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wabeog/ogqspd i cation clains priority of United StBCEES2004/012634
Patent Application serial No. 60/464,763, entitled
"MULTI PLE LAYER WAVEGUI DE STRUCTURES FOR A-SI BASED
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I N A- SIMBASOD RND SMISTE MFORCOOPLINBOWAVEGYIDES
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conponents, such as IIl-V sem conductor photonic
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operationally coupling themto one-angther. This ma
23K? 2003, the enﬁre isglosuge of which is hereby incorporated by reference

-

as if being set forth in its entirety herein.

Field of Invention

[0002] The present invention relates to waveguide coupling
techniques, such as those used in connection with photonic integrated

circuits.

Backaground of the Invention

[0003] Widespread development and proliferation of Photonic
Integrated Circuits (PICs) including active components, such as IlI-V
semiconductor photonic devices like lasers and modulators, and passive
components, such as passive waveguides, are believed highly desirable.
Such circuits and devices may be monolithic in nature. One challenge in

developing such PICs lies in integrating both active and passive



result fromusing different materials, having

different indices of refraction for exanple, in
Wa@ewuwessand passi ve conponents. [0004] One appPCHUR200EY12634

i nclude butt coupling the active and passive devices

toget her. However, this may conventionally require

preci se alignnment of the active and passive devices

dd?nﬁ@rﬁérﬂyeaﬂasw@:@n@ﬁaw 'cBGpllrﬁﬁ fth&ine ity iohe- aﬂicﬁﬂ@ﬁ] This may
Accordingly, a method and system that provides for
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photonically coupling to at | east one active photonic
devi ce structure formed on a substrate, the nethod
[0A8411di ng: Onet appFRAchhénaltingldge budle coupling (ihe active aand
hi gh selectivity towards a crystall ographic plane to
Hdassivead aVicgee tbgether. niHowevet, ihisanpy conventidrally require precise
substrate; and, depositing at |east one wavegui de over
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substrate; wherein, the waveguide is photonically

to the etched active device structure to

égﬁ%‘%bggs phot oni ¢ interconnectivity for the etched
active device structure. Brief Description of the

IDRER] <7 an R iRGln 2 Bt Bk DEin el Pripages o mproved

facilitated by consideration of the foll ow ng

GRAPHNG &f agdive Aangk PRSI PhAtONiG de¥ices dogether, such as in a PIC

by way of non-limiting example only, is believed desirable.

Summary of the Invention

[0006] A method for photonically coupling to at least one active
photonic device structure formed on a substrate, the method including:
etching the active device structure with a high selectivity towards a
crystallographic plane to form a sloped terminice with respect to the
substrate; and, depositing at least one waveguide over the etched terminice
and at least a portion of the substrate; wherein, the waveguide is
photonically coupled to the etched active device structure to provide

photonic interconnectivity for the etched active device structure.

Brief Description of the Figures




enbodi nents taken in conjunction with the acconpanyi ng

drawi ngs, in which like nunerals refer to |ike parts,
w@ea4/0pBOD8] Figure 1 illustrates three and tweCT/Hy®04/012634

wavegui de coupling joints according to aspects of the

present invention; [0009] Figure 2 illustrates

vertical (illustration a) and sloped (illustration b)

[0667]Ve / RISEréRardinif ldf e Preseit MMveHion amp%dfdwltét@d by
aspects of the present i nvention; [0010] Figure 3
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proceSS|ng St eps accor an aspec

tion 011, ure rates SEM m craogra .
egeﬁnt%gﬁ'a b PPt s oo aGwmpapYiRg 393W'R in

no_n sel ective wet chemcal etch and a flat area in

vdtieln e numeralsdefef todikapastspand: of t he present

invention; [0012] Figure 5 illustrates an SEM i mage of

a coupling joint fabricated using a selective wet

[@0@8] accorkigug tloillastratgsettireefanddwpr layentwavegeide eoupling

[0013] Figure 6 illustrates an SEM i nage of a coupling

Jd>lﬁtsnécdoa@rngqata%%ectssd)Meq)ré@ém'uﬁ@éntwm of selective and
non-sel ective wet etches according to an aspect of

the present invention; [0014] Figure 7 illustrates a

[62%%1' I ng Jlf?%lﬁ‘rre pé"ﬂﬂds‘?r&ftéé’”‘\/@rﬂ?ﬁi ?ﬂﬁ’%tpéﬁbn eéﬁhand sloped

ence, cording to an aspect o rese
i.nventio 2004/.09551 /USZOO
pEsFaI Ry ety SRR 50531} PREF POTAEITG o-fspects of
device after an a-Si  deposition and etch, according
tie pegseRd av@ntion: t he present inventi on.

[0010] Figure 3 illustrates an active / passive junction at various

processing steps according to an aspect of the present invention;

[0011] Figure 4 illustrates SEM micrographs of the semiconductor
step edge produced by a non-selective wet chemical etch and a flat area in

a channel, according to an aspect of the present invention;

[0012] Figure 5 illustrates an SEM image of a coupling joint fabricated

using a selective wet etch according to an aspect of the present invention;

[0013] Figure 6 illustrates an SEM image of a coupling joint fabricated
using a combination of selective and non-selective wet etches according to

an aspect of the present invention;

[0014] Figure 7 illustrates a coupling joint profile from a wet and dry

etch sequence, according to an aspect of the present invention; and,



Det ai | ed Description of the Invention [0016] It is to

be understood that the figures and descriptions of the
w@e@gets1d nventi on have been sinplified to il|PSL/D81004/012634

elements that are relevant for a clear understandi ng

of the present invention, while elimnating, for

pur poses of clarity, many other elenents found in

[ooasgal Pl Bgured@ ilketratiey acesu ||ngsjs>imeofd§vaesw§e af@dr an a-Si
coupling methods. Those of ordinary skill in the art

a&n%c}s.ﬁ&pgﬁ@ ok, [AeRbrathG 8 aflcRREE of w%egeﬁnﬁvgm%ﬁ In
[ ementing t'he pres I nv wever ecause
such elenents are well known in the art, and because
they do not facilitate a better understanding of the
present invention, a discussion of such elenments is

ot, onded her-ln The di sclosure herein is

= & A --'l QONigRi ons and rodi fi cations
knomn to those skllled in the art. [0017] According to
016 pect lbfis thdepurdenstoddchthattthe rfiguses mpidodescripitibns @f the
(a-Si) based wavegui des nmay be used for Photonic
presegt diheshtionr tave beBhChimplifiedr adi Mostritel Weman®y that are
structure may be used to reduce |osses at

r@fé\)a‘nﬁ’fd?aas eleye uﬁ@é?s‘f&néﬁﬁ? RIf ph%é?ﬁ vioRBWniE Sliminating,

S|rrp er to manufacture han a ree ayer struc ure.

R T R R F§dGee acive

10 d de 120 4 20 4/ 095 . o
drviodiamsbanondediss P crihag mRthgRs. ahhose sheriager skil i

coupl i nP system 200 for an active deV| ce 110 and
thasrt will ieopaginedthat oohern ¢lementsimaynbe desirable in implementing

the present invention. However, because such elements are well known in

the art, and because they do not facilitate a better understanding of the
present invention, a discussion of such elements is not provided herein.
The disclosure herein is directed to all such variations and modifications

known to those skilled in the art.

[0017] According to an aspect of the present invention, amorphous
silicon (a-Si) based waveguides may be used for Photonic Integrated Circuit
(PIC) integration. A two layer structure may be used to reduce losses at
active/passive device coupling joints and may be simpler to manufacture

than a three layer structure.

[0018] Referring now to Figure 1, there are shown a three layer

coupling system 100 for an active device 110 and passive waveguide 120



[0019] Active device 110 may take, the form of any
suitabl e active device, such as a bul k sem conductor,
wa@e@avessioel | or quantum dot based device, byPOEHYSIN4/012634
non-limting exanple only. Such a device may be
characterized as having | ong wavel engt h operati onal
characteristics, for exanple. Such a device may
(iihsoaton a) cand b-tWoslayerc coublingasysternme0®far drpactive device 110
exanpl e. Such a device may incorporate GaAs or | nGaAs

%}is E?%Qbéwafv%puio@( pmst@fi@h rQddevi ce may forma

or portion thereof, a ulator, or portion
thereof, or a gain section for a larger system all by

f non Mt e have ..
84gF . 1oeActle bl o8, 1 el 9Re e Btinc B By ElniS Setve
0ssessi ng an orginan skill in the perLinent arts.
1% SUERRS AP YK PN RRNYICIoR Qb anET; Wl 85 dyantum got based
are desirable to have one or nore wavegui des 120
dpdeent by way yofc owpHirditing. examplee only. | | Sechaaedevice may be
single termnice 117 and wavegui de 120 for purposes of

¢Hdrasteriagd cas drdwng [1060G¢ Olvaveiengttli bpetational asherattefistics, for
the present invention, wavegui de 120 may incl ude

SIEREPleC! SGEH BUSAYE ma2ihcBRsbratt ALY 3&nicBKBlctbE naterials for

According to an aspect” of the present Invention,

id Yol o) Lnc I C '
B4, 15008, MBYioe R ASb R LUAS B IRSERS HANRY o
upper, claddi ng, 123, corge 125, and | ower c) addi 127
SHEfRIgic ML A R ioc e fou s 1asCear AN Worevlo @ digdulator,
a- Si NxHy (0<x<1.3, . 0<y<0.3), a-SiCxHy (0<x<l1,

- gRaon)thergof sosp@ay seotigrfor adgrges)systaia, alibyiway of non-
refractive index for the upper cladding 123, core 125,
laniting @xamplé only. 2 MBvide0 550 InBChASZ200dre0125,34s will be readily
understood by those possessing an ordinary skill in the pertinent arts.
Device 110 may have one or more terminices 117 that are desirable to have

one or more waveguides 120 operationally coupled to. Figure 1 illustrates a

single terminice 117 and waveguide 120 for purposes of illustration only.

[0020] According to an aspect of the present invention, waveguide
120 may include upper cladding layer 127 and an active layer 125.
According to an aspect of the present invention, waveguide 120 may
optionally include a lower cladding 123. According to an aspect of the
present invention, upper cladding 123, core 125, and lower cladding 127
may take the form of an a-Si based material such as a-SiNxHy (0<x<1.3,
0<y<0.3), a-SiCxHy (0<x<1, 0<y<0.3), or a-SiOxHy (0<x<1, 0<y<.3). The

desired refractive index for the upper cladding 123, core 125, and lower



cl addi ng 127 may be achi eved by adjusting the

conposition of the a-Si based material. The upper and
wo ome09sshaddi ng | ayers may have an i ndex of  reET/HS10040012634

around 3.17. The core may have an index of refraction

between around 3.27 and around 3.32. Layers 127, 125

may be of any suitable thickness, such as about 1 pm

dladdihgy €27 ¥ady e dchizvet Byiiad}mtfny theywmgddition loiyiBe a-Si

123, 1 f present, may have any suitable thickness as

NEldd m%ﬂ@rﬁl asy l't ;g;%r and BwdYcI A n?ﬁa}%f@ hé?‘h‘é\/@gan index of

exanple o I'lTustration

58l Baind Bl Yi#%oe%gi fBlE o F@oe*ﬁdéﬁ%ﬂa%ﬁe.%ween

AGH0ADH &7 <aberaey Tagn Latersniah. P28 ubaraa O vy sutable

sui tabl e thi ckness, such as about 0.35 mmthick, my
thickness!. sushas abeuli Lirafos layey 12y entlrakiouti€x3 pm for layer 125,
refraction around 3.17, for exanple. In the case of a
2ayienyt23, vifpegserte maynfhager aty snitablecthickhds8aas vedipvduch as
inillustration (b), one or nore layers in comon wth

Adut euries| Gy dflf%ranﬁlt% &l siEksiy.at e may be used to

at | east parti aIIy clad or confine the passive
wavegui de 140 core. [0022] Active device 110 may be

082FET 35UMECARC RG] Salys PIHIGA0R0L Bassiter waYaTRAS: 130

e 11 by fIrs ing

.of uat er nary, J.ayer n.a.conyenti onal )
Selding. v Tﬂé?» e REGURLSR (o Sorm, & | byslaver prgsive
devi ce and include alternating 95 nmthick |nGaAs and
wanagaide 149 enttincdayeshéddl & egherecasa:agultﬁ:}e sebstrate, such
provided. A 635 nmthick InP spacing/blocking | ayer

amant Ind? dubstratm of tseiitableothitknessasuchead apeut 083 Mmrthick,
thick InGaAsP etch stop | ayer nay then be deposit ed.

may be used. Such a substrate may have in index of refraction around 3.17,
for example. In the case of a 2-layer waveguide configuration, such as that
shown in illustration (b), one or more layers in common with active device
110 and/or the substrate may be used to at least partially clad or confine the

passive waveguide 140 core.

[0022] Active device 110 may be formed using conventional
methodologies. For example, device 110 may be formed by first depositing
a stack of quaternary layers upon a conventional InP substrate. The stack
may form the active layer of the device and include alternating 95 nm thick
InGaAs and InGaAsP layers. For example, five layers may be provided. A
635 nm thick InP spacing/blocking layer may then be deposited upon the

active layer. A 30 nm thick InGaAsP etch stop layer may then be deposited.



6 WO 2004/ 095519 PCT/ US2004/ 012634 A 1300 nm I nP

| ayer may then be deposited. And, finally a 50nmthick
WO p@Basssseap may be deposited. Deposition of theCT/HY®NE012634

may be acconplished in conventional manners, such as

by using liquid or plasma enhanced chem cal vapor

deposition, for exanple. [0023] Wavegui des 130, 140

AEB0LE nposhPilaped nvayt therebpedépdsiteddeinek firelly $B0nm thick

that the core 115, or active layers, of device 110 is

[ I coupl he 5 qpf V] d
SRR, Gy COUD BfokReAS CoBEIE ot SRSy e

deaRieh R @Veﬁébﬁg'a&%bﬁgﬁ%f i o by b fia or plasma

el.evating care 125 bove, strate 119 to a | evel
enficedg m'@'a‘f"’]%%&%’ 'F?nc &xamplesyih  regard to
illustration (b), one or nore |layers 146 comon to and
used to formor support part of device 110 nay be

[0924] anal dewspyides0d36] wnay be pesitenedosithyrespect to

t hose possessing an ordinary skill in the pertinent
davics Mdyesuchdéhat3thereprerkidendr setivs dhyeliss asfvaeviegesi10 is
conpared to wavegui de 140. First, the deposition of

aﬁ(ﬁﬁél?ﬁ@d@leﬁj {d ﬁ@bor@@ﬂ?@ﬁ'w&%g‘u‘i&sﬂ@@“ﬂid tefectively.

evice 1 e., termnice 117, may prove nore
difficult in the three-layer structure, since a |ayer

agg EW" Nges é@rﬁ%l' alanSwith 16 %}%ﬁonglﬁgﬁg& g?foﬁml{\fg 1, a

assive | ow 1 ["ayers.
of th SSI and ctlve Y, cores rove
iRiset Mg a5 RBY: Rte A sUBE bickabRE dRr 'é?vﬁﬁegtwe 125
t hi ckness of the aSSI ve bottomcladding | ayer be

aliqygi pyksirate i 1r90FCé & leye! subgiantialy @bge%nwﬂ*s tore 115, ~ With

regard to illustration (b), one or more layers 146 common to and used to

form or support part of device 110 may be used analogously.

[0025] As will be understood by those possessing an ordinary skill in
the pertinent arts, waveguide 130 may present several disadvantages
compared to waveguide 140. First, the deposition of the amorphous silicon
material on the sidewalls of device 110, i.e., terminice 117, may prove more
difficult in the three-layer structure, since a layer of low-index material is
included between the active and passive low-index layers. Second, the
alignment of the passive and active waveguide cores may prove more
challenging in a three-layer scheme, since the thickness of the passive
bottom-cladding layer may be significantly more than alignment tolerances.

And third, the overall thickness of the amorphous silicon may be



And third, the overall thickness of the anorphous

silicon may be 7 WD 2004/095519 PCT/ US2004/ 012634
waeongigsiabl y hi gher in the three-layer schenmePCTHiszn4/012634

can lead to nore peeling and/or cracking problens in

the presence of a relatively small stress, for

exanpl e. [0026] According to an aspect of the present

considerably higher frates thhed-layen subiehwe, whithp2ani ad to more

conponents of a PIC may have sl oped regions.

peélfig AndloR evwdiﬁ?g)?fdbl&hg% the’prds@PLe otlaCrefat small stress,

vertical (illustration a) and sloped (illustrat
@r'ex%g{dlge /| passive junctions or interfaces 210, 220.
oped'coupling joints, such as that shown in
illustration (b), may reduce residual interface
ction,in a-Si ,wavegui de, based photoni.c integrated
(260 <" AR B van FaRect GF (e PessrBvention, mtsriaces
vertical junction, such as that shown in illustration
elyvesmegctiverrnd papsive goapaneats phaiRiCcmay Haxeksloped regions.
reflections for a given effective index m smatch
Referdeg nowe absot fovEigane 2, [herei are skiovey vedksal (ibsteatit k) and
reflection can result in significant interference and

él@pé@;ﬁillu&r@ﬁbncﬁﬂ sehver | ParbRet ihclBh BriBeRadds 210, 220.

optic devi ces such as sem conductor opti cal

K d : I j D
DEREL cepiing e Stior 8 hat |ohBURF 5F ARIER 2000 455, iy Yogtuce
. i al it d b [ .
Rl ke farstath pp e waleq AR SR Bpatani dnteorated
since the average change of index may be |ess in such
GArCUIB IUSHRPERING KleVicedRefrmanse: o Vericablungtiorcauah as that

the wavegui de. The slope of the sloped junction may
shavgn ini tllustration e (a)e pmayetendidon peoduce more significant back

reflections for a given effective index mismatch between the active and
passive waveguides. This back reflection can result in significant
interference and losses, which can deteriorate the performance of optical
devices such as semiconductor optical amplifiers (SOA) and super
luminescence diodes (SLD), by way of non-limiting example only. This risk
"may be at least partially mitigated by suppressing reflections using a sloped
active-passive junction, since the average change of index may be less in
such a structure and the back reflection is not directed at the waveguide.
The slope of the sloped junction may align with and be dependent upon a
crystallographic plane of material incorporated into the active device being

coupled to, for example.



crystal l ographic plane of material incorporated into

the active device being coupled to, for exanple. 8 WO
wWQMAEEE519 PCT/ US2004/ 012634 [0027] Ref erriPOI/BE51004/012634

to Figure 2, each of systens 210, 220 may be based

upon the two [ ayer coupling structure 140 of Figure 1.

More particularly, each system 210, 220 may i nclude a

[00R%] r at e Raéfbrrify istitl tot BiguB0, eayh tafksystdvast 2101 240 afay be
approximately 0.35 mmthick InP substrate having an

DA Pln’ Bid Aid MayeH c@@@liﬁg StrhibturbOA 46X B PEi§urd=2CN More

system 210, 220 nmay include an active device“region

fﬁgi)f@@”& T B 24t 200l FRAR, 8 Sfipsalk P30T Substrate

ey Bhe Beadars &1 B oSO 2 oo

region 260 may be reduced in the sloped system 220 as
kst as dndex o’é refragtionsgfsabaut 3107, fonexample.edzachi system 210,
part, to residual interface reflections associated

220 maye ghelnd@68n redtiveededcal regited 2461 bhdapassive 2davatfuiding
active region 240 or core 225 of wavegui de reglon 250.

@@Mscﬁeh@@mmgm oMb anbfodougubaaciivelditice 150 dF Fure 1,

an active passi ve junction 300 at various

\Hﬁ.%c%gldﬁg Zgoeqﬁﬁaﬁe aﬁélb ﬁ§°{ 'dgé*/n%h q@spﬁ?téfo?ngure 1.

the present” 1 nventi on. |on ake

Q o.hat of. s m 220,. fo 0029].
(RGeS relections.ciin 0 MMofAes 5ouion 264 Ah b Jriuged In the
wet - based chem cal etching nmethod nmay be used to
shopersystant 22@ agpomparef dayertiog sysiemh220ndyg, at Ieast in part,
uniformty and reproducibility of the sl ope angle and
toaeailduat interface reflections associated with region 260 not being aligned

with a core 215 of active region 240 or core 225 of waveguide region 250.

[0028] Referring now also to Figure 3, there is shown an active /
passive junction 300 at various processing steps (a) — (f) according to
aspects of the present invention. Junction 300 may take a form analogous

to that of system 220, for example.

[0029] According to an aspect of the present invention, a wet-based
chemical etching method may be used to produce active-passive junctions
with a high uniformity and reproducibility of the slopé angle and total etch
depth. According to an aspect of the present invention, junction position and
shape may be defined using conventional photolithographic techniques.
This is illustrated in step (a), wherein system 310 is shown to include a

protective layer 320, cap layer 330, top cladding 340, active layer(s) 350,



depth. According to an aspect of the present

i nvention, junction position and shape may be defi ned
waigioagssenvent i onal phot ol i t hographi ¢ t echni qUBGT/US2004/612634

is illustrated in step (a), wherein system310 is

shown to include a protective |layer 320, cap |ayer

330 top cladding 340, active layer(s) 350, 9 WO

mem/ﬁM@@ezg Ivetitlhm edsed grotectiedlagae 320
substrate 3 In such a case, protective [ayer 320

rﬁﬁy ttéﬁé‘ hé 6rh Y %oﬁar@ﬁ‘i@f Prﬁé%?d fr U8SIh f&fhéﬁﬁgb@ssmg, for

processi ng, exanple. System 310

eﬁi%f'ﬁﬂ?u?%ﬁ%% 3“@&1%& Oéeffnﬁo%ﬁgfﬁ\%eﬁsw??né%%a agery SOA or

step , cap layer 320 may then be selectively
$%H@W’8L"§u %Byeetching for exanple. Referring now
also to step (c) top cladding | ayer 330 may then be
etched with a high selectivity towards a

[0038] al | ogRefsinting ploan @lsoTite stemy(byecar layepBdadlimayathen be
reproduci ble slope while etch depth uniformty is

stllestivelysremeovdyy, dulch axcly echimy for exzmpliedi Refeetindynstvaglso to
functionality. Active layer(s) 340 may then be renoved

siéb ]E}, 'tMﬁ'dl’adtﬂBQ' |18ytS33M neAN URH b@%bh@@tvﬂfﬂj gl H-Igh %%Iectlwty

for exarrpe is illustrated in step (

h

A ek e ngmsz@?%%%“@aé I

osi t.ed e et.che, stem 310. not e
T4 'wEe SBhedenty” sRisaaty ¥ 280 Pasined $5; i’he acive ayer
formation at the corner of the active nmaterial.
mpwiging etchsstop fuselinnalih  Actiye (ayer(sd 349wmaydbgn be removed:
anor phous silicon, which fornms top cladding |ayer 320
sefledtivelyp aagaineusimge gonvientiomal rhethdelotegi¢se dor nexample, as is
conventi onal
illustrated in step (d). As is shown in step (e), a high-index amorphous
silicon, which serves as waveguiding core 315, may then be deposited onto
the etched system 310. It may be noted that the slope may also serve to
reduce void formation at the corner of the active material. Finally, as is
shown in step (f), a low-index amorphous silicon, which forms top cladding

layer 320 of the passive waveguide, may be deposited in a conventional

manner, for example.

[0031] In general, and by way of non-limiting example only, several
methods for forming a sloped coupling joint are presented. A nominal 1550
nm emitting wavelength wafer that includes a 5-quantum well quaternary
stack of 95 nm thick layers were considered. Sections of the wafer were

defined with 200 micron openings on 800 micron spacing (mesas) and 400

10



manner, for exanple. [0031] In general, and by way of
non-limting exanple only, several nethods for

wo eoorios§ia sl oped coupling joint are present edPCHUS2004/012634
nom nal 1550 nmemtting wavel ength wafer that
i ncludes a 5-quantum wel |l quaternary stack of 95 nm
thick layers were considered. Sections of the wafer
mforen opfnimgs] oni 600 26ikron epacingp asingyshetoliBdgrapisy. oiSeveral
spaci ng (nmesas) and 400 10 WD 2004/095519

SN RRHNERE Idere HEFSHTIMEP BRI thESe Qﬁ‘af@pge@@l td fabricate a

spacing using photolithography. Several etching

FRT RIS oMed 17 o J6ERE oPBARE frofa Ing Fgdr 4o ayer.

enrnsthrouh e |aser active |la .
Thetn, 6axstcwieth sulaaseyly Seee fioF SIPhAYSSIEAN WaNeguide
vvavegur de deposition. [0032] According to an aspect
dgpasitionpr esent i nvention, a wet chenical etching of
t he grooves with a non- sel ective bronine/acetic acid
etch may be used. This etch nmay have substantially no
[86BRTt i vi t Xctardire tovani aspettaysdr thef pidsenfichvastion, a wet
devi ce structure, such that it does not stop at

ﬁénﬁr@éﬁ@fcrﬁrh‘@'ﬁfctﬁle GBS Wit 25 nbR-delsctiie’ BfdrHing/adelit acid
exanpl e. Referring, now also to Figure 4, there are

SEE AT Toeloof A mbl BRIy RTMRRMLIS e
It|n roove profiles ded an
Gloysriavers. Sh i Attt dBvise Shfcrie oo b it da5S Bl o at
etch is that etch de th may be difficult to control.
qJitierest cherdical ﬁ@m@sﬁlﬁnagpé@e slruetyee, plossexample.  Referring
I nvention, selective
now also to Figure 4, there are shown SEM micrographs of the etched edge
surface with a sloped profile (a) and the flat area in the channel (b). The
resulting groove profiles were rounded and smooth. One potential problem

with the non-selective etch is that etch depth may be difficult to control.

[0033] According to an aspect of the present invention, selective
etches known to stop at different chemical compositions in a laser structure
may be chosen as opposed to a non-selective etch. For example, Caro’s
acid, a mixture of sulfuric acid, hydrogen peroxide, and water, may be used
to selectively remove a 50 nm indium gallium arsenide (InGaAs) cap to
reveal the underlying indium phosphide (InP) cladding layer. The 1300 nm
InP layer may then be etched using a hydrochloric acid, phosphoric acid
solution to a 30 nm quaternary (InGaAsP) etch stop layer which may then be

selectively removed with Caro’s acid. 635 nm spacer/blocking layers may
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etches known to stop at different chem cal

conpositions in a laser structure my be chosen as
wopmases1e 0 a non-sel ective etch. For exanpl e, PCHIB2084/012634

acid, a mxture of sulfuric acid, hydrogen peroxide,

and water, may be used to selectively renove a 50 nm

i ndiumgalliumarsenide (InGaAs) cap to reveal the

thed & pameved dithrthe HGIPphelphoricRicid letetd tanthe Eerﬁarnrﬁﬁl% nm
1300 nm InP layer may then be etched using a

4:%%%%% gEtive Pa‘(’g/eijs RRRSPHE rnb@e@ﬁbwevépltwér étehﬁr%@f tﬁ% active

m quaternary (Il nGaAsP)” etch stop | ayér

TR e Egﬁ% r@%@%&ﬁrﬁ&ﬁ%’%at may be

PCT/ U82004/ 0126 then b empved with th

k@ yRish-i Beierr'agér%a Is {neia » HIST§ l5shan a coupling
quaternary active layers. It nay be noted however,
jointit farigated) oinchethactsalectiieaywet alchh wecedyreacescribed.
may result in undercutting of the layer that may be

Uhddrcatting dfahe\quiatbrn&af strudting: is@viddrio to Figure 5,
there is shown a coupling joint fabricated using the

sel ective wet etch procedure described. Undercutting

963&?6 quak&idraing tétdrﬂééb’éd? df $h& Pr&SHt il a combrnatron

According to an aspect of the present invention,

offra%gl’%&ﬁ‘/te' Qrgd @Lc SLEfe %ﬁgﬂ'[ﬁinwnvg.ls%@ ! ﬁﬁcﬁt%é’cﬂod may

€ use a net ve't
sel ec |ve et chi expl ai.ned a ere tive.
iRYQIHedhe seie SRiSEHVR GGG @ﬁef%@%wgar% arg eiectyg ptohes
term nati na at the top of the 95 nm quaternary active
wergeemploye tOA@t‘I@N@rthg arewadayeygend terminadingr afdtbattop of the .
i nvention, the active |ayers may be non-sel ectively
9Eenoveuiaterndry aadtive layer stacki Aecsling imantaspelet ofithd prbsent
InP layer. This conbination of selective-non-
invention, the active layers may be non-selectively removed with a dilute
bromine solution to the n-clad InP layer. This combination of selective-non-
selective etches may serve to produce an acceptable profile with smooth
surfaces without undercutting the active layers associated with other
methods discussed herein. Referring now also to Figure 6, there is shown a
coupling joint fabricated by the combination of selective and non-selective

etches.

[0035] According to an aspect of the present invention, a combination
of wet and dry etches may be used. By replacing the selective wet etch for
the etch stop layer with a non-selective dry etch, one may substantially
eliminate large plateaus in the joint profile. By doing so, one may eliminate

significant undercut of the cap layer at top of the device which may cause
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sel ective etches may serve to produce an acceptabl e

profile with snooth surfaces w thout undercutting the
wWa@ewuwessiayer s associ ated with other nethods POBUSHS€012634

herein. Referring now also to Figure 6, there is shown

a coupling joint fabricated by the conbination of

sel ective and non-sel ective etches. [0035] According

fofmatioasdtettic pfatéde duripgestibseyiamit i selectivec webigigingnof InP.
of wet and dry etches may be used. By replacing the

IQSfe‘?ﬁﬁ¢ Yl%\/\}"’ﬁfso%clhlg 7, m’@re%cého%% B é@}ffﬁr‘lfgybfn't‘ pfofile from

non-serective dry one may substanti a

[im teau3|nthe10|nt profile. By
ggirﬁagﬁ'g’g e&ﬁégﬁﬂ'@&&q mnate significant undercut of
the cap layer at top of the device which nmay cause 12

VD 2004/ 095519 PCT/ US2004/ 012634 formation of the ,
[9036kau duBY MY BbEEEIREARONSENEIG GXampte ebyhianguikiole resist,

InP. Referring now also to Figure 7, there is shown a
stmhphs P o resistpmody Ibe spamartcheretakied edtoetheh subject wafer,
sequence. [0036] By way of further non-limting

KUChRS By FPidhing a3 USVBRRM £330 secaridthams tHeH. BratRikirid at 90
may be spun and prebaked onto the subject wafer, such

%:%Eéﬁ%'m%% & hgg—ﬁ% R?H\é%aQﬁp@O 'ﬁ’?@ (f‘é'%daﬁd“?ﬂex of the

I ng at grees SIus on a

e e fiored BT ER SRR e 5o 32%@@!6 “f%”g'r‘?ﬁfa'%d mask

r ebaked sk materi al t hen be expgsed, such as
 hateriabanay & he enB¥POSad: FPuich ?%ﬁeeyf %ngQ?é'dﬁa§HCh as by
material to 365 nmi-line contact photolithography
enposing es maskepaterial ty 38b nrayi- Imﬁ@omacw@wotﬁbegramc hThe
as by using a 4/1 H20/
exposed mask material may then be developed, such as by using a 4/1 H.O/
Shipley AZ 351 developer for about 35 seconds, for example. The
developed mask may then be postbaked, such as for about 2 minutes using
a 90 degrees Celsius hotplate, for example. According to an aspect of the
present invention, the masked wafer may be cleaned, using an O, plasma
for about 3 minutes at 125 watts, for example. This may largely correspond

to step (a) of Figure 3.

[0037] Again by way of non-limiting example only, where a silicon
nitride cap layer is used, it may be etched for about 1 minute at about 100W
- 50 cc with DE101 plasma, composed of CF4, He, and O,. The resist may
then be stripped in acetone and treated with O, plasma for about 2 minutes,
for example. The thickness of the SisNs cap may be checked with a

profilometer. This may correspond to step (b) of Figure 3.
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Shi pl ey AZ 351 devel oper for about 35 seconds, for

exanpl e. The devel oped mask may then be post baked,
wG@awh/02ss1d or about 2 minutes using a 90 degr eBGI/US2004/012634

Cel sius hotplate, for exanple. According to an aspect

of the present invention, the nmasked wafer nmay be

cl eaned, using an 02 plasnma for about 3 m nutes at

[0P38}at t s, BY evayesfamgri-Bmitirg furthey dxangsé ynbo Itln@mnﬂ may be
to step (a) of Figure 3. [0037] Again by way of

WeNelchetttonsh SXcHIBIop 18PEY usige! G121 %Jdrb%%ud bt Ab8Gt 30 sec
cap layer is used, It nmay be etched for about 1 m nut

i, o 0700 Al RELRAP CEAES (GPERATES s
2

s eaCoBmearonfiriot (Chatrichrs &?Lf *he s 30 cap

may be checked with a profilonmeter. This may

correspond to step of Figure 3. 13 WD 2004/ 095519
[ﬁ@?ﬁbszoozlweltzmet 99] |3B§r Mgy ke dpoetchedi suelyas by using

further exanple only, the trench may be wet etched to
Af secohAst bhsteam €@Hy S0nsccd Hy; &t Bhowt 20 attort -f250 Wb fortabout
30 sec and 80% 3/1 HCL/ HBPO4 at about 5 degrees

Lalinites, 155cab0dd for aRamibles . Ne?hltﬁeffﬁéhcﬁ%b?fﬁéo%hb@ to the
step (c) of Figure 3. [0039] Next, the etch stop | ayer

SR (34910E HHBERl ol ki e
808 L e SEIRET o AT o B e

oy i'%qéwy&Eﬁs A0GseEniiNe Fofbort PACTIGTEI- ;é“s&ﬁ)yl:f@rzgé‘w 19

SI ng 4.4 sccm
. minutes, 30 seconds. Sequential measurements may be effectively used.
Finally, one may strip remaining nitride in buffered HF for about 2 minutes,

check the surface, and dip in 20 / 1 H,O / NH,OH for about 15 seconds.

This may largely correspond to step (d) of Figure 3.

[0040] After the etching steps, an a-Si waveguide structure may be
deposited over the joint region to form an active/passive coupling, as is
shown in step (e) of Figure 3. Such deposition may be accomplished using
any suitable conventional manner, such as sputtering or plasma enhanced
chemical vapor deposition, both by way of non-limiting example only. An

example of such a coupling joint is shown in Figure 8.

[0041] It will be apparent to those skilled in the art that various

modifications and variations may be made in the apparatus and process of
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Ar, 11 sccm CH4, 30 sccm H2, at about 20 ntorr - 250 W

for about 19 mnutes, 30 seconds. Sequentia
worrasoBnent s may be effectively used. Fi nal | pCT/08®04/012634

may strip remaining nitride in buffered HF for about 2

m nutes, check the surface, and dipin 20/ 1 H20O/

NHAOH for about 15 seconds. This may largely

ther ipespantdinventior prvithutotieparingefrdm [tBO48JiriAidresce of the

etching steps, an a-Si wavegui de structure may be

Hepation.earHST itt ke ihRinded” @BAONhEO pré$dRtaihvention. cover the

active/ passive coupling, as is shown in step ?e) oy

WS DRI b e T B ESOIA Oy o
Sl PR AR SRR B BB, 0 L1

a coupling joint is shown in Figure 8. [0041] It wll
be apparent to those skilled in the art that various
nodi fications and variations nmay be nmade in the
appar atus and process of 14 WD 2004/095519

PCT/ US2004/ 012634 the present invention w thout
departing fromthe spirit or scope of the invention.
Thus, it is intended that the present invention cover
the nodification and variations of this invention
provi ded they cone within the scope of the appended
clainms and their equivalents. 15 WO 2004/ 095519

PCT/ US2004/ 012634 C ains: Wat is clained is:
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1. A nethod for photonically coupling to at | east one

active photonic device structure forned on a
wQaiwe9mie, said nethod conprising: etching seCTUS2004/012634

active device structure with a high selectivity

towards a crystallographic plane to forma sl oped

termnice with respect to said substrate; and,

depositing at |east one wavegui de over said etched

:nice and at |least a portion of said substrate;
wherein, said waveguide is photonically coupled to
Whatisgtlaierfl isacti ve device structure to provide

photoni c interconnectivity for said etched active
device structure. 2. The nethod of Caim1, wherein

£ S SUotA BRSNSy RGP BBt S
RSO e B TPLNEH St sl B

| ayers, a'ﬁc@ég!s%ﬂ?éc%dé\‘?icé %irgcﬂLﬁ‘é‘ With 4 ﬁW&M@

said active ce structure and said wave

tg\ﬂé(rjdgelé %ﬁ}étélfog%ﬁi&‘p’ﬁané’\ﬂ)lefo?hﬁa SRipedabriisd with @eé}fsect to

sai ayers conprises a | ower confinenment |ayer.
shitesubéthatd; ahd,Cl ai m 4, wherein said wavegui de consists
of a waveguiding core and upper cladding |ayer. 16 WO
2004/ 0955 IdfepesitingSit0edsttdribwdve duidé lowensaidostchéd @rainice

1, wherein said wavegui de conpri ses at
and at least a portion of said substrate;
wherein, said waveguide is photonically coupled to said etched
active device structure to provide photonic interconnectivity for said etched

active device structure.

2. The method of Claim 1, wherein said substrate and waveguide
are positioned such that said substrate provides confinement for said

waveguide.
3. The method of Claim 1, wherein said active device structure
comprises a plurality of layers, and at least one of said layers is common to

said active device structure and said waveguide.

4. The method of Claim 3, wherein said at least one of said

layers comprises a lower confinement layer.

5. The method of Claim 4, wherein said waveguide consists of a

waveguiding core and upper cladding layer.
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| east one anorphous silicon material. 7. The nethod of
Claim6, wherein said nmaterial conprises at |east one
woraaoe09)ho sel ected fromthe group consisting PCT/US2004/012634
essentially of a- SiNxHy (0<x<1.3, 0<y<0.3), a-Si CxHy
(O<x<1, 0<y<0.3), or a-Si OxHy (0O<x<1, O0O<y<0.3). 8.
The nethod of Caim1, wherein said active device
structure fornms at |east one device selected fromthe
group consisting of a laser, a light emtting diode,

ot on,  SHA TaRRHst QPG 1 whBreln Sa iafiedfide camprises at
el 0t pFBhbdH BRBR AL "30” the ot hou of "Gl ai m

1, wherein said etching conprises wet etching a top
cl adding using Caro's acid. 11. The nethod of Claim

1O, W<l Gl i SR o o
lEebhosk Alatehal g8lddted \Hsth hé) gL pjc@ﬁsciitir{@geﬁlérrﬁi%ﬁ& of 3y

conprises dry etching at | east one active |ayer-

SDOHO@ESE9. RORAE20ALCREIFA0<431, ((=01®Y, Bpa-SioxFai m
12, wherein said dry etching conprises using Ar,
@sa<#20<y<0.3Xhe nethod of Caim 13, wherein a ratio of
Ar, CH4 and H2 wused is about 4.4:11: 30.

8. The method of Claim 1, wherein said active device structure
forms at least one device selected from the group consisting of a laser, a
light emitting diode, a super luminescent diode, a modulator, a gain section,

and an amplifier.

9. The method of Claim 1, further comprising spin coating a
photoresist onto said active device structure.

10. The method of Claim 1, wherein said etching comprises wet
etching a top cladding using Caro’s acid.

11. The method of Claim 10, wherein said etching further
comprises wet etching said top cladding using HCL and H3PO,.

12. The method of Claim 11, wherein said etching further
comprises dry etching at least one active layer.
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15. The nmethod of Caim1l, wherein said waveguide

conprises at |east a-si:H based alloy. 16. A photonic
WO nioeQ9smted circuit conprising: at |east one BCL/USM04/012634

phot oni ¢ devi ce; and, at |east one wavegui de

photonically coupled to said at | east one active

phot oni ¢ device; wherein, said at | east one wavegui de

¢9nsi sts ofha@me@ider SNCWENS D] GMBreth|sAid vy e4ciiRg Lodistises

an axr&’]@us silicon alloy based upper cladding. 17.

WSIBB Aol At dyrated circuit conmprising: a

substrate; a plurality of |ayers on said substrate and

form ng at | east one active photonic device; and, 18

WD 2004/ 095519 PCT/ US2004/ 012634 at |east one

vegui de t.Qny l,gd [ - e
1&VEeQ fng.rﬂgfh%?i! H" Cﬁém? 13 v&h%gélﬂ dgar%ttlp e(g@t%}, oﬁgﬂ and H,

acti ve photoni c devi Ce; ererfn,

vestbigllnut dohipd 13ks at | east one of said plurality of
| ayers form ng at | east one active photonic device.
18. A photonic device conprising: a substrate: at

| east one active photonic structure forned on said

i#g;égaflft'ﬁﬁg gg \élfjn(ﬁ’oét@g]lwgﬁ Svshe%ﬁw gaei{irrng\llé:geui g Icgﬂ*uprises at
least a-si:H based alloy.

16. A photonic integrated circuit comprising:
at least one active photonic device; and,

at least one waveguide photonically coupled to said at least

one active photonic device;

wherein, said at least one waveguide consists of an
amorphous silicon alloy based core and an amorphous silicon alloy based

upper cladding.

17. A photonic integrated circuit comprising:

a substrate;

a plurality of layers on said substrate and forming at least one

active photonic device; and,
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substrate; and, at |east one waveguide coupled to said

sloped termnice and over at |east a portion of said
wGeaiwenyHEte. 19. The device of O aim 18, wherei PCHEBIH04/012634

active structure forns at. |east one device sel ected

fromthe group consisting of a laser, a |ight

emtting diode, a super |um nescent diode, a

nodul at or, at lexstroree etaveguiden ghotonicaiy! ¢duped t80said ha& least
device of Claim 18, wherein said slope is associated

vhé Bctive Ry Hegeaphi ¢ pl ane of at | east one of said
Iayefsl. gl The dewge of Claim18, wherein at |est

one of said |layers provides a |ower confinenent |ayer

for said afhbraR! sA8%t YR BheFaveglide comprises at least one of

said plurality of layers forming at least one active photonic device.

18. A photonic device comprising:

a substrate:

at least one active photonic structure formed on said substrate
and having at least one terminice being sloped with respect to said
substrate; and,

at least one waveguide coupled to said sloped terminice and

over at least a portion of said substrate.

19. The device of Claim 18, wherein said active structure forms at
least one device selected from the group consisting of a laser, a light
emitting diode, a super luminescent diode, a modulator, a gain section, and

an amplifier.

20. The device of Claim 18, wherein said slope is associated with

a crystallographic plane of at least one of said layers.

21. The device of Claim 18, wherein at lest one of said layers

provides a lower confinement layer for said at least one waveguide.
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