NARROW SURFACE CORRUGATED GRATI NG TECHNI CAL FI ELD [ 0001] Enbodi nents of the
present invention are in the field of integrated optical conponents (1QC)
and nore wpeoioilcalZl y pertain to surface corrugated graPrcmgs201BALK@EROUND

[ 0002] Communi cati ons networks continue to grow in breadth of coverage and
data density. An i [ e | i hnol o f thi ontinued growth is
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with wavel ength division multi gippsinecAYGMEWI ch add/ drop channel s usi ng

wavel ength selective filters integrated onto silicon, or other
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sone extent utilize a Bragg gratBAGKGROUMND | asers (e.g., distributed

Bragg reflector (DBR) |aser or distributed feedback (DFB) |asers),
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tuning the gprati ng strength (K) using VLS nu?acturi ng techni ques. BRI EF

DESCRI Rein@NndkctdtiEuiDRAME NGSg [vefJ4ige Endlo ditegaticen GfLIIhmapufestentgi nventi on are

illustrated b\é way of example, and not |imtation, in the figures of the

accompdriy Yt awi ngs, in whi ch: [0005] Figure IAillustrates an isometric

vi ew ofjggoFor I ugeiirRdl &dtirhagiBatnahéiAre tbnPEHAcHRHEen WidioR @M@hgﬁnt ;
[0006] Figure IBillustrates an isonetric view of a corrugated surface
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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 (x) 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;



an enbodi ment; [0009] Figure 4A illustrates a plan view of a corrugated
surface grating, in accordance with an enbodi nent; [0010] Figure 4B

i Il ustratwe 2aiopi1ias27vi ew of a corrugated surface gratingpcCrrsaconedance w t h
an enbodi nent ; [0011] Figures 5 is a flow diagram of a nethod of formng a
corruga surface tin in accordance with enbodi nent; [0012] Figure
6A il Jb&?’ﬂt eth%uEer ISERES f BIREIVIQY & BRI %rﬁrecgra%% & agEdanas Wéha pair
of gratj,nghubdihaftsS i n passive wavegui de regions adjacent to an active
wavegui de region, in accordance wth an enbodi ment; [0013] Figure 6B

i 11 ustrl80¢ a Ergussdselbisirarak planeicwiof a cptrogased wrﬂe@/gmang,nnlamhrd@ca pair of
gratinqwq%rrorg(% gassrve wavegui de regions and an active wavegui de

regi on, ViTh¥LEB4E % with an embodi ment: and [0014] Figure 7 depicts an
opti cal[ogRTMuUNFRakd MY iIBERRER phal i agaao@ﬁ%Eaﬂ Jukfhc® raﬁ{g%tlﬂawor&wé ces
|ntegrated together on a common substrate TAI LED | PTI ON [ 0015]
Enbodrnﬁmhén@mb%hﬁm@M/surface corrugated gratings, their manufacture and
applrc angn re descri
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i's "nanﬁ@m&n&ﬁﬁéanmh@<gﬂﬁhhﬁ@nmndth is narrower than the w dth of mavegurde
on which the grating iis fornmed. [0016] Particul ar enbodi nents descrj bed
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in co .S I For
exarpl o o A AT RS0 Pl R R R BERR LA SH:
srI|conwbaﬁmdm@ﬁﬂ1andnﬂﬁﬁmbﬂsers a narrom/surface corrugated grating and

the tec ues _desc d herein may be readil ted to.0 r integrated
opti call B@Lﬂpongra%e This BITAES & TS ORI e aT i FrCéarws&rfm%a Pifters,
si gnal  FoRdidl RiRRkSin fakGve %Qvégﬁ'?der élbﬁé"éﬂ?lganda%ﬁ% WRLdRMe RERIQUS specific

details are set forth, such as specific materials, dinensions and materi al
paraneUec@ﬁQME\mﬂDMpﬂovM@mma tibr ough understandrng of enbodi nents of the
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avoid qﬂ@ﬁ%@ﬁ&ﬂh&khn%?ﬁ&d&@ﬁﬂx£BﬁaQbﬁﬁ@ﬁﬁmbﬂMﬁ@tlOn Ref er ence throughout
this specification to "an enbodi nent” nmeans that a particular feature,
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 lasers, 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 details are set forth, such as specific materials, dimensions and material parameters
etc. 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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structure, material, or characteristic described in connection with the
enbodi nent is includedin at | east one enbodi nent of the invention. Thus,
appear ance® 20fo/tie7phrase "in an enbodi ment” in vari ous Pplrasesiookssoughout
this specification are not necessarily referring to the sanme enbodi nent of
the inventjon. Furthernore, the particular features, structures, materials,
or char8ét lsvttone EwbREYBLO LR SER 1 %ya%ﬁ@amS@?M?sei ' Bhe or nore
enbodi NBfieRlimédr’ NS Blag & RRUUAGRNES 9R%ifdfbn BREM: hb&s SMPPHIrERL S MY be
conbi ned where not nutually exclusive. T0017] The terns "over," "under,"

" bet weehs Sanamembahihertofibenviros Furtbémporeghaparababt feetupssitticonesf one
menber with respect to other .nmenbers.,.As suc f or exanpl e, one nenber

di sposdl Gyl B THSISHS SN SFdt REMB iy P}&%ierf&%m TP BRAE with the
ot her nRBHYRIIMEts. TRYhAAY 8156 BE uRlcrfBHE tHah§REMRUEND IBIMEMSy bMeb@BIed, one

menber di sposed between nmenbers may be directly in contact with the two
menber svisire pelymizgldy efrduséve. nore i nt erveni ng menbers. In contrast, a first
menber Lepy @ er. |5 Nl ntipate cont i.L N t menber .
i 11 da Ty TRERPES SFTe b T oD e e B b R T TR ey
menber gosBioplodvhel a@dnmbdsswith igpopes athcomembes. PIsucH, Tetkxaalpdd, iovie nienbar
substrate common to the nenbers w thout consideration of the absol ute

or i ent HEN9RChLIVY REURIHH &RQtheramenbsrandebedirqety B pontgat aith the othst megben of  an
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depicte e narrow sur orrugated grating 1 I grating 115
f or med rhymbars magadkidigctéy maohiaonwoh theaweguéereerd é0mey daveorsudrsiorat e 105. The
wavegui.de 110 has top surface.111 \é\@l ch has a wdth WAG. as .defined by a
first \Aﬁﬂ?‘évgeﬂ}n@én%fflﬁf‘é%a ) COprgsta frsh MeMbSh P\ EGRURLP el \HRRE  ur t her

def i ni ngntbewlth bha®tecohd %nﬁ)%ir.gﬂﬁdiﬁgn?l@e iﬁég%ﬁti%‘ MRS Endenchilewadn s 112

and 113 may not be precisely vertica .e. orthogonal to the top surface
111), trhspeed tdtothopmEndfers i gravagedsassfraiog opdrbtipss ars perforaredirplatize toee wavegui de
width. Ip . a particular enbadi nme t he .width IS t ween approxi mately
0.5 and BB ERItREY e AN EbousdRutlsgihdi® e B EE L PRI and 2
M Typubatdtyer me@b@ki Ng Will be fornmed in a portion or region of a

wavegui de whi ch has a constant wavequi de width, as depicted in Fig. IA
Howeverl0018] al Referang e ignifbdinrisamairic gichaefranexsuipase Barewy puUdeced grating i s

ored ok AUSFR AR AR LRI R BRSO,
the ar tgrithig Ciorfotigat Bdcatightega goaionngsvave@ride KEplee a ssbinater HSe THS may be
composed of any mterial suitahle for inteqrased optjcal component .
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 um and 2 um. Typically, a grating will
be formed in a portion or region of a waveguide which has a constant waveguide 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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enbodi ment, substrate 105 is a bul k substrate conposed of a single crystal
of a material which may include, but is not limted to, siliconor alll-V
conpound wWerrnwona@izct or mat eri al , such as i ndi um phosphi dectius®)10/02637anot her
enbodi ment, substrate 105 includes a bulk layer with a top epitaxial |ayer

composcttbrs HIGmBIEDkAy (kM [rioRt erbafiri onb ey 15CRIHE AN IS ot

lim t edyipa tod dpitaQial RYerFolrhdd o ef HERRMO Ay &€ MTh GRBEYRE BMbOB KA, Mo bt | € the
top epitaxial l'ayer iS5 conposed of a single crystalline |ayer which may

i ncl uddaydvus cangpasod of & simgledristllin matenal wlriclamal linoludso hpos ndt lseredconduct or
material,. |In _angther enbodi nent, the t iLtaxial |ayer. i.s separated from
e burwiseager ;Y ShmpRegs waRrngurAE T Sl Bon Sy & F R on o oxi de.
si |'i conoRipokdddsr k1S tlyls@AmMeaxper Mibidh Mgy (nRlde, BiR i ®tMndted to, silicon or a
silicon-on-insul ator substrate). The wavegui de 110 may be, for exanple, any

of t hodd-Wepewpandscydeenduples materieh ki apgathes cnbedimisat, heliep epitaxiadscots may be
ot hers i o) 0] . The grating
1151 mer DR fdat 88 SR b Gt B oI G, Sl reBiRRbad e U0 "
f or med silidoa nlithielc Wad sit ubrdexyt-miri g fa aefolhh sili @ngnaingiilator Rghstretd®t The LQ The
grooves G - Gy corrugate the top surface 111 of the waveguide 110

resul tiRycerdpdl9 BYY dCalor sryapieny o thpse Slasiakideseniladiay cangidates foy e
bet ; i i nd f
e me%u%&&t@[@@%ﬁﬁa;? e %@thﬁo@hfﬁgﬁle%@kﬁdﬁ%gprWgés%%, ét@% I naex o

refraction in a portion o e wavegui de 11 ooves - G have a
grati ngop2djch dhe petingd |5 RElwdes e lplurdépefidraogesincladingdiroerts Gic@n (e uni f orm

or graded, either localized or distrihuted in a.superstructure. Certain
erbad Eieh S fimeooghS Pt ety shdtrend | efeacer i Bhl Le nbir ooves

G - G afodcsld edGf ERMchRanOTdpant@atd PN SaRrt Gheduidy FioGesulthd in-Rriodi@" OOVes
are non-orthogonaT tothe length of the waveguide). The grooves G - Gn
have a aengeyettiodgradept MdDB i @t ridgegdwerainlthe giogmes fovamglaBrlagg gratingn t he

i b height H ith, d dept hs i j i h. |
one entaouive henisS B RoR RLF pePa SR T ETUr ) BoRhsEDeditn Ge havi ng a
wi dt h afavbetoneRg peRbPYérRl Bl Which, ddpdhd i@ cnghid dirhéht h@inPrtunHB R or

approximately 0.5 nmthe depth DG is between approximately 10 - 300 nm
[0021] gmadedypndhathes loselizeidor Hisgibuted intarapefswesiers. Gertaingmbpgiaerys pengt h

di mensi I Al e e d rafti jod, PG
The. or Ares atEbdy S 5! RN a5 B ol 0N S BB bR

ri dge |dep@tdd)indigl 1tAh@.cqQpadavagaRabohatthapchal & thbdsmptiosfthawhuagidonTaé t he

smal | est groqve spaci ng and the small est groove imsn,%i e, grooye

| engt h)STaRYF SuatPen V6 QIYRHm qrath Be Mivd reerse.y s @fr(‘)lgkw(llﬁﬁ it e &pc) e
decrea ggrh@mz Rth %fﬁl %ﬂé"?ﬁ% he@hpidcﬁéa%? gfﬁhg%tr&%mﬁlsoﬂeaén%di&&& vhhere

particu grating or exanp
the grating is formed in a silicon waveguide having a width of between approximately 1 - 1.5

um and a rib height Hg of approximately 0.5 um the depth D¢ 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.c. ridge length) and the grating period and is
therefore a function of the smallest groove spacing and the smallest groove dimension (i.e.
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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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 nmand a 150 nm groove |length (90 nm
toot h) prwoizdesiizs2duty cycle of 37.5% while a 90 nm gr o@ce/usengiobe4ps ovi des
a duty cycle of 62.5% In one particul arenbodi nent where a grating is
formed i sili nvvave av1ng wi dt h of g I‘OXI ely 1 - 1.5 mm
and a rq"ﬂ?tﬁgpaﬁtw e Hgray Fhed @ ast Q\*}"f‘ﬁﬁegkuﬁé g&&gl"lh’ﬁ rugation depth

DG i's appfxhigle V1 2Qm a&p&)rlﬂ ﬁbl\gﬁt Hsof%r&aﬁltateﬂgo kengdtihe biihs

approximately 1 200 'nm and the plurality of grooves has a pitch (i.e.,
gr at i ngopegitonh ®R@jh O 1saqmr®9nmmbel(y 1(Hmmml©tmrafmg Engthdnpisary enbodi nment

Lol ecorRBANFE ) FTZTA a) HSHE S RERAr < BAVLH gt e p6tO2Po of

enbodi Mpptckimatly ©BSt250Men. 0 hit BRrBFIOEVE@SbIdimEat iHR8ll SuiiddbPinferiteqer than
t he wavegui de wdth. In the exenplary narrow corrua@ged surface grating

100, eawhicdiwavisuid applicatignson tejeesoverniptions uilicng a WS hammenkinalt han t he
vvavegw‘ﬁq] g h WAG- Cenerally, to achieve a reduction in grating
st rengt su shtantlally all of the grooves G-Gnh are to have a width

nar r owgoo22jan tihahb@fimths, avdeasgetictd thdaoeverG,-GhRasts wittli aredwdrhRargthooves
G -Gn may have a width WG equal to the wavegui de width w thout departing

fromt w&a@gvlﬁirs vigh. dn Higrxempesy PargY edreasaesiags ereling | 4b cRENef tAS t he

nunber i § h e th { vegu, gth is
suffi m%éﬁa %%@%\%eaﬁlwggp?@%ﬁa cﬁ%&re uc??@geﬁ}un gractipfr?gast r@gn t }Wg
parti cdcmeveamtﬂlicﬁmhgraﬂﬂgﬂfengm sudistangalst albabthofrdolves @[ﬁa\a&stmhavaa narr ow

gratin re of a th narrower t t he wavequi de. |n further odi nent s,
Phe v gy opeiovfiafsm by DY cgh B e P TR e o S ety 1Y ¢ ne

waveguiigee QWléﬂRWB’éhlﬁ‘@tt@{h)é &aﬂ%g&a@%@tﬁ%ﬂfou{ depBrtind fAgh @d sﬁ)ﬁltr@\é%aﬁ‘owm
width). In a particular enbodinent, as depicted in Figs. all (or

subst arrorakitpd aurfice gratinges ot asrﬂg;e gmmbﬁrﬁ th@ grapvas G igawhish at@eetrtovvﬁr ™,

L enot n bt s S RaeRERE ST © AHERTBMBLERE R R

i ncl udgs patticuRasinbodiencaifsQRMefdE, adldabtdtsh, bEHS ghdbabs Bra Rk glalin®f0Ita t he
wavegui de wi dth. Thus, for an exerrpl ary waveguide that is approximtely 1.5

mm wi dewi ﬁlm?émwt@@rthwethdeuéaﬁéﬂle@ eabpdignontuthe Widiheofs muatiiyy thé dt h
| ess t;bt%ox%g‘i’éﬁﬁarﬁov?e?t %é Gmﬂ{l f{h% dve ﬁ'ﬁé’%%@% @t&g;ﬁ%t ‘ﬁ’mse% RAGEE

corrug grating 1 n es a eas e gr eas{1 59 of
t he V\/aVaagagbd@z mvdtarsaﬁatwmh)grheatpemchlrmaem%&ﬁmht Tahdema\é&guF@e M ﬁlﬁdanW\G
Thus, r an _exenplary waveguide that is _approxi mat 5 mMm wi de

narr ow L (P sbstaptiplh g Riod dhegFratinghgroquth Gn-HaOeeating %?@ﬁinﬁ L mSﬁe%@F%Eﬁveabout

75 nm aa'ﬂﬂrolmﬁéte%e same narrowed width along the grating length L.
[0023] In embodiments, a narrow surface corrugated grating includes at least one groove
of a width less than or equal to 90% of the waveguide width. Thus, for an exemplary
waveguide that is approximately 1.5 um wide, a narrow surface corrugated grating would
have a grating width less than about 1.35 um. In a further embodiment, a narrow surface
corrugated grating includes at least one groove of a width at least 5% of the waveguide width
but no greater than 90% of the waveguide width Wwg. Thus, for an exemplary waveguide
that is approximately 1.5 um wide, a narrow surface corrugated grating would have a grating
width between about 75 nm and 1.35 um.
[0024] Narrowing the grating width to be less than the waveguide width allows the
grating strength « to be controlled. Hence, the reflectivity and bandwidth may also be

controlled as a function of grating width to provide an additional degree of freedom in the
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[0024] Narrowi ng the grating width to be | ess than the wavegui de w dth
allows the grating strength Kto be controlled. Hence, the reflectivity and
bandw dt hwoayioal1g27be controll ed as a function of grati rgTMiSdale/oe@79pr ovi de
an additional degree of freedomin thedesign and formation of a surface

corrugat ed i ng.. reflect|V|t of t ratin pproxi nated in
Equat i Sign 3 %qm?aflt)m? Kpyrface fy%&grﬁ% ji]lFF‘elge&F%H‘il‘%{f P%%tgrﬁu(ng ., LGin
Fig. | AbprdRXRgel IR @lioandad i €l d simulati on data for a narrow surface
corruga ed grating are depicted in Fig. 2. As shown, the grating strength K
for a grating patterned on a ¥ 2 fwWiide, wavédui de i s nodel ed as a function
of grating width. The gratl ng strength was exper| nmentally determ ned for

grating w dths between th the gratjng strength reduced
from 320h<sed 18 theerateg 1@%11 Kﬁrg gLatHi H@ \Wt ﬁxmeémmt% ﬁnci figlgysipplstipn ga g

grating Hﬂrg)t\xhsurkaqg%§h’g§ﬁ&? f2hiRg a eé;; ﬁd ﬁ lﬁgsiA s B&zh NGe beﬁ n%"s%ﬁ'gtﬂf the

grating to control gralng str ene"f|t el n
i ndeperfdentgrafing hatanat omg hbtioh vHGe ovavtggmde ng nebelpted £5G Wictibn aif egraa(gh

di nensi onal | rruchsmalle t han t he equi de. th WAG t he
ol ot AR g HaR AR Pk st SR ALY A THaEL g%%ra%&ﬂf{] i betagn 13

lim tat|HRgd 83 i, FRE ke graﬁﬁyst&hgﬁh'r@&oéa HRRYLID éf ! TRARE 2k BYatt@rwiing the
grating duty cycl e, for exanple. In certain applications, grating depth may

be so dadEBIcm pl%?tém(]&uhygr@mg‘?veiﬂmrder of tens of nanoneters, that the

O oot b B e RO S u o Bl 1S Kicling fhs SRS bt R PRRBLIE Gyl one

gr oove%treﬂgwe@ tiecBenb et @ft&h@dna@eadm o the\u@htihgdfiRatPeror ¢ePinl.dep@drDeXanpl e
2-3 tinmes deeper, to achieve particular gratin strewgth Thus,

addi t i onEFh gﬁe@@c/ledene@ﬁwp@lbcey@h pralier e thperaveswidcoviddbMvia yrhus, thoai | abl e
with t hrg%)ep Od/f( tﬁ%’%tfaﬁﬁgpﬁ 'ﬁ% g?& %dgc{o%g hglt sggnz sa{nlgq(?mal? 0% QS it é!)ess if tlf%ecause

grating pic tov t\een gratl

substr agretmgasnreﬁgtatls Hﬁﬂyla{edrtgarar}gﬁ@the@atd@mwdﬂy oRyte, der graaipilad dnfo@ftalﬁ| |
gratings to achieve a first T(gratl ngi of maxi mum grating strength which can
3

t hen bePPHeRtioaY e5#Ing depthy My DS el Potsatrly oy ths ordes ﬁ‘glse BAMRSTHG wi dt h
for ot hek (B 3bPYsSR Beéb Réh fﬁr:lgt toFQhtrbNAIE nlRRHORS.. QEhARge. of
h Kma e ar

grating strengt eac I ev y a narrow corrugate su ting
for a ggrvmsgraatﬂmgdmoedgtmmg[sﬁﬁﬁ’@h rdgtieuntflé widte gratves! howeFergzan bA, the
gratin centerl xi mat el igned with the

ongi ¢ GeATANS et HE6T U BEORGINGE S0 (b, Hgebibasebmeruitha s
bet ween, 4 glreageﬁe Thas chdaﬁienwgfe&w d&a @b@'&@@étit@dela%a BRFollablity hd"axlaﬁlﬁble
exenpl ary enbodr ment depicted,” the dinension of Si is approximately equal
t o t hatwigf thg nagow suefaed Qorr)lfgated gratings described herein. Also, because grating depth is
typically difficult to vary between gratings on a same substrate, a relatively larger grating
depth may be provide for all gratings to achieve a first grating of maximum grating strength
which can then be reduced on a grating specific basis by narrowing the grating width for
other gratings on the substrate. For these reasons, a large range of grating strength xk may be
achieved by a narrow corrugated surface grating for a given grating length.
[0026] As further depicted in Fig. 1A, the grating 115 has a longitudinal centerline
approximately aligned with the longitudinal centerline of the waveguide 110, leaving spaces
S and S; between the grooves and the waveguide sidewalls 112 and 113. In the exemplary
embodiment depicted, the dimension of S; is approximately equal to that of S, as a result of
the centerline alignment and the constant grating width along the grating length, but it is

understood that a certain amount of misalignment between the longitudinal centerlines of the

waveguide and grating is to be expected as a function of the method of manufacturing
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the centerline alignment and the constant grating width along the grating
| ength, but it is understood that a certain anount of m salignnent between
t he | ongiwodomall7e2ent erl i nes of the wavegui de and grati RGTIUS2¢10/0b&@7€xpect ed
as a function of the nethod of manufacturingenpl oyed and the tol erances of

the particul ar ui nt cagrying. out that nethod. Generally, it hag been
f ound tqqgﬁoxeﬁénggl%&ﬁ%ﬁ%%#@e podisp af AT CH SRR EYS o af @ﬁﬁﬁofiuﬂiteﬁsflaﬁy’

cent er |t AR%HBR (iR 1634 elsiRORy NARANE iRt BohVUR RO RIBROELTGNRL 40 L he

grating width WG [ 0027] Fig. depicts a enbodi nent of a narrow surface

cor r ugdhegragnannhyassguate ialtverseht proportiondl he thergngdigmeidth Wd. ustrated in Fi g.

A In 15 al terngtjve enbodi pent, the narrow surface .corrugated grating
101 1 ndMA gF TP R IR oL omagoR e eGP e
waveguigernsidt fb MEMbORNRBPIIkERsted i KIQNTA JUPSs NRFdaQB cRbodidag e IS
renmoved to define the grating teeth Ti-Tn and thereby formthe spaces Si

and S dlapRy uHaceearryeategresatinggl 0l dngjudes amtinpects phic Eshasinghidth apEowefen t o

be sub i | it h i: le cl. i At efr Y i t he
or oovedn Al Jalrtelitd bElp i R BHIEER' Rl RIS Sl Rpa PRl
enbodi rertfied thEiggatingAcctiEpan did thetsbytfben geaphdrg Piahd B, Aon@td ity cycl e DC,
a cladding fill around the free-standin rating teeth Ti-Tn may be

super i diFai{ng langth dedithg spaqcs Si and Prearg thsse S epbsatighy filed witha syifble enai ni ng
featur %aaqin%trgﬁega{%ayg SHh IRGRoGRE LUALAthatah Mo, 104 AeRl 6660ed @ B

0 grfo -619
are subst ant e sane as those of the narrow surface orruga]t ed
gr at i nqurd 69 tideeghoddenientrofHigy. 1 A. ADefcdddid@lonlthe grafing phier PErind dutyenycle DGen

grating wdth.varies as.a function.of grating | epgth such that,.the w dths
o “eac sl Hipuih R aE GRog ebek- bR B et et i roing BUIR Ugar ed
grati ngh@gf‘oo@@ai Gab), oFﬂi%@'lA. S4¢ herBai@lBtb NG b HelafbW Qrfabd QMughir@ grating
strength To be varied along the grating length to provide an apodi zed

nar r ow guffeadd-deprotadgattegl 1dy et iswlgptansiphp the sofnerae thost nfjthsindeoivebrefagt r engt h.
Such grati n% ¥m dL[.h iﬁﬁﬂ' zatthon caZAbe used to change the reflectivity and
bandw dt’HY8#°t BE"P P64 b8 nsertion 1oss and/or smooth the
transmgei8)n spestifrther MaBodiaich© ﬂlecggaﬁﬂgewmﬂabéﬂk@ aWh Gt WEoMBIAtIRE gele

apodi zation of any type, such as, but not |limted to Gaussian and
r ai sed-stethabthevodthepf Fch. greovelip dlaa plutality of gpaveswmakingofd basudsasodi nent of a

gratin ' ' f - . ' ] rating
982", D%l gl ARl ARcha 5008 SAULUOALAYMOALLDG R BRIt
varies Her\ggfe&rv]\aowg IN]}et gratidly IWhgthad pﬂgfidfmh@baizbdh_gaﬂrmgﬁr}ﬁade@orrﬁgﬁtbd)ﬁglhnghe »
grating w dt of every portion of the grating is |ess than the wavegui de
wi dth \aeeble Pﬁé&é@é@%ﬁlﬁﬁﬂb%ﬁﬁ% Neneh gegng Padthiapodizgjionzanibg uggdyigchange

embodi MEOLFSANE siRGHwRlh bfhc QRANKES rIRKL MEetiBn 14 a86/BF iNGb TRy have a

wi dth equal to
transmission spectra. Modulation of the grating width W may provide apodization of any

type, such as, but not limited to Gaussian and raised-cosine.
[0029] Fig. 3 illustrates a plan view of one embodiment of a grating width apodized
surface-corrugated grating 300. As shown, a grating 315 is formed on a waveguide 310 over
a substrate 305. The grating width W¢ varies from Wg, miv to Wg, max along the grating
length Lg. 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 Wyyg.
[0030] In the embodiment depicted in Fig. 3, the grating pitch and duty cycle DC remain
constant over the grating length L. 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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t he wavegui de wi dth WAG [0030] In the enbodi nent depicted in Fig. 3, the
grating pitch and duty cycle DC remai n constant over the grating length LG
I n ot her wotzoiimeswrs, however, both duty cycle DC and grafriusgomiocdsio W may
be varied over the grating length LGto potentially provide
greatercoupling-caoefficient variation that woul d .he possible through either
wi dt h &Ouala@%zcwﬁ%mﬁaaaﬁl%ﬁ ﬁhahw@g} ba@ﬂﬁsg@e ﬂg%ﬂbe.lﬁﬁ bidih Rr iets _
vaveguiggd fdidn RayPRhidve Rk ‘1”%@@, &?%@ﬁ %vééﬁ?d&ﬁf 1@t h Egrti‘&)ill%-f whitd @nelinng 415
has a constant grating pitch whil'e the wdth of the grating varies from
WG |t chi\Bapng 4 I NG Be alabng4t hbasgr conbiagt ¢refag pitchTiMe winlathangidduoitheycl e DC

| ies f DG t | the.grati th [0031
Anot hert RO REm Wondy e §ries R B Ao Goeh 708 2 shPURE BF wi ¢ h
a nmodul oedhrids BbhICPRy hodiabongohd el @atgiohe®itht he grating (e.g., chirped

narrow surface corrugated grating). For _exa;g) e, Fig. 4B depicts a grating
415 havlflla gimatotpr windpAmgat. @aygp grating wiathys uttligedys, copftincdonr wethgr at i ng

peri od i . ) r i : t i.ng period is
o aded ToUES bl Pt Bt il 0L AF e ERRRE L e BB P oo £ e
spect r warfugatgd grabih@prdesticRgmploeFipedB depied aspetirior 4F) haivingeophtimcividdin whidhh t he
grating having a fixed width that is | ess than the width of a wavegui de.

[ 0032] VeHCeBBdVre it Wanteleihs @ting netodoeries fiongla €a Pgealt o§cdescri bed in

refere otdﬂngrhgﬁlhe %r‘atiﬁ' érgoéi%%}a%&‘ﬁf’a | hihdRREGH RIA fRfy. Masked

! hglaité; &?ﬁ !
phot ol i t hogr ap as na vant ages over typical nethods of patterning
gr at i ngsfledgeittiamsmitial pgetaphi(cg( brkdefieg threaef ccaaikspettachy inrvobmantigatitier ni ng

t echni ques. .For exanmple, n ed.phot ol i t hography has the advantage of being
2w el S BiRQDRtInGE B Chai AEL 6 FRnph DEGSETEaNE ALy m of | | Chogr aphy
of fers phg)abi I EbdBmERE A nH& sPFaldabHA¥REd bHRA BcdViBLE Bl reR@MRAY) de

al ong with adequate alignnent to the wavegui de. Ho%ography techni ques, in

cont r adtigs. deABnsipaticrned witlomagkeed tpdotolitip gaaphy ntMasked pimdelithegrepinnhacnays very

| arge area (e.qg., an . entire substrate), while Ebeam witi is arelatively
S ow posERubditit FBieElhbaRe HIRHERIE] eralfy, fuclaS BRlobfrblc Wuirtesfnds Tt peu
phot ol idnle@icaphycah paxt@nabli@mngfuas.i Rg e&aﬁlPﬁghllasﬁeq phstolithipehphg hdi fer ent

val ues across a sanme substrate, thereby allowing grating filters or mrrors

to be tadiemagont beiggaevidely wapleyshythEmpeyfaetaring processland dipbremis on a same

conponah ol it ARy e’ LRI VAR Phich G 3R AL S,
phot ol iddbggitapipnnicat fatle $A0e@fidd. dlsloggphy reahfigiess ir fonaestcgunetdigtrelgt ogr at i ng.

The net hod 500 b,e&ns with provision of a substrate at qperatiaon 501, such
as any PSHCHHsE 1§ [eFgnge pattcsh aggpsYTataEea s %g-F?Ibe.n“Ir%.SubStrate)’ while

Ebeam writing is a relatively slow process with relatively poorer alignment capability. Use
of masked photolithography also enables grating strength to be tuned to different values
across a same substrate, thereby 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 same 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 operation 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-



For exanple, in one enbodinent a silicon-on-insulator substrate is

provi ded. [0034] Next, at operation 505, a grating having a particul ar

| engt h, pwoizoth/am7wi dth is patterned in a material | ay®CTOSRO19/0264779 r st
phot omask pattern The patterning operation 505 may i nclude any convention

photolith roc S known in_the art odi. rrent 193
nm | it tf&@?ﬁgi)ﬂ priy @Hmlgt%é%urstﬂ%@ & P fﬁﬁlorcie{f ﬂﬁé(? afagb

ar ec apag?atﬁlgqfvlﬂpa 'sﬁ'ltﬁ'c[bﬂt sadd eige re)fn tH aﬂdeaum Foak EE2 50 lﬁﬁy‘fo@ 8n Qptica®n 1 he or der
of 90 nm to print a grating Wth a sufficient period .g., on the order

of 200 Wwegmlde B@med)in ﬂwrsﬂamn@pti idesignagaioe theingeniha rlﬁé@nmnmvh:@ngth utdgad and
desi gned f‘or t he nom 1550 nm wavel ength utilized in optical
conmuni'¢&P %aﬂCOTle%‘ﬁa %us in one enbodi ment, at operation 505, a SO

substr gp@33]s CORLEG Yhd éin@od@@@ﬁtomfahbﬁ@ob AYSOI bdra¥ RosAdWitha 193 nm
wavel en%ph el ectromagnetl C energy to print into the photosensitive |ayer a

grating msg@ntwedman@ﬁxmséd PithsiO3 prowarrieneth clepierndiangtio Aarie et di ment
the gr %ﬁiogr apﬁgﬁés%mm gﬂapﬁg gat? %é%g%ﬁ L A% gfcﬁoﬁl%ﬁéa%ep% &rﬁg Rgs where

narr owe rooves resl nar r oned
gr at i ngh¢ embddiaicet, te grﬁ)uinmﬁhtuem e bs sitlsdr baé @Jhldhrpl‘ehﬂétﬁfesﬁﬁﬁﬁnmtgh evhtiar st

phot omask may be a bright field mask (nmasking only a portion of the grating
and an naflrr@aveé ZFAWEIZI09VEP gerto PR sichedhar iRaiverRjllpgeyhess na&fﬂ@dka‘raté}gde%@r@ fo

(eXpOS'fBgnéH%%h@s%‘Q{rﬁﬂeoﬂl Gfndk @% t h@HrdPhotohfiSk R tb%%%‘%%i ¥ hAxer is then

devel oped 1nto an etch mask an e pattern transferred into an underlying
i nt er vaniasignp anlyragsictidraythe gratidi med th wrea ntighttyhlergeathag mhaj\ea‘k@}aeie) oisa ng any

etch prpce t or dry, known.in Fqor ex t op |Iicon
ayor " GRS (Bepvid ealky o Hea b2k LieR B EHaNG IS R B L ern of
the et clavABKd inf £h ét@l?nﬁ'sll hr?cpt'ﬁe haY&h trahffeR B EHPRH e PT?H{gﬁnte@veﬁ Qigbl e
patterning nethod is enployed to reduce the pitch of the grating bel ow that

of t he Hardmsaskpiner ondiséctlyAntp thonwespuiderlayerdomiglasy pehtpsoassngyetret iyd known i n

the VLS| art.s na ed exenpl odi ment the .exposed

pat ter oeE R4S R GRRE tor P TR S naERER T e o AREr T e

formed tams@t theeiratsigdaitte dfe BB knakR}RS thetsgomBgler! BY®ind @ytedentand t he

spacer then used as a half pitch mask for the et chi ng a g?ratl ng into the
9

subst r #toablegagierninggpetdpd iscammplpygdetp reduce thoaritch gl sher grateng byle st of thetfhat

exenpl ed i t

phot ol 3{ ogqﬁa giéhI%&??@%@Hﬁ%ﬁ%ﬁ%ﬁ]ﬁa{ﬂﬁhﬁﬁggﬁﬁg kﬁﬂwﬁ\c{)ﬁg% k\¢§§II agtﬁerai{]lf on 510
after tdm@lgyealt i gn@aztdnqﬂﬁrylemtfodrmﬁ, the e@ds@d’ﬁitte@tvsrtran@ﬁ&rred) intbAnt he
substrate ilicon |ayer of an SO substrate). The second

phot onet8iey xmap fch ﬂé@&k ?wef,r?e@pweéﬂs ogmpaer eierslcalle mpk lesFeGa sk pat t er n
enconmpg rtréa.‘iﬁowdagﬁd]th %bac%r theHQY&O4! aqﬁlm{chqﬁa@k leSr RO %thn%%gé?ﬁtn?gnﬂtdaﬂhé Y

wi der t
substrate (e.g., top silicon layer of a SOI 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 layer over, on, or in the substrate (e.g., top silicon layer of an SOI
substrate). The second photomask is aligned to the grating pattern to have the waveguide
pattern encompass the grating (i.c., waveguide pattern is both longer and also wider than at
least some portion of the grating). In one embodiment 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.



| east some portion of the grating). In one enbodi nent 193 nmlithography is
enpl oyed to pattern the wavegui de. Steppers at the 193 nm|ithography node
are capabWwe 20fo/abs2gni ng t he wavegui de phot omask to t he gcatise@opbaromask
with sufficiently small msregistration (e.g., on the order of 100 nm that
a wde range of grating widths can utilized for purposes of controlling the
grati ngasiher BhRGENE qt‘?fn%ﬁ% PEftEy rs{é‘i‘?’?}’ér é%&éYW°u£%@%%Wé BOBHENERYOL® fir st

pat t er nedeRnd ho %Jagégﬁfldlé"'lgecgﬁ’stettﬁé fkla%%ﬁz%%’a@l@% U¥n@bkioB966ht Qrdiing aneyeaui de

pattern and printedas the second photonmask pattern. However, it is
advant ageibuschiaycpatither flattcheulgtratcisngfagri or to patterning the wavegui de

b &t f th t |
noh evdd0bflc n° A% Bt R b bR LR BRES st R P T PRRSESE b
the graing @nﬂle& BEn RN B ipElR cssTTRE STaHe @Qoeguﬁmamr%mm@ﬁﬂay&wn pairt her

conventi ona roce55| n]g of the wavegui de and/or grating may then be
c,

per f or msgfor acl@ﬂ@aainwg h%fyrm@i afr@mﬁekhea\ra@egmdq e gialegyui de and
gr at' ngf 11{1% el grilgox;e@?incg/ Pgl}gﬁfsuw \g%c;iees i en : ng;chtaﬁ‘f r?J(l‘ 81f e&ﬂ?thg{ ating.

mater al X CO
d e p en d qm)wdﬂs @lﬁ@cmi&tlﬁdelxaionﬁryﬁ t &rﬁepéﬂdleht&ﬁdthé (Matérhﬂ sywaate gtilighel, fofﬁihy b e
enpl oyed for the c]adding. In one exemli) SA enbodi nent, the silicon

wav egui Y CaYids maxbq sraplayer ok itheerledding. lngeg e%@&lt&%@@h@ﬁ@%iﬁ%@dhae_ and fill
the gr astlﬁc%g v&fv@?t}/ i8S usels sﬁfboﬁldtécﬁ{ ﬂﬂfvggdg%a?g %ﬁ%@%ﬁb%@iiﬁuﬁéﬁld'fﬁl k! Htﬂl d as

cl addi ng on I con wavegui ace corrugate
grati ngocamad rearhadcsnated S@I emberiinegt; 8U- gutihimyd heclagbhg eda ksidican nunber  of
opti cal ‘pE i.cations, such as, but not limted to, integrated optical
grati ng"4Btidfs and int egrat ed optical grating nmirrors. Integrated optical

gratin F OF §1ERYrdAE stHPs 4 tihys 4Hdl thétB&Ss tbForn® htirfpRlmdel L1 es
of DFqumg]DBR I éarger(gg&[l s Cg%g tgdgél % %{gt réattgtgtg %r ogl?hgggctt@gnaaﬁad\él ew

showi ngpphed ©rdoooilree of omﬁcahmpréicemns; shlay, fug npteldmiwdonos thtegsaticd opiehat t or

evanescent | one nar e.corrugate rati ng.
The dodhtina it B Rl BEoftica AR tind Bt B oPht SEERRER FAE' of % ne
hybri d teafde @pslité0ly (@ViaBeecBith obfss tadiiieh SHEB BES DBASIasdiown, DBR | aser 601
is i ntegrated in an SO substrate including a single crystalline

seni cod@03%lor Fb%_/ en ilpgrajgstarrrassogetican] virvddovagemegphodigb 96dn bet ween t he

e conduanayeykd Bo SR P ETh e st Bluagdonh o AR GEHIRE. (Ve
si | i conurfAse ddmngﬁted@mtm@t iThaldepiated grosd8c G i sakehh a@mﬁ@ longituiénal

sem conductor |a 603 t hrough whi ch an opti heam 619 is directed. In
the exdipicEMaq ﬁ%ﬁth}é&r@oﬁemhcomﬁ@wmanwmda%er a%s@%f@t}%% Soshopg, PBR; fgser

vaveguidigis fiddrRte MV O8O H§ibsPhte iGudih K8 sinffR PREIGAL sén¥bddiictor layer 603

with a buried oxide layer 629 disposed between the semiconductor layer 603 and a substrate
layer 631. In one example, the semiconductor layer 603 and the substrate layer 631 are made
of passive silicon. As shown, an optical waveguide 605 is disposed in the semiconductor
layer 603 through which an optical beam 619 is directed. In the example illustrated in FIG.
6A, optical waveguide 605 is a rib waveguide, strip waveguide, or the like. An optical cavity
622 forms an active portion of the waveguide between grating reflectors 607 and 609 in a
passive portion of the optical waveguide 605 adjacent to either end of the optical cavity 622.
As shown 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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622 forns an active portion of the wavegui de between grating reflectors 607
and 609 in a passive portion of the optical wavegui de 605 adjacent to
ei t her emdoabihes2opti cal cavity 622. As shown in Fig. @&T/usedlomedsor s 607
and 609 are Bragg grating reflectors and in a particular enbodi nent at

| east q f the reflectors 607 .and 609 is a narrow surfagce, cqrrugated
grati nd_ﬂﬁ%\(ﬁi ngp\aﬂ%?aaamae@m Sigbendednor PRI Y 1T anpfézgspgtélepom on of
the optdaRlonWRMETULde08Q%eross HRM G FaKd Qiljg%)ri]dl?eﬁat%ﬁ\\&h%éﬁicﬁé 6@9%&?%0@%

herein.[0040] A I11-V gain nmedium 623 is to or epitaxially grown on
"top" of gaihmediami-somdemtuotor nmyearal 603 fape 1633 s Inthrtacettdp extshdsasldnathemiphicalg

opti cal_wavegui 605 to provide a.gain nedi sem conductgr . mat eri al
bt er 1 a8 608 pRalS B RSPl ph B R g B 505
par al | edxaflet R gdid-SeliuesdhictHRPRY alak@ial fiterfde 69 findvahermnt@bdiplidgn one
exampl e, the &al n- medi um sem conductor material interface 633 is an

€0

evanes dbigtfagoilipt pyinchde pfbgading hater fagpbetwedn e agivis@adl medipptraettadd2Bet ween
t he act}] [ ' ' - 1.CO to 3 of
opti cal e IRAHIPIE! 6 & ored REehHE B ETHBECCh BB Ol e
t hi n siihiceface bpiictiriclaap@@rsilivonaliddde Byt dllier boidilagordrigeinfcatiec mategial.al . As
one exanple, the gain nediummaterial 623 is an_active IIl1-V gain nmedium
and t heheoeexaRplsy Hiveademedigpt metsrialFd s pmactite IHhE ggigmedium and there is an

medi um 1 190 r J ace . j wavegui de
605 anda’ tg eseggggﬁérfag P%nﬁl%aaltt %éﬂrei%‘F”@%@ﬁb%eggﬁﬁgwgﬁﬁﬁ%?%%éﬁi%g% di mensi ons
of opt ikcalconaliegpiiciewtiuide arand ofic gane mepiuntalateneofDagphdiaglonibeam 619 i s
inside the Ill-V gain diumnmaterial 623 and part of the optical node of
opt 1 calVBeaHIB I RIoA ST e st Sna b el e oaue! Pl QPR e im

mat eri a196Z3sMRYhOAI-§ B FeRAN MaRHIPED dn@ (gRRESFAREoptic@Nnolifof (g[ﬁi_cglpt i cal
cavity 622. [0041] In enbodinents, the gain nediummaterial 623 is active

seni corigant@p isrmsuleitbd ogicehwavrguids 6061 e geimi ngehauncraseridd 423 imaglbgdi ng 111-V

sem conduct or, materi,al s such.as .l nP, Al Gal nAs nGaAs, and/or | nP/ I nGAsP,
and/ or eiecglﬁ?a{llgB’Iuglpﬁgﬁoegﬁnﬁfagihgﬁﬂn?}?O[pﬁlgggcraf'lt‘é%i't hei r conbi nation at

sui t abl[go4 i cknessBsdimbaks dAPiHiE HaNGE Mdt@idl 8DS is dcfiveB@nibad dulc fod ndfterial

enbodi ment, the gain nediummaterial 623 is an offset nultiple quantum well

(MW rsegh el igdlHn éﬁﬁisonworil?r fﬂC}'lﬁi%ﬂthﬁ@ﬁmdmtomﬁf@ﬁalﬁ oweess loP,
P o L B B SRE0 PR S P15 RERLE RGBSR 1 ("
medi um dsaibéatiah abRdtablahickes sacind \depimgtcen¢anltrationsc in @se piMéuland wi t h passi ve
silicon wavegui de based gratings as_ reflegtors or mrrors t least one of
whi ch ieénbo?dﬁawofﬁe SBPBRBUTE SR eI Ol el %@bi)n}ﬂqpéf‘smgt%yfeﬁzlv%‘{v_ ined
‘t’)“e;m g fgﬁﬁr&é P%llcc'([ﬁ? dthggi\é Elti% %rﬁﬁ Pondddl fthafelifdndldI6r LAGkARy bRowDWBksWhd N opti cal

“top” of one or more optical waveguides in the silicon layer of an SOI wafer.

[0042] In one embodiment where the gain medium material 623 includes active material,

such as MQWs and with passive silicon waveguide based gratings as reflectors or mirrors (at

least one of which is a narrow surface corrugated grating), lasing may be obtained within the

optical cavity 622. In FIG. 6A, the lasing is shown with optical beam 619 reflected back and

forth between reflectors 607 and 609 in optical cavity 622. In the illustrated example,

reflector 607 at the “back” side of the laser has a higher power reflectivity than the reflector

609. Reflector 609 is partially reflective such that optical beam 619 is output from a “front”

side of the laser into the passive portion of the optical waveguide through which the optical

beam 619 may be conducted to other components.

[0043] The reflective power of each of reflector 607 and 609 may be tuned based on

either or both of grating length and grating strength. In an embodiment, the power
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forth between reflectors 607 and 609 in optical cavity 622. In the
illustrated exanple, reflector 607 at the "back" side of the |aser has a
hi gher powerzoroafireeti vity than the refl ector 609. Refl e®CHUSBOB/026179
partially reflective such that optical beam 619 is output froma "front”

side of fhe laser into th assiye portion of.the t|cal vequi de through
whi ch tTRECENE © P Dot O9L ceBAnG &t wacd BUBRHar e e £ryiow4s] The
ref | ecty e sRPVRY twdfreA8GHs Ofn 5&F diB6 e RO¥otAME: BABRG0D Gl 40S rips®d on
either or both of grating length and grating strength. In an enbodi nent,

t he powerfref ¢cepighted iyatofs éxwhe dfe griteng seifchgibitbyr gatb@rw alttdinge@enidsnttyuimesd

i ndependent | ased on th r at i.n i dths of the two.reflectors. ln one
onbont e dpfth “Kra® Pubihie HeEhEo biN B S Pt R T ont e
grati ngsith @ fitdd BeatinB &vigthatdsNBarSthe PAGHR Wy cgiidt wid@hWidlchhé RadepePdeNislay from
grating depth. As an exanple, the reflector 607 is a first narrow surface

cor r ugaeendgragornyriare poraugatadgratipeavitihg sedoad sratiag avidthdpsstthan tha passivng

wavegui i AW r QL. 16 J r )

e Sl BsRUFLAE! e LDR Lo SO 0 S T SF OB LR L B
waveguiwidthM ti dne duble csbodindngiefldciy 607 dhd 60®Eavh Hake a sdirer Rhgttlietvesearst t han
the first Br ating width. In one such enbadi nent, reflector 607 and 609 each

have a 3PP8MN ekt arapae Wadh 1slcanidan 80y omhthappssve varsgdswvgthwhich) ess t han
90% of j ' i.dt h whi ch between approximately 1 and 1.5
) R R T e S b

mm [ 00 nt, the reflector 609 is a narrow surface
cor rugdbed]gr atn agtiwir tmbadigrat,ithgrefliectbh60®es s tahaw dubfacpassigaedwastegui de

width while the reflector 607 is.a grati. it h rati.n i df h .

subst ariiiat ey aE A Che Baserve easeydr asthiets e toaBop kit S agrving or
609 i s RiNALFRWe SHEMAGESRTNYIRLA D HeFabdte) walddulddrdiBer i.8TBRYIBROLS. ei ther
or both the reflectors 607 anhd 609 nmay be an apodi zed narrow

sur f aceb090s » ngmdedudrcetdonygatad gaeisg). i Indurtdrseblodimecnire cighar or botb48¢ Fi g. 6B

depi ct I i di . B | 602 i.s int ated i
sa sutsliuds sPhard S a e AT e PR bR clReb e RYEHRE i [ e
buri ed «eindherd lRy&h. 629 di sposed between the sem conductor | ayer 603 and a

substrate layer 63 1. As further depicted, an optical beam 619 is reflected
back arl@043r t hFigetRelsnictsem) digtnatise snvodingneobergiatdHith laspnt G02ap indegrted i622. | n
particy| I : in ennl: . 7 609 and
Phese a0 AaRoEh IR Sl G40 Bl SR TR BRI LB R] Rl 208
wav eguilager 6R9 idispbscdadietwaen GRZsentitorainetoe iayorlo0Bedid, a ubbtfate hger €31 e&§ ors 607
and 609 are parrow surface corrugated gratjngs_for tuning the gratin

i o dtarikp P

st r engtHBY 4Ptadng? RER2hDIATE EdeMASH Rick ghe cwpRoH CHedog O iaﬂ@g
| engt h. 605kt BPRLE caviie 208 fh §4kiRN1aPOfbddmRnd! §rifings 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 surface 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 either 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.e., only reflector 609 is a
narrow surface corrugated grating). In further embodiments, either or both the reflectors 607

-12-



narrow surface corrugated grating with a first grating width | ess than the
active waveguide width while the reflector 609 is a second narrow surface
corrugat edogneilimg@7Wi th a second grating w dth | ess tharCrhus2@onreags

wavegui de wi dth, the second grating w dth being either the same or

di fferent 6égantheflra 6\&;ratin dth g0046%j?ln a”Oth%% i ment, the
ref | octBf BYaavDeniapiies BaFRIe ErPiryatied s ag: aged dslvgy fng wi dth

| ess thgagtive waveguide width while the reflector 607 is a grating having
a width substantially equal to the active waveguide widths (i.e., only

refl ect[@04’609 Fg alsnar Hlosiraionfeer caeonplagatgalgyaterm P L. utilizirfguntelgeted

enbod oth t. ecto 607and 609 be an odi zed
mar ¢ ow G soBneB Ty Gt diPepp gt SE R PRL ey St viSe BRe 04
Fig. 7 Ha$in@Mn aHay%E%@Eﬂrféﬂll@f)urﬁﬁe(ﬁﬁ(ﬁﬁ@ s@ﬁﬂcoﬁaﬁdt&aévaﬁys%bﬁ%s@sl7mtdolupléung

i ntegrated optical conponents including an in rated sem conduct or

modul attela DaSHIYY SORHGIIABRIGE HYPIRVSE. dha0l igsubstrate r7§§ bt ong eehadiment| gachwiped
hybrld t C

e corarbas o 5 afer GEAMARTAR bt AEELGEh, ARIRGS ok B st cach

of the duaﬁattalllyras tib@nlba@ezﬁthaéﬂeﬁylcaﬂﬂflgawm%ﬂnIredumﬁdr|eﬁ1@bhlyndnumixelisé’rybri d
silicon evanescent | aser_substantjally as described with reference to Figs.

6A - 6By Ohiealudes betsolPReAter utiligng aé%w geytingytrongth ppd Dhgdases gtiiziae peR

| aser %%ﬂ g&hﬂg t?edg%’" rtﬁé 1 Qtrét&‘i fle.and éﬁﬁﬁo RRBL sitisthteZ0ABr 1A B
grating eng AN t | strat exanp f e sem conguct or substrate
703 of ikhGoptichl i:]$lp ahmt umﬂmdr:ala phralptytot apt1¢a11 waue@Bda 6 Ar-d105Nyovet whpthiacal

waveQU|de 705 over ich.a single bar of medi um material 723
e bondutPls Birel gainane s 25 Ao P ae r g bt EEER et | cal

bears T Sity of Ealedilbebfie7PIAIL 213N vy B ARLIG A gpBUESL daaORAA - ARSI

respectively e plurality of optical beans 7 N are nodul ated by
modul atromctmﬂﬁ T BN adityoloft MWabl@lamﬂéaAwd\l@Nemgmo)éuI@fedtHyenwlﬂmam ty of

opti cal a Z19A .- e the ti

Pt o Hage g e uisndsibled \GvhbRang SRR BREWLT ol bbeo Biri 1B 7 A R e

t r ansmthéebrhbin@Highvieh sptgl &ldo@bp ealitipleler? 17 w3 otituedsiedt ephiddl besh 78|
receiver 757. [0048] In an enbodi nent, at |east one of the refl ectors 709A

- 709N wlyclalsﬁhmmbeémnﬁmt@débﬁonglgaw&ieg}péltcalr@ehaﬁ ganeexdpragliapgesli dt h | ess
than thrgc\{\%ne]gyl de width (passive and/or active depending on the type of
iCh the grating is forned, as described el sewhere herein. In a
par t i cybe48]enmbadim@anboedimasthatdtast bec methb esflcotoss 7GRN 70TN N hsrr@w Bafacew
surface corrugated grating, one or nore of which has different width than
the ot HOFEEatPheLtiae Raying assingaridth Iseh thahihe weveguige H@h (Rfssvaend/@ast one

narr ow JYi aGRnEAELHIA §c BF BELNth DR%h AL grating is formed, as described elsewhere

herein. In a particular embodiment, each of the reflectors 709A — 709N is a narrow surface

corrugated grating, one or more of which has a different 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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a grating wwdth I ess than the width of optical waveguides 705A - 705N in
which the grating is forned, as described el sewhere herein. In other

enbodi mrerwe,20emp 7827 t he refl ectors 709A- 709N or nul ti plPexars2010/D26¥a8/

i ncl ude an apodi zed narrow surface-corrugated grating. As such, mhen any of

the refl ectors. 709A 709N and/or nulti lex r 717 are sinultaneous]
fabri catpﬁ las Bbtt%%tb%ﬁ%n@ﬁﬂ%tegrﬁteégﬁrgtcga e T e Vol o) R tﬁﬁﬂ? ate 703,

phot ol i hegr BB e BRY aienitin Idazaeﬂ tﬁ&mhlm@&ewa&én@mssn&tmqmlhge bpiang a
plurality of gratings, each having h speCified for the particular

gr ati ngepair averyihic aglef @tlcalhféaepﬁﬁﬁ at:spleads e ppdri ¢lzani Iohb/g e lrgone dxagpte, the

mul tipl etc ] ne e di_ nent inteqrat ed.

e B T A R NS e I U o
dat a atth¢ figgRUycr BL& seRY@NBNEbNSibbtRGL TR AALEEIALIYS mgieeex@ablecat citi@m 721
over the single optical fiber 753 at speeds of nore than Th/s. I'n one

exanpl usoh eptpﬂath dafhiis paylfe tepmsmettad figa dpunigemtommicondggne alpéulgt@a@éwtl-
appr OX'VU% thﬁ% &Q& ”i‘e@s"”cf?ﬁ{& 4 'nﬂnéﬁ%e %fﬂﬁ)'sﬁate%? over sem conductor

substrate ccor y, 1n on an entire bus of optical data

is may qeosﬂr]ansfngt v ad;ofshom thaein thé e@rnaltledf sgidaC oyyebne 791, tiduglat or

mul tiwavel ength laser with less than a 4 nmm pi ece of substrate 703. [0050]
Fig. 7 SSMé@nEngaisubpiatc VA3 e aé%eéﬁﬁpéplst t%rﬁ@t:l&aﬁn gptagabheaps 121 fra@ &y ngl e
sem co etV cal beam
721 frg%#gﬁﬁe ?ggﬁgﬁﬁggffggi gﬁaﬁ% Pgﬁqgﬁgbﬁﬂrﬁﬁﬁ %hhggf?@gﬁg%hber 755.
Ther ef améhodimertththe sﬂanm%nMoaducﬁnbmﬂbstmﬁa 703 tshem dirmgigh c&pmlkyamﬂsmttmr-

substrate.703 is an u ra- i gh cjt nsmitt eiver within a small
Form f decrer wiks omib gt pedr. ARG drirbRa R R e pedp " © "
transmddnghitl? 586 afl’dostﬁuétta!tééﬁatsre%is@iﬁg 3 teXdadld di % %’1 Eth@ ?@Q@a‘t‘é&'ﬂ&t76l It
is appreciated that external optical "receiver rnal optica

t r ans miaxtesnal pHOcatmgeeber @%mdj@deroml aptipalrteamemdteir (759 mam bﬁhveomdetctm rated

enbodi nent t|c bea 22 is received b n t|c

aar r opParasstep s sy R God PSR e Rchlef BRI B o7 Btz i neo
a pl ur ahi dpﬁcﬂfad@mmﬁ@émtﬂﬁﬁl@ﬁer?ﬁ@Awhlcﬁgﬁlﬁis tﬂeﬂre@élﬁ‘ecﬁ@iﬁf&@l' ah EIPhad a/ent, the
plurality of ti cal beams 720A -720N are lit according to their

r espectilyigli @lptéﬁféthqsmbﬁ%e%QNrrhmnw 1y gppadigncab thapfatadiey ¢fr at i ngs
W thin otplﬁg lq)% g 6’% Oz%ﬁ\l Z%%Bﬁfn%c&rd?nsge ‘?ﬁ'elpf*ers %Elgg?»}a%lgrirgﬂs l?y gtlteu(;r%&%y Of

opti cal "wavegui I'SpO ih a
in, se ma&@m@ﬁa(‘)ﬁf catipgtadalr&ing® SvithiOhs HemAiighenil§ and &re thdnl de:t:tl’eat ed

enbodlnent i cal .detectors are optically |l ed to each of
the pl Jhraugwp al&ps@?eatwﬁa%wl%égoééaw6 N7eQsebingethich Ht L REHEV: i ve

pl uralidfy, abmRhicdbr 8BaER: 7¢PA - 720N. An array of photodetectors 763A -
763N

[0051] As shown in the illustrated embodiment, one or more optical detectors are
optically coupled to each of the plurality of optical waveguides 706A - 706N to detect the
respective plurality of optical beams 720A - 720N. An array of photodetectors 763A - 763N
is optically coupled to the plurality of optical waveguides 706A - 706N. As one example,
cach of the photodetectors 763A - 763N is a SiGe-based photodetector or the like. In another
embodiment, also shown in Fig. 7, a single bar of semiconductor material 724 may be bonded
to the a layer over, on, or in substrate 703 across the plurality of optical waveguides 706A -
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 I1I-V semiconductor material to create III-V photodetectors. With SiGe and I1I-V
based photodetectors optically coupled to the plurality of optical waveguides 706A — 706N as
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is optically coupled to the plurality of optical wavegui des 706A - 706N. As
one exanpl e, each of the photodetectors 763A - 763N is a Si Ge-based

phot odet ev0an10ar732ie |i ke. I n anot her enbodi nent, al so fh@ms20m0/086409 7, a
single bar of sem conductor material 724 may be bonded to the a | ayer over,

on, or in substrate,. 703 acros he plural.it opt i cal ui des 706A -
706N t ShPBRn el ?%\ya*@#enﬁﬂwtféa@w&ﬁm Oéapﬁ@ﬁwﬂ%lé%% :eléﬁaq\f\ﬁ%wgem urality
of optigal.tdyavegui des 706A - 706N. As one exanple, the single bar of

sem conductor material 724 includes I11-V sem conductor material to create
111-V dRodHdet Eontwolspun ¢itrulinGmapnaldo b indludsd e dhtpdrated dotostbe oubstraisti03al | y

coupled to the pluralit f tic wayegui des 706A - 7 assh , a

var et ynone sibeaiial bt o pByf B3 RIS SGRer PR et IBR20N may
be det eghfl citcddRT3D nfadyciebRHRIiflctlE i theXiliweY. M & &amphs tHededtrer
integrated onto the substrate 703. In one enbodi nent where the substrate
703 i nciliigdis 63 meiy|bieenstricall coydedyto, cogtpl, sugmstor ardégr, clechital ly pugipranyiof 762 may
be int . djr v il o010 O .t r circuit
e oINS AL DR S L0 R BT SRR s
punp ar 3, tHehgralyasepiotodetdchas (aug.f 763wav &l BNpblothasdekicas ovgtruélites t he
plurality of optical nodul ators 713A- 713N, the arrays of photodetectors
(e.g., drgopcd onte sphstigie W8her devi ces or structures di sposed onto substrate
703. | Th I t ' C ot
ranut adtird and 4l AGH AN AR kAR A0 of hur LRI CAR b lguion
di scl osedptidl] tompgiene micutatientias boén dikdosede sdtitouginvmhbddiorntsaf ¢hdyaesent

descrihed in ban uaﬁe %E%Fiti to structural featuyres or neth olochal
acts, i'Bvydiopda dErSI0 FRGEASE RBOGRG UG dedtigd OF Wet'RECIaBEhded
clai ms Jofy, 194 toRAERAISAIdol Yhdt tHE thechtlod deRReFRARE b fenl QPEIMRSs @bt Rt Saril
descri bed. The specific features and acts disclosed are to be understfood
mer el y lagitqsiatotthaspicaificyfeaynrgs ef adts {lenotibere nktatspeei§c dfaturheany] avtndisclpsedent i on

provided,in an effort .to illustrate rather, than.lim.t, the present.

Prvent o CpdEod ity & birtiiid Geta R ghafions Bond S8 RYGR Mgt ng: o
first apevigecpng FrstioVBushQrs @ MRethah dimitdy pgdseslanv@gibAn 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 one of the passive or
evanescent wavegui de regions includes a first Bragg reflector conprising a
surface corrugated grating wwith a wdth narrower than a width of the
wavegui de region in which the grating is forned. 2. The photonic device as
in claiml, wherein the waveguide region including the first
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Bragg refl ector conprises two opposing sidewalls defining the wavegui de
wdth at a top surface opposite the substrate; and wherein the surface
corrugat edogoneiimg7conpri ses a plurality of grooves for mea/usea10/024d3e9

wavegui de top surface along a grating length, wherein a wwdth of a majority
of the grooves are narrower than tmgm de width by approxi mately the
sane anount. 3. The photonic devic claim1, wherein the wavegui de
regi on whglivdiangedRe first Bragg reflector conprises two opposing sidewalls
defining the waveguide width at a top surface opposite the substrate; and
wher ei nl.t he Aphétagie device ugatpedingr at i ng conprises a plurality of teeth

formed into the veqgui de t.op surfage along a,grating | engt wherein a
o) ori ty of A5t SERERo T raNEr AR e faC R A G et Bt !
appr oxi mat el dvifess@iiBer@BHMictordvavEREidP RGN FupHAVHcBRecAThd frse hidd §Bcdnd

wherein the sem conductor conprises silicon, the first Bragg refl ector has
a mirr desfiehyereehetoiegians VA5 00e eirHie PHGIVREDY SHuUicaeent wgyerldoiesigrs ng t he

andt narr e s EBh At (Gl SfiGug R AGTH R BETRLA: St 1he
phot onithardewidik ofithel wavekadavrdeionnneridthn tHeheatagk éangddct or conpri ses silicon

and wherein the evanescent wavegui de regi on conprises an electrically
punped 3-i ghtTherbetanigdqviseers iyrlapad ewhergay the pavegdsisewa inguding heglist oni ¢
devi ce i I . i he fi i i . j i ncl udes
the. 1 rar e G O L A i Lo
a secorsdriBragpositd thectlmtrafeppmd ng a DBR | aser, the second Bragg reflector

conprising a surface corrugated grating with a second.grati widith that is
narrower t hat &t _Wf%fef Lo e SRR U 8T r@gwﬁgw@ﬁ@

phot onife davi&RiAsp kit f5dcaldgt oSS RhHhI Weerbin %K 8F 4 RYjoMrHbfhbs di fferent
than the second grating w dth %o‘proylde the first grating Wth a higher

gr at i ngereeves augt artowen thah éheswe g idgrvaidihnly, approximetephibt omne adievitice as i n
claim wher.ein t he evanescent . wavegui de,reqi on.includes .the first Bragg
e octbr gr g o P REERGR i S st PO SRR R TR b e B ager
and wheag@pfrdflRetof coBpriRtws epeithgli@dwalglchmiah thavevauitleibthnakreyer than
t he evanescent wavegui de region. 9. An apparatus conprising a first

phot onisgrfdesorpesigsthe sulstratorpind and a second photonic device as in claimi,

wherein the fissh @ dHEE Qé}gué?ipe%tgqgt'lfg é%?ﬁ/ﬂrﬁg§ a plurality of teeth formed into the

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

than the waveguide width by approximately the same amount.

4. The photonic device as in claim 1, 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 first grating width is less than 90% of the waveguide width.

5. 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.

6. The photonic device as in claim 1, wherein the first passive waveguide region
includes the first Bragg reflector 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.
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are integrated onto the sane substrate. 10. The apparatus as in claim?9,
wherein the first grating wwdth of the first photonic device is different
from t hatwof2otii@7®@cond phot oni ¢ devi ce. 11. A system ceoprisgémg264a9 surf ace
corrugated grating in an optical maveguide wherein a width of the grating

i's narr vver han a w dth of .the. opti U|de in the ratlng
is wit ihe hofqnee dovicsrasde &l aHF% ﬁera&\'@egi %I,&Iﬁé@gmgt%ﬁ{ff et Gpangh faser;
and an se&m lltlr{%\g{él{t@feo%ro%ﬁb' IaIeef@IsIt #aﬁ@wﬁﬁ’fa'h AHer @@Yﬁg Wrdfill Mafpclul ate the

| i ght generate | aser he systemas in claim1l1l, wherein the
opti calsewaxd@@lll@ corrprl ses si I i con and wherein the grating defines an

| f b d | '
clai m 2o, wiieati PHiot i ot bR, FURETARE Pk el o lyisbutedY Pl op "

claim 82

surfac eth@ﬁrsft BRadRtiledr WWd@sec@ﬁtﬂBﬂ@g &l et gﬂtﬂltgho @rnPa DEBORdYandf t he

grooves is narrower than a width of the wavegui top surface by

appr oxiwiareinyha fiest mcmﬁhngsmch Py wisiih Burdvers hanghe agpiceasngr at i ng,
conpri S\Leﬂ% uﬁ@rogz&{ cal wavegui de over a substrate, the wavegui de including
t wo opposi g sSidewal I s defining a width of a top surface opposite the

substrate; and appahtisabinpyisiof atfieatphomntt dvvivews &l tlaym 0f argr ooves there
between fornmed into the wavegui de top surface along a grating |ength,
wherei n a widdieROY Photayde %th?eaasup ckym low EreEn @Péﬁvé@déﬁmé@hﬂwp@ (I?éi’rc%wer

t han t@@e%&gagﬁotﬂ@sﬁﬁgg@g@mg\n dth. 15. The corrugated grating as in
e

claim 14 rein roove or tooth width is approxi mately equal across a
maj ori tiP. of Tlhaelpphnatualas tiryclamd 9 whareingheftse gratihgmwi® %t dfe firkiephotoregui de t op

surface, wi dth e corr ted tin s.in claim 14, wherein the
vvavegU|d§¥1086§f§}}$ 'Pl@’fmlt;2 oqlfq ?W@O'gé&éoéﬂﬁﬁ “Y6p surface width is between
appr oxuqateIA(Syjlst@fﬁgm%pgSlﬁgq the grating length is between approximtely 1
and 200 nm and the grating has a pitch between approximately 190 and 250

nm 17. The mmﬁaggearscgamdamtn@ ingnontied] ayaveduide, werain a vadbugf sl grefing ise
I I t i di zi th
b at 1 ng oo R FRA GRs Sty der Bt Padne BRRM P Buhgr A g

conpr i Shtféﬁ'acd?@ﬂ hiehdtiveGvavlasied perfion of b lakr; AAgKed | it hographic exposure a

plurality of grating ooves and a plurality of grating teeth there between
into a surf g@@p@ﬁalan@cﬁ]lqﬁo& Goupieddo grantigaleaveguide to modulate the light generated

by the laser.
12.  The system as in claim 11, wherein the optical waveguide comprises silicon and
wherein the grating defines an optical cavity of a hybrid silicon evanescent laser.
13.  The system as in claim 12, wherein the grating comprises a plurality of grooves in a
top surface of the optical waveguide, and wherein a width of a majority of the grooves is
narrower than a width of the waveguide top surface by approximately the same amount.
14. A narrow surface corrugated grating, comprising:

an optical waveguide over a substrate, the waveguide including two opposing
sidewalls defining a width of a top surface opposite the substrate; and

a plurality of teeth and a plurality of grooves there between formed into the
waveguide top surface along a grating length, wherein a width of substantially all of the
grooves or teeth is narrower than the waveguide top surface width.
15.  The corrugated grating as in claim 14, wherein the groove or tooth width is
approximately equal across a majority of the plurality and is no greater than 90% of the

waveguide top surface width.
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t he surface; and patterning, based on a second masked |ithographic
exposure, a waveguide into the thin film the wavegui de having two opposi ng
si dewal | swoenawkiszg a wavegui de wi dth, wherein the corregatusdosoedsace i s

di sposed between the waveguide sidewalls to forma portion of a wavegui de

top surface, wherein the width qf. substantially all. of the grqoves or teeth
i s | essl® han HeHOTWEHED B34S ¢ mﬁm& h, WhteiprEhen %Veggldﬁﬁoepaﬁ%%})nmgrei n

the patwﬁreghiag tf sutfae GAdh iNEeRRG, dppfotRbieRr NhAP1 Sfunvaregulifielgamhs f ur t her
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patterning, based on a first masked lithographic exposure, a plurality of grating
grooves and a plurality of grating teeth there between into a surface of a thin film to corrugate
the surface; and

patterning, based on a second masked lithographic exposure, a waveguide into the
thin film, the waveguide having two opposing sidewalls demarking a waveguide width,
wherein the corrugated surface is disposed between the waveguide sidewalls to form a
portion of a waveguide top surface, wherein the width of substantially all of the grooves or
teeth is less than the waveguide width.
19.  The method as in claim 18, wherein the patterning of the grating and the patterning of
waveguide each further comprise:

depositing a photosensitive layer over the substrate;

exposing, through a photomask, the photosensitive layer to electromagnetic radiation;
and

developing the photosensitive layer after the exposure to form an etch mask pattern.
20.  The method as in claim 19, wherein the electromagnetic radiation has a wavelength of
approximately 193 nm, the waveguide is patterned to a width between approximately 1 and
1.5 um and the surface corrugated grating is patterned to a length of between approximately 1
and 200 um, a pitch of between 190 and 250 nm and a width of between approximately 0.3
um and 1.3 pm.
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