimaiioce

300 f c
200,78, DAEbIE b LA P, STRRIE S SRPap SO
wavegui ddSGDMsubFinte ravBig alavried wikite 1308 (BA¥) haned0d. The giticeldighk sovgee 300
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15 Therefore, the a-Si wavegui de 308 may i nclude individual first
coupling section 309a and second coupling section 309b separated from
each other. The first coupling section 309a and the second coupling
section 309b may be arranged at | east substantially coplanar to each
ot her. [0092] The optical light source 300 may further include an
optical gain nedium(e.g. a 20 111-V gain nmediun) 310, for exanple in
the for migfludesn@vgieh dfiridEascPld £ adiNg Arna RBIRLA HxFdieHdEWasQE (def bitnd)
into a saturabl e absorber (SA) section 3lla and a gain region or

secti on 3tavseuitthSOsmreased overahe PARdaydied Qaithe wavashisly 31 having a Hist
e oct 1! CabiveshiielBhRR J0RT83 Dbl SlavpdiB8, QRibE A0 B N A
may i ncl ude g mul t1 pl e quantum we ( regl on (nhot ‘strown).

25[ 0093] fAsm stheviirst waldgBide3#gctibin S0hay Ehprefhes, 304 , wavaguide S04 wawe giklakiz

Rl O RO L A —
section 3@&a ankd bﬂl@r.3¢ﬁ@nﬁ¥stﬁﬁgﬁiﬂ@ £66dd 053081 thdQe@md waveguide
wavegui de 308 including the first coupling section 309a and the

second codpiamiPSbemay & omged shdeashsubsiantiedy cgpleparniedrash gher hyfigle
30enbeddeds | addi ' i . i
Payery 3aonedtydst fURldbahe, fneAB: (BRD B06PMay BY Hrnkf ofuc AR RS

309a may fivet weavegwdd | sectipacdda,apad ta fsecondt hefldciars {e. gvaw edisiribatese Braggn
305a., The first i section 309a_.may. be horizontally offs

ol at v e FORR LI BEH teeRetr RareLisate “RonbaRTRHgY RGBSk ¢ n
a predet eqoo9r)etheCsptiRbl Nghtl ROgEBODEmEy fftiin iacli@Vaiagiopsioué QiliteHYa-8l)

m crons depending on 5 the designed coupling efficiency, for exanple
bet ween 58pHNE Sg'mtaﬁ'd Wodes 800 pinane agdi pevomeds J98uerranggy aveg the

about 2 0%%@{1@?@4. bl%edaeﬁf Qgpegﬂﬁ% 98 am;gffle;‘}eqpﬁ&{ c&@ﬂiggisgét{onojgjtéglahg 9

section 309a”at [east substantially ov aps wth rtion
first waweguiddeuslar seotor3iBh, arfangedoxpagediapgrt difond thg Hirst casplingpeepariifel

by the dashed arrow,..betwee e first .coupl.ing.sectian 309a t he
7 v ot Buavigied b SR G8EE ddGporbihas MRGLBDAR® Euirdie s oa Pt
309b may seeondasotplir deytiGPIEDGepraet fiohDEAch bﬁleﬁ.eﬂiérlﬂst\/@\dfmtg SRti&Ee809a0N
305b. The second coupling sectiaon 309b may be haorizontal |y offset

rel ative 38 ﬂtl%ecg%@ ERHPLIRG Seyion F80R Br i s arangl at Acashiistaptalverppimar to
wth a prgdetgem ned coupling length (e.g. froma few mcrons to 100s
of m crons depending on the designed coupling efficiency, for exanple
bet ween dB0Rl ThemptisaldighbsanccdW) pay feathyr itpdudsermroptialagaoumedivm (B grad
about,, .20 - efq where a rt.ion ef the sec couplin
sect i2c9n gtggg) %\atlr?%réeggltn%sﬁ)d;%rn ’i‘%‘?ﬁq‘@ I%S%’r &%r%lso\f})\nat‘ﬂavaeg%@?'?? lgen O%tf‘%k Fé
second wanetiuh d Os@ay iberdeBA&D intd ar sabaalile iabghrbdr (SIAQhectichs3 Tlapdrise phiad
O e o ooty PSRRI SSRAMT1FOURL 'O SECLLRN. B 2R &

electrically isolated from each other. The optical gain medium 310 may include a
multiple quantum well (MQW) region (not shown).

25 [0093] As shown in FIG. 3A, the waveguide 304, the a-Si waveguide 308 and the optical
gain medium 310 may be formed at different planes.
[0094] The waveguide 304 including the first waveguide section 305a and the second
waveguide section 305b, the a-Si waveguide 308 including the first coupling section 309a
and the second coupling section 309b, and the optical gain medium 310 may be

30  embedded in a cladding layer or an insulation layer (e.g. an oxide layer) 340.
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[ 0097] The optical gain nedium 310 may be vertically spaced apart
fromthe first 20 coupling section 309a and the second coupling
section 309b. The optical gain nedium 310 may be horizontally offset
relative to the first coupling section 309a and the second coupling
section 309b. The optical gain nmedium 310 may al so be vertically
spaced apart fromthe first wavegui de section 305a and the second
wavegui def0825]t Aosho3bin. FITha Agphd fiest comiling neetioun 34 Gnayalye abrsicallBespaced

hori zont al | ff relative . to the fi wavegui de secti_gn 305

and t he s"é’é%ritg" E%Jjaﬁtd@a‘egefi? 6%‘@65@%3{ %g@é"]m/fco& f59goR d§omavviie h
a_predet eigi-bRllF OHR rativead Hfirkewiveghid® ReRioh 805 M ACERDENS Pegi&lo%m‘af

m crons dependi ng on the desi ?ned coupling effici engl)t/ﬂj for exanp

bet ween aﬁ@dﬁe@nﬁdmoawwgeimh gropmp faw gllcrb@& ipd &fs aboigrons dppfmdmd)n

about 20 t ere rtion ., of the o

et urh 9185 SPns o B BN RRC MO GhaMIC R 8 e 2 Wim AR sho i
first coupdivetveeRGbn@n B34%ad b 2bo &), ey Bé uémlea%@yp&@i%ﬁ oFmé first
overlap with the SA section 31la of t he optical gain nedium 310.

Anot her couplingisctionedfifernt leaptisubsiansiaBu evestans mitd aqwuion efghe Ersgmaveguids.
froma f QY. t?@lno.{dgg Sfo} g?@%g OQ%EéS%%BPeS&qQCF%g I'lt@gif%dta%gd g%t(\)ﬁ%?l? gﬁdﬁrst

coupl i ng el Cl ency Ween a m-an am
e.g. bet vceephrmnumom(@maaahmedhsrutavﬂgﬁdcgse)cuomabe defi ned vvhere a

portign pt i i n nedi t | eas sub ant|

bver | s pdal Trescirsn it Dot sy R oupicehy Sbeed row Somihe srrnd
second couplepiige $&&Hoh B05B0BR: RYNOYAIPIAR sWitfol 10bB n9A B ﬁ&ﬂaoﬁﬁu?%’fﬁetof
the optical gain_ nedium 310. |In various enbodi ments, the optical gain

medi um 3ZOIaHES onbe serpae vayegidaisactien P93bs A oy ling egions ere@aarre@@emnmdd

t he secorygé@éelg L] egd 1o

defined between H% ???rst feﬁ'oéft%orn[sg(gz%s &gnf?:ﬁ&g gﬁfé g??é&
306b. Theooplingcefficieasy, thyr mynpi[enhétwdm aboat fli s Tanﬁ\/a‘d@.glﬂ()dq.trﬁ et Ihblﬁween
305a, the second wavegui de section 305b, the first coupling section

309a, 15t hetbeWich Hir a8 ghorHEP ey gy bslshned wheme Reptioreal thgéf:wnﬁréamlmg
310. [01QQltidn S6Yb HR¥afiCsub aglg' &\%}Mﬁse%t%héa 'Rt)#tfoﬁt o MR BRI w3 icf%n

305a and the second vvavegu ction 305 Irst optical pat
be defi nedctivat Jdbdn fmhe)uﬂalmgtof Wiglie gui rejereeBted eyt thend3D&Gh amomd, beiween the

optical gain ,nedi,um 3 a,second.optica ath be defi ned

bet ween %ﬁ%ongé: %g%éed&@ggag%ﬁ}e%%ng@gﬁe%%ﬂ{% WhhtPeal gai n medi um
310. Li glooomyTheeoptieblphsiel mhediot BE) fiafyShe WanRgU} G@c&@(h h@rﬁﬁﬂﬁﬁe st

t he second veQU|de ctlon 05b, via, in sequence e first

coupl¥ng BRI ﬁe‘é’@ga ?Eh @ng pihec sfcond SPuURkRE BRSIPRO 3991‘6 The apicain@gain
coupl i Ng (3&fkrh 870 ?tﬂ)e WG RV ERt MR 1 @Ml Q@uﬁlﬁ@%@&ld@@@g Yhdthe

section 305b 20 to first wWwavegui de section
sequence,se¢did gwpbing S@Qﬁl@pl-’!@?@ Jée taptieal 39D meﬂh&m c3|®ﬂ|mast algalhv vartcalim

310 and tggced' ﬁatrt Ct?'ﬁ? t'hngﬁlsé?c\&r' 03%139 S ctlr')AﬁS 3%5”02'111@0%}2@ ¢ I{lpglgg@gg%&dgd

| i ght propagating in he  f1Tst gui de sect’l

(e.g. at skabmt30SbbiBieaupticalldain @edinmel19 nmlmdoedi:)hotn@oﬂthlley Mfiestrelamul% theg
be coup

iﬁgts'tlgéﬂt ?Hi?tla‘ﬁja"\gg‘lflﬁ? %40?}015: @aﬂ%ﬁ)yt %%?C?rrﬁewe&g%léefqd&iﬂn é(ﬁbi of the
[0098] A coupling region, with a predetermined coupling length (e.g. from a few microns
to 100s of microns depending on the designed coupling efficiency, for example between
about 1 um and about 500 pum, e.g. between about 1 pm and about 200 um), may be
defined where a portion of the optical gain medium 310 at least substantially overlaps

30 with a portion of the first coupling section 309a. The first coupling section 309a may
overlap with the SA section 311a of the optical gain medium 310. Another coupling
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25 optical gain nedium 310. The light nmay then propagate through the
SA section 31la and the gain region 311b of the optical gain nmedium
310, coupled (e.g. at least substantially entirely coupled) to the
second coupling section 309b, which in turn may be coupled (e.g. at

| east substantially entirely coupled) to the second wavegui de section
305b. As a non-limting exanple, |ight propagating in the optical

cavi ty naygios, pwalr & 'pmklbty,nmeéd ecmphdg kygthi{e.g3fseadiae niiefohe et H0s 30Micramd

partlallytr smtted out e opt.ical Ilght ce 300, via the
Second r (PERIIER Oéé%eodeﬂ%l@g@f]lp (¢ SLlFicBes feh Bl HES ot ABRHTIoHE. adhe

three difjfy g{l@%aongﬁl%/h%ubg%en LBodt & 1B agld gbla %@d’ﬁg{)} %Qy %Qﬁeﬁﬁ{ﬁe\gﬁ‘er@ah

wavegui de optical gain nmedium € separate ,
only res gﬁn:ﬂmn/ef thve@ptleqbsgalmbcﬂlemrﬁ@mdtasvmbsmu@dllmerle@ Witk a doftidohd s

manner,, y propa Kk ndfoth et ween t first

o 1 ech orthf Beeg e Lol Wik ABELTR becnd bt i iouctiBp way grerap ey
306b in ttH@gﬂi’ﬂY%ﬁ 38 b3 P4he @gmalggaﬁﬁmwﬁﬁtagb ﬁleuaﬁbast &hbodifentP F8ShpiRal
wavegui de 304 and the optical gain nedium(e.qg. III-Vgalnmal

310. | n tg%n padiMmdl@ may n@tgq‘f@ﬁamwh thehBrst Wngumweﬁ@na?{OSra @ad the second

subst ant '%Jeémﬁ&‘#oﬁ Rhosippl etely confined, where the confined Iight
may i nteract wt ﬁ gal n nmedi um 310 for Ilght anplification. In

cont r ast , [0099] comvptival cm'aly miae/\/bec@s*med‘rbmsrem tlterfe'sﬂ neﬂédton X066 and ihreesdcontlO

waveqlh dd SHerigroove T gl ooy po Lol e A itefieR RECH G Q5o the

wavegui dese&ﬁﬁlt wgmegaﬁléaseatm 8D, Sles aRd coaMegUicdeos 8004, Ghe 3&kohd caBMing
enabl e enhanced | i ght confinenment in the gain region 310, resulting

in enhancséﬁﬁlqnéﬁ9h@n‘é¥hel°ﬁ1%69m meigpplE G 3B shows the |ight
confi “e”gm@o[ym ﬁ'ﬁiﬁﬁ@@&up‘l@?’@@%b&etﬁtﬂéﬁ%a&% dQE?&BS 389, Qﬁﬁ)ﬁg'

of FIG 3B shows "a plot 350 o confinenent I n
wavegui deﬁa}@g@ldasqﬂlon 388e Aofirst ppfival mhmaméﬁdnﬁnédrbdt\hanahésﬁlsnmeeguldie

308, and a f t confi.ne t in the optica
g i pfe®ingtost Bt e opkiPAlteaiOREUNRTIRL addfh Sedfnd oovicdl SR GG he BB, |
the mult Ib&h@eaﬂubmieumdl\ﬁh‘}eg(lwctfoﬁgﬂwalﬁﬁﬂie aptkal BEin 20dai@b €0. Light may

conf i nenent het&rots}_h{h ture | ayer 362, which may be sandw ched
20 bet weelf QPR Fohihp A W"G%“lil? ?ﬁﬁl%?\%lrtpé%?e%?d Wpiaguids sectiog 34Ab,

| NP cl addjingn!sayfhce3@he fifs i
I\/QNregl oﬁ 3%05@‘¥ma cbe as1 %l%owgggaég%%&lﬁﬂ%} g%%ﬂf‘g?)‘%e‘ﬂﬁgﬁ‘%’h?g%‘%dr jhe

wi t hout owednd cz'amlimecfam w vias vapspifox thetsedopd 4va3eguide section 305b
COmvERt: e AP LAl ASHUCRE, 4T BT AL NG L0001 SRRRLESEREY 3008

coupling sc ee De er ent \Aiaveg aVerdP
enbodi nenhs opHyal paov retdiugh Bﬁ@raﬁmtthevéirsttl @aplisd keotibhlr39a. hAylangon-hmltmg

different vertical coupling.sch for. exanple, _a stack-layered
struct ur eexawafe P%&\F&@Eﬁ) 'élé%%ﬁeg“& H'Sts‘t’?"ﬁé‘fld? éeCt‘PBf’Qﬁi “F’D’%e C&Apégé% 4

partial pgdss ReBiahNAIMV] eshlﬁedqaétueaﬁrstccro‘aﬁﬁngss%eﬁbrpﬁ@a whﬁcwnefmrﬁ%a
optical Iight source 400 having a stack-layered structure, accord |ng

to vari ole Gupledtedi aeles supsantisdlyi entirely coimled darthe SAosectioy 31 ke blithe a
SiN (gr %pgégl g‘ﬁ'ﬁ)vlﬁgﬂﬁlﬂ% lﬂ.of'he light may then propagate through the SA section 311a and

the gain region 311b of the optical gain medium 310, coupled (e.g. at least substantially
entirely coupled) to the second coupling section 309b, which in turn may be coupled (e.g.
at least substantially entirely coupled) to the second waveguide section 305b. As a non-
limiting example, light propagating in the optical cavity may be partially reflected by the

30  second reflector 306b and partially transmitted out of the optical light source 300, via the
second reflector 306b.
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an anorphous silicon (a-Si) coupling structure or wavegui de 408
arranged over and overlapping with the Si N wavegui de 404, and a
I11-V optical gain nmedium 410 arranged over and overlapping with the
a-Si wavegui de 408 and the Si N wavegui de 404. Therefore, in the
stack-1layered structure, the three wavegui de | ayers (Si N wavegui de
404, a-Si coupling wavegui de 408 and I11-V optical gain medium 410)
may be st[@t&HdnYyaneustendaldingentsT ierdon, thaviage didferehd 4avédndlea-ibiteranubllieng
wavegui de 408 and, the 111-:V opti.cal  gai di um 410 may, be forned
over a su%%%eﬁgﬂga%()ﬁoglesﬁ-éwﬁvg it 308 agrtis ABLEA o8N MiKliprir Opgay be

enbedded depardted! el iy lr@ipBEvRr oillapdI Sl tBS ir@PediA%CEoubRng re@BnO X h @i
| ayer) 4401.3 I t shouldgl%i)egs‘zlasppreci at g% t hat tr%gedi ffeorugn?gggg?ti al vi esws

of the opbrungt lighymay proppgase bod asp dovh beiwranghe first mefleconfe-2 IBRB) Bepa

hal f i ' l e, . thi
one el ¢ b h0Scan eled) 1 ORRTo08ITh A0 \EILEKCTR Sy kS By
FI G 4A neyarbielyathtipastivavevecmuidte3Bleatd dre @nidalagdin mstdimo @i agllseghinon

respectivel y. 051 .The. opti.cal gai di 410 may. i ncl ude a stack
arr angerre’ﬂ?‘}{'ﬁlaigﬁ)g i&ﬂ‘elgzﬂg ng‘ii‘bméf on 31 (ﬂﬁlPe[ ﬁfg;t Elaé’ﬂi’ﬁr"i‘%/ l?ﬁ?t\ﬁéll’qta”(“ﬂ@\}&y
regi on 464 C‘Mngl'ktéljﬂ cfIRAGORRE theQonfiRat 1idH®tnal Sntefat? #/RHE tHeQaiBedium 310
1110. 653A10. 055Gan. 292As _wel | / 9x 1 n0. 45A10. 039Ga0. 451As barriers, a

separ at e EbHehtrebificating: & eantiagte ingoaversiony! dexipes naspof e dishis confined
The o051 Gontl | etuay enu Bovs catRdRtpl FrRIARE Rhe e wVeiiad W30
portion ofg tahell@ititedameGiG.dbA 40it) tias fisshovaveguidd-ls€atiod A05arandathe eecond
spaced apart f.romt.he,Si,N 20 wavequj de 404. The optical gai n nedi

410y DR RELEE 2w SRHES St P sh et e Rdagdbh atll
wavegui deedtifng ia enlsdiowdlabing EfflGiend), or may be spaced apart fromthe
a-Si coupling wave e 408, [0107] In various enbodi nents, coupling

ui d i ( I
bet ween df¥% G 3ga3h€7”§ tht lightvepdineraentiniy dgferend ayavegde jrusssey Af dre
| verge (@RRlifmert Aff FRYCSAC HAPSE GRMRL b lot A50 SPOUEh! Dnfihénedt i e
25 a-Si wavegui de 408 may have a tapering region, at an end region of
the a-Si wavegwdé 34, a0bot 3R ef bght onnfindment intthe aSapevéguigler’®§) on ayflot 3¢

.a-Si wave l@ 4 ingr in. a direction from the 2&
regi on ofcgtLi ?39%?ne\l/\/av'ébnw ﬁgﬁlﬁgﬁp%aleg%ﬁﬁ%dé m&zﬁﬁxﬁé‘ﬁ?%l_ﬁf&% f} of
have a t a6t 3Bglighegriagrbe cahfimed itk meRiplngquahtuheecld NQEA regidh B60RHd ta
410, where a w dth of thﬁ taperi ng reaqi OP of the optical gain pedium
410 may sﬁsl?%r?rer%fg@a_ SR IEPOERIER @hdY 1EMIPhe Ve FEYi B seadvtiphed
opti cal gﬁh?eeﬁ%ﬁ'iﬁﬂﬁlﬂ%gesgﬂmﬁ (HT’E uRdARYENG s|aBY%8E afP5h 1PREadafdd 1hAY8ks.
462 and the MQWregi on 460 may have at | east

The overall light confinement 1n the ITI-V MQW region 360 may be as high as about

27.63% (confinement factor), without optimization, as compared to approximately 4.3%

in conventional designs or devices.

[0103] Taking into consideration the coupling scheme between different waveguide
25 layers, various embodiments may provide different vertical structures having different

vertical coupling schemes, for example, a stack-layered structure and a waveguide-

embedded structure.

[0104] FIG. 4A shows a partial perspective view and a partial cross-sectional view of an

optical light source 400 having a stack-layered structure, according to various

30 embodiments. The optical light source 400 may include a SiN (or SION) waveguide 404,

an amorphous silicon (a-Si) coupling structure or waveguide 408 arranged over and
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substantially simlar tapering configuration or dinension. The InP
sl ab 464 may have a different tapering configuration or di nension

conpared to the other |ayers of the optical gain nedium410. [0108]
As woul d be appreci ated, each of the optical |ight source 200 (FIG
2) and the 5 optical light source 300 (FIG 3A) are illustrated as
enpl oying a stack-layered structure. [0109] FIG 4B shows a parti al
per spect i overlapping witll tile PR tvhedguitie d98,- adcd IbWadptival @ainoihedomoflDi ag@hged

i ght source 430 having a wavegui de- enbedde trycture, according to
var ous dHBbAAERLIPRG Bk 1Gaie-5h JHPCis 405 450 ey STh e Aofar
f eat ures BRrdfbRSH thostadiIRyQRE se@hurk] (HOThr&OWEeBuiIA0 yBRYSTIBY  REURR 404,
described in the context of the ogtl cal |ight "10 source 400, "except

t hat t he &SiSFoupkipg gudweuidestiBsa 0 @dti¢ah sgaire medinsiNOvansrgbe dlackeag.
The a-Si i edded i i v, jd ,

be cop?l an%@ycaﬁy'hgﬁ%é%gi M@%%’eﬂ%og'.s ; I%P 6@%&%%‘%@%8&%@@3& %dnt"ﬁfat
t he diff expentl geam meglinidddsmey bthermgat beal a kulghttes@ut koWl eghaisGIn
FIG 4B may .correspond to .o alf of. the optical |ight source 430
For exanpl” sty agd ﬁ&y%&#eﬁﬁﬁ] mt%céa‘{ﬂé‘?ﬁe]dﬁ‘?rd’é a&oasuim%n B Fel-ABUdeng
wavegui dgaddB480avvehduld bt @préBaiBYhAahé differstt pwAME JhWd SRS bh@dal ﬁ%ﬁl a
first coupli ng_psectl on respectively. [0110] For verification of the

vertical s§uicadPyshaypn Klgx fousasemstsapandrie sne haléof e epdeal Jighioeptce 40
bet t , : - d
St YR, U SARKCUL UG HORAcRL b SRR Yol HRPU JBSL REKGRKCAS

500 of tshowaliouFil.etlA ROy ibet @nfest waveguide sdcios dndt avdest tduplidg fsbafoant

wavegui der Ia%/erf of the enbodinent of FIG 4A, while FIG 5B shows a
pl ot 510 "GPYHE cal cul ated intensity transitions between the

di f f er ent[oyes] eOii ciRichlayss snedfunk RS0 eRl3oRc At #ickFlfangdBent | HavmBos Gipbe
appreci ated that shown in FIGS. 5A and 5B are respective hal ves of

the opti ¢t 46ghtutelr caantunoyelh §dQVsteairr 100yt popHangemest off @yt nets
may bg Oblﬁﬁiliéﬂegy) g %}ésgmss o 2dYRJox ﬁl&%ﬁllg%gdgdagfrﬁsl ?%TigllsNa separate

wavegui de 404 t0O the gal n medi'um stacked arrangeng ta sttongly
The obt aiceatinawump hetapsiressee SCHY tayeh4625(e¢. wduegisfilge: GHod Aplaybre, dndRn
wavegui delnf,o%d%.helagg%%%al | ight source 400 with the stack-1ayered

p

struct ur e afdctfie rcal light source 430 with the

wavegui deqorrd) ahdadSisdoupidigw gvegaie 408 hesbedh cv@hot vARPA Qs R betiYn of (3
dB and 30approxinmptely -2.5 dB. It should be appreciated that no .
opti m At s A GF BOER BaFIGl S onaevs Spacedi apprigiremethe SiN
vertigal GAMRLEOY0S T GhHER gaid YEdUIAR 41 0 nda§HI%n iRt WitB3$leaQortion of
the a-Si coupling waveguide 408, as shown in FIG. 4A, or may be spaced apart from the
a-S1 coupling waveguide 408.
[0107] In various embodiments, coupling between different layers or waveguides may be
realized by design of inverse tapers, for inverse taper coupling. As shown in FIG. 4A, the
25  a-Si waveguide 408 may have a tapering region, at an end region of the a-Si
waveguide 408, where a width of the tapering region of the a-Si waveguide 408 may
increase in a direction away from the end region of the a-Si waveguide 408. The optical
gain medium 410 may have a tapering region, at an end region of the optical gain
medium 410, where a width of the tapering region of the optical gain medium 410 may
30  increase in a direction away from the end region of the optical gain medium 410. The InP

cladding layer 466, the SCH layer 462 and the MQW region 460 may have at least
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of the a-Si wavegui de thickness, the coupling I ength, or the InP

cl addi ng | ayer thickness, the coupling |loss may be further reduced.
[0112] As described above, various enbodi nents nmay provide a
structure for hybrid Si lasers, e.g. a nulti-layer stacked structure
for hybrid Si lasers. Various enbodinments may 5 enploy a lowloss SiN
or Si ON wavegui de as the |aser cavity. Various enbodi nents nmay enpl oy
a chi r pedsubBEntthdlgisgnilarnapgeniag SonigratRin@ dimgavior. dhetThP sfabrdfdtrhanhet a

the | aser_.cavity. Using.chirped Rs .for the |aser cgavjty avoj
the procclfiSEn! Hisi GHTSTHUT Sl PaRuoD YRR hG Caieh b b st
may enpl oyirpsedipon®. silicon (a-Si) as an internediate [ayer for
enhanced vertical coupling, for exanple for coupling between the 10

Si N or SilOA8lAewarldebeagnpracitedy saghcal thy ipticatditht pavses, 2O (-G R) and the
mat erial . L | i . C ff Y

ol erton; A it oRhoctd (EREI ERNRei SRR {RE Pl
vari ous dfbefiftentdB shéws & batial pdrgpectinte el ahd glphrtiabuoses:ctidnal &iewonfan
enbodi nent s. e ready.for. photonic..nt tion for optical .

Cr anscer ArgHl HaY Gos Wi fting e PRebite et o DRet ey Prie dp vgrious
shown ancneirafndiee Cheioplicdl Slzht RNER 430 HBBERhE sRlhe MARA! & thbde phatd d
be understood by those skilled in the art that various changes in

f or m and W&edi lightepuise 498qdmd: may deraswilaserihed @elbarconisyt pF dip eticak Bt ¢
and 0 i t] lef i t p | ai ng. .
copeor CREC 0, RER! hal S £8] PaLabite) 16y PRPERBEMCE Wi W'
al | changesvephide #08& dire aviii twavegutided4tteaay bgeRbeddadin the §N okvegideidiSctocy

f th l.ai t. f i nt end t e raced.. I 1.An
opt 1 cal I RPEBE B e N upfhgite st % Sl 366w e SBine S Gettno
ref | ect orgrtadl viRg od theppeed liapedourde MO RAGNINEHIGENB it y2dAE4HRd @ one half

optical cavjty therebetween; an optical gain nmedium and ) a
coupl i ng ‘gttfa%%tlfﬁleh%ht sargRA3Q. §'or sEpIRie) thigHRayReWeEAt thhevaypayidext04 and

cavi ty ange tOSIARWRBLuiGRUMR SRR FIG. 4B may be a first waveguide section and a
first coupling section respectively.
[0110] For verification of the vertical structures of various embodiments, the intensity
coupling between the stacked layers was calculated for both the stack-layered structure
and the waveguide-embedded structure. FIG. 5A shows a plot 500 of the calculated

20  intensity transitions between the different waveguide layers of the embodiment of
FIG. 4A, while FIG. 5B shows a plot 510 of the calculated intensity transitions between
the different waveguide layers of the embodiment of FIG. 4B. It should be appreciated
that shown in FIGS. 5A and 5B are respective halves of the optical light sources 400,
430.

25 [0111] For both structures, as may be observed, light may be gradually coupled from the
SIN waveguide 404 to the gain medium stacked arrangement 410 strongly. The obtained
coupling losses from the SiN waveguide 404 to the InP waveguide for the optical light
source 400 with the stack-layered structure and the optical light source 430 with the
waveguide-embedded structure may be respectively approximately -1.3 dB and

30  approximately -2.5 dB. It should be appreciated that no optimization was done for both

calculations. By optimizing the vertical coupling structure, such as in terms of at least one
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102. The optical light source as clainmed in claim1l, wherein the
coupling structure is arranged spaced apart from at | east one of the
optical cavity or the optical gain nedium 3.The optical |ight source
as claimed in claim1, wherein the wavegui de conprises a materi al
capabl e of inducing a propagation |oss of less than 2 dB/cm 15 4.
The optical light source as clainmed in claim1l, wherein the wavegui de
conpris eSOfahe h-samvegmﬁieahichnesk,lth@mmhg lendth; bathe dnhelbédih@layor thitkhéss,on
oxynitrid teri 5. The optical light source as

| .
claimed i eE‘I’ SSW%@iwlleﬁéedBB‘iﬁlpl ing structure is 20 enmbedded in
t he V\ﬁveg‘ﬁlfﬁ -As @escfﬁk@l MRV Gabiohd SHboERALNE T Srblia H%%étﬂre%@h%r;d Si

wher ei n e coupling. structure has a refractive index in between
respect i Viasererigad tuiEldyaistacked struatere fovdubydiSt bsemdv ftrimls @mbpd}aientgama’y

wheroin R AVIGPSIN G O B BRIl BT, Vit Bl Rmets oy

and aboutenid@y archirp&l DBRed@jyni mathe ISlI‘g h:r S$ONrlegerdsr theabmdionrvfahaladerl,

wherei n tcg%t)(/:. Od]s%gl é]'grp%:é b%(i{tsufgs the laser cavity may avoid the process of low-production
surface polishing. Various embodiments may employ amorphous silicon (a-Si) as an
intermediate layer for enhanced vertical coupling, for example for coupling between the

10 SiN or SiON waveguide and the optical gain medium having a III-V material.

[0113] Various embodiments may enable a cost effective implementation and CMOS
compatible fabrication of the Si devices of various embodiments. Further, the optical
light sources of various embodiments may be ready for photonic integration for optical
transceivers.

15 [0114] While the invention has been particularly shown and described with reference to
specific embodiments, it should be understood by those skilled in the art that various
changes in form and detail may be made therein without departing from the spirit and
scope of the invention as defined by the appended claims. The scope of the invention is

thus indicated by the appended claims and all changes which come within the meaning

20  and range of equivalency of the claims are therefore intended to be embraced.
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30conpri ses anorphous silicon or poly-crystalline silicon. 9. The
optical light source as clainmed in claim1l, wherein the optical gain
medi um conprises a nmultiple quantumwell region. 10, The optical

| ight source as clained in claiml, wherein the optical gain nmedium
5conprises a cladding layer. 11. The optical l|ight source as clained
in claim10, wherein the cladding |ayer has a thickness between about
0.11.tm aOHARMSUt 1.5 1.1m 1012. The optical light source as clained
inclaiml, wherein a section of the optical gain mediumis
conflgured as a sath qge absor ber . section. 13.The optical |ight
source asl-cl ai‘WboPYal LghlsoHrqe coppisiish t he optical gain medium

conprises a | |dw%e‘§ﬁfd€rcbﬁibnsﬁlt twéfleﬂey%?s %geﬁgpajcbcg%ansﬂ&h%%c@&her to

clained in claiml1, wherein aft | east one of the two reflectors
conprﬁse§h§anag@KmbﬁW§EM@¥dﬁﬁmﬁn The optical |ight source as clained

in claiml, w@grﬁh&ﬂ%&nﬁ%%ﬁhnqﬂﬁ of the coupling 20structure or the
optical gain redr rises’ a tapering region. 16. The optical

| i ght source asocmbhngm(ﬁ.ldmre atrahgadltp couple light between the optical cavity and the

optical gain medium.

10 2. The optical light source as claimed in claim 1, wherein the coupling structure is

arranged spaced apart from at least one of the optical cavity or the optical gain medium.

3. The optical light source as claimed in claim 1, wherein the waveguide comprises a
material capable of inducing a propagation loss of less than 2 dB/cm.

15
4. The optical light source as claimed in claim 1, wherein the waveguide comprises

at least one of a silicon nitride-based material or silicon oxynitride-based material.

5. The optical light source as claimed in claim 1, wherein the coupling structure is

20  embedded in the waveguide.

6. The optical light source as claimed in claim I, wherein the coupling structure has
a refractive index in between respective refractive indices of the waveguide and the
optical gain medium.

25
7. The optical light source as claimed in claim I, wherein the coupling structure has

a thickness between about 50 nm and about 500 nm.

8. The optical light source as claimed in claim 1, wherein the coupling structure

30  comprises amorphous silicon or poly-crystalline silicon.
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wherein the wavegui de conprises a first wavegui de section and a
second wavegui de section spaced apart fromthe first wavegui de

section, and 25wherein the coupling structure conprises: a
first coupling section arranged to couple |ight between the first
wavegui de section and the optical gain nmediunm and a

second coupling section spaced apart fromthe first coupling section,
t he seconl coufHei opgicsldeght soures aaclgiatkdtio ctabmpl, evheteithelmptiod enain medium
second mavg&gide se I%gn 30 an%lthe optical gain medium 17. The

optical |5YMISEMEEPFIRPYHER 1559%% ai m 16, wherein the first
wavegui de section and the first coupling section are arranged spaced
apart from each other, and wherein the second wavegui de

section alfd t hdhesopsisaldight spirehes damreddn clvim 15 avherping B oppiad cimapadipm
from %ac%ﬁb?ﬁésaéﬁddﬁg‘ﬁyé}lo“ cal light source as clainmed in claim 16,
t ga

wherein e optica n"nediumis arranged spaced apart fromthe
first coupling section and the second coupling section. 10 19. An

optical |j,ght .source conprising: .. . wa uj de ¢ rising t

Bragg refllecto °E?gﬁ&§g$§$§%%ﬂﬂﬂﬁﬁﬁfn?@HﬁX@gﬁ ﬂﬁ?ﬁggaﬁ%ﬁﬂ%%ﬁﬂgggﬁ
optical cakhdss bheebsioreen uhel folt 1 Bemavegui de conprises at | east
one of a silicon nitride-based material or silicon oxynitride-based

mat erial; and 15an optical gain mediumoptically coupled to the

opt i Cﬁﬁl Cl‘?ﬁ\./i U ¥rhe n%)(l)mal-rl' tggﬁljcg ?é cfain%ht i dMhC £ \gﬁ rgilnaal e 10ril e Y}lﬁaci)pq}c%g’
fm her conprising a co ing Structure arrange %6 couple Plg t
bet ween tdan mpdinmab cadiguted aandatuleblegbborbead segdonn medi um

13.  The optical light source as claimed in claim 1, wherein the optical gain medium
comprises a III-V material.

Is
14.  The optical light source as claimed in claim 1, wherein at least one of the two

reflectors comprises a Bragg reflector.

15.  The optical light source as claimed in claim 1, wherein at least one of the coupling

20  structure or the optical gain medium comprises a tapering region.

16.  The optical light source as claimed in claim 1,
wherein the waveguide comprises a first waveguide section and a second
waveguide section spaced apart from the first waveguide section, and
25 wherein the coupling structure comprises:

a first coupling section arranged to couple light between the first waveguide
section and the optical gain medium; and

a second coupling section spaced apart from the first coupling section, the
second coupling section arranged to couple light between the second waveguide section

30  and the optical gain medium.
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17.  The optical light source as claimed in claim 16,

wherein the first waveguide section and the first coupling section are arranged
spaced apart from each other, and

wherein the second waveguide section and the second coupling section are

arranged spaced apart from each other.

18.  The optical light source as claimed in claim 16,
wherein the optical gain medium is arranged spaced apart from the first coupling

section and the second coupling section.

19.  An optical light source comprising:

a waveguide comprising two Bragg reflectors arranged spaced apart from each
other to define an optical cavity therebetween, wherein the waveguide comprises at least
one of a silicon nitride-based material or silicon oxynitride-based material; and

an optical gain medium optically coupled to the optical cavity.

20.  The optical light source as claimed in claim 19, further comprising a coupling

structure arranged to couple light between the optical cavity and the optical gain medium.
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