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[0003] In optical communication there are many applications in addition to wave-length
selective filters which to at least some extent utilize a Bragg grating, such as lasers (e.g.,
distributed Bragg reflector (DBR) laser or distributed feedback (DFB) lasers), grating-
assisted couplers, and dispersion compensators to name only a few. One type of integrated
Bragg grating, typically referred to a “corrugated grating” is formed by physically
corrugating a surface of a waveguide (e.g., planar or rib/ridge waveguides) patterned into a
thin film over a substrate. For a first-order corrugated grating to be operative at the 1550 nm
wavelength, the grating period, or “tooth” pitch is between about 200 nm and 250 nm. This
relatively small feature pitch leaves little latitude for tuning the grating strength () using
VLSI manufacturing techniques.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Embodiments of the present invention are illustrated by way of example, and not

limitation, in the figures of the accompanying drawings, in which:

[0005] Figure 1A illustrates an isometric view of a corrugated surface grating, in
accordance with an embodiment;

[0006] Figure 1B illustrates an isometric view of a corrugated surface grating, in
accordance with an embodiment;

[0007] Figure 2 illustrates a graph of grating strength as a function of grating width for a

constant waveguide width, in accordance with embodiments;



[ 0004] Enbodi nents of the present invention are illustrated by way of
exanple, and not limtation, in the figures of the acconpanying draw ngs,
in which: [0005]Fiqure 1A illustrates an isonetric view of a corrugated
surface gratiNg°1®f"3¢tor dance with an enbodi nent; [ 0008 E G E24E

il lustrates an isonetric view of a corrugated surface grating, in
accordance 0008 anFigabadiluzents a f120QA} bf Deoi@gied dutfuterahgSn accgrdapld vafh
grating strene tbh as a function of grating width for a constant wavegui de
width, in a%‘b%?d’&%cé“mh enbodi ments; WD 2010/ 117527PCT/ US2010/ 026479

{0009] Figure 4A illustrates a plan view of a corrugated surface grating, in accordance
with an embodiment;
[0010] Figure 4B illustrates a plan view of a corrugated surface grating, in accordance
with an embodiment;
[0011] Figures 5 is a flow diagram of a method of forming a corrugated surface grating,
in accordance with an embodiment;
[0012] Figure 6A illustrates a cross-sectional view of a photonic device including a pair
of grating mirrors in passive waveguide regions adjacent to an active waveguide region, in
accordance with an embodiment;
[0013] Figure 6B illustrates a cross-sectional view of a photonic device including a pair
of grating mirrors in passive waveguide regions and an active waveguide region, in
accordance with an embodiment; and
[0014] Figure 7 depicts an optical communication system including a plurality of
photonic devices integrated together on a common substrate.

DETAILED DESCRIPTION

[0015] Embodiments of narrow surface corrugated gratings, their manufacture and

application in integrated optical components are described herein with reference to figures.
As referred to herein, a surface corrugated grating is “narrow” where the grating width is
narrower than the width of waveguide on which the grating is formed.

[0016] Particular embodiments described herein may be practiced without one or more of
these specific details, or in combination with other known methods, materials, and
apparatuses. For example, while a grating mirror is described in the context of silicon-based
DBR and DFB lascrs, a narrow surface corrugated grating and the techniques described
herein may be readily adapted to other integrated optical components, such as, but not limited
to optical add/drop filters, signal conditioners, etc. In the following description, numerous
specific dctails are sct forth, such as specific matcrials, dimensions and material parameters
ete. to provide a thorough understanding of embodiments of the present invention. In other
instances, well-known optical design and VLSI fabrication techniques have not been
described in particular detail to avoid unnecessarily obscuring the present invention.
Reference throughout this specification to “an embodiment” means that a particular feature,
structure, material, or characteristic described in connection with the embodiment is included
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[0008] Figure 3 illustrates a plan view of a corrugated surface grating, in
accordance with an enbodi nent; [0009] Figure 4Aillustrates a plan view of a
corrugated surface grating, in accordance with an enbodi nent; LOOlO] Fi gure
4B il lustrat e 2P 'AN*Vi ew of a corrugated surface grati%¥d/USPHY&E8r dance
wi th an enbodi nent; [0011]Figures 5 is a flow diagram of a nethod of

form ng a coratugstedeshdftraecfghainidgon. i ThudGeprcans of it phragniesbodi nent ;
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to an acti véewaweguhodendhedl tininvdnfiora Guethetan e thwipirkicas fentregbtrrikds,
materials, or characteristics may be combined in any suitable manner in one or more
embodiments. It should also be understood that specific embodiments may be combined
where not mutually exclusive.
[0017] The terms “over,” “under,” “between,” and “on” as used herein refer to a relative
position of one member with respect to other members. As such, for example, one member
disposed over or under another member may be directly in contact with the other member or
may have one or more intervening members. Moreover, one member disposed between
members may be directly in contact with the two members or may have one or more
intervening members. In contrast, a first member “on” a second member is in intimate
contact with that second member. Additionally, the relative position of one member with
respect to other members is provided assuming opcrations are performed relative to a
substrate common to the members without consideration of the absolute orientation of the
substrate or members.
[0018] Referring to Fig. 1A, an isometric view of an exemplary narrow surface
corrugated grating 100 is depicted. The narrow surface corrugated grating 100 includes a
grating 115 formed by corrugating a portion of waveguide 110 over a substrate 105. The
waveguide 110 has a top surface 111 which has a width Wy as defined by a first waveguide
sidewall 112 and a second waveguide sidewall 113 further defining the rib or ridge height Hg.
Because the waveguide sidewalls 112 and 113 may not be precisely vertical (i.e. orthogonal
to the top surface 111), the width Wy of the top surface 111 is used herein as the waveguide
width. In a particular embodiment, the width Wy is between approximately 0.3 and 2.5 um
and the rib height Hy is between approximately 0.2 wm and 2 um. Typically, a grating will
be formed in a portion or region of a waveguide which has a constant waveguidc width, as
depicted in Fig. 1A. However, in alternative embodiments, a narrow surface corrugated
grating is formed in a tapered portion of a waveguide.
[0019] Narrow corrugated surface gratings are generally applicable to any material
system known in the art for corrugated surface gratings. For example, substrate 105 may be
composed of any material suitable for integrated optical component fabrication. In one
embodiment, substrate 105 is a bulk substrate composed of a single crystal of a material
which may include, but is not limited to, silicon or a III-V compound semiconductor material,
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[0013] Figure 6B illustrates a cross-sectional view of a photonic device
including a pair of grating mrrors in passive wavegui de regions and an
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structure, gratwes Dal G, ormghtatieooesurstd Id 1 déthe mab@mhdie rll(tmsxmmgtm periogict h t he

enbodi ment Arﬁan&éﬁ?clnycgfpggoovcs and “tecth” or “ridges” between the grooves forming a Bragg grating
to modulate the index of refraction in a portion of the waveguide 110. The grooves G, - G,
have a grating pitch or period, Pg which, depending on embodiment, can be uniform or
graded, and cither localized or distributed in a superstructure. Certain embodiments of
narrow gratings may also be tilted such that the grooves G;-G, are tilted from the orientation
depicted in Fig. 1A (i.e., grooves are non-orthogonal to the length of the waveguide). The
grooves G — G, have a corrugation depth D¢ which is generally significantly less than the rib
height Hg, with deeper groove depths increasing grating strength. In one embodiment where
the grating is formed in a silicon waveguide having a width of between approximately 1 - 1.5
um and a rib height Hy of approximately 0.5 um the depth Dg is between approximately 10 -
300 nm.
[0021] As further shown in Fig. 1A, the grooves G, — G, have a length dimension
defining a grating duty cycle, DC based on the grating period, Pg. The grating duty cycle is
the ratio of the space between grooves (i.e. ridge length) and the grating period and is
therefore a function of the smallest groove spacing and the smallest groove dimension (i.c.
groove length) achievable for a given patterning method. The grating duty cycle decreases as
the groove to tooth length ratio becomes larger for a particular grating pitch Pg. For example,
a grating duty cycle is 50% where a groove has a length equal to that of a tooth and for a
grating pitch of 240 nm and a 150 nm groove length (90 nm tooth) provides a duty cycle of
37.5% while a 90 nm groove length provides a duty cycle of 62.5%. In one particular
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in at Ieast one enbodi nent of the invention. Thus, appearances of the
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WO 2010/ 117527PCT/ US2010/ 026479 design and formation of a surface
corrugated grating. The reflectivity Rof the grating is approxi mated in
Equation 1, as Eta:::14"10.A(1) where L is the gratlnglen & ?7 LG in
Fig. IA). Exp PZH@HfBV and field sinulation data for a r’r’&ff S ¥R Rce
corrugated grating are depicted in Fig. 2. As shown, the grating strength K
for a grati mgplp;addtaeai the tbl@imcas df.tle griculadeuigneagiirgiag ba;t thetethedl @sncallfyuncti on

of grating dt.h. rating.str t h.was erinenta et erm ned for

Gt at ng i ol e e GAEHOH! SREHG O aARn (RS BNy Ruatmg B iageh
reduced fromeaﬂaﬁn@mdlwafv@guictehﬂnier&l;gpmgfrﬁduang thel gidting tvadtf &«cm | for the 0.3
gm grating h err C the wdth of the
grating to t&ﬂ%rolIEI 1%54 IC{Saembo F‘i‘n@ ﬁarf{)%%gafchdémﬁ% edf%r?qmgfas Bei ng

i ndependent al@fnatlhaeto @’[eaﬁmbngnpnﬂlﬂllmtrﬁi&l orFigriat itm gusdﬁpxtnhmla@nmhdhmhntame each

di mensi onal | shal | e W\G

resol ution 0 m’?’” hsén gra ﬁmr%{ebi&{at (p &@Wéﬁ g dn%tg%dlh(r;rt“ pose? \th@ %agﬁ%er

| i mtati onstharsthe vvav:tigesie width Weveg rAatdBerdshrcangndmblpsrtmdﬂslvateglddebly ranadvgd ng t he
grating dut [ .e ertal catipon ratlng dept h may
be so snal It\6 d%%{ ?%raﬁ?qg;}ee)%mt’band i ée?’ Yot ttgenéj Qgefs haids @gg CM&E the
groove et chgrbtmgdmm Iquihe sphicts 3, @od 8 atr@themmthcehljsabhgﬂyrmnmfNatrhlsmnebleNar rowed
grating gro edyced grat i en to fu wi dt h

gr ooves, ho%@gl can{aBaqm{egtwﬁX tg 8oa lPée}% nlt\[}ee o t}t‘ eut'e u‘¥ C}Ee FHROVE gll Caxanpl e
2-3 times deefethe ctnbodivhintey Eigal pabtncodihgon Ge gltatmrgpl&“hrl’éngﬁ Iduty‘EynluesDC a

addi ti onal S 0 oII Jo Ly a |Iable
with the na@%@%ﬁ?&lﬁa&%@%ﬂ%&%? én(i g%érgtﬂ%tqee%pg E‘b@g |663%p1ﬁ% O&dadal,& \ég because
grating dephhgiogves wpiGe af Fig. meheoermmmg)feaatrw obdit weerw griatd qogsgani a sane

substrate, ﬁatf '1@¥ Hé@?(!t%/ | 1%’1 g[gg?é a Qt;s aqgalﬁﬁﬁ)c Jlm%gl thg of 'Eh%\ﬁ'aﬁi&v bl%rﬁlcg !

gratings to achiieve a |ng stre whi ch can
then be redwoeghtaieraingr 6l damg:tcsipe&gf i4&. basi s by narrovvl ng the grating width

for oLher g N9, O b RDRILALE o FRL DPSEL SAPRS, e LatBa ande of

grating strength Ic may be achieve narrow corrugat ed &e grating
for a gi versuglr tttithgviddmgf ¢ach £OORG A pﬂtmzrlttheffgrdapa: wtlen: imth&sugfacd A, t he
grating 11 e r Wi th the
Pongi tadi o aan st PRl I oS 4, SRRE A RSt B BOR Gt o

bet ween t hebegrarshabangdredzrative lanathdg biodide gi dovdiabd s yAuRmg-con Geatadprating

exenpl ary e qﬁpg@mgahm@g&%ggstﬁhgﬁ §a§%@cﬁﬁﬁg@1@ﬂi dﬁ%dlzaﬁo% ARBL Xk PRt equal

to that of as a res e’ cent and t e constant
grating w dehreBgcangy anddaeadth afthp ewgtlmto riglyce ingerfian lopded/et wwdthithat a certain

anount of q}dﬁ%l's%mﬁ&;tmb @fo\ﬁ@l@tﬂ) [ J#he tkdh V\%l {ﬁ:ﬂ&v@&é B(?l atBh of %ﬁ( 4 of

i
wavegui de and grating is to be expecg(tP L{as a function o e net
manuf act ur ity such as, but not limited to Gaussian and raised-cosine.

10029] Fig. 3 illustrates a plan view of one embodiment of a grating width apodized
surfacc-corrugated grating 300. As shown, a grating 315 is formed on a wavcguide 310 over
a substrate 305. The grating width Wg varics from W, miv to We, max along the grating
length L. Although the grating width W¢; of every portion of the grating is less than the
waveguide width Wy in the exemplary embodiment depicted in Fig. 3, in other
embodiments some subset of the grooves making up the grating may have a width equal to
the waveguide width Wyweg.
[0030] In the embodiment depicted in Fig. 3, the grating pitch and duty cycle DC remain
constant over the grating length Lg. In other embodiments, however, both duty cycle DC and
grating width W may be varied over the grating length L to potentially provide greater
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WO 2010/ 117527PCT/ US2010/ 026479 enpl oyed and the tol erances of the
particul ar equi pnent carrying out that nmethod. Cenerally, it has been found

that the sensitivity to msalignnment between the |ongitudinal centerlines
of the grati nyoazt%"\i&%gui de is inversely proportional t&HHEOYPXPng width
WG [00271Fig. | B depicts a enbodi nent of a narrow surface corrugated

grating as awuplhg-ereliatdnyeartatort the venhiddipositic thiougtstithat edthion didy@ycl¢ A. I n this

ar ati ng. t el BT FH TR, CiRdeh R CUB L Han O e IR AU h W
As depi ct edxheératiogﬂlﬁbuﬁlagrapog #i50ns etonmaregatind @itéisPG ehibyikelwidh cfahd ne the
orating | eneietindt S 8 Wil R el e 3PTRERREE TR stbelubePub PY 1111 ca
with a suit alé eries fddiDiy thBCetoilels abhgthg enitihhichfte. gr ooves between the teeth
LTl Ut gl BRSO BN P o unc
t he free- st andilaed grtateimgod detgdthclitngh of thayrative: (s gpetitpod ndrevwasuethaddi ng til |

in the groo ( vw OF CFig, AL T renai ni tures of the_ narrow
surface cor?oﬁélﬁ%%%?n ing e?[ﬂ‘ipl%gl .gﬁge l?qsﬁa %ﬁa{g‘]‘% lglg%%‘r“ég %%%{é?ga‘ﬁ@fha"( St he
sane as t hosaicefromVés naWwhie tht going period gatie drogrfat ki .1 0otlepi ct ed in Fi g.
| A, [0028] 1} rth odinment. the grating, w dth varies as function
of g£ ati ng ?3%8%%0% g?‘ﬂg% TR graghl & il KPaL0 & 9 Rty i al i ty of
gr ooves nakicAgrtadfrankittsdispbetom Ear. bugddngd thr @fléang! saccgumdtn c@hjune@gualith Such a
grating archi : . gl | e.grati. ength to be.varied along the
grating | englt6 %ﬁﬁ%gj%r%gl iaég(\é\@é‘r&ﬁdghptg%ih’zlee&dﬂ%aélﬁée(r)wqgluor f evlvc%e-g(l:%ife rugated grating
capabl e of W83ici ng exbabmbwhehegtarremgttace Suoiyatgd akiinyglewirdithinaplodhaadbi on can
be used to ghang reflectivil Wi f.the, grating to reduce

i nsertion I%gbs’ laﬁ%% %?ttcrsnﬁ%iﬁ % K{lﬁlééqprhgﬁg%g%gﬁgh%%%cgtp P Ez)it.o E[Ib/g%]?ﬁhgthl onvef t he
grating w dwdsanygesener prpiovl rokthaalp othattemning gratihgsasueh by peggraphchings ferded) Inot
limted to i i - i 1Fi q. i rat pl an vi ew
of one emo%?%%&&egggaéﬁlﬁégcwﬂ% ﬂ%gﬁ%%%dﬁg%re ? ééoé@%%%%dﬁéé?%é& grating
300. As showantagegf baingegw@ddls cinglopel Yibtdnaonfaetuisamousded 3idfoovef a substrate
305. The grat| et ; j f.r - .ong_the.grating
Congth LG AR e B B P B M bR W R B V0 21 "
| ess t han tﬁéﬁlqﬂf&@g@m@éw\ﬁhm’wew@inngli@hE)‘@@hlpﬂ@s,yn emivesdi generellydmlyiont ed i n

Fig. 3, in e ol I\ng,up the
grating naylﬁgﬁgvlegg%%g%%ﬁgg ug '?(F;r Ot%ﬁgalqwgar\%ggﬁ% {}% \%g@ﬁg%&%@%) O%%‘ In the
enbodi ment Rhepn sridag isn retpigyelySlove precayy with retptipely poorermdgmuny capylslie. DS r gmalh n
constant o ; hdg. , e Mal=Ts j : weyer, bot

duty cycl eVO@D%:ndg%g pgcgtg{%t%l%gdpl\kfm?g%&\f\g&n%%gg’%\%%ﬂf g)g;g g@%ﬁ%ﬁ“ﬁé@?ﬁ%ﬁ | ength LG
t 0 potenti &FIO§ LREY is@@trgp,é@r@y allowing grating filters or mirrors to be tuned for different

wavelengths between optical components on a same substrate or even between two different
portions of the samc optical component.
[0033] Fig. 5 depicts a flow diagram of an exemplary masked photolithography method
500 of forming a narrow surface corrugated grating. The method 500 begins with provision
of a substrate at opcration 501, such as any of those described for substrate 105 in Fig. 1A.
For example, in one embodiment a silicon-on-insulator substrate is provided.
[0034] Next, at operation 505, a grating having a particular length, period and width is
patterned in a material layer using a first photomask pattern. The patterning operation 505
may include any convention photolithography process known in the art. However, in one
embodiment 193 nm lithography is employed. Steppers at the 193 nm lithography node are
-8-



WO 2010/ 117527PCT/ US2010/ 026479 coupling-coefficient variation that would
be possible through either wiwdth or duty cycle nodul ati on nay achi eve

al one. Fig. 4A depicts a wavegui de 410, a portion of which contains the
grating 415. r?é”ﬁ“(‘é% thg 415 has a constant grating pit cifBEXUAPIEt he

wi dth of the grating varies fromW51 to W2 to W5 3 along the grating

| engt h. Thechaalbbﬁlgirmiug wtﬁyﬁi‘[mi@ﬁumlfmrvazébQngdSIOtIm:D@&rdfOO a2 tot @inbC3 al ong

t he gratlngl 1 ot her , enhodi ar rating width is
utilized i ngId ultr:ké ugfocmlt %‘Ogrz%%d?ﬂ By o ggc‘ rfgw]?fﬁtayesg 8‘8 A 888t‘°taﬂe | ength of
the grati ngW@eegnggz fcmlnect memb silacon ewd Esipfidider thofidmigatl 68D g abvdg)th Uhtfedexanpl e,
Fig. 4B depict rc'Iiltl N 415 having a grating wdth which varies from WG i

to WG n whi et ecgrarlu?lg perlod varies fromPG .1 to PG 2. |In other

enbodi ment s[008%le gTiats) mgnqoenboddnans agrpaﬂeﬁh 503, afQ1 subsineris koaedrwithry the art to
control t heﬂhog benbcl:ﬂVeg/ tra sm tt ct rum the refl ected

nin
spect rum CON UNGL P on Wt V(‘é‘thgr g™ %v%tﬁaleamma%% %%}htot PRBY is Iess
than the w dltd"lthc)ﬁhoemwa,vggwyekei g,l{ttmgii:;.?ﬁdrmb‘sadmdmmm ishotoinfagk. riaﬂfplemd/mgsw face

corrugated gr e refe ence to atterned with
masked phot %F?{“h(g“g‘?gngﬁge gr%aﬁ?e F'tRograpt Ch%ﬁOaVs'd%ﬁaer%ISt DGVERYUGES over
typi cal net modscdirapad grovves mg tcglwaettahnaym regu tphlaaswﬁarml rtagmaq{ﬂ*gretu(,ltmmerré &r ence)
and el ect rof&@ﬁcﬁm&%ﬂ]‘% at@l eltth rccgpel Pho?oma@ ggke am%? hglg Elna\}T_SI

phot ol i t hograp has vantage’ o
manuf act ur i hlgiblpng)wé}s 8 ptanch dthh@gwmgmnd)ﬁn dred :hlggulﬂpxrgyr tbdrf toe Wa\telgelda)bxr hity to

forma grat Jla'? emgbﬁgﬁ%?%@%?% c!)nc %Jth %g}‘j g%tgbegmt\f\\ﬁzetlgyela g%%u ate

al i gnnent to the wav I'ncontras generally
rely on pat Cd@efclnpqqlgntalan Etolt masfkeiméﬂm@atpfam trmfenactmas& underyidganigecainga (e.g., an

entire sub Sﬁa‘%&ﬂﬁa@ﬂ iag?ﬁ‘mx dﬁccﬁ ?fﬁmh\[-\%’a%gtﬂgic il%grgus{onglaﬁgétélg %{chhbl QVW rr cess W t h

relatively poorer i gnnent capabili dto dgr aphy al so
enabl es gr atriowy isthe emglbdy ckamide atteprrelibon Lyl off e S@h&ubwtalltmav lamtcthscttoa sane

substrate, {hereny Fxﬁ!n&gﬁﬁ%t@rﬁ oWh@%!cE' gna%ll 1|n{oetﬁesbll%on rgyerr q{l Sorh enpo%g%r%?%d for

di fferent wavel eng tween optica nponent s -on samne ate or
even bet weetoublppatiififemethed ipomplopigo Gfd11¢0|1b0 sszhref t.hp%ra@mg badonhenetic, first

[ 0033] Fi g. [ﬁlfo GRLCT &nPodnl QoA AGIAM aazmagn%%mh%wm%s\kfﬁ #E%ﬁe LL t hogr aphy

met hod 500 o orm ng a narrow surface corrugat ed grating hod 500
begi ns wit rﬁn}ﬁ%’w singne gfenmlaguinshadimeat. Hte copeedpation iSOdnsfegat nteem any of t hose

described fQbeShstdnabfy gér agafél%fo%d 'ﬁg{m%gggﬁtﬁe miadk 155{@? Koy ment a

silicon-on- |nsul ator substrat rovi operatl on 505, a
grating havisgreaoped endcthe macqrélwgwd ap e hilopitchmehsinfod the etc@mg a grating into the

substrate (e.g., top silicon layer of a SOT substrate).
[0036] In the exemplary masked photolithography method 500, a waveguide is then
photolithographically patterned with a second photomask at operation 510 after the grating
pattern is formed in a laycr over, on, or in the substrate (e.g., top silicon layer of an SOI
substratc). The second photomask is aligned to the grating pattern to have the waveguide
pattern encompass the grating (i.e., waveguide pattern is both longer and also wider than at
least some portion of the grating). In onc cmbodiment 193 nm lithography is employed to
pattern the waveguide. Steppers at the 193 nm lithography node are capable of aligning the
waveguide photomask to the grating photomask with sufficiently small misregistration (e.g.,
on the order of 100 nm) that a wide range of grating widths can utilized for purposes of
controlling the grating strength. In an alternative embodiment, the waveguide may be first
patterned and the grating pattern subsequently aligned to the waveguide pattern and printed
-9-



patterned in a material layer using a first photomask pattern. The

- patterning operation 505 may include any convention photolithography
process known_jin the art. However, in one enbodi nent 193 nm | |th09raphy is
enpl oyed. St eB’ﬁ’eziD’sO”éPzﬂf he 193 nm | ithography node are CAPABPUYIYrinting
sufficient mninmumfeature sizes (e.g., on the order of 90 nn) to print a
grating wit hsthe subdd ;Ihb@ﬁtaslﬂ&ﬁéxﬁde@e@r it Iﬁmzlvfaﬂi’tegeﬁﬁﬁelpatﬁzﬁ’n 20Qraring prorZb0 nm)
for an opti a} o tﬁ% of e @ Wﬁ@ and desi gned. for the nom nal
1550 nm wav8F SR Y’?‘Icig%g‘d ‘ic?‘nu%ﬂ]te rE(\:laa o 5%?“?‘8?130[t FEEMFAOF n one
enbodi nent , eatiy@qmeavedwmtnaﬂﬂ&rs@stﬁﬁsusfudmstrate is coated with a

phot osensi t I ay th.193 nm wavel.en ct ro neti C
energy to F“Y’? ghe gf’ose tg‘n?glia{}%g 1y erwaé’e%}?(gt &ﬁtg %%1 %F %ed on
the first phmitzmmth.er daemndiamgrooassmgm“tﬂemm;;mn/ot batigy @iy theh pat t ern may
be either {)erFl eacq;o row? 1&% sntqaog% nri ng e na rrﬁ ad rtatgl ng grooves
are to be e r 881 9t HI AT Wher A AP We G I aeritg 1 edtHear e to
formed in théing ﬂtogtdoaesea,nd/bnezeamhlemngxbeseethbﬁtﬁe Lndnm; m@ﬂmmkmaﬁydlmta
bright fiel ortiaon ratln

slightly la rﬁ‘gr%&tsﬁﬁ{mp ﬁ wacorétr%‘i e(%p%nrderét 3 Crlagsyﬁﬁgllﬂ E%q?)ratp%g only a
portion of wheggdatmanhy emmhgedﬁhxcm@slmgt Inmelemy@ﬂaw SOtéiﬂn)ddmeIﬂeped into an
etch nmask a n transferred nto an un rveni n

har drrask | a&]gcro%%%vé’ U dte ut ﬁs aslllc?n (fh{)pﬁe ?A%clve\écr o dcov ra eevlyav%%ulge ang ﬁ@ tget %rﬁtlr% rocess,
wet or dry, grhommlmdn attd:redtaiSOI dadodiexatnPUes, is alltzecpassaldddmgnn hayiesn of an SO
substrate g (Tetched to transfer the grating pattern of the etch mask
into the s ayer. In some enbodi ments, a double patterning nethod is
enpl oyed t OIOB&I uc eTltetmerrw swhcofortuggedgratings gndarectthmis tchiatm edchighaingd mst be

phot omask. | t ni th VLSI arts
may be. empl St O S0Fc MU AR AL AR AT SRR 1

transferr eclgI pteediltary andhdeaetayddrgtiet glatimamkrolsayeegratad s;pa@l@ratmg m‘lmrsrmely on

either sid r ViSish d the spacer then
used as a %aﬁ%or%%glﬁgﬁé uklﬁ%/%mfm%g{@ﬁ%%rvlél%%g@%%ﬁg m%a%}? he substrate
(e.qg., top 9039 corfig.palusphicns SOF-ssetlyntivatveshow[n@E86 mimdirxat efeenpl ary masked
phot ol it hogyap Ulnﬁﬁgi [ ically
patterned w%hng sec (r%gh %tggl?[fnlec lgttgy%‘%g?g% %%?ngﬂagkg B¢ E}%% El@rma%’tl ng
pattern is sigpagearrigated gratiper Thpvdspicted prossayection i ﬂa,bensispb@tthe@lm@lt@@n@ t op
silicon |aygpe@fe @ﬂh%bmﬁggﬁ&:&ﬂﬁ;&&c I&?ceﬁﬁ%&?%dﬁé? nggm1§4<shh§/n %l%[gﬁgg to t he
grating pattern to h wavegui de tern e rating (i.
wavegui de Pt isgpiggrsd bmnrﬁqlenlg»é“ﬂte awﬂldallg%mmed;ehtdﬂmanermoridea@tldm6&93 port| on
of the graty;pd)puribdo.Q0E fe[;(@ 0
pattern the l\/vavélgglw c pg%!rh g%[d %ﬁ% ;{g% s%&n%Qwhﬁggg{%éﬁﬁ?fno gsxgsgrél{ecapabl e
of aligni ndayteh@lméﬂlé@ﬁixé!éplpﬁb@ wrmegoRductyr {dyer @98 and thg syilvotto melo3Watcmade

suf fici ently F%@é ilifnS 'A%gh@&r{ at bﬁfS%llvﬁ ggéx eQS'BS EJH’? ngbeq(?t{thggen?lgcgldﬁ] that a

wi de range o gr ati nqh hs can poses of contr i ng the
grating st raRged. thiopg ‘ﬁm@h negphiggl s @Wb&)éﬁ%‘@ﬁt I thprexapaicd Gustrated melfGbe fi r st
patterned %@doﬁtngl V%V@édl&%ﬂ@@btat[% @av%gm§@gtlr’”gQ&abé’guﬁic;&@ﬁcunCoAﬁ E‘ﬁm&‘lﬁ\!ﬁ%' de

pattern and gl‘l nted as the second ,
advant ageo¥3Z fmpat tEFhpartien cgvrﬂ&twawggtpq*q bspween gr@é\w iefleriteig 64 haad REY mgui de

because t hgadsgk @BﬂtM@ bﬁ/th§@@icgl%avgé%%5 AScchf 1o LhiRr gﬁcﬁgﬂtﬁ%p{:}&a@ AR @28 asily
achieved with a flatter substrate surface.
As :,hown in Fig. 6A, reflectors 607 and 609 are Bragg grating reflectors and in a particular

embodiment at least one of the reflectors 607 and 609 is a narrow surface corrugated grating
having a grating width less than the width of a passive portion of the optical waveguide 605,

such as any of those previously described herein.
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[ 0037] After patterning of both the grating and the wavegui de, nethod 500 is
conplete and any further conventional processing of the wavegui de and/ or
grating may t formed. For exanple, a cladding may be formed around
EhetﬁaVEgngeugﬂ?Rﬁfp?ihg, rlgling t he ?roosttﬁn?/or eﬁiﬁﬂ@ﬂpggfﬁ@ t?e

eeth o e grating ny clad | ayer materia at provides sufficien

i ndex cont r {949] asAdHﬁégdmm&mmm6thbnmmemhahp&ysManmmkhiK@dofme t he
wavegui de, Q for th n

embodi nent , wmﬁ&ﬁﬁmbnyagagvﬁwéeﬁosé%and ln%%ﬂ§ﬁ§6%W8%“ %Qé“”ﬁ?@?cto
cover the V\ageg mediemesanhcbndubtot metegal aﬁterﬁge g¥300ntesace bB3 atends slemgrat edicd0
enbodi nment , ti S lad on a. |I|co ui de. [0038] The
narr ow surf g?eé-glélg% ?%%Da{aﬂ gr at |rﬁc lgngﬁ flthond) c8P¥Er n%agnu()g% gr Afi ngs nay be
applied to aunmhbérgmﬁn@pmmaamuappkkmaﬁwnasmcﬁukhzbsﬁnbwwamaﬁc&ﬂthed to,

II 2% 28:: ZE :g %getgtl‘ageat}\at%agtlﬂcm e a on rl}‘gssmt%‘tqgcelbgttw%gr{‘ t%e %c lé % tl%l gqg 3‘3%' réligg A dr : gl‘ S
forn1opt|cawwdamwmmesmmbrBEB%ﬁ&df@EE%mmwamsm60§Oﬂﬁgkﬁng;mﬁAambmum;rates a
Cross-sect I 191[%?# ce ?Wnﬁ@&?evxl tﬁg b%@()e C?grt%&)@q rr?nlt oth)er s@i[ﬁbf bOH 1II; I 1%%rflaé/e rgdtg%,?

hybrid sem conduc evanescent | aser é%pP one Aartow sur f ace
corrugat ed 4s atciengnpldHee gephnatied mereodH23 eswmacereﬂE i ﬁﬂemedjmwrand there is an

L,?thl t ;g' naéva&ﬁ@&,%gt.;s@; Hink BEROYRE hins g&@g@ EHEb AR YRS AR G5! aser and

i ncl udi ng abetvevglthe qpm;aét)vavdgullde%i&tmwrgdmon@hum ayterial 603 Dmeindnag buthe ed oxi de
| ayer 629 dj, t, sirate

| ayer 031, 1 ona e REBr ol SRR b e b AR BT 5

| ayer 631 a@lé iymaeide bf Ilpét’gum/feedgum ngtgnal 6% arsimam of te opfixtal madie of@yegli de 605

i s di sposed,,} 4§ i cal beam
619 is dlregteg @%lfg t&Qﬂ%ﬁ%%gﬁﬁ*?hg??gﬁg é#%&xégéghstlcaﬁémaveQU|de
605 is a r|%ﬂﬁ%@@gmmﬁﬁdK&KnﬂngEMegﬁmdemmbmvmhéﬁl|ke An optical cavity 622
609 T n o pae o I e s BB B, e ™
end of the Bghtindas LcHppmigorgipgtor basmshém iy seingron@ystor mefctige sushgs BOY and 609
are Bragg oehlid nelA SO SnANGal b Anda d bl ERRRAIEA A dufRE, One Of
t he reflector% 607 and blﬁg&%@a nag;om1sur ace corrugate lgratlng aving a
grating wi dom inatéan at patable sdestan Omnmgsqntr@tw@@rhooﬂp@’flc #ie opti cal
wavegui de %odlﬁﬁthth@%alﬂmédﬁk %ﬂ%@6ﬁr1§¥ﬁ QHJS% tul Qﬁegﬁdrx}aﬁﬁjwp@ﬁ\ﬁbw

2010/ 117527PCT/ US2010/026479 [ 0040] A ain um 623 TS bgnded to or
epi t axi al | yegPoun G fh@tof)ﬂlp@hlptbn@ied9@%@@%3@5&gsreputcwév £B0B “as0iss the "top”
of and adj GiJy BEoMRRE b opVEN GAW QQesﬁiQ%e s‘ﬁlcgﬁ Qyér%? atS@P Ler,

medi um sem conduct or nateri al |nter ace nterface 633 extends al ong
t he opti call9%&leqgdi e Bhedipgrayiiceq the gin Wédldmﬁ@éﬁtriab@%lﬁd%e@f}éIgamﬂ@ﬂalof t he
optical begmiblXUQWe /NRiteRIR Slicoh %V%@dd@‘bég%&i gﬂéﬂﬁ%é%m&l@&%%} tq)ifrrorf@a(ta? rial
interface 633 IS an evanescent coupling interface that may incl

bondi ng i ntl&sfose af Bchusamatrow sykes (srugaPherai): dwmaéfrhcabta@%wahm tftohe

sem conduc to@ﬁcal aYRy 6803 efc. @at fne @Jsxn‘é@svﬁth dean @Qnr?:al 1§k 618 %@ag@bac§ Yeh a
bonding interface may include a thin silicon dioxide |ayer or other

sui t abl e bd?fdi Bsgvech f@ﬁfta% SOhardH0p an ortiedl caviy Bralpheillugttieedgasmpleredi um

material 6231cker 807 @ekiVRK dillc f AL fmq'h'rgﬁbch Q%E&Mtﬁ th@ﬁ' eYaRescent
opti cal cou I|n at the gain nedi um sem conductor material interface 633

bet ween t hé gpr @98\}%@8&19&1@ retystivgribich e oghgehbsiad [ eratie frpala “Got

Dependi ng @ﬂaebmeva@é(%gyufé%asdheg&%b@@ﬁh@w@atwa@ uidbaN SOt g 1BdOoptRapar t  of
the optical node of optical beam 619 is inside the IIl-V gain nedi um

material 62FMHY %ayd%irCPn%‘FtefiFPeOﬂEf‘ﬁf‘i’rB%ne%de of optical beam 619 is inside

the opti calomay eguhdRnfdSe pdie oB@ich o MBAEINIRLRN d08/ma§ 23 niiBYbRE: &1 ectrical Iy

unped to generate light in the optical cavity 622,
punp gnher or both of ggatmg length and grgtmg strength. In a}lx embodiment, the power
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[0041] I n enbodi ments, the gain nediummterial 623 is active sem conductor
material such and is I11-V sem conductor bar including I1Il-V sem conductor
materials such as InP, Al GalnAs, InGaAs, and/or |InP/InGAsP, an

suitabl e mat VP3N %WNGHn in the art and their combinati oﬁcﬁf‘fs%“ﬂl‘?’?zéﬁf’e

t hi cknesses and dopi ng concentrations. In one particul ar enbodi nent, the
gai n medi umecfiadtefty aﬂeaﬁzc&“theSreﬂmcmi d5ehd sod i hpkeindepandcdnty Wetd on( tMMAtigegi on

gain chip that nded or 8 nded or epi [all r own

Tt ose the Wit gr bt Rans pr R N0 il Sae Fro Rt 8 feblrotaver o
an SO waf esurfafddddagata gnmeige«asbmdltlﬁmgmm\g/mecs@thtﬁy@rgag md’mdme;fmmtlglfmal 623

i ncl udes actlve eri ssi.ve Si vegui de
based gr at | WO Aot BnpsPelome R TE 7t Midb® SRE S ER B  ow
surface cor Wiﬂgﬂﬁﬁdgr@ﬂi@tﬂllﬁ@)lebs thas the gasyiry wlaeegoidb aiidiedhin théiteficétbrer00fpid cal
cavity 622 own with o 619 reflected

otk and ? ebmdmatine e fasfE] S i hud o EBidiE R RRIR s | o0t he
i 11 ustrat edwaxgunipd eidth; elfelsmhd)gmﬁ(g?\maﬂl bele tHelbaa&or cBﬁfdmtdfantheirj;t@mhg has a

A e R e T e e L R
si de of t heandas@pmiand mgtahmg walﬂsbwestpmrm"/mftbépasm \@qarbgmdad wideowegeh de t hr ough

whi ch t he otptfwca beam 6 ﬁly% r’rg){fsbe conducted to ot her conponents. [0043] The

reflective poweeFla TORRY "€t or 607 and 609 may be tuned based on

ei ther or bi@04t] of Igraithengmbetigerh, thadflgntatodN G astren gifuce tarugmedgbidd) nent ,

the pover -w1%h a gr\:{%%gzv%gl’t%/les:sqh%r% Zhlg%?{!s}\J?%/%%c%/u%%Gdg g while the reflector 607 is a grating
with a grating width substantially equal to the passive waveguide width (i.e., only reflector
609 is a narrow surface corrugated grating). In further embodiments, cither or both the
reflectors 607 and 609 may be an apodized narrow surface-corrugated grating, as described
clsewhere herein.
[0045] Fig. 6B depicts an alternative embodiment where a DFB lascr 602 is integrated in
an SOI substrate including a single crystalline semiconductor layer 603 with a buried oxide
layer 629 disposed between the semiconductor layer 603 and a substrate layer 631. As
further depicted, an optical beam 619 is reflected back and forth between reflectors 607 and
609 within optical cavity 622. In particular embodiments, gratings are employed as reflectors
607 and 609 and these gratings are disposed within the active portion of the silicon
waveguide optical cavity 622. In one embodiment, both the reflectors 607 and 609 are
narrow sutface corrugated gratings for tuning the grating strength by grating width
independently of grating depth and grating length. For example, the reflector 607 is a first
narrow surface corrugated grating with a first grating width less than the active waveguide
width while the reflector 609 is a second narrow surface corrugated grating with a second
grating width less than the active waveguide width, the second grating width being cither the
same or different than the first grating width.
[0046] In another embodiment, the reflector 609 is a narrow surface corrugated grating
with a grating width less the active waveguide width while the reflector 607 is a grating
having a width substantially equal to the active waveguide widths (i.c., only reflector 609 is a
narrow surface corrugated grating). In further embodiments, either or both the reflectors 607
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reflectivity of each of the reflectors 607 and 609 is tuned independently
based on the grating widths of the two reflectors. In one enbodi nent, both
the reflectors 607 and 609 are narrow surface corrugated gratings to tune
the grating stPENP By grating width i ndependent!y frorﬁcgfﬁfqlwgmﬂépth. As
an exanple, the reflector 607 is a first narrow surface corrugated grating
wi th a firstndgioatmange wh gobizbEssrotvhatiack verrpasd iguenyay egtiitde clsbwkicdhe whi | e t he
reflector 609 .is a second narrow surface corrugated grating with a second
grating widtfi®f'ess than the passive wavegui de width, the second grating

wi dt h bei ng[00HY sakie. Dis adlilfuftextiemdf dnfeasmiling optidabdystgmat i nglizmMedhtogratedh one such
embodi ment, ‘refl ector 607 uﬁlnd 60 e§cc{:3_have a m rr\grt Ier‘lﬁth agt en 5 and
500 urn and & grarPRly RitHus e LD RS GBS MPRE R rE %V%ﬁfeae wi dt h
whi ch bet wekavirgpproxy ofetelrigally magedbybrig BRemif@0dddd svarmpe@hhiesersstiboslipint , t he

reflector 609 is.a narrow surface corrugated grati Wt rating wdth
less than t15e BREGVEHEVEGURHE O dihe ‘isﬁgbgr?'%gaﬁ’eﬁg’g%f%go@ﬁ t’iegdlric’%gr ating
wi th a gratihadpses ditthe Bsel sitrgritOil alal Ye eqelediridatly plreped dglsidvailiconveqedcete laskdt h

(i.e., only reflector, 609 is..a narro urface,corrugated qrati . In

Fur her Cempati HURTS ¥ asioiel Tl PRkt EE GRF By B4V hed 2o Miliebe an

apodi zed naxragwo s incfudesebothor DBR) @ dititiziag & fog, grathgdesgth dne dF8l [sendtdizagher ei n.

[ 00451Fi g. icts an alternative enbodi nent re a a 21is

ntegr at od e SERGHE, RSOt G PGSR oSy R} 816 O

sem conduct srn bticelrchOBat wictudesa Humiitg df opticalevdveguides 62D\ dilSPosedviiet aveen t he

sem conduct gr 0 ] S rate.layer 631, As.further depicted, an

opt1 cal beany §¥ BEe AR o PR W Recs N Ryt b T FGrEREL Y 2 S0

wi t hi n opt i daklitg@fottigald2@ns TIRAp A $V duthapluaiiyadiopiant s veguiddsi7Ags - 20N, enpl oyed

as reflectors. 607, ang. . e J AN r isposed within the active
) CQ%P 'ﬁlc 919%11@9%‘3P%:Q§Pbc€195 %{dA 97'319?7 3?%6%&}&?&]?0&%3 r{réodél%rs

portion of the silicon wav e optical cavi odi nment

bot h t he refiBée? Bikang@rnaclct@D%valcestimanftowhg ity atepticd brangctl8d -Gt @Y amgs f or
tuning the g ' re y LNg: WM. [ ent |y rat,i ng depth
and grati ngt %Igér?gﬂtg E‘.e§ o‘?lﬂg&ftgﬁrzgldgﬁgalt%hgﬁ glggxge{{i]g)lrt&%‘g@’??gﬁggf ?{t}cg[be%%&trzz)’w
surface corwhighais gun ¢ ttiangmitted thromgh & sisgle grtaeli frogr Widde n begsalbptanal t he acti ve
wavegui de width while the reflector 609 is a second narrow surface
corrugated grating with a second grating width |ess than the active

wavegui de ViPeH8h, tlhen eelrdinekngrblcishonewit dtehefrsiong/ 08t NP Ntivwenasmmesudgace

di fferent tRap,tda6 finb Sk W: | , . : ] yaent, the
reflector 609 %as ggrﬁélér o%%ﬁr?ﬂ%e%@?%ﬁ3‘%?@‘@5&%”@%?%5%@%92@?ng wi dt h

| ess the ackiivealeppdgende twicdt sehinlvehichiibe grefigde foomeds @7ddsgibad gsattiersy havi ng

a width Su%PeﬂDtlhgbLMcﬁﬁ%ﬁbo&i ertlthgdcﬁgitt-hé/ %ﬂ!\%&?%@& - %E%?r@dw arrfaceonl y

reflector 609 I's a narrow surface corrugated grating). urt her
enbodi nent sorregataderatiog. e phmerhef whith bastaghigergQ width than the others. In another

embodiment, multiplexer 717 includes at least one narrow surface corrugated grating having
a grating width less than the width of optical waveguides 705A - 705N in which the grating is
formed, as described elsewhere herein. In other embodiments, any of the reflectors 709A-
709N or multiplexer 717 may include an apodized narrow surface-corrugated grating. As
such, when any of the reflectors 709A - 709N and/or multiplexer 717 are simultaneously
fabricated as optical components integrated on semiconductor substrate 703,
photolithography may be utilized to image a single photomask including a plurality of
gratings, each having a width specified for the particular grating power required for the

particular application (e.g., laser, multiplexer filter, etc.).
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and 609 may be an apodi zed narrow surface-corrugated grating, as described
el sewhere herein. [0047]Fig. 7 is an illustration of an exenplary optical
system 751 ut|I|2|ng i ntegrated optical conponents |nclud|£g an |ntegrated
seni conduct or YRGEW'APEr mul ti-wavel ength | aser having af AfPHEyY/Gp
electrically punped hybrid sem conductor evanescent |asers 701 coupled to a
passi ve senjioesduckh@hne Erﬁb’(ﬁiﬁm&fv Qllie, in@frate® EenhiCong WG il Ritof Bhdlti- davdiwemagth

enbodi ment, each of t | asers  in the | aser arra

ol oot 11 oal | PBOaRt GePamEns HibH ey aHBEE At Bs e bUBRT Aialh opis

descri bed whdah Tefoeﬁelfbc‘sﬁlglecl)pﬁbﬂﬁber@& at sp&ds bﬁm&e&faheﬁbﬁnhﬂﬁie@ﬁﬂﬁple ke | aser
array 701 | both a er I|Z|n a | aw i strength and
OB T aser URERISRETE T REEIaC Ty LN PP pHERPt D 4Ter e anp! o,

t he seni conalu@fhgle la&&bﬁbﬂs@ﬁl&oﬁ&ﬁtoﬂﬁubﬁka@ 7081 Nc&oraﬁglpphb@@éxmbnemntehaﬁe i ncl udes
a plurality, of .o ui des,  705A - 705N over . | e bar of

Gl n o uihat S R iR e et S G e Paird Gufer art ng

a plurali tywﬂfeleﬁglhI1£Q1Wlbﬁmhdﬁl9Ailm pitdON susstrbddgopl ural ity of opt| cal

TioN arc ol ed by Shea0 G ot & B ar LR eRELPRAES vavel engt hs

of the pl ur@hndoydmfor@pistrz&a1703be@rmsom:9é\1p{ed7f&%bla¢zeldplﬂean beoirid Infesh & Wi t h

optical add- It| 7t out eam 721, which
is then to b e”?al?%écﬁlltf 7?%%?5?1“% &Lﬁbﬁb? calhe’i‘eg’ger‘n Tg%ggftﬁateéln ext er nal
optical r ecmhoénneﬁ’é?he s{n@@ll»&]ulcmdabtomﬂdtem@&ﬁb, anafltrd- hagtsctapmt@ tafisniifae-
reflectors 709A ar r oy, sur.f ac orr.u r ving a
grating wi drt?lel‘feégéthlfl hgmalt?ﬁe &%\% thgth\ﬁogf%? %{‘é%?\glg éi% ‘gjcltcﬁﬁve

dependi ng omentrhigtet Xﬁpelemﬂbollmsea&d asn:xwhng:dm thehemgrcatpl 7|6g, n is apﬁmasdmdi thas
described el 8: ertee)lherugfcr 157 and uxtgr?fgltol tfcl':cl’alll transm1 Cr %9 Uc S35 cd%n the
reflectors 7094 P 7HdRY Aar row sUPface corrugated grating  one or nore
of which hﬁpaatdcm;bserlemmmmatkd etniﬂ&dmteln&thatr&mrvsd optmalebramhﬁé:r iseqrbioed ent

nul tiplexer, 717 | e M/surf rru e rating
having a gr BePRG" "“Cda‘tj ﬁp eé“s%‘i“ X“ 18 gl S&’H]Qhefrecel ?Cgméﬁlélg’%? i 29705 -
705N in \/\hl[}ilhramtmf gptiadlibogns EOAGWM Inaxmc deamtarbadbodlmmﬁerpeuxhiey ef n. In

pt her enbOdc! ﬁ?agiga’m %QUAObOf\TQ?e ?I cgorgimé; o tKOHQ fA‘ spegt?vlg vx(/)arvelrr};%ﬁsl loe%( & o7r:ela'7 may

i nclude an 5po PZed ‘harr Ow surrac ated Sh; “vhen any of
t he refl ectrorrgw 208Re cor@AM gty withrinl the @ne:ktepncxm??l 8an<éars ithen direnteglous| y

fabr ot ed Anua0l hiahy SPIRANSON S, 1L SAERLARNONSRTLEPRANGROL bR At e 703
plurality ofirgsaticogsstorealtraledfing a wi dt h specifi ed for the particular

1 ppewer 1 car el o OBl uh it 25 3R B85 pBs E1dum 5351  n one

embodi ment ,opti¢edy icorpigrt@atastl 0§@mb®hmﬁppmcammgaﬂ®r7OMI-ﬂoéwmwgieetngﬁ h | aser
I s capabl e r %f&% gﬁ%gdf% wq%e@m?‘tn(}Ahe?Z'ml tAnpa Igy %gc%m 7530%(:—' %gﬁd in the

single optic er the single optical at speeds of nore
than 1 Tb/gs ontmdltyweuié%hmmoavluralheOmmmllwatw}gumcsWc@waévegmxd@slcmSA -

705N 5
are SF%%%SS%QJH&Q&&&% 47%,‘&(;878%18 Kk y?-@)@brc h&o&c&%mﬂ)ﬂ% Ricd. 3Y GlonRY €T

senm conduc trate ne exa an entire bus of
opti cal dateabpdmariydito shewmirfig. t7e@lblfigl@hartotieemlmnégmtr@der@é?ﬁ%mydmcbplaﬁed

ggg ulator it 14BVRLE BER i AB§fatc o8 Borb &SR JillAy B S IR ES IO hosaubst r at e

706N to form an array of photodetectors optically coupled to the plurality of optical
waveguides 706A - 706N. As one example, the single bar of semiconductor material 724
includes II1-V semiconductor material to create I11-V photodetectors. With SiGe and III-V
based photodetectors optically coupled to the plurality of optical waveguides 706A — 706N as
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[0050] Fig. 7 also shows that in the exanple of optical system 751, the
singl e sem conductor substrate 703 may al so be coupled to recei ve an
optical beam 721 from an external optical transmtter 759 throu

optical fiber VPS8! Hheefore, in the illustrated enbodi RSHTUSZAY 6’égf’ngl e
sem conductor substrate 703 is an ultra-high capacity transmtter-receiver
within a smetlownf ovamiefyae tvavelenyth Foe ttchpeuralpy bapticd] 8e@isViR0A 7320Naindy ext er nal
opti cal trag mtter 759 are also illustrated as existing on the sane chip
761, it is ‘% i%ci ated that external optical receiver 757 and external
optical trapest|tt eforﬁﬁgpmﬂycnb&mprmyiad&ﬁc mﬁluaﬁl}ibaﬁrﬁégeat&fﬂnlﬂﬁthe bubstedde703.

illustrated, enbodj he rec s, teceived by an
optical add} (ﬂHSBmh‘ré%ﬂ?r{t W:?Fr&}bersu X teq\%ﬁrn&"fgisﬁi q‘tcgnla 'c%{)ﬁ’é‘ S35t cal beam
722 into a pinﬂbbdulctn}ﬂ@fm@rﬁel11&6@ratbcedlf$t1}7&0}{\e silic62 ON.onk Bxe@f@@e, gxeoptoar y

enbodi nent, of o bea 720A - 720N ar |it accor di ng
to their r e%lf)cél F%/lélaﬂ?a eg‘%lcgﬁékbh &?gbon%“ TRET HioF SWtEEFﬁF"QB@p &bt ¥ugat ed

glr at i lngf Wi thhilagert metha@mttilvway pﬂé@ﬂer%eéiﬁd}a]% the ﬁlufdh'@/mfgpticﬁbrh@:?lrl]cftd’iﬁ }buslggh i’:l
plurality o ica es inathin filmlayer
over, on, fnﬂo te arr?’?fbmg et(??to%%gﬁ%/\e ?‘g@?or %f‘*:‘w TASS ShEAMR t he

il ust rat eddxamb@idmnmnbmamrvm or nore optical det ectors are optically coupl ed

to each of of OPL] cal ui des 6

ospective TR I TRR et Bk SlmnleY SRR SulRe g PR g plrTifn e

phot odet ectimrost@BMpon&ﬁBNgr&ommslbeai dlysmemp&l&dugmmﬂommhumﬁihbbgebm opti cal
vVvr avegw des { ot o cto s 763A -
763N is a 9 Igléaeagecﬁmtebcég?dg% aélfguag Qeﬁlﬁc(?o %ucmfal IPegtrtlu(w)ts ﬁrerrnetgréﬁ) Y H n{ent al so
shown in Fi 'dgltb fi;s tabsundgxlbteodbanat tbé inseniog defthad tnohe ambreied allamﬁzmmycekmrﬂbonded
to the a | bstr at 3. a sthelr t

opti cal wa\a/%g‘ﬁﬁdg %fg/rﬁc fce”?‘ﬁ%gl\(fr%H ?%S(r:%b §n¥§0rb ay ¢ ]fscatwﬁb P (g?:sf fc())FC)s{:1 a('L)Cptl cally
coupled to tbﬂ)eulpﬂecstcah inteyelyods pepicilgdy gmaaﬁégmpldmmtalmﬁﬁof the7cﬂﬁhdcd Ascoioe exanpl e,
the single r. . of can (24 . 1.0¢ I11-V sem conduct or
mat eri al 0‘9 gvrl(éegtné ﬁﬁo-?@o gﬁ’%%%lé%n% tor @kltvklftpﬁesgf %11%%3 I11-V based

phot odet ectors optically coupled to the plurality of optical wavegui des
706A - 706N as shown, a variety of wavelengths for the plurality of
optical beanms 720A - 720N may be detected. [0052] ControUpunp circuitry may
al so be included or integrated onto the substrate 703. In one enbodi nent
where the substrate 703 includes a silicon layer (e.g., SO substrate),
control circuit 762 may be integrated directly in the silicon. In one
exanple, the control circuit 762 may be electrically coupled to control,
nonitor and/or electrically punp any of the lasers in the nulti-wavel ength
| aser array 701, the plurality of optical nodulators 713A-713N, the arrays
of photodetectors (e.g., 763A - 713N) or other devices or structures

di sposed onto substrate 703. [0053] Thus, a narrow surface corrugated
grating, nmethod of manufacture and application



in optical conponent integration has been disclosed. Although enbodi nents
of the present invention have been described in | anguage specific to
structural features or nethodol ogical acts, it is to be understood that the
invention defined in the appended clains is not necessarily limted to the
specific features or acts described. The specific features and acts

di scl osed geafMsbe understood nmerely as particularly gracefu

i npl enentations of the clained invention provided in an effort to
illustrate rather than imt the present invention. CLAIMS 1. A photonic
devi ce, confprisi bu%ﬁﬂk%&%dﬁﬂﬂnﬁﬁgo”d passi ve sem conduct or wavegui de
regi on over a substrate; ant "an evanescent semn conductor wavegui de
regi on coupl ed bérsterhsdchiel passist searichndagandaveaside kegionavegusuberateghdns,
wherein one of the passive or evanescent .wavegui de regqions ipcludes a first
Bragg reflect or BoNBRISThaaeatiPRE SE T foRERY hnbf HsRre HhS it
narrower t Baond pausidt Wadégdidierepidus Guticelin bRYHOMe ipBssiMai ot Rvareecedt ahivddideS

f or med, mherein.tqe evapescent vegui de region |ncludes the first Bragg

reflector GRS ARPIUISE IS EHEE rRilesll SOBPIIERE GrovgiAch FHESPEd iS5 MeaVIBER | aser,

and wher ei Qidth@afrbwat thand WiaONheAvkSAg RAMA BONREL 1R Fafty {@@fmed,
corrugat ed %ratlng having a wdth narrower than the evanescent wavegui de
W

regi on. 2Whqmi theetapatcentdeipcsdde tegion in¢ladanthe figghBrage mefldstor weariagandie r egi on
i ncl udi ng [ : t 0 [ i [ I

dof 1 i gt he b oLt SIAME (e, i sPOFbIREE L ARARSI L fieers.
wher ei n t hgraiugsf cack comprisegatsethcg reatrugaet grapng Segng apyidthahdrtopeofthagr thoves

formed int WAy, i.de top surface along a grating length, wherein a
wi dt h of agﬁ%?%?ltfggﬁhgﬂgéégboves are narrower than the wavegui de wi dth by

approximately the same anmount. 3. The photonic device as in claiml,

wherein the waveguide regiaon including the .first Bra refl ector conprises
Lo opposifig of HEMBITRNGAFITR Fig i M AR B A BB e e LgieCDE
opposi te thet BuRs k¢Rt®r cafiptises two opISIHE sidewhl® &t in@GRe WOVIpUBIWaEthGE At | Ng
conprises a plurality of teeth forped into the wavegui de top surface al ong
a grating CBAYTIe oRpRsite il subs¥fcorid y of the teeth are narrower than the

wavegui de w dt hyRyteRRRE QIR B rYgat B RRREB B a plurality of grooves formed

into the waveguide top surface along a grating length, wherein a width of a majority of

the grooves are narrower than the waveguide width by approximately the same amount.

3. The photonic device as in claim 1, wherein the waveguide region including the

first Bragg reflector comprises two opposing sidewalls defining the waveguide width at a
top surface opposite the substrate; and

wherein the surface corrugated grating comprises a plurality of teeth formed into

the waveguide top surface along a grating length, wherein a majority of the teeth are

narrower than the waveguide width by approximately the same amount.

4, The photonic device as in claim 1, wherein the semiconductor comprises silicon
and wherein the evanescent waveguide region comprises an electrically pumped light

emitting layer disposed over the waveguide.

5. An apparatus comprising a first photonic device as in claim 1; and
a second photonic device as in claim 1, wherein the first and second photonic
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4. The photonic device as in claim1, wherein the sem conductor conprises
silicon and wherein the evanescent wavegui de regi on conprises an

el ectrically punped light emtting |ayer disposed over the wavegui de. 5. An
apparatus conprising a first photonic device as in claim1; and a second
photonic device as in claim1, wherein the first and second photonic - 16-
devices are integrated onto the sane substrate. 6. The apparatus as in
claimb5, mgenein the first grating width of the first photonic device is
di fferent frysrSerfantegpted atothe sime YhEtni ¢ devi ce. 7. The photonic device
of claim1, wherein the first grating wdth is different than the second
grating width to provide the first grating with a higher grating strength
t han t he setondThe apnarajus &.in Alaiyh ot D%bt@ird@vifh‘%,gmmgmiﬁ@i qfghe &rst phatoniand

second paSS(jeVEe ?secm &9@%% bt m&e&% 5 thég Eco&w%g.er a substrate; and

an evanescent sem conductor wavegul I on coupl ed between the first and
second passi ve wavegui de regi ons, wherein one of the passive or evanescent

wavegui de regi o includes .a first Br .reflector .co ising. a surface
corrugated’grat?ﬁ%pmﬁ?mc At dﬁﬁ?Ed&@gm?ﬁ%hgﬁt%FH?%ugﬁhfﬁggﬁﬁvégﬁPde
region in wh eRokdgragi@ividigtd prol/ide medfirsapdtind1eitRiarigHee gﬁa@iﬂ% Selave Fieipel]
conprises sjlicon, the first Bragg reflector has a mrror [ength between 5
and 500 [tﬁ$e$ﬁ@“VﬁWE§Uide region including the first Bragg reflector has a

wi dt h of between approximately 1 and 1.5 [tm and the grating width is |ess

t han 90% of the wavegui de width. 9. A photonic device, conprising:
8. A photonic device, comprising:

a first and second passive semiconductor waveguide region over a substrate; and

an evanescent semiconductor waveguide region coupled between the first and
second passive waveguide regions, wherein one of the passive or evanescent waveguide
regions includes a first Bragg reflector comprising a surface corrugated grating with a
width narrower than a width of the waveguide region in which the grating is formed, and
wherein the semiconductor comprises silicon, the first Bragg reflector has a mirror length
between 5 and 500 um, the waveguide region including the first Bragg reflector has a
width of between approximately 1 and 1.5 um, and the grating width is less than 90% of

the waveguide width.

9. A photonic device, comprising:

a first and second passive semiconductor waveguide region over a substrate; and

an evanescent semiconductor waveguide region coupled between the first and
second passive waveguide regions, wherein the first passive waveguide region includes a
first Bragg reflector comprising a surface corrugated grating with a first grating width
narrower than a width of the first passive waveguide region in which the grating is
formed and the second passive waveguide region includes a second Bragg reflector
forming a DBR laser, the second Bragg reflector comprising a surface corrugated grating
with a second grating width that is narrower than a width of the second passive
waveguide region, wherein the first grating width is different than the second grating

width to provide the first grating with a higher grating strength than the second grating.
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a first and second passive sem conductor wavegui de regi on over a substrate;
and an evanescent sem conductor wavegui de regi on coupl ed between the
first and second passive wavegui de regi ons, wherein the first passive
wavegui de region includes a first Bragg reflector conprising a surface
corrugated grating with a first grating width narrower than a wdth of the
first passilte wavgiguwimieddsagi @mprRinghi ch the grating is forned and the
second passive vegui de region includes a second Bragg reflector formng a
DBR | aser, the £€&E¥rAd BCARGPasers stistnduginpvisihige S dvacesubsideigat ed
grating with a agGQRes@makiRBomudiol WalBtuidle rddfn’ QWpled LHMaTecR q'hgf £a the
second passive wavegui de region, wherein thefirst grating wdth is

di fferent s¢raRd Phsiveeyaghig meions wiaikih theoevinesosnd evayegide tegiongndudeng with a
hi gher gr a&i'ré?@{asg%rrgﬁl&t g}fﬂﬁg a%ch]g se%gﬁcpﬁpag rreq{elcfaggra%ipfg to'AfoHrrl1 9 Eisczcri,e AdC €
conprising: a fitst and“sectnd passive m condtict or wavegui de Tegl on over
a subst r at echemingat least onea theviastend eerond graticgrnabugtrios a wafeg vortezatedgiramgcoupl ed

between the f.irst.and second passive wavegui de regi ons, wherein. the
evanescent ﬁ%n %mag}én?réog“l’eéﬁ‘af“ﬁ??%ﬂ’é%c%wfq%?g‘{tﬂ%??ﬁgscfli}f"i'aé@%‘ﬂ?e §EQi ng and a
second Bragg reflector grating to forma DFB | aser, and wherein at | east
one of the first and second gratings conprise a surface corrugated grating
having a width narrower than a top surface width of the evanescent

wavegui de regi on.
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